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Abstract
BACKGROUND: Benzene is a toxic and carcinogenic compound whose presence in glue is endangering the health 
of workers in footwear workshops. One of its negative effects is its disruption of the bone marrow, which is where red 
blood cells, white blood cells, and platelets are produced.

AIM: The purpose of this study was to analyze the relationship of benzene exposure with platelet levels in workers 
through examination of S-phenylmercapturic acid (S-PMA) concentrations in urine.

METHODS: The design of the study was cross sectional, with 73 workers used as samples. The concentration of 
S-PMA was measured using Liquid chromatography-Mass Spectrometry/Mass Spectrometry and platelet counts 
using an automated hematology analyzer. Direct interview was used to retrieve workers’ individual characteristics.

RESULTS: The results showed an odds ratio (OR) value of 2.28 for correlation between S-PMA concentration and 
platelet levels. The results also showed an OR value of 1.58 for correlation between non-routine exercise habits and 
platelet levels and an OR value of 1.78 for correlation between alcohol consumption and platelet levels. Multivariable 
logistic regression test results showed an OR of 2.59 for workers with S-PMA concentration (>0.67 μg/g creatinine) 
on platelet counts after controlling for the variables of age and alcohol consumption.

CONCLUSION: The study’s main recommendation is that information about the dangers of benzene in glue to health 
and how to avoid it should be disseminated to prevent benzene exposure.
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Introduction

Indonesia has the potential to grow its footwear 
industry as fashion industry keeps on evolving and 
as Indonesian population is increasing. In 2012, the 
Indonesian middle-class population reached 74 million 
and it is estimated to increase to 141 million by 2020. 
This will increase the potential market for the footwear 
industry [1]. The process of producing footwear includes 
cutting, gluing, sewing, coloring, and coating. The 
riskiest activity is the gluing process, as dangerous 
solvents such as toluene and benzene are present in the 
glue. Such solvents are toxic and even carcinogenic, so 
direct contact with humans must be avoided. However, 
avoidance is not entirely possible in this case [2].

Seventy percent of the total benzene that 
enters the body is absorbed through respiration, 
20–25% of it through the mouth, and 5% of it through 
the skin. A number of disorders are caused by 
benzene, such as central nervous system disorders 
and hematological disorders with target spinal cord 
organs [3]. Determination of benzene exposure in the 
human body can be done by examining biomarkers 
of S-phenylmercapturic acid (S-PMA) in urine. S-PMA 

comes from the condensation of benzene oxide with 
glutathione and is generally considered to be a very 
specific benzene biomarker. The average period 
of S-PMA ranges from 9 to 13 h. The second phase 
of slow elimination is estimated to be from ½ day to 
around 45 h [4].

The acute impact of benzene occurs when 
a person breathes benzene vapor at a high level of 
20,000 ppm for 5–10 min. When a person is exposed to 
benzene for 15–365 days it will affect the central nervous 
system, causing drowsiness, dizziness, headache, 
trembling, confusion, and unconsciousness. Chronic 
effects, such as bone marrow disruption, are caused 
by exposure to benzene for more than 1 year [3]. Bone 
marrow disorders affect the production of red blood cells, 
white blood cells, and platelets. A low platelet count in 
the human body is called thrombocytopenia, and it can 
cause skin bleeding or oral mucosal bleeding, impairing 
the body’s ability to maintain homeostasis. However, 
thrombocytopenia is also found in people with anemia, 
leukemia, and viral and protozoan infections mediated 
by the immune system [5], [6].

Bogor Regency has several formal and 
informal industrial areas. Among the informal industries 
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there are home industries, such as footwear, which 
have a high risk of benzene exposure. One of the areas 
in Bogor Regency with a significant number of footwear 
home industries is Sukajaya village. In total, there are 
40 footwear home industries employing 350 workers. 
These small to medium-sized businesses usually pay 
less attention to the health and safety of their workers 
and often use dangerous chemicals.

