
 

CASE STUDY 
 

 

P J M H S  Vol. 13, NO. 2, APR – JUN   2019   577 

A Survey of Neurobehavioral Symptoms among Operational Workers 
Exposed to Mixture of an Organic Solvent (BTEX): a case study in an 
oil refinery 
 
SYED MEHDI MOUSAVIE1, ZOHREH SHABGARD2, RUHODIN MORADIRAD3, ETHAM KHATOONI4, SAEID 
YAZDANIRAD5 
1Department of Occupational Health Engineering, School of Public Health, Tehran University of Medical Sciences, Tehran, Iran.  
2Department of Occupational Health Engineering, School of Health, Jundishapur University of medical sciences, Ahvaz, Iran.  
Email: zohreh.shabgard@gmail.com. Tel: 00989395663306 
3Department of Occupational Health Engineering, School of Public Health, Tarbiat Modares University, Tehran, Iran.  
4Department of Epidemiology, School of health, Tehran University of medical sciences. 
5School of Health, Shahrekord University of Medical Sciences, Shahrekord, Iran. 
Correspondence to Saeid Yazdianirad. Email: saeedyazdanirad@gmail.com. Tel: 00989134084163. 
 

ABSTRACT 
 

Background: Benzene, toluene, ethyl benzene, and xylene (BTEX) are categorized as the hazardous airborne 

pollutants that widely consumed in various industries. Therefore, the aim of this study was the survey of the 
neurobehavioral symptoms among operational workers exposed to the mixture of an organic solvent (BTEX) in an 
oil refinery. 
Methods: The present study was conducted on the personnel of a refinery located in the south of Iran in 2018. In 

total, 78 operational workers were selected as exposure group and 85 administrative staff as control group. BTEX 
compounds were sampled based on the methodology 1501 presented by NIOSH. In addition to, the 
demographical information of two groups were gathered by a questionnaire and Swedish Q16 questionnaire for 
long term solvent-exposed workers was applied to collect data on the neurobehavioral symptoms. Data analysis 
was performed using SPSS version 22 software. 
Results: Based on the results of the chi square test, the frequency of the positive neuropsychiatric behavior 

symptoms in the exposure group was significantly higher than that in the control group. The results of spearman 
test demonstrated that there are the positively significant correlations between the frequency of the positive 
neuropsychiatric behavior symptoms and the measured values of benzene (r = 0.402, P value < 0.001) and 
toluene (r = 0.577, P value < 0.001) compounds.  
Conclusion: The occupational exposure to BTEX compounds, particularly benzene and toluene, can cause the 

neurobehavioral symptoms in the exposed workers of the refinery. 
Keywords: Neurobehavioral symptoms, organic solvent, benzene, toluene, xylene, ethylbenzene, oil refinery. 

 

INTRODUCTION 
 

Benzene, toluene, ethyl benzene, and xylene (BTEX) are 
categorized as the hazardous airborne pollutants that 
widely consumed in various industries such as electronic, 
steel, paint, petroleum and oil1,2. Poisoning to BTEX occurs 
when these compounds are entranced into the body 
through respiratory or dermal absorption. However, the 
respiratory absorption is the main uptake route of BTEX 
compound3,4. After the entrance, these compounds can be 
accumulated in the fatty tissue, nervous system, liver, and 
heart and cause the adverse health effects. Based on the 
exposure time, the effects were divided to the acute or 
chronic types. The acute effects such as dizziness and 
throat irritation occur after exposure to the high 
concentration of BTEX compounds at the short period of 
the time. However, the chronic effects such as memory loss 
and nausea occur after exposure to the low concentration 
of these compounds at the long period of the time5,6. 
Benzene has been classified as Group 1 in IARC 
classification (agents which are human carcinogenic). At 
the past studies, that has been shown that benzene can 
cause leukemia in the exposed workers7,8. Toluene, xylene, 
and ethyl benzene, as neurotoxic, can affected the central 
nervous system (CNS system).Chronic encephalopathy is 
an undesirable effect of the longtime exposure to the 

organic solvents. Signs of the exposure are initially 
reversible, but the increased exposure time cause 
irreversible effects, even when that is discontinued. The 
memory loss, unstable mood, irritability, end etc. are self- 
reported neurotoxic effects of Chronic encephalopathy due 
to exposure to the organic solvents9,10,11. Because of the 
industrial expansion, the number of people exposed to 
BTEX compounds increases daily. NIOSH estimates that 
higher than 8.9 million people in the United States are 
exposed to organic solvents. In Iran, there is no available 
accurate data on the number of the workers exposed to 
organic solvents12,13.  There are many refineries in countries 
and a large number of workers are employed at these 
centers. Previous studies have shown that BTEX 
compounds are one of the most important contaminants in 
the workplace of the refineries. Many studies have been 
conducted on the blood induced effects due to the 
exposure with BTEX compounds in refineries and 
petrochemicals. Their findings indicate that there is a 
significant relationship between the air concentration of 
these compounds and the level of the blood changes in the 
exposed individuals14-17. A few Studies on the Neuro-
behavioral effects of the exposure to BTEX compounds in 
various industries have shown that the exposure to these 
compounds has made the behavior changes in the 
exposed individuals18,19. Although, in recent years, different 
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studies have been carried out on the measurement and 
evaluation of the exposure to BTEX compounds in various 
industries, a few studies have been performed on the 
adverse effect in the workers exposed to the mixtures of 
the organic solvents. On the other hand, given to the 
uncertainties at the reported results, the aim of this study 
was the survey of the neurobehavioral symptoms among 
operational workers exposed to the mixture of an organic 
solvent (BTEX) in an oil refinery. 
 

