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ABSTRACT 

The production process of plastic bag industry have always hazards and risks. Chemicals is one of the hazard 

that used in this industry. That is toluene, one of chemicals used in printing process. Toluene can cause 

several occupation health risk and effect. This study aimed to determine the correlation of toluene exposure 

and health risk characterization (RQ) in printing workers PT X Sidoarjo. This study was an observational 

study with cross-sectional approach. The sample in this study was a total of32 respondent. The concentration 

of toluene measured by using gas chromatography as the instrument. The health risk characterization (RQ) 

calculated by dividing intake dose value with reference concentration. The result showed the concentration 

of toluene in location 2 was 31 ,54  ppm and above threshold limit value based on ACGIH (2011 ). There was 

40,6% printing workers had RQ 2: 1 and there was a significant correlation between toluene exposure and 

health risk characterization (RQ). 
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Introduction 

The production process of plastic bag industry have 

always hazards and risks. Chemicals is one of the hazard 

that used in this industry. One of the hazardous chemicals 

used in the plastic bags industry is toluene. Toluene is 

usually used as a solvent of paint on the printing process 

of plastic bags. Toluene is a volatile, colorless and 

commonly used as a paint solvent, a mixture of gasoline, 

nail polish, and as a solvent in the printing business. 

Workers using toluene as a solvent could have health 

problems, such as dizziness, vertigo, eye irritation, skin 

irritation, respiratory problems, liver, kidney, and central 

nervous system disorders. 1
,2 
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Toluene entry into the body can be through 3 paths, 

in addition to the main path of inhalation, toluene can 

enter the body through the path of ingestion and skin 

contact. Toluene is declared safe for the environment 

and health if it does not cross the threshold. According 

to ACGIH (2011) the threshold limit value of toluene is 

20 ppm for 8 hours/ day 40 hours per week. 3,
4 

Some cases of toluene exposure recorded inATSDR 

(2015) include study by Yin et al (1987) reported by 44 

men and 57 women exposed to TWA concentrations of 

46 and 41  ppm toluene repetitively, during shoe-making, 

printing and audio equipment increased complaints 

headaches, dizziness and difficulty sleeping compared 

with 127 control groups. Similarly, the study by Ukai et 

al (1993) reported an increase in subjective complaints 

against neurologic symptoms both during and after work 

in 452 workers exposed toluene (geometric mean 24. 7 

ppm) compared with 5 1 7  control groups.1 

This study aimed to determine the correlation of 

toluene exposure and health risk characterization (RQ) 

in printing workers to see if toluene exposure has a 

health effecton the worker's body. 
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Material and Method 

This study aimed to determine the correlation of 

toluene exposure and health risk characterization (RQ) 

in printing workers PT X Sidoarjo. This study was an 

observational study with cross-sectional approach. The 

sample in this study was a total of 32 printing workers. 

The concentration of toluene measured by using gas 

chromatography as the instrument. The health risk 

characterization (RQ) calculated by dividing intake dose 

value with reference concentration. 

FINDINGS 

The Concentration of Toluene 

Table 1: The Frequency Distribution of Toluene 

Location The Concentration of Toluene (ppm) Printing Workers Percentage 
Location 1 8.930 8 25,0 
Location 2 31 .546 1 1  34,4 
Location 3 9.677 6 18,8 
Location 4 9.530 7 21 ,9  

Mean 14.92 
Min-Max 8.93 - 3 1 . 54  

Table 1 showed the concentration of toluene in 4 

location. The lowest concentration of toluene is 8,93 

ppm and the highest concentration of toluene is 3 1 , 54  

ppm. This highest concentration can caused by some 

pile of toluene cans at Location 2 while measuring the 

concentration of toluene. 

Table 3 showed the highest percentage 90,9% 

printing workers in Location 2 (31,54ppm) has RQ 2: 1 .  

The correlation between toluene exposure and RQ has a 

significant correlation with the p-value is 0,00. 