Materials and Methods

This investigation was a quantitative study 
with a cross-sectional study design. It was conducted 
on 73 workers in a footwear workshop in Sukajaya 
village, Tamansari sub-district, Bogor Regency, West 
Java Province in March 2018. Characteristic data were 
collected through interviews, and body mass index 
(BMI) measurements were also taken. Urine samples 
were examined by the Health Laboratory of Jakarta 
using Liquid chromatography-Mass Spectrometry/Mass 
Spectrometry, and blood sampling and examination 
were conducted by the Health Laboratory of Bogor 
using an automated hematology analyzer.

Bivariate analysis was conducted using 
Chi-square analysis, and multivariate analysis was 
conducted using logistic regression test variable level 
between the levels of S-PMA in urine with the platelet 
levels. The confounding variables in this study were 
age, total number of years working, daily work duration, 
BMI, exercise habits, smoking status, and alcohol 
consumption. The inclusion criteria for study participants 
were that they must be willing to participate, male, aged 
18 years or above, and active workers who have worked 
for at least 1 year. The exclusion criteria were illness, not 
being present in the workshop, and having a creatinine 
level of <0.3 g/dl or more than 3 g/dl. Ethical approval 
from The Research and Community Engagement 
Ethical Committee Faculty of Public Health Universitas 
Indonesia: 222/H2.F10/PPM.00.02/2018. 

Results

The results of S-PMA concentrations for 
numerical data showed that the median value was 
0.67 µg/g creatinine. The lowest S-PMA concentration 
was 0.16 µg/g creatinine and the highest S-PMA 
concentration was 10.245 µg/g creatinine. The S-PMA 
concentration in categorical data was divided into two 
groups based on the median value. Those with an 
S-PMA concentration of >0.67 µg/g creatinine were put 
into the High S-PMA concentration group, comprising 
31.5% of the population; those with an S-PMA 

concentration of <0.67 µg/g creatinine were placed into 
the Low S-PMA concentration group, comprising 68.5% 
of the population (Table 1).
Table 1: Descriptive Distribution of S‑PMA Concentration and 
Platelet Levels of Workers in Sukajaya Village 2018
Variables Mean Median Standard Deviation Min–Max Total (%)
S‑PMA Concentration 1.53 0.67 2.17 0.16–10.245
High (>0.67 µg/g) 37 (31.5)
Low (<0.67 µg/g) 36 (68.5)
Platelet Levels 209.98 213 31.71 140–278
<200 mm3 25 (34.2)
≥200/mm3 (65.8)

Meanwhile, the results of the blood tests for 
numerical data showed that the median platelet level was 
213/mm3. The lowest platelet level was 140/mm3 and 
the highest was 278/mm3. Platelet levels in categorical 
data were also divided into two groups according to 
Guyton & Hall (2006), these were <200/mm3 (34.2%) 
and 200–400/mm3 (65.8%) (Table 1).

Bivariate analysis was performed to explore the 
relationship between platelet levels and the independent 
variables of S-PMA concentration, age, total number 
of years working, daily work duration, BMI, exercise 
habits, smoking status, and alcohol consumption. The 
results showed that the odds ratio (OR) value for S-PMA 
concentration and platelet levels was 2.28. Workers who 
had high S-PMA concentrations (>0.67 µg/g creatinine) 
were 2.28 times more at risk of having platelet levels of 
<200/mm3 compared to workers who had low S-PMA 
concentrations (<0.67 µg/g creatinine) (Table 2).
Table 2: Relationship between S‑PMA Concentration and 
Platelet Levels of Workers in Sukajaya Village, 2018
Variables Platelet levels Total OR  

(95% CI)
p‑value

<200/mm3 ≥200/mm3

n % n % n %
S‑PMA Concentration

High (>0.67) 16 43.2 21 56.8 37 100 2.28 
(0.84–6.18)

