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Abstract

Short-term exposure to a high concentration (TWA > 100 ppm) of toluene can cause hepatotocixity and
neurotoxicity in humans. Data on the effects of exposure to low levels of toluene, however, are controversial.
In addition, few studies on the effects of toluene exposure on the autonomic nervous system have been con-
ducted. Urine samples from 34 male factory workers in Taiwan who were exposed to low levels of toluene
either intermittently (n = |3) or continuously (n = 21) were taken on a Monday morning after a 2-day hiatus
and at the end of the workweek on Friday evening. Urinary hippuric acid levels were measured using
high-performance liquid chromatography (HPLC). A complete blood work-up was also performed for each
subject. The prevalence and severity of neurotoxic symptoms were investigated by a self-reported question-
naire, a neuropsychiatric battery, and sympathetic and peripheral nerve function tests. The mean value of urin-
ary hippuric acid corrected for creatinine (Cr) was 0.34 + 0.18 g/g Cr on Monday morning and 0.43 + 0.26 g/g
Cr on Friday evening. The difference in the mean value of urinary hippuric acid between the two periods (p <
0.01) and the odds ratio of impairment of sympathetic (OR = 4.13, p = 0.11) and peripheral nerves (OR =
6.94, p = 0.074) were higher in workers continuously exposed to toluene. In addition, workers who were con-
tinuously exposed to toluene had a lower mean platelet count (216 + 41 x 10%/uL) than workers who were
intermittently exposed (252 + 40 x 10%pL), (p = 0.018). Furthermore, there was a positive relationship
between neurological abnormalities and a self-reported neuropsychiatric measurement (r = 0.35—0.66, p <
0.05) in all workers. These data suggest that continuous exposure to low levels of toluene may be associated
with sympathetic and peripheral nerve dysfunction and sub-clinical hematological damage. Further research
needs to be carried out regarding how chronic exposure to low-levels of toluene affects workers.
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Introduction

Toluene is one of the most prevalent aromatic hydro-
carbons because of its extensive use as a gasoline addi-
tive. Pharmaceutical companies, rubber and adhesive
industries, and technology-oriented companies use
toluene as a solvent. Hippuric acid is the major metabo-
lite from toluene breakdown by cytochrome P-450.

Short-term and long-term exposure to toluene
(> 100 ppm) may damage the central nervous system,
resulting in confusion, seizure, headache, vertigo,
impairment of visuomotor speed, coding speed,
short-term visual memory (Chouaniere et al., 2002),
optic neuropathy, and poor color discrimination
(Filley et al., 2004; Zavalic et al., 1998). Exposure to
toluene has also been shown to induce cytochrome
P450 in hepatocytes (Nakajima and Wang, 1994) and
lymphocytes (Mendoza-Cantu et al., 2006), and to be
associated with carcinogenesis and reproductive dys-
function (Murata et al., 1999). Thus, the National Insti-
tute for Occupational Safety and Health (NIOSH) has
set the threshold limit value-time weighted average
(TLV-TWA) for toluene at 50 ppm. It has been shown,
however, that even sub-chronic toluene exposure can
result in cerebellar atrophy (Filley et al., 2004) and
deterioration of memory and attention (Lee et al.,
2003; Kang et al, 2005). Murine models have revealed
that exposure to low levels (40—80 ppm) of toluene
results in memory loss and impaired visuospatial learn-
ing (Von et al., 1993), damage to neuroglial cells
(Burry et al., 2003), and significant and gender-
dependent alterations in the autonomic nervous system
(ANS) related to the rate of catecholamine and 5-
hydroxytryptamine biosynthesis in brainstem catecho-
laminergic cell groups and in the hypothalamus (Sou-
lage et al., 2004; Berenguer et al., 2003a). The
prevalence of toluene-related neurotoxicity among
workers exposed to toluene is still unclear because of
controversial data on neurotoxicity arising from low-
dose chronic toluene exposure (<50 ppm; Eller et al.,
1999;Gericke et al., 2001; Juntunen et al., 1985; Mur-
ata et al., 1994; Seeber et al., 2004; Zupanic et al.,
2002). Thus, there is a need to know whether workers
with low-level toluene exposure have symptoms
related to neurotoxicity and whether the presence of
toxicity depends on the mode of exposure. In the pres-
ent study, the prevalence and severity of neurotoxic
symptoms among workers exposed to low levels of
toluene were investigated by a self-reported question-
naire, a neuropsychiatric battery, and sympathetic and
peripheral nerve function tests.

