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Abstract
Background: Workers exposed to organic solvents are at risk of
developing chronic central nervous system disorders. The aim of this
cross-sectional study was to investigate the neurobehavioral effects of
occupational exposure to organic solvents among pharmaceutical
laboratory workers.
Methods: The study groups consisted of 78 laboratory workers as the
exposed group and 98 office workers as unexposed controls. The
subjects were studied with the World Health Organization
neurobehavioral core test battery (WHO-NCTB) by running Simple
Reaction Time (SRT), Benton Visual Retention Test (BVRT) and
Purdue Pegboard tests.
Results: The SRT and BVRT test scores were poorer among the
laboratory workers. However, no significant differences were found
between the two groups for the Purdue Pegboard Test.
Conclusions: The results of this study suggest that occupational
exposure to organic solvents could induce a neurobehavioral
deficiency in pharmaceutical laboratory workers. Therefore, objective
neurobehavioral tests should be used for assessing the relation between
exposure and effect and also as a guide for establishing standards in
the control of workplace exposure.
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I

ntroduction

Organic solvents are widely used in pharmaceutical
laboratories, and exposure to organic solvents is common in
occupational settings.1,2The main exposure route of these
volatile solvents (which include petroleum, ether, methanol,
chloroform, ethyl acetate, and acetone) is usually through
inhalation or skin contact.3,4Although most pharmaceutical
laboratories use these solvents, long-term exposure to them has
significant side effects on the health of the human body. These
include neurobehavioral effects, which have been variously
described as painter's syndrome, chronic solvent syndrome,
toxic encephalopathy, CNS effects, dementia, and organopsycho syndrome.5
Many studies have shown the neurotoxic effects of organic
solvents. In 1986, for the first time, a study on car-workers
showed evidence of the effects of organic solvents on the
workers’ nervous systems.6Similarly, a study on paint industry
workers demonstrated an increased risk of neuropsychological
symptoms such as headaches and dizziness, memory
deficiency, conceptual problems, and mood/sleep disorders in

its solvent-exposed group.7In Iran, one recent study has
reported subtle neurobehavioral changes among workers in the
rubber industry.8
Many laboratory workers use volatile organic solvents
without knowing their side effects on health. There is little
information regarding the relation between toxicity and the
pathologic features of organic solvents and the neurobehavioral
alterations induced by those solvents.9
The purpose of the present study was to investigate
neurobehavioral changes at a pharmaceutical laboratory
through a comparison of workers with solvent exposure and
those without. This study was performed for the first time
among Iranian pharmaceutical laboratory workers in order to
detect subclinical symptoms of chronic central nervous system
(CNS) toxicity due to solvent exposure.

Materials and Methods
In this cross-sectional study, 78 workers with solvent
exposure were selected from a pharmaceutical laboratory at the
Tehran University of Medical Sciences (TUMS), Faculty of
Pharmacy. Subjects per day at this laboratory, where each had
worked and been exposed to solvents for approximately two
years. They were excluded if they had a smoking habit,
diabetes mellitus, a history of drug consumption, alcohol
consumption within 24 hours of testing, substance abuse,
inadequate sleep before testing, or a history of neurologic
disease, a head trauma, epilepsy, or a psychiatric disorder. A
total of 98 controls were selected randomly from office
workers at the same laboratory to comprise the unexposed
group, and they were matched for sex, age, and educational
degree. The study was approved by the ethics committee of the
TUMS, and the participants gave written informed consent.
A questionnaire consisting of demographic characteristics,
occupation, and medical history was administered prior to the
neurobehavioral tests.
The subjects’ neurobehavioral performance tests were
conducted by a trained technician. The tests were performed in
a silent environment and took 45 minutes per subject. The
neurobehavioral core test battery (NCTB) has been widely used
to detect neurobehavioral disturbances of workers exposed to
many neurotoxins, such as organic solvents. Three tests from
the NCTB (a Simple Reaction Time [SRT] test, a Purdue
Pegboard Test, and a Benton Visual Retention Test [BVRT])
were selected to evaluate the pharmaceutical laboratory staff’s
neurobehavioral performance.10
9
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An SRT test is a visual and motor speed test that measures
the mean reaction time of responses to 64 visual stimuli, which
are given at random intervals of 1–10 seconds. The time
between the presentation of each stimulus and the pressing of a
button was measured, as were the mean and SD of response
latencies (in milliseconds).
A Purdue Pegboard Test is one of manual dexterity and
requires rapid hand–eye coordination. The instrument consists
of a board with two parallel rows that have 25 holes in each
row. The subject's task was to fit the board’s pegs correctly into
its holes as fast as possible. Measurement was taken as fast as
possible within a 25-second time limit.
A BVRT measures short-term visual memory. The test
consists of 10 drawing cards that have to be recognized. The
first card, which contains a pattern to be memorized, is shown
for 10 seconds. Thereafter, a second card is shown that contains
four patterns, one of which is identical to the pattern presented
previously. The number of correct retentions was scored. A
higher score means a better performance by the subject.
The concentration of organic solvents was measured using
the NIOSH method. Personal air sampling was performed by
first check multi gas detector for VOCs with a flow rate of 0.9
L/min (made by Ion Science in the UK) and calibrated with a
standard kit sensor. The airborne concentrations of four
solvents are listed in Table 1.
Table 1: Airborne concentrations (ppm) of organic solvents
Solvents
Concentration (ppm)
TLV-TWA (ppm)
Ethyl acetate
43
400
Chloroform*
25
10
Methanol
60
200
Acetone
250
500
*Shows that concentration of chloroform is more than the threshold limit value (TLV)

The data were analyzed by SPSS version 22. Associations
between categorical variables were assessed using a Chi-square
test, and the normality of continuous variables was checked by
a one-sample Kolmogorov–Smirnov test and histogram. As all
variables were distributed normally, a Student’s t-test was used
to compare continuous variables between the exposed and nonexposed groups. Multiple linear regression was used for
assessing the relations of the different variables with the
neurobehavioral scores. Significant level was considered at
0.05.