0.163
Low (<0.67) 9 25.0 27 75.0 36 100

Age
>29 years 13 36.1 23 63.9 36 100 1.17 

(0.44–3.09) 
0.933

18–29 years 12 32.4 25 67.6 37 100
Total number of years 
working

>5 years 12 36.4 21 63.6 33 100 1.18 
(0.45–3.13)

0.922
1–5 years 13 32.5 27 67.5 40 100

Daily Work Duration
>11 h 13 36.1 23 63.9 36 100 1.17 

(0.447–3.09)
0.933

<11 h 12 32.4 25 67.6 37 100
Body mass index (BMI)

Abnormal 8 36.4 14 63.6 22 100 1.14 
(0.40–3.25)

1.000
Normal 17 33.3 34 66.7 51 100

Exercise Habits
Not routine 19 37.3 32 62.7 51 100 1.58 

(0.52–4.74)
0.578

Routine 6 27.3 16 72.7 22 100
Smoking status

Active smoker 21 35.6 38 64.4 59 100 1.38 
(0.38–4.95)

0.854
Passive smoker 4 28.6 10 71.4 14 100

Alcohol Consumption
Yes 14 41.2 20 58.8 34 100 1.78 

(0.67–4.72)
0.359

No 11 28.2 28 71.8 39 100

The next variable on platelet count, age, gave 
an OR value of 1.17, meaning that workers aged over 
29 were 1.17 times more at risk of having platelet 
levels of <200 mm3 compared to workers aged 18–29. 
Meanwhile, the length of work variable on platelet levels 
gave an OR value of 1.18. Thus, workers who had 
worked for more than 5 years had a 1.18 times higher 
risk of having platelet levels of <200/mm3 compared to 
workers who had worked for 5 years or less (Table 2).
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The OR value of the work duration variable 
for platelet levels was 1.17, implying that workers who 
worked for more than 11 h/day had a 1.17 times higher 
risk of having platelet levels of <200/mm3 compared to 
workers who worked for ≤11 h. The BMI variable for 
platelet levels gave an OR value of 1.14, meaning that 
workers with abnormal BMI were 1.14 times more at 
risk of having platelet levels of <200/mm3 compared to 
workers who had normal BMI values (Table 2). 

Meanwhile, the exercise habit variable on 
platelet levels gave an OR value of 1.58, meaning 
workers who did not exercise regularly were 1.58 times 
more at risk of having platelet levels of <200/mm3 
compared to workers who exercised regularly. The 
smoking status variable for platelet levels gave an OR 
value of 1.38, implying that active smokers were 1.38 
times more at risk of having platelet levels of <200/mm3 
compared to secondhand smokers. Furthermore, 
the alcohol consumption variable for platelet levels 
gave an OR value of 1.78. This implies that workers 
who consumed alcohol were 1.78 times more at risk 
of having platelet levels of <200/mm3 compared to 
workers who did not consume alcohol (Table 2).

From the results of the statistical tests, it can 
be seen that all variables had a p-value of >0.05. 
Therefore, the variables were excluded one by one 
from the modeling, starting from the variable with the 
greatest p-value. If the change in OR did not exceed 
10%, then the variable was remain released. It was 
found from the last model that from the variable total 
number of years working, daily work duration, BMI, 
exercise habits, and smoking status that were excluded 
from modeling, the variables that had a change in 
OR of >10% were the age and alcohol consumption 
variables. These variables were considered to be 
cofounder variables. Workers who had high S-PMA 
concentrations (>0.67 µg/g creatinine) were found to 
be 2.59 times more at risk of having platelet levels of 
<200/mm3 compared to workers whose body contained 
low S-PMA concentrations (<0.67 µg/g creatinine) 
after the age and alcohol consumption variables were 
controlled for Table 3.
Table 3: Final Model of S‑PMA concentration and platelet 
levels of workers in Sukajaya Village, 2018
Variables Coefficient B P‑value OR 95% CI

