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ABSTRACT 
 
Transformer manufacturing industry uses volatile organic compounds (VOCs) containing materials such as varnish which 

can cause adverse health effects to human. Exposure to a high level of VOCs could disrupt the normal functions of a 

human lung.Therefore, this study was conducted to evaluate the status of lung functions of the workers exposed to 

VOCs at a transformer manufacturing plant in Selangor. The volatile organic compounds (VOCs) concentration in the 

office and production area was measured using direct-reading method and 60 subjects were selected to undergo the 

lung function test. The FVC and FEV1 values showed significant difference (p<0.05) between the exposed group and the 

non-exposed group. The mean readings of FVC (69.07±12.58) and FEV₁ (72.90±10.46) of the exposed groups were lower 

than the non-exposed group, which were 81.47±9.78 and 84.23±9.07, respectively. In contrast to the FEV1/FVC 

parameters, the non-exposed group (102.93 ± 7.17) showed lower mean values than the exposed group (105.90±8.98). 

Besides that, the nasal symptoms showed significant differences (p<0.05) between the exposed and non-exposed group. 

The demographic data of the exposed group showed no association with the lung function status of the exposed group 

workers. However, the lung functions of the exposed group were influenced by the concentration of VOCs in the 

production area. High concentration of VOCs may cause detrimental effects on the lung functions. Therefore, 

management or employers in the industry should always be aware of the effects of VOCs, and take appropriate steps 

to ensure the safety and welfare of the employees. 
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INTRODUCTION 
 
Manufacturing industry is an industry involved 
with process modification of goods or materials to 
produce new products1. Around 15% of 750,00 
workers in the manufacturing sectors have been 
diagnosed with asthma which is caused by the 
working environment2 and 21.5% of workers who 
have respiratory problem of asthma show an 
increase in the severity of asthma also caused by 
the working environment3. The transformer 
manufacturing industry includes some important 
work processes such as wiring, winding, coring 
and impregnation. Workers of the transformer 
manufacturing plant especially in the production 
line are exposed to volatile organic compounds 
(VOCs). They use varnish to insulate the 
transformers to increase dielectrics strength, aid 
the heat release from the coils, and protect the 
wire from damage during the exchange of electric 
flow4. It turns out that varnish is the main source 
of VOCs produced inside the buildings area. 
Building materials, packaging materials, paints, 
and solvents are also the sources of VOCs released 
in the air5. 
 
Exposure to VOCs is associated with respiratory 
disorders like asthma, bronchitis and chronic 
obstructive pulmonary disease (COPD)6,7. COPD 

occurs due to the limitation of the airflow caused 
by the inflammation on the lungs resulting from 
the inhalation of harmful gas and particles8. The 
respiratory system is the main route of VOCs 
exposure through inhalation9and the exposure to 
the VOCs occurs from the working activities in the 
workplace either indoor or outdoor 
environment10. Long-term exposure towards 
pollutants in the workplace can cause changes to 
the lung functions in human11. The hazardous 
indoor air pollutants, especially carcinogenic 
VOCs such as benzene and toluene can cause 
cancer12. The workers who are exposed to the 
VOCs in the transformer manufacturing industry 
may experience the harmful effects on their 
respiratory health. 
 
Malaysia is a developing country whereby 
industries are growing and expanding, including 
transformer manufacturing plant. Industries are 
common main contributors of chemical air 
pollutants that can be harmful to humans, but 
only a few studies address the effects of the 
chemical air pollutants to the pulmonary 
functions especially in Malaysia. Thus, the 
purpose of this study was to assess the association 
of VOCs level and lung function status of the 
workers exposed to VOCs at the transformer 
manufacturing plant. The result of this study can 
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be used by the management to take the control 
measures. As stipulated in the Occupational 
Safety and Health Act 1994 (Act 514), it is 
important for both employees and employers to 
practice safety and health in a workplace to 
maintain the safety and health of the workers. 
 
METHODS 
 
Study subject 
This was a cross-sectional study. A total of 60 non-
asthmatic workers who worked more than 3 
months was chosen for this study as the subjects. 
The subjects were divided into two groups: 
exposed (N=30) and non-exposed group (N=30). 
Thirty workers were exposed to VOCs in the 
production area and 30 non-exposed subjects 
worked in the office of the transformer 
manufacturing plant. All subjects were working 8 
hours per day and 5 days per week. This study was 
conducted after obtaining an approval from the 
Research and Ethics Committee Universiti 
Kebangsaan Malaysia (UKM) Medical Centre, 
Malaysia (UKM reference number PPI/111/8/JEP-
2019-039 dated 25 January 2019) and informed 
consent from the subjects. 
 
