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Abstract
We report two cases of acute toluene poisoning occurring during parquet flooring. Inhalation is the major route of absorption in the

workplace, owing to the high volatility of the compound. Such patients should be monitored closely for respiratory distress, central
nervous system (CNS) depression and cardiac arrhythmias. Both our patients manifested signs of CNS depression and one had
bronchospasm aborted by salbutamol Industries using toluene must ensure that precautions like adequate ventilation are taken to protect
their workers.
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Introduction

Toluene was thrown into the limelight in the mid-
1980s when solvent abuse, known locally as “glue-
sniffing” reached an epidemic proportion before Gov-
ernment legislation brought it under control. However,
exposure to solvents like toluene still occurs in the
occupational environment. Some of the main workplaces
or work activities using solvents include automotive
with spray painting, woodwork/furnishing, metal
trades, printing, plastics/petrochemicals, dry cleaning,
laboratories, building and agriculture.

We present two cases of acute toluene poisoning as a
result of occupational exposure.

Case Reports

On 31 August 1995, two brothers, Patient A and Pa-
tient B were brought to the Accident & Emergency
Department (A&E) by a Singapore Civil Defence  Force
(SCDF) ambulance team. They had been found daze and
unresponsive on the floor of an enclosed room where
they had been laying parquet for two hours. The room
was reported by the ambulance officer to have been
enveloped in a strong smell of “thinner”. On examina-
tion, both patients had “cakes of glue “ on their bodies
and smelled strongly of thinner.

Considering the circumstances in which the patients
had been found, the possibility of solvent abuse was
ruled out.

Case I

In the Emergency Department, Patient A, aged 23,
was only able to respond to pain stimulus. The initial
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blood pressure was 105/56  mmHg, pulse rate lOO/
minute, respiratory rate 23/minute  and temperature
37.3”C.  Both the conjunctivae were injected and both
the pupils were 3 mm in diameter, equal and reactive.
Neurological examination did not reveal any localising
signs. Examination of the heart, lungs and abdomen
was normal. The oxygen saturation was between 93%
and 97%. The electrocardiogram and chest X-ray were
normal, and the potassium level was 4.0 mmol/L.
Arterial blood gas on high flow oxygen was pH 7.35,
pCO,44.6 mmHg,  ~0~219.5  mmHg,  base excess -1.7,
standard bicarbonate (SBC) 23.8 mmol/L, and oxygen
saturation 99.7%.

The patient was admitted to the Medical Intensive
Care Unit. He had four episodes of vomiting. He needed
one dose of nebulized salbutamol during his stay there.
A repeat chest X-ray was normal. The cardiac enzymes
and liver function tests were normal. Blood toxicology
detected a toluene level of 16.6 ug/ml  and a small,
insignificant amount of xylene.

He was mentally alert 24 hours after admission.

Case 2

In the Emergency Department, Patient B, aged 21,
was found to be conscious but disorientated. The initial
blood pressure was 114/61  mmHg,  pulse rate 85/minute,
respiratory rate 24/minute  and temperature 37.3”C.
Both the pupils were 3 mm in diameter, equal and
reactive. There were no abnormalities detected on physi-
cal examination. The electrocardiogram and chest X-
ray were normal, and the potassium level was 3.9
mmol/L.  Arterial blood gas on high flow oxygen was
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pH 7.34, pC0, 37.9 mmHg,  p0, 224.3 mmHg, base
excess 4.9, SBC 19.9 mmol/L, and oxygen saturation
99.7%.

He was admitted to the High Dependency Unit. He
had one episode of vomiting during his admission. He
was mentally alert on the night of admission. On ques-
tioning, he denied having auditory or visual hallucina-
tion before he “passed out” at work. A repeat chest X-
ray was normal. The cardiac enzymes and liver function
tests were normal. Blood toxicology detected a toluene
level of 16 ug/ml.

On the second day of admission, both patients signed
their own discharge citing financial difficulties as the
reason. No follow-up on the patients was possible be-
cause they had decided to return to their home in Malay-
sia upon discharge.

Discussion

Toluene, together with xylene and benzene, belong to
a class of compounds known as aromatic hydrocarbons.
It has a high affinity for lipid-rich neural tissues. As
such, higher concentration of toluene has been found in
the brain of forensic specimens, compared to other
organs like the kidney and liver.’ Experiments in ani-
mals after toluene inhalation have shown toluene con-
centration in fatty tissues 80 times more than in blood.2
The central nervous system (CNS) effects of toluene-
easily confused with those caused by alcoholic intoxica-
tion-consist of an initial excitation stage of euphoria,
exhilaration and giddiness, followed by CNS
depression characterised by headache, dizziness,
fatigue, drowsiness, confusion, vertigo and decreased
reaction time.

Due to the high lipid-dissolving property of toluene,
the time interval between exposure to toluene and sam-
pling is important when interpreting results. Blood con-
centration of toluene may be biphasic; an initial peak is
followed by a trough reflecting lipid binding by the
CNS, and a subsequent peak may appear as toluene is
slowly released into the blood.3  Blood test for toluene
was done for our patients shortly after they reached the
A&E Department. They manifested CNS signs and
symptoms at levels of 16.6 and 16.0 ug/ml  respectively.
In a study by Miyazaki et al* on the correlation between
“on admission” blood toluene concentrations and pres-
ence or absence of signs and symptoms in solvent
abusers, the toluene concentrations in the blood ranged
from 0.3 to 22.8 ug/g.  In another local study on glue-
sniffing deaths, blood toluene levels were found to be
between 0.2 to 92 ug/ml.  Among the 33 deaths, only
two, with blood toluene levels of 92 and 49 ug/ml,  were
directly attributed to acute toluene toxicity. The rest
were caused by trauma.5  Traumatic deaths as a result of
depression of the CNS, rather than from the direct toxic

effects of toluene, have been reported by other workers.’
Acute inhalation of toluene also exerts direct adverse

effects on the lungs, resulting in bronchial and laryngeal
irritation, acute bronchitis, bronchospasm, pulmonary
oedema, chemical aspiration pneumonitis and asphyxia
from narcosis. Both our patients did not have obvious
signs of the above complications and their arterial blood
gas taken at the A&E Department were normal. How-
ever, in the Intensive Care Unit, Patient A probably
developed an episode of bronchospasm, aborted by one
dose of nebulised salbutamol.