Lower Upper
S‑PMA concentration 0.955 0.072 2.59 0.91 7.35
Age 0.334 0.522 1.39 0.50 3.87
Alcohol consumption 0.666 0.196 1.94 0.71 5.33
Constanta −0.296 0.582 0.74

Discussion

The results in this study were not above 
the prescribed limits. The American Conference 
of Governmental Industrial Hygienists (ACGIH) 
recommends the Biological Exposure Index, which is 

25 µg/g of creatinine in urine. It could be because the 
results of the measurements of air benzene were below 
the standard levels of benzene. Because of its volatile 
and soluble nature, benzene has the potential to pollute 
the environment and enter the body of workers through 
inhalation pathways.

Other studies have showed similar results 
to this one, in which S-PMA concentrations in urine 
samples were below the prescribed limits. For example, 
Arrazy’s (2016) study on 64 shoe factory workers 
showed an average S-PMA concentration of 24.63 µg/g 
creatinine [7]. Meanwhile, the results of a study of 153 
bus drivers by Fustinoni et al. (2005) showed a median 
value of 9 µg/g creatinine, with the lowest value 6 µg/g 
creatinine and the highest 46 µg/g creatinine. Some 
samples had high S-PMA concentrations, but only a 
few because the median value was still far below the 
ACGIH recommendation [8].

Benzene causes blood problems, and people 
who breathe benzene for a long time can suffer from 
harmful effects on the tissues that make up the blood 
cells, especially the bone marrow. These effects can 
interfere with normal blood production and cause a 
decrease in important blood components, which, in turn, 
can cause excessive bleeding. Excessive exposure to 
benzene can also harm the immune system, increase 
infection, and possibly reduce the body’s defense 
against cancer [9]. As blood components, platelets have 
a role in innate immunity and inflammation, and they 
have also been shown to have the ability to modulate 
the adaptive immune response. Furthermore, they have 
the capacity to store a number of intracellular secret 
granules which can be released into the circulation or 
translocated to the surface when activated. Platelets 
are also capable of producing and releasing large 
amounts of bioactive proteins and are very important 
for maintaining body hemostasis [10]. The presence 
of vascular abnormalities, platelets, coagulation, 
or fibrinolysis will interfere with vascular system 
hemostasis, resulting in abnormal bleeding/bleeding 
disorders.

In their study of 35 carosery industry 
workers, Mahawati et al. (2006) found no statistically 
significant relationship between phenol levels in urine 
and platelet counts. However, they did find that an 
increase in S-PMA concentration by 1 µg/g creatinine 
still reduces the platelet count, even if only slightly [11]. 
Avogbe et al. (2011), meanwhile, studied 144 taxi drivers 
who were exposed to benzene and found that drivers’ 
platelet levels decreased significantly compared to rural 
residents who were not exposed by benzene [12].

Other variables can also influence the 
concentration of S-PMA and the platelet levels of 
workers. Therefore, it is necessary to examine the effect 
of multivariate variables on S-PMA concentrations in 
worker urine and worker platelet levels, because many 
variables will increase the concentration of S-PMA in 
urine. These variables include age, length of work, work 
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duration, BMI, exercise habits, smoking status, and 
alcohol consumption. For example, in a study conducted 
by Marck et al. (2013) on patients at the Red Cross 
Hospital Burn Center in Beverwijk in the Netherlands 
it was found that the younger group had significantly 
higher platelet levels than the older group [13]. 
Other study, examining 88 male gas station workers, 
Moro et al. (2015) found that although the risk was the 
same for every age, the more a person ages, the more 
the organs in the body weaken, and the greater the 
decrease in bone marrow productivity. Thus, workers 
aged over 29 years old must pay more attention to their 
health and slightly reduce other activities carried out in 
the workshop when not working [14].