Discussion 

The Health Risk Characterization (RQ) 

Table 2: The Frequency Distribution of Health Risk 

Characterization 

The Correlation Between Toluene Exposure and 

Health Risk Characterization 

Table 3. The correlation between toluene exposure 

and Risk Characterization 

Toluene Percentage p 

Concentration (ppm) R Q > l  R Q < l  Value 
8,93 0% 100% 

31 ,54 90,9% 9J% 
0,00 

9,53 14,3% 85,7% 
9,67 33,3% 66,7% 

The results of Risk Quotients (RQ) calculations 

show the level of health risk due to exposure to toluene 

in the work environment. If RQ 2: 1 ,  this means the 

printing workers exposed to toluene exposure has 

health risk effects and if RQ < 1 ,  this means the printing 

workers exposed to toluene exposure has no health risk 

effects. 5,6,7 Table 2 showed that 40,6% printing workers 

has health risk effects caused by toluene exposure and 

59,4% printing workers has no health risk effects. 

The amount of exposure to toluene vapor depends on 

the workplace ( opened or closed), and physical factors, 

such as wind direction, temperature, humidity, and air 

pressure. Based on the observation in the workplace, the 

location of printing process is a closed hall and has 12 

blowers near all printing location. With the temperature 

about 30°C toluene will more easily evaporate in the air. 

Workers who use toluene as a solvent may have 

health problems, such as dizziness, vertigo, eye 

irritation, skin irritation, respiratory problems, liver, 

kidney, and central nervous system disorders. Toluene 

exposure can lead to acute and chronic poisoning 

symptoms. The early acute poisoning symptomps 

have been observed in experimental study conducted 

volunteers with the concentration of toluene about 

750 mg/m3 for 8 hours or 1 . 1 25  mg/m3 for 20 minutes 

may cause respiratory irritation and eye irritation. 

The Concentration of Toluene: The result showed 

one of all printing locations has the concentration of 

toluene above the TLV. 3 The result of study in informal 

workshop Karasak showed that the average of toluene 

concentration is 71 ,29 ppm. 8 Study in paint industry in 

Iran showed the concentration of toluene is 105,82 ppm.9 

Another study in printing company in Jakarta showed 

that the concentration of toluene is 100,38 ppm. 10 
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Furthermore the chronic poisoning symptomps may 

appear with the concentration levels about 200-400 mg/ 

m3 continuously for 8 hours every day or 40 hours a 

week. The concentrations of toluene above the threshold 

limit value may cause neuropsychological symptoms, 

as the study by Darwati (2004) the results showed that 

workers exposed to toluene exposure have a 7, 12 times 

higher neuropsychological symptoms compared with 

workers not exposed to toluene exposure. 1 ,
1 1  

The Health Risk Characterization: The results of Risk 

Quotients (RQ) calculations showed 40,6% printing 

workers have RQ � 1 which means the printing workers 

have health risk effects due to toluene exposure. Another 

study by Prihartini (2010) showed 8% of respondents 

in finishing process have RQ � 1 ,  this may caused by 

the finishing location has the concentration of toluene 

higher than other location. 12 

Based on the result, every location has its own health 

risk effects depends on the level of toluene concentration, 

the result of calculations showed that the higher toluene 

concentration the higher health risk effects in the work 

environment. 

1. Location 1 :  Location 1 has RQ < 1 which means 

printing workers has no health risk effects due to 

toluene exposure. Several factors influence the 

RQ value such as the concentration of toluene, 

worker's weight and worker's working period. 

The concentration of toluene at location 1 is lower 

than that of other sites, that is 8,93 ppm. 

Based on observation, most of printing workers 

in Location 1 is not wearing protection equipment 

such as mask and gloves, in view of the most 

absorption of toluene is through respiration then 

skin contact and oral, printing workers may have 

more risk to have health effects caused by toluene 

exposure when they are not wearing standard 

personal protective equipment. 

2. Location 2: Location 2 has RQ � 1 which means 

printing workers have health risk effects due to 

toluene exposure. This result showed that toluene 

exposure may cause adverse health effect which 

needs risk control to reduce the health effects. Near 

to location 2 there are some pile of toluene cans for 

production process, to reduce the concentration 

of toluene in location 2, it needs to rearrange 

it. Moreover, it needs to have ventilation for air 

exchanges. There was 9,1 % printing worker have 

RQ <1 this can be caused by working period that 

only about a year until the study. 