Materials and methods
Subjects

During the period October 2006 to December 2006,
we recruited 34 male workers from two departments
(A and B) of a factory established in 2003 in Taiwan.
Thirteen workers in department A were exposed to
toluene intermittently while mixing raw materials
(2—3 hours per day) and twenty-one workers in depart-
ment B were continuously exposed each day during the
entire workweek (Monday to Friday). All workers
worked 12 hours per day, 5 days per week, and wore
masks when exposed to toluene. None of the workers
had any history of alcohol or drug addiction, neuropsy-
chiatric disorders, thyroid disease, or renal or liver
insufficiency. All workers signed a consent form.

Biological monitoring

Each subject provided two urine specimens, one on
Monday morning before starting their shift after a
2-day hiatus (baseline) and the other one at the end
of their shift on Friday evening. None of the subjects
were allowed to consume sedatives, salicylic acid,
alcohol, or black tea for at least 10 hours or to smoke
for at least 2 hours prior to collection of the urine spe-
cimens. Hippuric acid levels in urine were measured
by high-performance liquid chromatography (HPLC;
Ogata and Taguchi, 1986). Urinary creatinine levels
were measured using standard laboratory procedures.
The ratio of urinary hippuric acid to creatinine was
used to represent the level of toluene exposure among
the study subjects in the workplace. We used the cur-
rent American Conference of Governmental Indus-
trial Hygienists (ACGIH) biological exposure index
(BEI) of 1.6g/g creatinine as a cutoff value for post-
exposure urine.

Examination of health effects

All subjects received a health examination at a.m.
10:00—12:00 on the third workday (14—16 hours
after leaving the factory) and all were required to
avoid sleep deprivation or unusual fatigue prior to the
examination.

Blood test

Blood samples were taken in the morning on the day
of the examination and analyzed for complete blood
count, glucose level, and liver, renal, and thyroid
function. All data were assessed at a medical center.
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Nerve functions

Nerve functions were assessed by a trained technician
using standard methods. Sympathetic skin response
(SSR) is a measure of sudomotor activity and is based
on changes in skin conductance levels in response to
various internal or external stimuli. SSR has been
used to assess sympathetic dysfunction in diabetic
patients, in patients with peripheral neuropathies
(Kiylioglu et al., 2005), and in patients with diseases
affecting the central nervous system (Sharma et al.,
1999). During the SSR procedure in this study, the
ambient temperature was maintained at 24—25°C and
the active electrodes were placed on the subjects’
bilateral palms and soles. Then, 4—7 electric stimula-
tions with a 60-mA intensity were delivered to the
right median nerve at 20—40 s intervals. The best of
three responses with greater reproducibility was
selected and the latency of the evoked potential was
examined in the subjects’ four limbs. A prolonged
latency was indicative of poor sympathetic function.
A latency exceeding 1800 ms in the upper extremity
or more than 4000 ms in the lower extremity was con-
sidered abnormal. Sensory nerve conduction velocity
(SNCYV) of the bilateral median nerve was also mea-
sured at the wrist to evaluate peripheral nerve func-
tion. Low conduction velocity was indicative of
poor peripheral nerve function. A conduction velocity
lower than 48 m/s was considered abnormal.

Neuropsychological tasks

Two tests from the computerized test battery
“Neuroscan 2003 Stim’-stimulus presentation sys-
tem” were chosen. The cued attention test was used
to explore the orientation of visual-spatial attention.
The finger-tapping test was used to assess fine
upper-limb motor performance and manual domi-
nance. All subjects were seated in a comfortable posi-
tion in front of the keyboard while performing the
tests (Jobbagy et al., 2005).