Ambient level of VOCs 
The VOCs concentrations were measured in the 
ambient indoor air. Air sampling was carried out 
to determine the VOCs concentrations by using a 
calibrated portable sensor (Aeroqual series 500) in 
both office and production area. There were 5 
sampling points in the office area. These sampling 
points in the office were identified by each 
department as all worked in the same area with 
an open space (S1- quality control and 
engineering, S2- marketing, S3- finance, S4- 
human resources, and S5- photocopier and 
printers area). As for the production area, there 
were 8 sampling points selected based on the 
main workstation: S1, S2- impregnation (near 
varnish tank and oven), S3 and S4-finishing 
(painting the transformer and quality check), S5- 
production of small transformer, S6- coring and 
winding of domestic transformer, S7-winding of 
large transformer, and S8-preparing area. The air 
sampling was conducted during 8 working hours, 
whereby the time should be evenly distributed 
into 4 time-slots. Then, the measurement was 
taken 3 times in 10-minute intervals at each 
sampling point. 
 
Questionnaire survey 
Each subject from both groups was interviewed 
and given a questionnaire adapted from the 
American Thoracic Society (ATS)13. The 
questionnaire was used to collect the socio-
demographic data of the workers to be associated 
with the lung functions test results. There were 
three sub-sections in the questionnaire: socio-
demographic information, health status of the 

subject (respiratory symptoms) and working 
environment (the ventilation system, personal 
protective equipment (PPE) in the workplace). 
 
Lung function test 
The lung function test (LFT) was conducted on 
both exposed group (n=30) and non-exposed group 
(n=30) following the ATS guidelines13,14. The 
parameter of tests; forced vital capacity (FVC), 
forced expiratory volume in one second (FEV1) and 
FEV1/FVC ratio were recorded by using calibrated 
Cosmed Pony FX Desktop Spirometer. The LFT was 
conducted during working hours (0800 to 1700). 
The accurate techniques of performing the LFT 
were demonstrated to the subjects before 
starting the test. Each subject was required to sit 
with a straight back and shoulder. After that, the 
subject must take a deep breath before doing the 
test. Each subject was given three trials and the 
best results were selected as the final results for 
the statistical analysis. 
 
Statistical analysis 
The statistical analysis was performed using 
Statistical Package of Social Sciences (SPSS) 
version 25.0. A normality test was done to assess 
the distribution of the collected data and whether 
the data were normally distibuted. Socio-
demographic data were presented descriptively 
while VOCs concentrations and LFT parameters 
were presented as mean ± standard deviation. 
Independent t-test was used to compare lung 
function parameter between exposed and non-
exposed groups. The association between 
demographic factor and lung function status of 
exposed workers was tested by Chi-Square or 
Fisher’s Exact test. Pearson correlation statistical 
analysis was used to correlate the relationship 
between VOCs concentration and lung function 
parameter of exposed workers. A p-value < 0.05 
was considered sigificant. 

 
RESULTS 
 
Concentration of VOCs 
Table 1 shows the level of VOCs concentration in 
the office and production area. All the 
concentration of VOCs in the office area was less 
than 3 ppm, not exceeding the acceptable limit 
set by the Industrial Code of Practice on Indoor Air 
Quality (ICOP)15. The highest concentration of 
VOCs in the office area was at sampling point 2, 
which was 1.72±0.70 ppm. Meanwhile, the VOCs 
concentrations in the production area were higher 
(>3 ppm) than the office area except for the 
sampling point 8, which was 2.83±0.22 ppm. The 
highest concentration of VOCs at the production 
area was at sampling point 1, followed by 
sampling point 6 which were 5.55±0.09 ppm and 
5.43 ± 0.32 ppm, respectively.
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Table 1: VOCs concentration at office and production area 

Sampling area Sampling points VOCs concentration 

(ppm) 

Average concentration 

(ppm) 

Office 1 1.29±0.22 0.84±0.67 

 2 1.72±0.70  

 3 0.74±0.04  

 4 0.25±0.14  

 5 0.18±0.10  

Production 1 5.55±0.09 4.45±0.32 

 2 4.60±0.35  

 3 4.57±0.27  

 4 4.92±0.16  

 5 4.11±0.16  

 6 5.43 ± 0.32  

 7 3.62 ± 0.16  

 8 2.83 ± 0.22  

  

Table 2: Demographic data of exposed and non-exposed group (n=60). 

