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ABSTRACT 

	 Paint manufacturing exposes workers to hazardous chemicals, increasing health risks. This 
study assessed DNA damage in buccal cells among workers. Forty workers were categorized into an 
exposed group (19 manufacturing workers) and a control group (21 office workers). A WHO standard 
questionnaire collected demographic and occupational data, including training on occupational 
hazards, smoking habits, and awareness of job-specific risks. Buccal cell samples were taken in 
the early morning (three per worker) to measure DNA damage using the comet assay, a method 
based on electrophoresis that evaluates DNA strand breaks by measuring tail length, %DNA in the 
tail, and tail moment. In the exposed group, 63% of workers had received training on occupational 
hazards, 30% were smokers, and 30% were aware of job-specific risks. The exposed group showed a 
marginally significant increase in tail moment length and %DNA in the tail (P< 0.05), indicating greater 
DNA damage compared to the control group. Prolonged chemical exposure in paint manufacturing 
is linked to increased DNA damage. Strengthening safety measures, improving hazard awareness, 
and implementing regular health monitoring are essential to reducing occupational risks.

Keywords: Occupational health risk, DNA damage, Paint manufacturing workers, 
Health monitoring in paint industry.

INTRODUCTION 

	 Paints are widely used across various 
industries and have diversified over time, with each 
formulation tailored to a specific function. These 
materials serve to decorate, protect, and extend 
the durability of natural and synthetic surfaces by 
providing a barrier against environmental stressors. 

Application methods include brushing, rolling, 
dipping, flowing, conventional air spraying, disc 
spraying, and powder coating.60 The formulations 
typically consist of complex mixtures of solvents 
and chemical compounds, each contributing 
to their overall performance. These including 
pigments, binders, extenders, and additives, with 
solvents acting as carriers for other components.3 
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Paint formulations typically consist of 10% thinner 
paints, 45% high-solvent paints (substance more 
volatile), and 45% low-solvent paints (substance 
less volatile).31 Common solvents used in paint 
manufacturing include hydrocarbon aromatic 
solvents (e.g., toluene, xylene, ketones, alcohols)55, 
solvent mixtures like white spirits, and chlorinated 
solvents such as methylene chloride.15

	 Paint production involved multiple stages, 
including weighing raw materials, mixing, milling, 
shearing, canning, and packaging.3 Workers in paint 
manufacturing are frequently exposed to various 
chemicals including hazardous chemicals, volatile 
organic compound (VOC). Despite ongoing safety 
measures, VOC remain a major component of 
paints, leading to routine occupational exposure.13 
The term ‘occupational hazard’ refers to workers’ 
exposure to potentially harmful substances. 
The World Health Organization (WHO) defines 
occupational hazards as risks, harm, or dangers 
faced by workers due to job-related exposures. 
Occupational diseases are illnesses that can be 
associated with exposure to chemical agents 
encountered in the workplace.55 While chemicals 
are essential to the operations of the paint 
manufacturing industry, their use also raises 
serious health concerns. In particular, workers 
in paint manufacturing are routinely exposed to 
mixed chemical agents that may lead to early 
biological effects, including DNA damage and 
neurobehavioral impairments.

	 Globally, increasing attention has been 
directed toward the harmful effects of occupational 
chemical exposure on human health. Studies 
from various countries-including Canada, Korea, 
New Zealand, Spain, Iran, Pakistan, Thailand, 
Argentina, Mexico, and Colombia-have examined 
the occupational exposure of painters to VOC.12 
Workers in these industries encounter multiple 
hazards, which can pose potential health risks, 
especially for those directly handling chemicals. 
These VOCs contribute to a range of health 
issues, including respiratory problems, neurotoxic 
effects, and long-term DNA damage. VOCs, 
alongside other chemicals in the paint production 
environment, heighten the risk of occupational 
diseases. Understanding the collective impact of 
these substances is crucial for assessing their role 
in workers' health outcomes. However, the severity 

of the health effects caused by chemical exposure 
can vary depending on several factors, such as an 
individual’s diet, smoking habits, physical activity, 
and pre-existing health conditions. 

