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Abstract
Introduction: Toluene is one of the chemical compounds used in the production process in the printing 
industry. Exposure toluene that exceeds the threshold value continuously can result in increased levels of 
malondialdehyde and the possibility of experiencing various health complaints. The purpose of this study 
was to determine the relationship between toluene concentrations, malondialdehyde levels and health 
complaints in workers at X Surabaya printing.

Methods: This research is observational with quantitative approach and cross sectional design. The study 
was conducted on workers in X Surabaya printing. The number of respondents in this study were 19 people. 
The variables studied were toluene concentration, malondialdehyde levels, and health complaints. Data were 
analyzed using Pearson correlation test.

Result: The average concentration of toluene was 1.2311 ppm and the average concentration of 
malondialdehyde was 8,323 MU. Pearson correlation test results showed the relationship of toluene 
concentration with malondialdehyde obtained p value = 0.508 (p> 0.05). While the results of health 
complaints that were most experienced were coughing (74%), headaches (63%) and shortness of breath 
(26%).

Conclusion: There is no significant relationship between toluene concentration and malondialdehyde level. 
While the most commonly experienced health complaints are coughing, headaches, and shortness of breath.
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Introduction
Informal industrial sector is frequently found in 

developing countries such as Indonesia. One industry 
that is developing both on a small and large scale is 
the printing industry. Each industrial sector has certain 
risks and potential hazards. In the production process 
in the printing industry is inseparable from the use of 

Corresponding author:
Abdul Rohim Tualeka, 
Department of Occupational Health and Safety, Public 
Health Faculty, Airlangga University, 60115, Surabaya, 
East Java, Indonesia; abdul-r-t@fkm.unair.ac.id; 
+6281333519732



3390      Indian Journal of Forensic Medicine & Toxicology, October-December 2020, Vol. 14, No. 4

chemicals. One of the chemicals used is volatile organic 
compounds or Volatile Organic Compounds (VOCs) 
which are usually used as solvents. Organic solvents are 
widely used in printing activities such as tin, copper, and 
other metals1. Materials that are often used in general 
are toluene. Toluene is widely used in printing activities. 
Toluene is used in 75% of work activities in printing. The 
use of toluene dominates the printing ink components 
around 60-75%2.

Toluene is a chemical compound that belongs to the 
aromatic hydrocarbon group. In the printing industry 
thinner is used as a solvent, printing ink and glue that 
causes the risk of exposure to toluene vapor due to its 
volatile nature. Thinner has a strong and pungent odor 
so that it can irritate the eyes and breathing3. These toxic 
chemicals can spread during the production process and 
affect the health of exposed workers. ACGIH (2019) 
recommends the toluene threshold (TLV) value at work 
is 20 parts per million (ppm) with a dose of toxic gas 
based on 8 hours / day 40 hours / week of work time4. 
Toluene can enter the body through three pathways 
namely inhalation, ingestion and skin contact. The 
volatile nature of toluene causes the easy entry of these 
substances through the respiratory tract. Toluene that is 
absorbed is distributed throughout the body, especially 
in tissues that contain lots of fat such as adipose tissue, 
brain bone marrow, kidneys and liver. Toluene is 
detoxified in the liver before it is excreted out of the 
body through urine in the form of hipuric acid5.

Toluene metabolism can also produce toluene 
epoxide which is very reactive and is a free radical. If 
there is an imbalance in the amount of oxidants and 
antioxidants in the body, conditions of oxidative stress 
can occur. One of the biomarkers of oxidative stress is 
the activity of lipid peroxidation that can be measured 
from the levels of malondialdehyde (MDA) in organs. 
Malondialdehyde is a compound that is used as one 
of the instructions for oxidative stress because it can 
describe the activity of free radicals in cells6. Lipid 
peroxidation is a continuous reaction of free radical 
oxidation to lipids. Oxidation of free radicals to lipids 
produces malondialdehyde compounds. An increase in 
malondialdehyde levels indicates an increase in free 
radicals or oxidants in the blood. If there is an increase 
in free radicals continuously, then lipid peroxidation 
will produce more free radicals that damage tissue. High 
MDA levels indicate the oxidation process in the cell 
membrane, conversely a decrease in MDA levels is 
generally followed by an increase in high antioxidant 

status7.