  

Demographic data  Exposed group  
Total subject, (n= 30) 

Non-exposed group 
Total subject, (n=30) 

n(%) n(%) 

Gender    

Male  19(63.3) 13(43.3) 

Female 11(36.7) 17(56.7) 

Race    

Malay  18(60.0) 22(73.3) 

Indian 11(36.7) 4(13.3) 

Chinese 1(3.3)  3(10.0) 

Others  0 1(3.3) 

Smoking Status    

Smoker 7(23.3) 7(23.3) 

Non-smoker  23(76.7) 23(76.7) 

Working years   

< 20 years  11(36.7) 17(56.7) 

≥ 20 years  19(63.3) 13(43.3) 

BMI   

< 25.0 (Normal) 16(53.3) 17(56.7) 

≥ 25.0 (Overweight) 14(46.7) 13(43.3) 

Age (years)   

< 30 2(6.7) 5(16.7) 

30 – 50 20(66.7) 20(66.7) 

>50 8(26.7) 5(16.7) 
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Socio-demographic characteristic 

Table 2 presents the demographic data of the 

subjects of both exposed group (n=30) and non-

exposed group (n=30). There were more male 

workers (63.3%) in the exposed group compared 

to non-exposed group, which majority was female 

(56.7%). Most of the subjects from both group 

were Malay and they had a normal body mass 

index (BMI). As for the smoking status, both group 

showed few workers who smoked (23.3%). 

 

Lung Function Findings 

The description of the average estimation of lung 

function parameters (FVC, FEV1 and FEV1/FVC) for 

both exposed and non-exposed group was shown 

in Table 3. Based on the results, the mean of FVC 

and FEV1 of the exposed group was lower than the 

non-exposed group. The FEV₁/FVC parameter 

showed higher percentages in the  

 

exposed group than the non-exposed group, with 

105.90±8.98 and 102.93±7.17, respectively. 

Independent t-test analysis showed that there 

were significant differences (p < 0.05) in the FVC 

and FEV1 in the exposed and non-exposed group. 

The exposed group showed a decline in the lung 

functions. 

 
Table 3: Lung function parameters (FVC, FEV1 and FEV1/FVC) of exposed and non-exposed groups. 
 

Parameter Exposed group 
(mean ± stdev) 

Non-exposed group 
(mean ± stdev) 

p-value 

FVC (%) 69.07 ± 12.58 81.47 ± 9.78 0.000* 

FEV₁ (%) 72.90 ± 10.46 84.23 ± 9.07 0.000* 

FEV₁ /FVC (%) 105.90 ± 8.98 102.93 ± 7.17 0.163 

*significance value is p < 0.05 
 

According to the Global Initiative Chronic 
Obstructive Lung Disease (GOLD)16, the normal 
status indicates that the subject has normal 
spirometry reading while abnormal status 
indicates that the subject is in either restrictive 
or obstructive condition. The descriptive analysis 
showed 80.0% of the exposed group had abnormal 
status of lung functions and another 20% of them 
had normal. As for the non-exposed group, 56.7% 
of the subjects had normal lung functions and 
43.3% had abnormal status. 

The respiratory symptoms among exposed workers 
and non-exposed workers were presented in Table 
4. The association was conducted between the 
lung function status and demographic data of the 
workers. Statistical results showed that cough and 
dyspnea did not have a significant association in 
either exposed or non-exposed group. Both groups 
showed similar patterns on the respiratory 
symptoms of cough and dyspnea. However, nasal 
symptoms showed a statistically significant 
association between both groups. 

Table 4: The respiratory symptoms among exposed and non-exposed groups. 

*significant value is p < 0.05 
 
Table 5 showed the association of demographic 
data with lung function status of the exposed 
group. Working years, smoking status and BMI of 
the workers did not show a significant association 
(p > 0.05) with respect to the lung function status 

of the exposed group. Therefore, working years, 
smoking habits and BMI has no direct effect on the 
lung conditions of the exposed workers. 
 
  

Respiratory symptoms Exposed group 
 (n=30) 

n(%) 

Non-exposed group 
 (n=30) 

n(%) 

p-value 

Cough 
Yes 
No 

 
7(11.7) 
23(38.3) 

 
4(6.7) 

26(43.4) 

 
0.317 

Dyspnea 
Yes 
No 

 
2(3.3) 

28(46.7) 

 
2(3.3) 

28(46.7) 

 
1.000 

Nasal symptoms 
Yes 
No 

 
21(35.0) 
9(15.0) 

 
28(46.7) 
2(3.3) 

 
0.042* 
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Table 5: Association of demographic data with lung function status of exposed group. 