MATERIALS AND METHODS 
 

The present study was conducted on the personnel of a 
refinery located in the south of Iran in 2018. The inclusion 
criteria included the work experience higher than five years, 
presence of neurological disease history, and non-use of 
psychiatric drugs and alcohol. People who did not possess 
these criteria were excluded. In total, 78 operational 
workers were selected as exposure group and 85 
administrative staff as control group. BTEX compounds 
were sampled based on the methodology 1501 presented 
by NIOSH. The samples were collected using the activated 
carbon adsorbent tubes containing the coconut shell 
charcoal produced by Merck company from Germany. The 
characterizations of the charcoal particle included the mean 
size of nearly 670 × 6 millimeters, the purity higher than 
99.5 percent, and the mesh size of 20/40 percent. a 
laboratory grade and high purity grade, was assembled 
with a flow of 0.2 liters per minute for 45 minutes. The flow 
rate and time duration of the sampling were 0.2 liters per 
minute and 45 minutes to eight hours, respectively. Then, 
the samples were transferred to a laboratory and analyzed 
using a gas chromatography analyzer with flame ionization 
detector (FID). In the next step, the demographical 
information of two groups were gathered by a 
questionnaire. As well as, Swedish Q16 questionnaire for 
long term solvent-exposed workers was applied to collect 
data on the neurobehavioral symptoms. In this 
questionnaire, four positive answers of the people aged 
below 28 years and six positive answers of the people 
aged over 28 years are determined as a known disease. 
This questionnaire is an appropriate tool to screen the 
neurobehavioral symptoms. Its information can be used for 
decision making and planning at clinical examinations and 
complementary psychological tests. Studies have been 
carried out that have used this tool to find the 
neurobehavioral symptoms among welders and confirmed 
its validity and reliability20. The questionnaire was 
translated into Persian and the participants were asked to 
answer the questions during the rest times. Data analysis 
was performed using SPSS version 22 software. The 
normality of data was examined by Kolmogorov – smirnov 
test. Independent t-test and chi square were applied to 

determine the differences of the variables. Spearman 
correlation test was also applied to specify the correlation 
between the variables. 
 

RESULTS  
 

The results of the Kolmogorov – Smirnov test showed that 
the distribution of the age, body mass index, and work 
experience are normal, while, other variables have 
abnormal distributions. Table 1 presents the descriptive 
statistics and comparison of individual’s frequency between 
control and control groups based on the demographical 
and occupational characteristics. The mean and standard 
deviation values of the age and work experience in the 
exposure group were equal to 43.02±6.79 years and 7.51 ± 
6.23 years, respectively. These values in the control group 
were equal to 43.23±7.49 years and 12.6±6.88, 
respectively. The results of independent sample test 
indicated that the mean values of the age and work 
experience are no significantly different in two groups. As 
well as, table 2 reports the descriptive statistics of positive 
neuro-behavioral symptoms in both case and control 
groups and the difference between them. Based on the 
results of the chi square test, the frequency of the positive 
neuropsychiatric behavior symptoms in the exposure group 
was significantly higher than that in the control group. As 
well as, figure 1 shows the correlations between the 
frequency of the positive neuropsychiatric behavior 
symptoms and the measured values of BTEX compounds 
(A. Benzene, B. Toluene, C. Xylene, and D. Ethylbenzene). 
The results of spearman test demonstrated that there are 
the positively significant correlations between the frequency 
of the positive neuropsychiatric behavior symptoms and the 
measured values of benzene (r = 0.402, P value < 0.001) 
and toluene (r = 0.577, P value < 0.001) compounds. 
However, the correlations between the frequency of the 
positive neuropsychiatric behavior symptoms and the 
measured values of xylene (r = 0.146, P value = 0.202) and 
ethylbenzene (r = 0.105, P value = 0.359) compounds were 
no meaningful.  
 