Continuous exposure toluene can have adverse 
effects on health. Workers who use toluene as a solvent 
can be affected by health problems such as dizziness, 
vertigo, eye irritation, skin irritation, breathing, 
liver, kidney, and central nervous system disorders5. 
Exposure toluene can have acute and chronic effects 
on the human body system. Workers who are exposed 
to this substance can experience neuropsychological 
symptoms, such as mild headaches, fatigue, and 
cognitive impairment. The effects of solvents on 
psychological conditions and emotional disorders 
include depression, headaches, fatigue, anxiety, feelings 
of motion sickness, and insomnia. Other disorders may 
include difficulty concentrating or remembering, fatigue 
and drowsiness. Low toluene exposure to the nerves can 
cause neurological disorders8. There are many factors 
in the use of solvents related to neurological disorders 
including personal factors such as age and gender, 
inappropriate behavior such as smoking and alcohol 
consumption, not using personal protective equipment 
such as masks and gloves, improper working conditions, 
working hours long, and also exposure pathways to the 
body such as the respiratory tract and skin9. A serious 
health problem with toluene is its effect on the central 
nervous system which can occur temporarily, such as 
headaches, dizziness or unconsciousness10.

Workers who are exposed to toluene are more likely 
to experience complaints of short or forgetful memory, 
often feel irritated for no particular reason, often feel 
depressed for no particular reason, have abnormal 
heart beats, often sweat for no particular reason, often 
headaches, weakness in the arms or legs and trembling 
in the hands11. Based on preliminary studies, the room 
where the respondent works has a poor ventilation 
system. This causes toluene vapor does not circulate 
properly in the room and can be inhaled by workers. 
Most workers rarely use Personal Protective Equipment 
(PPE) such as masks because they feel uncomfortable 
and sometimes forget to wear while doing their work.

Methods
This research is observational with quantitative 

approach and cross sectional design. The study was 
conducted on workers in X Surabaya printing. The 
number of respondents in this study were 19 people. 
The variables studied were toluene concentration, 
malondialdehyde levels, and health complaints. Data 
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were analyzed using Pearson correlation test.

Data on the characteristics of respondents were 
obtained through a questionnaire. The concentration 
of toluene in the air was measured at three points using 
the NIOSH 1501 method with the Gas Chromatography 
Technique12. The measurement was carried out by the 
Work Safety and Health Technical Implementation Unit 

(UPTK3) Surabaya. Measurement of malondialdehyde 
(MDA) levels was carried out by taking respondent’s 
blood samples and then analyzed at the Nutrition 
Laboratory of Airlangga University. Health complaints 
experienced by respondents were obtained through a 
questionnaire. Testing and data analysis using Pearson 
correlation test.

Result
Characteristics of Respondents

Table 1. Characteristics of Respondents

Characteristics of Respondents Frequency Percentage

Gender    

Male 15 79%

Female 4 21%

Age 

16-25 2 11%

26-35 4 21%

36-45 8 42%

46-55 3 15%

56-65 2 11%

Years of Service

< 10 years 10 53%

≥ 10 years 9 47%

Based on table 1, most workers were male (79%), aged 36-45 years (42%), had ten years of service <10 years 
(53%).
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Toluene Concentration

Table 2. Distribution of toluene concentrations in X 
Surabaya printing

Measurement Point Toluene Concentration 
(ppm)

Point 1 0,3050

Point 2 2,1516

Point 3 0,4271

Based on table 2, the measurement results show 
the concentration of toluene at point one in the bending 
part is the lowest (0.3050 ppm). The second point on 
the printing press is the highest (2.1516 ppm). The 
third point in the sorting and finishing (0.4271 ppm). 
The average measurement of toluene concentration in 
the air was 1.2311 ppm. The measurement results of 
toluene concentration in Surabaya X printing air show 
that the concentration of toluene in the workplace air 
has not exceeded the TLV set in Indonesian Ministry 
of Manpower and Transmigration Regulation no. 05 in 
2018 (20 ppm).

Malondialdehyde levels

Table 3. Distribution of malondialdehyde levels in X Surabaya printing workers

Respondent number MDA (MU) Level

1 5.279

2 9.680

3 7.340

4 7.710

5 5.397

6 10.735

7 4.351

8 12.168

9 11.120

10 5.232

11 5.139

12 5.589

13 7.426

14 8.915

15 12.863

16 14.402

17 10.214

18 7.926

19 6.657
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Based on table 3 of the 19 respondents who had taken blood samples the highest levels of malondialdehyde were 
14.402 MU and the lowest was 4.351 MU. The average yield of malondialdehyde workers in X Surabaya printing 
was 8,323 MU.

