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Abstract

Background and Objective: Styrene is widely used in the production of many products,
such as paints, glues, and plastics. There is a high potential for exposure to this toxic
solvent in workplaces. The present study aimed to assess the levels of exposure to styrene
via air and biological monitoring methods and determine the correlation between them in
styrene-exposed workers.

Materials and Methods: A total of 44 workers from a polymer manufacturing industry
were studied, and the workers’ inhalational exposure to styrene was measured. In
addition, the levels of urinary mandelic acid were determined. Data was analyzed using
the SPSS (version 22.0) software.

Results: The time-weighted average (TWA) exposure to styrene was equal to
18.35+11.02 ppm. The mean urinary mandelic acid was 150 mg/g creatinine. Moreover,
a significant correlation was observed between the styrene concentration and the urinary
mandelic acid (r=0.841). The correlation was stronger in workers with no skin exposure
than in those with this type of exposure. Furthermore, a significant correlation was
observed based on working hours per day (less than or more than 8 hours per day) so that
the correlation was better for workers with shorter exposures (r= 0.922 vs. 0.713).
Conclusion: The findings of the present study indicated a relatively strong correlation
between inhalational exposure to styrene and the levels of mandelic acid in urine. In
addition, smoking and working conditions, such as skin exposure and working hours per
day, can affect the levels of urinary mandelic acid. Therefore, these factors should be
considered in the exposure assessment of workers exposed to styrene.
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Extended Abstract

Background and Objective

As a colorless liquid, styrene evaporates easily and
smells sweet. This compound is widely used in
producing such products as waxes, paints, adhesives,
varnishes, plastic, and rubber products [2, 1]. Styrene is
also present in cigarette smoke and car exhaust, and
therefore, it is released into the air [2]. Recent studies
that have examined the adverse effects of styrene on
health show that exposure to this solvent causes skin
irritation, mild liver damage, impaired color
recognition (the main indication of styrene
neurotoxicity), and hearing loss; moreover, it leads to
changes in the central nervous system (such as
drowsiness, headache, lack of balance) and peripheral
nervous system [4, 3]. The International Agency for
Research on Cancer and the American Association of
Governmental  Industrial ~ Hygienists  (ACGIH)
classified styrene as group B2 (probably carcinogenic
to humans) and group A3 (confirmed carcinogen in
animals with unknown relevance to humans)
carcinogens, respectively [6, 5]. The US Occupational
Safety and Health Administration and ACGIH have set
time-weighted average permissible exposure limits
(TWA-PEL) and time-weighted average threshold limit
value (TWA-TLV) of 100 and 10 ppm, respectively, for
any 8-hour work shift [5, 7]. Moreover, occupational
exposure limits for styrene have been determined at 10
ppm based on Iran's occupational exposure limits [8].
Accordingly, the assessment of employees' exposure is
of importance for the management and prevention of
occupational diseases [11, 10]. This assessment can be
performed using air or biological monitoring. Styrene
is widely used in the industries producing polymer
products, and the styrene vapors inhaled by the
employees are present in the air in high concentrations.
In addition, there is skin exposure among workers in
this industry. Few studies have been conducted on the
correlation between air monitoring and biological
monitoring in people exposed to styrene. With this
background in mind, the present study aimed to assess
the inhalation exposure of employees to styrene
through air monitoring and biological monitoring,
followed by the identification of the effect of skin
absorption and duration of exposure on the correlation
between the results of air monitoring and biological
monitoring among the employees exposed to styrene.

Materials and Methods

This study was conducted in a polymer manufacturing
industry producing polymer products. In this factory,
53 worked in two shifts of 8 and 12 hours. All these
employees were included in the study using the census.
On the other hand, the workers suffering from any kind
of liver and kidney diseases affecting the results of
biological monitoring were excluded from the study.
Accordingly, 44 workers were selected to participate in
the air and biological monitoring program. The workers
were exposed to styrene, acetone, ethyl acetate, and
resins without using proper ventilation systems or
respiratory protection devices. It is worth mentioning
that some workers had also skin exposure. The
concentration of styrene in the breathing area of the
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workers was measured and determined, and TWA
exposure was calculated. In order to biologically
monitor the workers and measure the urinary
concentration of mandelic acid, 44 urine samples were
collected at the end of the work shift on the last day of
the week. The obtained data were analyzed using SPSS
software (version 26).