	 These factors can influence how the body 
metabolizes and responds to toxic substances. In 
addition to these individual factors, the production, 
storage, transportation, and use of chemicals-
especially in industries like paint manufacturing-can 
pose significant risks to human health and safety. 
Different types of chemicals, particularly solvents, 
pigments, and additives in paints, can have harmful 
effects on workers and the surrounding environment.  
Numerous studies have linked solvents used in the 
paint industry to health concerns, including central 
and peripheral nervous system damage. 

	 Paint production exposes workers to volatile 
organic compounds (VOCs) which contribute to 
nucleic acid damage, oxidative stress, genotoxicity, 
and inflammation.37 However, the severity of these 
effects vary depending on factors such as diet, 
smoking habits, physical activity, pre-existing 
health conditions, environmental exposure, age, 
metal state, and stress levels.21 Workers in paint 
manufacturing are exposed to complex chemical 
mixtures, such as organic hydrocarbons, including 
toluene, ketones, and alcohol esters.33 While the 
International Agency for Research on Cancer 
(IARC) classifies these substances as non-
carcinogenic,30 exposure to certain chemical 
mixtures, including metals may elevate the risk of 
cancer.68 Studies have linked exposure to complex 
chemical mixtures to neurological,9 auditory,61 
hepatic,36 and respiratory56 issues. Occupational 
exposure to organic solvents5,16,26,4 and certain 
metals41,44,49 has also been associated with DNA 
damage and oxidative stress, though the precise 
mechanisms remain unclear. 

	 Additionally, exposure to organic solvents 
has been implicated in hemotoxic conditions, such 
as anaemia and leukaemia.36 Previous reports 
indicate that paint exposure can cause DNA 
damage. The International Industrial Accident 
Committee (IIAC) analysed epidemiological 
data and concluded that painters face twice 
the occupational cancer risk compared to the 
general population.13,70 Increased chromosomal 
aberrations, sister chromatid exchange, and DNA 
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damage had been reported in the leukocytes of 
workers exposed to paints. Studies also detected 
elevated micronuclei frequencies in peripheral 
lymphocytes and oral mucosal cells of these 
workers.53 Ten epidemiological studies identified an 
association between lung cancer and occupational 
exposure in Korean commercial painters. However, 
limited research has focused specifically on workers 
in paint manufacturing. Therefore, this study aims 
to assess the genotoxic effects of occupational 
chemical exposure by evaluating DNA damage in 
buccal cells of paint.

MATERIALS AND METHODS

Study design
	 This cross-sectional study was conducted 
at a small industrial paint manufacturing plant in 
Bangi, Selangor, Malaysia, from November 2021 to 
December 2022. 

Population

questionnaire and provided three buccal samples 
for DNA damage assessment.  

Data Collection Using Questionnaire
	 A predesigned four-part questionnaire 
collected:

1.	 Sociodemographic data (age, gender, 
education level)

2.	 Lifestyle factors (smoking status)
3.	 Medical history (genetic disorder, cancer, 

poisoning)
4.	 Occupational exposure (working sectors, 

duration of chemical exposure, personal 
protective equipment usage, safety awareness).

Buccal cell sampling
	 Buccal samples were collected on workdays 
(Monday-Friday) between 7 and 9 a.m to minimize 
smoking-related DNA damage. Participants rinsed 
their mouths twice before sampling and refrained 
from eating 15 min before collection. Buccal cells 
were obtained by gently scraping both sides of the 
inner cheeks with cotton swabs for 15-30 seconds. 
Swabs were immersed in 30 mL of cold Titenko-
Holland buffer solution (4°C) containing 0.01 M Tris 
HCl, 0.1 M EDTA, and 0.02 M NaCl (pH 7). Samples 
were transported to the laboratory within 2–4 h and 
centrifuged (10 min at 2500 rpm). The cell pellet was 
washed with phosphate-buffered saline (PBS) and 
mixed with low-melting-point agarose (LMA) before 
slide preparation.  