Results
There were no significant differences between the exposed
and unexposed groups in terms of the demographic (age, sex)
and occupational characteristics (job category, educational
degree, and duration of exposure), as shown in Table 2.
Significant differences between the exposed and unexposed
groups were found in the SRT, Purdue Pegboard, and BVRT
tests. The subjects in the exposed group showed poorer
performances than those in the unexposed group in all of the
employed tests (Table 3).
A multiple regression analysis was performed to assess the
effect of the demographic and occupational characteristics on
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the neurobehavioral performance tests. Independent variables
consisted of exposure, age, sex, educational degree, and
duration of exposure. Although solvent exposure had a
significant effect in the SRT and BVRT tests, it did not affect
the results of the Purdue Pegboard Test in this regression
(Table 4).
Table 2: Characteristic of exposed and unexposed group
Variables
Age (mean±SD)
Duration of exposure(mean ±SD)
Gender, N (%)
Male
Female

Exposed
group (N=73)
22.1±2.5

Unexposed
group(N=94)
22.2±2.6

3.83±1.4

3.7±3.2

0.68*
0.08**

36(49.3%)
37(50.7%)

59(62.8%)
35(37.2%)

55(75.3%)
18(24.7%)

64(68.1%)
30(31.9%)

56(80%)
14(20%)

64(68.1%)
30(31.9%)

Jobcategory, N (%)
Student
Office worker
Educational degree, N (%)
PhD
Others

P.V
0.72*

0.30**

0.08**

*T-test, ** Chi square test

Discussion
Our study was conducted on laboratory staff from the
TUMS, Faculty of Pharmacy. A statistically significant
difference in neurobehavioral performance was detected
between the workers exposed to organic solvents and their
controls by the neurobehavioral tests.
A variety of such tests are available for evaluating
neurotoxic effects on worker populations exposed to
neurotoxins. The NCTB, which is recommended by WHO, is
simple, inexpensive, not tiring, free from cultural bias, and easy
to administer.10
Earlier studies have found neurobehavioral performance
deficiencies in workers exposed to organic solvents. These
studies have shown that SRT and BVRT tests can be affected
by exposure to solvents.8,11-14However, the Purdue Pegboard
Test was not affected by exposure to solvents in multiple
regression models. Similar studies have found no significant
correlation between some of the neurobehavioral performance
tests and solvent exposure.15,16
Subjects with conditions affecting the CNS (neurologic or
psychiatric disease, alcohol consumption, smoking habit, etc.)
were excluded from the study in an effort to control the
confounding factors. The diagnosis of a neurobehavioral
deficiency due to occupational exposure has been developed in
the absence of any other etiological factor.
A person’s age and the duration of their exposure are
known as important factors that affect neurobehavioral
performance. In regard to removing the effects of these factors,
participants with similar ages and durations of exposure were
chosen. It is also known that the results of neurobehavioral
performance tests are influenced by educational level and
computer experience.17A simple keyboard was used for the
SRT tests, in which participants needed to press only one
button and the involved groups did not differ significantly by
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Table3: Neurobehavioral performance tests in exposed and unexposed groups ( Mean ±SD)
Neurobehavioral tests
SRT
Purdue pegboard
BVRT

Exposed group (N=73)
361.09±65.88
10.55±1.47
8.51±0.76

Unexposed group (N=94)
343.50±35.62
11.02±1.41
9.35±0.73

P.V
0.042
0.036
0.000

Table4: Multiple regression analysis of neurobehavioral tests
Variables
(Constant)
Solvent exposure
Age
Gender
Duration of exposure
Job
Educational degree
R2

SRT
B*
335.436
15.270
0.417
-6.552
-3.042
12.372
2.224

Purdue Pegboard Test
P.V
0.000
0.044
0.765
0.414
0.209
0.628
0.919

0.037

B
11.883
-0.381
-0.042
-0.069
0.034
0.287
-0.371

P.V
0.000
0.115
0.303
0.770
0.631
0.702
0.565

BVRT
B
9.721
-0.822
-0.011
-0.133
-0.020
0.143
-0.041

0.038

P.V
0.000
0.000
0.603
0.277
0.588
0.712
0.903

0.259

*B is regression coefficient

educational degree. Thus, it can be assumed that our selection
criteria were appropriate.18
The measurements of exposure to some of the organic
solvents—such as chloroform—in the laboratory were more
than the threshold limit value (TLV). Although it has been
assumed that low exposure to organic solvents cannot cause
chronic CNS effects, the lower performances of the exposed
workers indicate functional impairments of the CNS.
In this study, only three tests of the NCTB were performed.
Consequently, the deficiencies of neurobehavioral tests could
not be covered exactly. Also, it was not possible to exclude the
potential effects of other chemical substances present among
the laboratory workers.
Workers exposed to solvents are at risk of developing
chronic CNS diseases. The first step to preventing organic
solvent–induced chronic CNS diseases is the regular
monitoring of exposure by ambient air measurements. In
addition, bio monitoring is strictly needed.
Neurobehavioral tests are used for assessing the relation
between exposure and effect, and they also provide a guide for
establishing standards in the control of workplace exposure. In
an occupational setting, these tests are useful in periodic
follow-ups on exposed workers for determining the degree of
any functional impairments and detecting subclinical
occupational illnesses.
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