In this study, the variables length of work and 
work duration were also found to influence platelet 
levels in workers. In the cohort study, it was found that 
the longer workers were exposed to benzene, the higher 
the risk level. Workers who had worked for fewer than 
5 years had a 1.0 higher relative risk, while those who 
had worked 5–9 years had a 1.3 times higher relative 
risk compared to those who had worked for fewer than 
5 years. Workers who had worked for 10–19 years had 
a 1.6 times higher risk than those who had worked for 
fewer than 5 years. Finally, workers who had worked 
for over 20 years had a risk level of 2.7 compared to 
workers who had worked for fewer than 5 years [15].

The detected benzene concentration was 
expressed as the inner mean value time for a period 
of 8 h. Avogbe et al. (2011) found that taxi drivers 
driving for more than 5 h a day had increased numbers 
of antibodies compared to drivers who spend fewer 
than 5 h a day driving [12].

In their study of 4352 men at the Tel Aviv Health 
Center Rejuvenation Survey, Samocha-Bonet et al. 
(2008) found that there was no significant relationship 
between BMI and platelet counts. In this study, men with 
a BMI of <25 had an average platelet count of of 241 
(× 109/L), men with a BMI of 25–29.9 had an average 
platelet count of 242 (× 109/L), and men with a BMI of 
30–39.9 had an average platelet count of 246 (× 109/L). 
Therefore, the higher the BMI of the respondent, the 
higher the platelet count [16].

In research by Belviranli et al. (2017), it was 
found that platelet counts increased significantly 
after exercise. However, they reduced significantly 
3–6 h after exercise compared to immediate post-
exercise values with a 31% increase in the number 
of platelets [17]. Therefore, exercise should be done 
regularly and workers should adopt healthy living habits 
to be fitter and healthier. In addition to the concentration 
of S-PMA, many other factors can cause a decrease in 
platelet levels. 

Much needs to be considered in evaluating 
the biomonitoring of benzene, including both its half-
life and metabolism in the body, because everyone 
has different metabolic rates. Benzene is inhaled not 

only from the air but also from cigarette smoke, and 
higher levels of benzene are detected in smokers [4]. 
Indeed, it is estimated that smokers inhale on average 
720 µg/day (16 cigarettes/day × 45 µg/cigarette) of 
benzene. Smoking has been found to increase platelet 
activation and trigger a coagulation cascade, which can 
result in blood clots [18]. 

Alcohol consumption affects not only platelet 
production but also platelet function. Thus, patients 
who consume excessive amounts of alcohol can 
show a broad spectrum of platelet abnormalities. 
These disorders include impaired platelet aggregation, 
decreased secretion or protein activity originating from 
platelets involved in blood clotting, and prolonged 
bleeding without thrombocytopenia [19]. The more 
alcohol consumed, the lower the platelet levels.

Statistically, among all other variables that 
influenced S-PMA concentration to platelet levels. Age 
and alcohol consumption variables were confounding 
variables because the risk of S-PMA concentration on 
platelet levels is 2.28 (95% CI: 0.0.84–6.18), whereas 
after controlling for the variables of age and alcohol 
consumption, the risk increases to 2.59 (0.91–7.35). 
It shows that the elderly societies had care-related 
challenges in this issue [20].

Conclusions

After controlling for the variables of age 
and alcohol consumption, workers with high S-PMA 
concentrations (>0.67 µg/g creatinine) were 2.59 times 
more at risk of having platelet levels of <200/mm3 
compared to workers with low S-PMA concentrations 
(<0.67 µg/g creatinine). 

Future research could use a cohort study 
design to examine the extent to which the duration 
of benzene exposure decreases platelet levels. In 
terms of wider recommendations, information about 
the dangers of benzene in glue to health and how to 
prevent benzene exposure should be disseminated 
so that workers and companies can take precautions. 
Creating good quality glue products at affordable prices 
would also provide a solution.
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