Table 1: The descriptive statistics and comparison of individual’s 
frequency between control and control groups based on the 
demographical and occupational characteristics 

Variables Case 
group  

Control 
group 

P-Value 

Mean ±SD   Mean ± SD 

Age  43.02±6.79 43.23±7.49 0.99 

Body mass index 24.19 ±4.55 24.72±4.72 0.59 

Work experience 12.74±7.01 12.6±6.88 0.70 
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Table 2: The descriptive statistics of positive neuro-behavioral symptoms in both case and control groups and the difference between them 

Question Case group (N 78) Case control (N 85) P. value 

Positive % Positive % 

1.Are you abnormally tired? 41 52.6 23 27.1 0.001 

2.Do you have palpitations even when you don’t exert yourself? 12 15.4 8 9.4 0.246 

3.Do you often have a painful tingling in some part of your body? 16 20.5 12 14.1 0.280 

4.Do you often feel irritated without any particular reason? 38 47.8 22 25.9 0.003 

5.Do you often feel depressed without any particular reason? 21 26.9 18 21.02 0.390 

6.Do you have problems with concentrating? 17 21.8 14 16.5 0.387 

7.Do you have short memory? 13 16.7 8 9.4 0.167 

8.Do you perspire without any particular reason? 6 7.7 3 3.5 0.245 

9.Do you have problems with buttoning and unbuttoning? 9 11.5 4 4.7 0.108 

10.Do you have generally find it hard to get the meaning from reading 
newspapers and books? 

4 5.1 2 2.4 0.347 

11.Have your relatives told you that you have a short memory? 8 10.3 3 4.7 0.175 

12.Doyou sometimes feel an oppression of your chest? 17 35.1 12 14.1 0.002 

13.Do you often have to make notes about what you must remember? 2 2.7 1 1.2 0.481 

14.Do you often have to go back and check things you have done? 11 14.7 6 7.1 0.119 

15.Do you have headache at least once a week? 44 56.4 36 42.4 0.073 

16.Are you less interested in sex than what you think is normal? 6 7.7 2 2.4 0.115 

 
Fig. 1: The correlations between the frequency of the positive neuropsychiatric behavior symptoms and the measured values of BTEX 
compounds (A. Benzene, B. Toluene, C. Xylene, and D. Ethylbenzene) 
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DISCUSSION 
 

The occupational exposure to BTEX compounds can cause 
the neurobehavioral symptoms. The results of the present 
study showed that the frequency of the positive 
neurobehavioral symptoms in the operating staff exposed 
to BTEX compounds were higher compared to those in the 
administrative staff no exposed to BTEX compounds. 
Based on the results, there are the positively significant 
correlations between the frequency of the positive 
neuropsychiatric behavior symptoms and the measured 
values of benzene and toluene compounds. However, 
these correlations were no meaningful for the xylene and 
ethylbenzene compounds. Given that confounding factors 
can affect the results, in the present study, people who had 
a neurobehavioral diseases and those who were 
consuming the certain medications, tobacco, and alcoholic 
beverages, were excluded. As well as, the age and work 
experience of two groups were nearly similar and there was 
no significant difference between them. Therefore, it can be 
resulted that the exposure to BTEX compounds have been 
affected the neurobehavioral symptoms of staff. 

Some studies have been investigated the effects of 
the solvents and gases on neurological and behavioral 
symptoms. Rouch et al. performed a cross-sectional study 
on 113 employees of a printing house in two groups 
including 64 subjects exposed and 49 subjects non-
exposed to toluene. The results showed that is a significant 
difference between the symptoms of mental fatigue in two 
groups at the error level of five percent21. Hasanzadeh et 
al. also investigated staff of a coloring industry as the group 
exposed to organic solvents and staff of a textile industry 
as group non-exposed. The results of the study indicated 
that the prevalence of mental fatigue in the exposed 
subjects was significantly higher compared to that in the 
non-exposed subjects22. In another study, Kauquianen also 
evaluated the fatigue incidence of the individuals exposed 
to organic solvents. Based on the results, there were a 
significant difference between the incidence of the fatigue 
in the case and control groups23,24. The results of the 
present study were consistent with the stated results of 
other studies. Therefore, it can be concluded that the 
chronic occupational exposure to organic solvents can 
cause the fatigue. So that, the results showed that most 
prevalence of neurobehavioral symptoms included the 
fatigue and depression, respectively. In the other words, 
these results may indicate a risk of developing chronic 
encephalopathy due to exposure to the solvents. Godderis 
et al. evaluated the neurobehavioral symptoms in the 
workers exposed to solvents using Q16 questionnaire. The 
results determined that the exposure to solvents can create 
more neurobehavioral symptoms25. The results of a study 
performed by Eemami et al. on the \ pharmaceutical 
laboratory workers also indicated that the exposure to the 
organic solvents can change the neurobehavioral 
symptoms19. However, the results of the present study 
showed that the exposure to benzene and toluene 
compound affect the neurobehavioral symptoms. While, 
exposure to xylene and ethylbenzene had no significant 
correlation with the positive the neurobehavioral symptoms. 
These results may be due to the fact that the exposure 
permissible limits of xylene and ethylbenzene compounds 

are greater than those of toluene and benzene compounds. 
While, the exposure concentrations were much lower than 
the exposure permissible limits of these two substances.  
 

CONCLUSION 
 

Based on the results, the occupational exposure to BTEX 
compounds, particularly benzene and toluene, can cause 
the neurobehavioral symptoms in the exposed workers of 
the refinery. Given the importance of the staff health and 
the prevention of the adverse effects due to the exposure 
to these compounds, the use of technical and engineering 
measures to reduce the exposure, especially in operating 
workers, is very necessary. 
Acknowledgment: The authors appreciate all of the 

refinery staff who participated in this study. 
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