Results

According to the obtained results, the mean age and
work experience of the workers were 39.16+7.41 and
12.46+5.73 years, respectively. Moreover, the mean
working shift of the cases was determined at 10.52
hours (6 days a week). About 89% of the participants
were smokers and only about 11% had no history of
smoking. The results of air monitoring and biological
monitoring showed that the exposure of workers to
styrene was in the range of 3.12-81.34 ppm and TWA
exposure to styrene was 18.35 ppm, which exceeded
the permissible limit recommended by ACGIH and
national occupational exposure limits (10 ppm). In
addition, the average urinary concentration of mandelic
acid was beyond the recommended value (150 mg/g
creatinine). The TWA exposure values of the subjects
with and without skin exposure were 22.55 and 16.46
ppm, respectively. There was also a significant
correlation between the concentration of styrene in
inhaled air and the amount of mandelic acid in all
workers, as well as those with and without skin
exposure to styrene. The strongest correlation was also
observed in those without skin exposure (r=0.914).
Both exposure levels (8 hours, as well as less and over
8 hours) showed a significant correlation, and this
association was more significant in employees with 8-
hour shifts and less (r=0.922).

Discussion

A great number of reviews have investigated the
relationship between styrene concentration in inhaled
air and urinary mandelic acid [18-22]. In the present
study, the results of air monitoring and biological
monitoring determined the TWA value of exposure to
styrene and urinary mandelic acid concentration at
18.35 ppm and 422.75 mg/g creatinine, respectively,
which were higher than the threshold value
recommended by ACGIH (150.10 mg/g creatinine).
Furthermore, a strong correlation was observed
between exposure to styrene and urinary concentration
of mandelic acid among all workers (r=0.841).
Mohammadian et al. (2019) also conducted a study to
investigate the relationship between exposure to
styrene and urinary mandelic acid among those
working at a plastic injection factory. The mean
exposure to styrene was 83.2 and the average urine
mandelic acid was 1570.1 mg/g creatinine. Following
that, 24 (45.3%) workers were exposed to levels higher
than the limit recommended by ACGIH. There was a
positive and significant correlation between exposure
to styrene and urinary mandelic acid (P=0.006, r=0.4).
They have reported the increase in occupational
exposure to styrene as the most effective factor in
increasing urinary mandelic acid [18]. Bonani et al.
(2015) also examined 58 workers from four fiberglass-
pressed plastic factories in Italy. The results showed a
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strong correlation between styrene in the air and urinary
metabolites (r=0.854) [23]. The results of the studies
conducted by Banton et al. (2019) were also consistent
with the findings of the present study. The results of
this study also showed a significant correlation of the
urinary levels of mandelic acid with styrene in the air
and skin exposure (r=0.7) [24]. Choi et al. (2019) also
revealed similar results and reported a correlation
coefficient of 0.714 between styrene in the air and
mandelic acid [25]. According to a study performed by
Brooks et al. (2013), skin absorption of styrene is
limited; however, skin protection is necessary due to
the risk of dermatitis, and skin exposure can be

considered an important factor in the assessment of
styrene exposure [26].

Conclusion

The results of this study support the suitability of using
mandelic acid for the biological monitoring of workers
exposed to styrene. Moreover, styrene can be absorbed
through the skin and smoking contributes a lot to
mandelic acid levels. Therefore, it is recommended to
consider workers' smoking and working conditions
(e.g., hours of exposure per day, the possibility of skin
exposure, and the use of personal protective equipment)
in biological monitoring programs.
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