Cued attention test. A two-target detection paradigm
with a fixed point was shown in the center of the
screen. After a short intertribal interval, a highlighted
visual cue in the shape of a box was presented periph-
erally to predict the location of a target stimulus. After
a short interstimulus interval, a target stimulus
appeared in one of two screen locations. The workers
needed to correctly identify the location of the target
by pressing a response button. The cueing conditions
were classified into three groups (valid, invalid, and

no cue). For valid trials, the target appeared in the
screen location indicated by the cue. For invalid trials,
the target appeared in the region opposite the cue. For
no cue trials, the cue was absent. The probability of
each trial type was under program control and 240
trials were done. The average reaction time and error
rate values were recorded.

Finger tapping test. The test administrator compiled 2
separate scores from the complete test procedure. One
set of scores represented the right hand (10 seconds)
and the other set represented the left hand (10 sec-
onds). Workers were asked to tap the keyboard with
their index finger as quickly as possible. The right
hand was used first followed by the left hand. Each
test was performed in triplicate. The average number
of finger tappings in the dominant and non-dominant
hand was recorded.

Questionnaire on neurotoxic
symptoms and health

A comprehensive  self-reported  questionnaire
included questions about the worker’s history, con-
sumption of alcohol, smoking habits, and medical his-
tory. Each worker completed the Chinese Version of
the Modified European Questionnaire (EURO-
QUEST) in the morning on the day of the neurological
examination. The original EUROQUEST was devel-
oped in 1992 to explore the most commonly reported
neurotoxic symptoms associated with long-term occu-
pational solvent exposure (Carter et al., 2002; Karlson
et al.,, 2000) and was modified in 2004 (Kaukiainen
et al., 2004). It is a sensitive screening instrument for
identifying toxic encephalopathy and consists of six
domains. The scores range from 34 to 170. The
domains include neurological symptoms (6 items),
psychosomatic symptoms (9 items), mood lability
(7 items), memory and concentration difficulties
(6 items), tiredness (2 items), and sleep disturbance
(4 items). Subjects were asked to rate the frequency
in which they experienced the symptoms listed in the
six domains during the previous six months. The items
were measured using a 5-point Likert-type scale. The
answers were coded as “never”, “once per month”,
“once per week”, “more than twice per week,” and
“occurs every day.”

Statistical analysis

The paired-sample T test was used to compare mean
values of hippuric acid at baseline and at the end of
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Table |. Comparison of subject characteristics and levels of urine hippuric acid at baseline and at the end of the

workweek between departments A and B

Dep A (N = 13) Dep B (N = 21) p

Age (mean + SD) 25.15 + 2.15 27.10 + 5.59 0.24
Work duration (mean + SD) 10.88 + 10.84 9.50 + 10.17 0.73
Cigarette smoking (n/%) 7 (53.85%) 14 (66.67%) 0.70°
Alcohol drinking (n/%) 2 (15.38%) 4 (19.05%) 1.00°
Urine hippuric acid before-work (mean + SD) 0.30 + 0.17 0.36 + 0.19 0.42
After work (mean + SD) 0.37 + 0.22 0.46 + 0.27 041
p 0.54° 0.006"

Comparisons by independent-sample T test, except
®p-values represent the statistical results of paired-sample T test.

®p-values represent the statistical results of Chi-square and Fisher’s exact tests.

the workweek. The independent-sample T test was
used to compare the mean value of urine hippuric
acid, latency of SSR, conduction velocity of SNCV,
reaction time during the cued attention test, and hema-
tologic parameters between workers in department A
and those in department B. The chi-square and Fish-
er’s exact tests were used to compare the percentage
of workers with current habits of alcohol consumption
and cigarette smoking in department A with those in
department B. Odds ratios (OR) were calculated to
evaluate the risk of neurological function impairment
in departments A and B. The Spearman’s correlation
coefficient was used to analyze the correlation
between work duration, self-reported neurotoxic
symptom scores, and results of the neurological
examination. A two-tailed p value of less than 0.05
was considered to indicate statistical significance. All
statistical analyses were performed on a personal
computer with the statistical package SPSS for Win-
dows (Version 13.0, SPSS, Chicago, Illinois, USA).