Relationship of Toluene Concentration and Malondialdehyde Level

Table 4. Statistical Test Results between Toluene Concentration and Malondialdehyde Level

Dependent Variable Independent Variable P value Correlation coefficient

Toluene concentration in the 
air Malondialdehyde levels 0,508 -0,162

Based on Pearson correlation test results there is no significant relationship between toluene concentration and 
malondialdehyde levels with a value of p = 0.508 (p> 0.05).

Health Complaints

Table 5. Distribution of health complaints of printing workers X Surabaya

Health Complaints
Yes No

n % n %

Headache 12 63% 7 37%

Tottering 1 5% 18 95%

Breathing problem 5 26% 14 74%

Cough 14 74% 5 26%

Decreased appetite 1 5% 18 95%

Sore eyes 2 10% 17 90%

High tempered 1 5% 18 95%

Nausea 2 10% 17 90%

Itchy Skin 1 5% 18 95%

Based on table 5, most respondents experienced 
health complaints due to exposure toluene at work, 
including coughing (74%), headaches (63%), and 
shortness of breath (26%).

Discussion
Of the three measurement points is the bending, 

printing, sorting and finishing the highest was 
2.1516 ppm and the lowest was 0.3050 ppm with the 
average of 1.2311 ppm. From these results value of 
toluene concentration in printing air X did not exceed 
the toluene Threshold Value (TLV) determined by 
Indonesian Ministry of Manpower and Transmigration 
Regulation Number 05 of 2018 (20 ppm)13. Although 

the concentration of toluene is below the normal limit, 
continuous inhalation this can affect the amount of 
toluene that enters the body14. Workers exposed to 
toluene in the long term can potentially have a negative 
impact on the health of X Surabaya printing workers.

In this study no significant relationship was found 
between the concentration of toluene in the air and 
MDA levels in Surabaya X printing workers. However, 
the longer workers are exposed to toluene compounds, 
the more and accumulates in the body resulting in an 
increase in free radicals and lipid peroxidation. Lipid 
peroxidation subsequently results in MDA. Subandrate 
& Syafudin (2016) found that the average level of 
MDA in gas station employees was higher than the 
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average level of MDA control15. This is because the 
oxidant compounds in the gas station environment are 
metabolized into free radicals which oxidize lipids and 
form MDA. This is in line with Giyanti’s research (2018) 
which states that MDA levels in the group exposed to 
shoe craftsmen are significantly higher than MDA levels 
in the group not exposed to toluene16. According to 
Moro et. al (2012), the levels of malondialdehyde were 
significantly higher in painters compared to controls 
with MDA levels relatively nearly as high as those of 
controls (p <0.001)17. Research by Dewi & Ayuniastuti 
(2019) also shows that there are significant differences 
between the MDA levels of gas station attendants who 
are higher compared to the control group18.

From the results of interviews with the questionnaire, 
health complaints experienced by Surabaya X printing 
workers were quite varied. The results of research on 
health complaints due to toluene exposure showed that 
the most common health complaints experienced by 
workers include coughing, headaches and shortness 
of breath. Based on research conducted in Magelang, 
complaints felt due to toluene exposure such as 
shortness of breath, dizziness, weakness and nausea19. 
Other research conducted in the Ciomas shoe industry, 
Bogor, there were complaints or health problems that 
were felt more than 50% were colds, fatigue, headaches, 
and tingling. The complaint is thought to be due to acute 
exposure to toluene20.

Haen & Oginawati’s research (2012) conducted in 
the shoe industry shows that many respondents have 
health complaints that are identical to the symptoms of 
BTX exposure, including dizziness, nausea, weakness 
and shortness of breath21. A study in Thailand described 
psychosomatic symptoms including headaches, shortness 
of breath, lethargy, fatigue, nausea, vomiting, and loss 
of appetite in workers exposed toluene9. Not using 
PPE when working can increase exposure to toluene 
that enters the body through inhalation and results in 
an increased risk of health complaints experienced by 
workers. This is most likely caused by risky behavior of 
workers, where most workers do not wear masks when 
working.

Conclusion
The results of this study indicate that there was 

no significant relationship between the concentration 
of toluene in the air and malondialdehyde levels in X 
Surabaya printing workers. The concentration of toluene 

in the air in Surabaya X printing is safe because it is 
under the TLV recommended by Indonesian Ministry 
of Manpower and Transmigration Regulation No. 5 of 
2018. The higher the toluene concentration, the higher 
the concentration of malondialdehyde in workers. Health 
complaints due to toluene exposure are most numerous 
and often experienced by workers including coughing, 
headaches, and shortness of breath.
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