3. Location 3: There were 85,7% printing workers 

have RQ < 1 which means printing workers have 

no health risk effects due to toluene exposure 

and 14,3% printing workers have RQ � 1 which 

means printing workers have health risk effects 

due to toluene exposure. Working period of 14,3 % 

printing workers influence the value ofRQ. Study 

by Lundberg in Gamble (2000) workers with at 

least 10 years of work with high levels of organic 

solvent exposure have an adverse health risk. 

Lundberg also believes a 10-yearwork period with 

organic solvent exposure is considered a criterion 

for diagnosing chronic toxic encelopathy. 13 

Furthermore one printing worker in this category 

has excess body weight. Toluene compounds are 

lipophilic (fat soluble) the fat will bind toluene 

into residue in the body. In other words, the more 

obese respondents exposed toluene it will have a 

health risk higher due to toluene exposure. 

4. Location 4: There were 66, 7% printing workers 

hav RQ < 1 which means printing workers have 

no health risk effects due to toluene exposure 

and 33,3% printing workers have RQ � 1 which 

means printing workers have health risk effects 

due to toluene exposure. Working period of 

14,3% printing workers influence the value of 

RQ. By this condition, not only the concentration 

of toluene, weight and working period influence 

the RQ value, but there are some factors such 

foods (some foods may influence the absorption 

of toluene), life style and others. 

The Correlation Between Toluene Exposure and 

Risk Characterization: The result showed that there 

was significant relationship between toluene exposure 

and risk characterization. Study in shoe craftmans 

worker showed that the workers exposed to toluene 

exposure have health risk effects, 20% workers have 

headache, 18,2% workers fatigue and 18,8% workers 

caugh. 14 Other study in gas station in Thailand showed 

that the workers have RQ � 1 ,  6 1  % workers have 

headache, 29% workers fatigue and 1 1  %  workers throat 

irritation.15 Study by Martha (2012) on sole shoe worker 

at Cibaduyut Bandung, where the most content of glue 

compound contained is toluene, many workers have 



354 Indian Journal of Public Health Research & Development, June 2019, Vol. I 0, No. 6 

health complaints synonymous with toluene exposure 

symptoms, including dizziness, nausea, weakness and 

shortness of breath. 16 

Based on interview 3 1 , 3  % printing workers have 

headache and 37,5% workers fatigue. At exposure 

close to 50 ppm will occur symptoms of drowsiness 

and headache. At concentrations of 50-100 ppm will 

occur irritation of the nose, throat and respiratory tract. 

At concentration of about 100 ppm may cause fatigue 

(fatigue) and dizziness. 1 

One effort that can be done to reduce health risk 

effects is to reduce the concentratiom of toluene in the 

air. Thus, the toluene vapor inhaled by the workers will 

also decrease its concentration so as to minimize the 

health risk effects due to toluene exposure. To minimize 

the health risk effects caused by toulene exposure, the 

management can make a good ventilation system so 

that toluene vapor can be distributed with the air outside 

the production area. Toluene is a volatile compound, 

with a good ventilation the concentration of toluene in 

the printing location can be reduced. And the last thing 

can be done is to wear standard personal protective 

equipment, management must have the standard personal 

protective equipment and give it free to the workers. 

Beside that, management have to inform the workers 

about the hazard of toluene and advise the workers to 

wear personal protective equipment during work. 

Conclusion 

1 .  From the four location of toluene measurement 

obtained the lowest concentration of toluene 

is 8.93 ppm and the highest concentration of 

toluene is 3 1 . 54 .  The level of concentration in 

each location causes different levels of risk for the 

workers 

2. The results of Risk Quotients (RQ) calculations 

40,6% printing workers have health risk effects 

caused by toluene exposure and 59,4% printing 

workers have no health risk effects 

3 .  There was a significant correlation between 

toluene exposure and health risk characterization 
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