Results
General characteristics of the study population

The mean age of the 34 workers was 26.4 years, and
the mean work duration was 10 months. The duration
of work was short with high variation (1—37 months).
There was no difference in socioeconomic and educa-
tional status between workers of two departments.
The mean value of urinary hippuric acid was higher
in specimens at the end of the workweek (0.34 +
0.18 g/g Cr Vs 0.43 £+ 0.26 g/g Cr). All urinary hip-
puric acid levels were below the ACGIH BEI of 1.6 g/
g Cr in post-exposure urine. The levels of toluene
exposure in the workplace did not exceed the TLV-
TWA of 100 ppm set by the NIOSH in Taiwan. There
were no significant differences in percentage of

workers who drank alcohol more than once per week
or smoked cigarettes between workers in department
A and those in department B (Table 1)

Biological monitoring—hippuric acid level

in urine

There was no significant difference in mean level of
urinary hippuric acid on Monday morning and Fri-
day evening between the two departments; however,
the difference in mean urinary hippuric acid level on
Monday morning and Friday evening was signifi-

cantly higher in department B than in department
A (Table 1).

Evaluation of health effects

Blood test. The mean platelet count was significantly
lower in workers in department B (216 + 41 x
10%/uL) than in workers in department A (252 + 40
x 10%uL) (p = 0.018; Table 2). The results of the
other blood tests did not differ significantly between
the two departments.

Nerve function test. In the upper extremities, the
latency of evoked potential of sympathetic skin
response was shorter than 1800 ms in all subjects, and
there was no significant difference in the mean
latency between the two departments. In the lower
extremities of the 21 workers in department B, eight
had a latency of more than 4000 ms (38.1%), whereas
only 2 of the 13 workers in department A had such a
manifestation (15.4%; Table 2). The odds of having
an abnormal SSR was more than four times greater
in department B than in department A (OR, 4.13;
95% CI = 0.73—-23.43, p = 0.11).
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Table 2. Comparison of blood tests, sympathetic, peripheral, neurobehavior function tests, and scores of questionnaires

between workers in the two exposure groups

Dep A(N=13)Mean + SD  Dep B (N = 21) Mean + SD )

Platelet count (10%/uL) (mean + SD) 252 + 40 216 + 41 0.018
WBC (10°/uL; mean + SD) 5.77 + 1.05 588 + 1.46 0.80
RBC (I06/uL; mean + SD) 5.10 + 048 5.17 4+ 0.55 0.73
SSR, upper limb

Onset latency, right (ms; mean + SD) 1352 + 159 1384 + 189 0.6l

Onset latency, left (ms; mean + SD) 1366 + 159 1430 + 277 0.45
SSR, lower limb

Abnormal response (n/%) 2 (15.4%) 8 (38.1%) 0.117
SNCV, bilateral median nerve

Right (m/s; mean + SD) 5631 + 544 53.86 + 5.03 0.19

Left (m/s; mean + SD) 58.00 + 7.00 54.86 + 5.47 0.15

Abnormal response (n/%) 0 (0%) 4 (19.0%) 0.074*
Neuropsychological tasks
Cued attention test

No-cue (ms; mean + SD) 0.37 + 0.075 0.35 4+ 0.045 0.51

Valid cue (ms; mean + SD) 0.32 + 0.030 0.33 + 0.036 0.63

Invalid cue (ms; mean + SD) 0.36 + 0.052 0.35 + 0.033 0.59
Finger tapping

Dominant hand (times/sec) 747 + 0.80 7.60 + 1.24 0.74

Non-dominant hand(times/sec) 6.19 + 1.09 645 + 1.35 0.56
Score of Questionnaire (mean + SD)

Neurological symptoms 8.92 + 3.0l 9.14 + 3.79 0.86

Psychosomatic symptoms 15.69 + 4.59 14.05 + 4.06 0.28

Mood lability 13.85 + 3.89 13.10 + 3.81 0.58

Memory and concentration difficulties [1.15 + 3.83 1143 + 4.89 0.86

Tiredness 454 1+ 1.71 481 4+ 2.06 0.70

Comparisons by independent-sample T test, except

®p-values represent the statistical results of Logistic regression with odds ratio.
SSR: sympathetic skin response; SNCV: sensory nerve conduction velocity.