Comet assay
	 The standard alkaline comet assay 
procedure was adapted from a study by Rojas  
et al.,(2014). Fully frosted microscope slides were 
pre-coated with 0.7% normal-melting-point agarose 
(NMA). The cell pellet was layered with LMA, 
covered with coverslip and solidified on an ice-
cold tray. After that, slides were immersed in lysis 
solution (2.5 M NaCl, 100 mM Na4 EDTA, 10 mM 
Tris-HCl (pH 10), 1% Triton X-100 and 10% DMSO) 
for 1 h at room temperature. DNA was unwound in 
electrophoresis buffer (1 mM Na2EDTA, 300 mM 
NaOH, pH<13) for 20 min and electrophoresed (25 
V, 300 mA, 20 minute). All steps were conducted in 
dim light to prevent additional DNA damage. Later, 

Ethical consideration
	 This study was approved by the Research 
and Ethics Committee of the Faculty of Health 
Sciences, Universiti Kebangsaan Malaysia. The 
workers were informed of the study’s aim, and 
that the data would only be used for scientific 
purposes; they also had the right to refuse to 
participate in this study. All the participants 
provided informed consent. 

Sampling technique
	 A total of 40 workers with at least one 
year of uninterrupted employment and no major 
diseases related such as cancer, genetic disorders, 
or other health conditions that could confound 
DNA damage results, participated. The exposed 
group had19 respondents, while the control group 
had21. Each respondent completed a structured 
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slides were taken out from the tank and neutralized  
(0.4 M Tris, pH 7.5) and stained with ethidium 
bromide (20 µL/mL). The stained slides were covered 
with a coverslip and stored in a humidified box 
at 4°C, and comet image were analysed using a 
fluorescence microscope (Olympus, BX51, 546 nm 
excitation, 590 nm barrier filter). DNA damage was 
quantified using TriTex CometScore Freeware v1.5. 
Tail DNA percentage (%DNAT) was calculated as: 
[%DNAT=100 × DNAT/(DNAT+DNAH)].

Statistical analysis
	 Quantitative and qualitative data are 
presented as percentages. An independent 
t-test was used to compare tail moment mean 
percentage between exposed and non-exposed 
groups. Pearson correlation assessed relationships 
between DNA damage parameters (tail moment, 
%DNA damage, tail length) and independent 
variables (age, education level, work duration, 
smoking history, exposure frequency). Linear 
and multivariate regression analyses determined 
associations between independent variables and 

mean tail moment percentage. All collected data 
were computerized and statistically analysed using 
SPSS version 26.0 for the calculations.

RESULTS

	 Table 1 shows the primary demographic 
features of the two groups tested (non-exposed/
control and exposed workers). The exposed and 
non-exposed workers were statistically comparable, 
with no significant differences in smoking habits 
(p=2.950) or age (p=0.334). Nearly 70% of the 
control group were males, compared to 90% in the 
exposed group, though age differences were not 
significant. On average, exposed workers spent 
1.40±0.50 hours daily handling chemicals, with 
work hours varying based on workload. The longest 
recorded workday was 9 h  for exposed workers and 
10 h for non-exposed workers. Smoking was more 
prevalent among exposed workers (36.8%) than in 
the control group (23.8%). This indicates that more 
exposed workers are smokers compared to the non-
exposed workers. 