Other systems affected by acute toluene inhalation
include the cardiovascular system, gastrointestinal tract
and the acid-base and fluid-electrolyte balance of the
body. Cardiovascular system effects  include
arrhythmias, myocardial infarction and myocarditis.
Toluene inhalation also causes nausea, vomiting and
abdominal pain. Metabolic acidosis occurs as a result of
tissue hypoxia and the accumulation of the metabolises
of toluene, namely benzoic acid and hippuric acid.
Hypokalaemia, hypophosphataemia and, less fre-
quently, hypercalcaemia and hypouricaemia are also
found in toluene poisoning.

Therefore, patients suffering from acute inhalation
should be monitored closely for respiratory distress and
CNS depression. As there is a possibility of a lowered
myocardial threshold to the arrhythmogenic effects of
adrenaline and other catecholamines, they should be
used with caution.

In Singapore, the Department of Industrial Health,
Ministry of Labour,  has confirmed 4 cases of toluene
poisoning since 1983 (one in 1983 and three in 1991).
Whereas cases of industrial toluene poisoning have
been reported in rust-preventive painting inside a bridge
pier, car and industrial spray painting, and printing,1,6,7
there have been no cases reported occurring during the
process of parquet flooring. Owing to the nature of the
work and chemicals involved, workers laying parquet
floors are evidently at risk of acute toluene poisoning,
especially if their work environment is poorly ventilated
and no protective masks and gloves are used.

Inhalation is the major route of absorption in the
workplace, owing to the high volatility of the com-
pound. Measurement of toluene concentration in mixed
exhaled air of volunteers indicates that, at the apparent
steady state, pulmonary retention is about 50%.8 After
inhalation, the blood concentration of toluene increases
with increased environmental contamination. Environ-
mental toluene concentration is measured in parts per
million (ppm) which means parts of toluene per million
parts of air.

The American Conference of Governmental Indus-
trial Hygienist (ACGIH)  recognises the potential toxic
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The three categories are:

(1)

(2)

(3)

time-weighted average (TWA), a value for a normal
8-hour  workday and 40 hour workweek;
short-term exposure limit (STEL),  a value for a short
period of time, usually 15 minutes;
ceiling (TLV-C),  a value which should not be ex-
ceeded even briefly.

effects of toluene and has developed three categories of
threshold limit values (TLVs)  for toluene.9 TLV is de-
fined as the airborne concentration of a substance that
represent conditions under which it is believed that
nearly all workers may be exposed day after day with-
out adverse effects.

Each year, the ACGIH meets to consider new informa-
tion and revises TLVs  when warranted by new data. The
presently recommended TLV-TWA of 100 ppm (377
mg/m”)  with a STEL of 150 ppm (565 mg/m3)  is based
on preventing acute depression of the central nervous
system. A proposed reduction of TLV-TWA to 50 ppm
(147mg/m3)  with a skin notation but no STEL, was
placed on the Notice of Intended Change in 1991.‘O

In our cases, we were unable to obtain the size of the
room the workers had been working in or how much
toluene had already been applied onto the floor. Thus,
we were unable to calculate the concentration of toluene
in the environment. In any case, since toluene vapour is
heavier than air, laying parquet at floor level would
have exposed our patients to a higher concentration of
toluene than the general room concentration.

Besides TLV, the ACGIH has also recommended bio-
logical exposure indices (BEI) for toluene in venous
blood, toluene in end-exhaled air and hippuric acid in
urine, sampled at the end of a shift.‘O Measurements of
toluene in venous blood and in end-exhaled air are
specific indicators of toluene exposure, whereas hippuric
acid in urine is a non-specific indicator because it is also
a metabolise of ethyl benzene, benzoic acid and possibly
styrene. However, the timing of sample collection for
measurement of toluene in venous blood and end-
exhaled air is so critical that these tests are unsuitable for
evaluation of the degree of exposure. They are, never-
theless, valuable as qualitative confirmatory tests when-
ever the origin of hippuric acid is in question. As a result
of occupational exposure at 100 ppm of toluene, blood
concentrations at the end of the shift are expected to be
about 1 ug/ml and 16 hours later (prior to the next shift)

about 0.05 ug/ml;  concentrations in end-exhaled air
collected at the end of the shift should be below 40 ppm
and 16 hours later about 1 ppm. The value of 2.5 g of
hippuric acid in urine per gram of creatinine is also
recommended as a BEI. Without taking into account the
timing of sample collection, the venous blood concen-
trations of toluene in our cases have exceeded the recom-
mended BEI.

Conclusion

We recommend that workers who are exposed to
toluene in their work, be made aware of the signs and
symptoms of toluene poisoning. Industries should en-
sure that precautions are taken to provide adequate
ventilation when activities such as parquet flooring are
carried out.
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