The conduction velocity of the sensory nerve
action potential (SNCV) in the bilateral median nerve
was recorded. Although there was no significant dif-
ference between the departments, there was a relative
reduction in the conduction velocity among subjects
in department B. Of the 21 workers in department
B, 4 had a conduction velocity of less than 48 m/s
(19%), whereas none of the subjects in department
A had such a manifestation (0%; Table 2). There was
no difference in the mean SNCV between individuals
with a normal SSR and those with an abnormal SSR
(p = 0.26).

Neuropsychological tasks. The error rate of the cued
attention test was less than 1% and the reaction time
was within the normal range in all workers. There was
no significant difference in the mean reaction time, or
the mean error rate of the cued attention test, and no
significant difference between the mean frequency

of finger tapping between the workers in the two

departments (Table 2).

Scores of self-reported modified EUROQUEST

There were no significant differences in the scores of
the six symptom scales between the two exposure
groups (Table 2). Significant correlations were found
between neurological symptoms and the other five
domains: psychosomatic symptoms (» = 0.45, p =
0.008), mood liability (» = 0.53, p = 0.001), memory
and concentration difficulties (» = 0.56, p = 0.001),
tiredness (» = 0.40, p = 0.019), and sleep disturbance
(r = 0.39, p = 0.025). There was also a significantly
positive relationship between the onset latency of
SSR in department B and the scores of the six
domains of the questionnaire (# = 0.35 to 0.65). There
was also a negative correlation between sensory nerve
conduction velocity and the neurological symptom
and sleep disturbance domain scores (Table 3).
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Table 3. Correlation between questionnaire data and neurological examinations

Sympathetic skin response, sensory nerve conduction velocity

EUROQUEST Domain Score SSR RH (r) SSR LH (r) SNCV RH (r) SNCV LH (r)

Dep A(N=13)
Neurological s/s —0.09 —0.24 0.27 0.24
Psychiatric s/s 0.49 0.19 0.40 0.48
Mood disturbance 0.27 0.24 0.13 0.12
Attention/Memory —0.13 —0.06 0.28 0.13
Tiredness 0.14 0.08 0.12 0.07
Sleep disturbance —0.01 0.17 0.25 0.02

Dep B (N = 21)
Neurological s/s 0.65%** 0.62+** —0.52%* —0.48*
Psychiatric s/s 0.48* 0.51* —0.26 —0.18
Mood disturbance 0.61%* 0.66*** —0.32 —0.12
Attention/memory 041 0.45%* -0.27 —0.07
Tiredness 0.47%* 0.35 —0.21 —0.09
Sleep disturbance 0.45* 0.59+* —0.56* -0.31

Analysed by Spearman’s correlation.
*p < 0.05, ¥P < 0.01, ¥**P < 0.001, oblique type word: p < 0.1.

SSR: sympathetic skin response; SNCV: sensory nerve conduction velocity.

RH: right hand; LH: left hand; r: Correlation coefficient.

Discussion

It has been reported that the hippuric acid level in
urine is 0.6 g/g creatinine in subjects exposed to a
toluene concentration of 40 ppm (Ogata and Taguchi,
1986). In the present study, the mean level of hippuric
acid in post-shift urine specimens, when corrected for
creatinine, was 0.43 + 0.26 g/g Cr. This indicates that
the mean air concentration of toluene in the factory
sampled in this study was less than 40 ppm and,
therefore, within the limit set in Taiwan.

Urinary hippuic acid is the most common biomar-
ker for monitoring toluene exposure. It is valid when
the toluene exposure level is high (>50 ppm); how-
ever, the marker correlates poorly with exposure
when the level of toluene exposure is less than 10 ppm
(Ikeda et al., 2008; Ukai et al., 2007). In addition,
alcohol and cigarette smoking interact with toluene
metabolism and have both stimulatory (chronic con-
sumption) and inhibitory (acute consumption) effects
on the metabolism of toluene (Inoue et al., 1993). In
the present study, all subjects were instructed to
refrain from using any confounding substances prior
to urine specimen collection in an attempt to clarify
the real effect of occupational toluene exposure.
Furthermore, the ratio of workers with current habits
of alcohol consumption and cigarette smoking did not
differ between the two departments. Therefore, the
significant difference in urinary hippuric acid levels

at baseline and at the end of the workweek in workers
in department B might indicate a higher level of occu-
pational exposure to toluene in that department.