Socio-demographic 
factors 

Lung function test status p-value 

Normal n(%) Abnormal n(%) 

Working years 
< 20 years 
≥ 20 years 

 
3(10.0) 
3(10.0) 

 
7(23.3) 
17(56.7) 

 
0.372 

Smoking status 
Yes 
No 

 
3(10.0) 
3(10.0) 

 
4(13.3) 
20(66.7) 

 
0.120 

BMI 
<25.0 (normal) 
≥ 25.0 (obesity) 

 
5(16.7) 
1(3.3) 

 
11(36.7) 
13(43.3) 

 
0.175 

*significant value is p < 0.05  
 
The relationship between the parameter of lung 
function (FVC, FEV1 and FEV1/FVC) of the exposed 
group and VOCs concentration at the production 
area was tabulated in Table 6. The results showed 
that there were negative and medium associations 
of FVC and FEV₁ with VOCs concentration, r = -
0.435 and r = -0.431,  

 
respectively. However, the FEV₁/FVC parameter 
showed positive and medium correlation with the 
concentration of VOCs, obtaining r = 0.622. There 
were no significant differences between the lung 
function parameters and the VOCs concentrations 
in the production area. 
 

 
Table 6: Association of VOCs concentration with lung function parameter of exposed group. 

Parameter of LFT  
 

VOCS concentration (n=8) 

Pearson correlation p-value 

FVC (%) -0.435 
0.282 

 

 
FEV (%) 

 
-0.431 0.286 

FEV/FVC 0.622 0.100 

*significant value is p < 0.05 
 

DISCUSSION 

In the office area, all the concentration of VOCs 
was below 3 ppm and they did not exceed the 
acceptable limit set by ICOP15. The VOCS 
concentrations in the office area may be 
influenced by the indoor sources. Building 
materials such as paint, solvents, air fresheners 
and furniture have been shown to be the largest 
contributor to VOCs in an indoor environment17. 
Generally, the VOCs concentrations in the 
production area were significantly higher 
compared to the office area. This finding was 
reliable as the main source of the VOCs emission, 
which was varnish, was in the production area. 
Varnish contains high VOCs components that will 
increase the VOCs exposure especially if less 
ventilation is added in the workplace18. In 
addition to that, the increase of VOCs 
concentration is inversely related with the 
movement of the air in the buildings19. This 
indicates that workers who work within the 
production area are exposed to high level of VOCs 
concentrations. Apparently, the higher exposure 
to this air pollutant might deteriorate the 
respiratory health and cause adverse health 
effects such as dizziness, nausea, mucosal 
irritation and inflammation20, 21. 

 
 
The mean values of lung function parameters (FVC 
and FEV1) showed significant differences between 
the exposed and non-exposed groups. The 
exposed group showing a decline in lung function 
could be attributed to the higher VOCs 
concentration in the production area. Workers 
exposed to toxic pollutants such VOCs potentially 
experience adverse effects on their respiratory 
health22. Irritation on the airways of the lungs 
caused by the release of the chemicals at work 
can lead to respiratory problems23. Our findings 
were parallel with several studies. Studies by 
Mehta et al.24 and Prasetyo et al.25 showed 
significant decrease of lung function parameters 
among petrol pump workers and gasoline station 
workers due to the exposure to VOCs. According 
to the standard guideline by GOLD16, the exposed 
group suffers a restrictive condition when the 
parameter of FVC and FEV₁ is below 80% while the 
FEV₁/FVC is above 70%. High doses of VOCs in the 
ambient environment lead to the changes of the 
respiratory tract and lung function of a person18. 
 
Previous studies by CY et al.26 and Saijo et al.27 
found that VOCs concentration was associated 
with respiratory symptoms such as cough, nasal 
symptoms and respiratory problems among the 
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industrial workers. But, the deterioration of the 
subjects’ lung functions in this study was only 
associated with nasal symptoms and not with 
cough and dyspnea symptoms. BMI, smoking 
habits and working years did not show a significant 
association with lung function status of the 
exposed group. Research by Lin et al.28 and Zhou 
et al.29 also found no significant interaction on the 
exposure of VOCs pollutant in active smoker and 
non-smoker. Another study also found that BMI did 
not directly affect the lung function status of the 
workers30. Insignificant association results might 
be due to other confounding factors such as age 
and gender. Volume and lung capacity of the 
elderly are much lower compared to adult lung 
capacity. In the aspect of gender, male has larger 
lung capacity as compared to female31. 
 
In this study, the deterioration of workers’ lung 
functions might be associated with the VOCs 
concentration in the production area via general 
exposure. However, this study has some 
limitations. Further studies such as the personal 
exposure to target pollutants should be conducted 
to find the culprit that harms the respiratory 
health and other possible diseases. 
  
CONCLUSION  
 
In conclusion, the concentration of VOCs at the 
production area was higher compared to the 
office area. The results also showed a decline in 
the lung functions of the exposed group possibly 
due to higher level of VOCs concentrations. 
Therefore, the indoor air pollutants need to be 
monitored and controlled such as by using 
biofiltration to assure safe and healthy working 
environment for workers. 
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