Few studies on the hematological effects of low-
level toluene exposure have been conducted. It has
been reported that low-level toluene exposure can
promote transient platelet agglutination, which can
result in pseudo-thrombocytopenia (Aakhus et al.,
1991). Therefore, in the present study, the reduction
in platelet count in workers with long-term continu-
ous toluene exposure could be due to transient hyper-
agglutination, disturbance of platelet synthesis, or due
to increasing platelet damage. Our findings might
support the notion that platelet count may serve as
an effective means by which to monitor the effects
of low-level toluene exposure.

Workers with chronic exposure to toluene show a
significant reduction in the electrocardiographic R-R
interval and in the SNCV in the median palmar nerve
(Murata et al., 1993). Chronic exposure to low-dose
mixed-solvents, such as n-hexane, xylene, and
toluene, affects cardiac parasympathetic activity and
reduces the peripheral nerve conduction velocity
(Murata et al., 1994). In the present study, higher odds
ratio of having an abnormal SNCV in department B
compared with department A might indicate that sub-
jects who are exposed to continuous low levels of
toluene are at marginally higher risk of developing
peripheral sensory nerve function impairment.

Downloaded from tih.sagepub.com by Shih Hsutzu on October 6, 2011


http://tih.sagepub.com/

Shih et al.

697

To the best of our knowledge, no studies on the
effects of toluene exposure on the sympathetic ner-
vous system have been conducted. SSR has the poten-
tial to detect subclinical ANS dysfunction, and studies
reveal that the most common abnormality is unilateral
prolongation of lower extremity latency (Nazliel
et al., 2007). In the present study, SSR of the upper
extremities was intact in all subjects but could not
be elicited in lower extremities in 29.4% of our sub-
jects, especially in those with continuous exposure
(38.1%). This high ratio of sympathetic functional
impairment is unusual in young, healthy men. The
SSR includes 3 phases, somatosensory myelinated
afferents, central coupling, and efferent controlled
output. Since there was no difference in the mean
SNCV between subjects with a normal SSR and those
with an abnormal SSR, the abnormalities observed in
the present study are most likely related to dysfunc-
tion of the central coupling process or efferent path-
ways (hypothalamus, brainstem catecholamine and
S-hydroxytryptamine biosynthesis cell groups, limbic
system and spinal cord) (Berenguer et al., 2003b;
Soulage et al., 2004; Sharma et al., 1999).

Exposure to mixed organic solvents has been
shown to lead to poorer memory and fine motor per-
formance in children (Saddik et al., 2005), whereas
low-level toluene exposure in adults (<50 ppm) who
work in the printing industry has been reported to
be associated only with decrements of memory test
performance. In that study, there was no significant
impairment in perceptual motor or attention function
(Seeber et al., 2005). We found similar results. Thus,
low-level toluene exposure apparently does not affect
the orientation of visual-spatial attention or fine
upper-limb motor performance.

In workers with continuous toluene exposure,
there is a significant negative correlation between
SNCV and the neurological symptom-scale and
sleep disturbance-scale scores. One possible expla-
nation for this finding is that patients with peripheral
neuropathy may suffer from fullness and numbness
in the hands, which can result in sleep disturbance
(Afshar et al., 2007). We also found a positive corre-
lation between the scores of all domains and the
onset latency of SSR. This finding supports that
reported by Newton JL, who reported that autonomic
dysregulation is associated with poor sleep quality,
fatigue, restlessness, and mood liability (Newton
et al., 2007). Chronic exposure to toluene might,
therefore, result in neurological damage and subjec-
tive discomfort.

The limitations to this study include its cross-
sectional study design and small sample size, mak-
ing it difficult to clearly establish a relationship
between psychomotor function and exposure to low
levels of toluene. In addition, the presence of weak
effects in sympathetic and peripheral nerve function
as well as platelet counts indicates the need for fur-
ther investigation using a longitudinal approach.
Furthermore, the existence of a good correlation
between the questionnaire and neurological exami-
nations might support the notion that biological
monitoring and a self-reported questionnaire might
be valid methods to quickly screen for early neuro-
logical damage in workers with continuous exposure
to low levels of toluene.
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