Table 1: Demographic characteristics of the study group

	 Characteristic	 Exposed Workers		  Control Workers	
		  N = 19		  N = 21	
		  n (%)	 Mean ± SP	 n (%)	 Mean ± SP
	 Age
	 18 – 35 Years	 13 (68.4)	 1.33 ± 0.49	 14 (66.7)	 1.32 ± 0.48
	 36 – 55 Years	 6 (31.6)		  7 (33.3)	
	 Gender		
	 Male	 18 (94.7)	 ________	 14 (66.7)	 _________
	 Female	 1 (5.3)		  7 (33.3)	
	Daily Exposure to Paint
	 Production (Hours)	 Range	 8.22 ± 0.43	
		  8h-9h	 _________	 ________

	 Working Period

	 5 Years ≤		  1.33 ± 0.49		  1.41 ± 0.50

	 13 (68.4)		  12 (57.1)	

	 < 5 Years	 6 (31.6)		  9 (42.9)	
	 Smoking Status				  
	 Yes	 7 (36.8)		  5 (23.8)	
	 No	 12 (63.2)		  16 (76.2)	

	 Occupational data were gathered from 
the second section of the questionnaire. While 
52.6% of exposed workers had formal safety 
training, 52.6% were unaware of workplace hazards 
and potential health risks, compared to 71.4%  
of non-exposed workers who received training 
(Table 2). Although 89.5% of exposed workers 
reported using personal protective equipment 

(PPE), observations revealed improper mask 
usage, inconsistent glove use, and inadequate 
protection, such as wearing short sleeves while 
handling chemicals. During production, workers 
occasionally removed masks due to respiratory 
discomfort, exposing themselves to hazardous 
chemicals used in paint production, including 
toluene, xylene, methanol, and alcohol.
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Table 2: Occupational information

Characteristic	 Exposed Worker		  Control Worker	
	 N = 19		  N = 21	
	 n (%)	 Mean ± SP	 n (%)	 Mean ± SP

Formal Training on Hazard and Safety Measures	   Yes (45.5)	 n:9	 Yes (71.4)	 n:14
	 No (50.0)	 n:10	 No (28.6)	 n:7
Aware of Hazards Related to Their Job	   Yes (47.4)	 n:9	 ________	 ________
	 No (52.6)	 n:10		
Use of Individual Protection Equipment	 Use	 17		
	 Not Use	 3		  _________
Frequency Involves with Paint Production Process (Chemical)	 Frequent (73.7)	 n:14	 ________	 _________
	 Occasionally (26.3)	 n:5		

	 Table 3 summarizes the minimum values 
and standard deviations for comet assay parameters 
indicating DNA damage, including comet tail length, 
%DNA in the comet tail, and tail moment for both 
groups. In the exposed group, the comet tail length 
is 10.86±3.45, %DNA in the tail is 8.97±2.16, and tail 
moment is 2.77±2.35. In contrast, the control group 
shows comet tail length of 6.35±2.40, %DNA in the 

tail of 5.42±1.24, and tail moment of 0.87±0.67. An 
independent t-test revealed significant differences  
(p<0.05) in all three parameters between the groups. 
The exposed group's comet tail length is 1.71 times 
higher, %DNA in the tail is 1.65 times higher, and 
tail moment is 3.18 times higher compared to the 
control group, confirming greater DNA damage in 
exposed workers.

Table 3: DNA damage in buccal cells

	 Type of Workers	 N	 Mean	 Std. Deviation	 p-value

Tail length (px)	 Exposed	 19	 10.86	 3.45	 <0.001
	 Non-Exposed	 21	 6.35	 2.40	
Tail DNA (%)	 Exposed	 19	 8.97	 2.16	 <0.001
	 Non-Exposed	 21	 5.42	 1.24	
Tail Moment 	 Exposed	 19	 2.77	 2.35	 <0.001
	 Non-Exposed	 21	 0.87	 0.67	

	 Pearson correlation analysis (Table 4) was 
used to assess the relationship between DNA damage 
parameters-comet tail length, %DNA in the comet tail, 
and tail moment-and enabling factors such as age, 
education level, duration of employment, years of 
smoking, and frequency of chemical exposure in paint 
manufacturing. Results indicate a moderate negative 
correlation between the duration of employment 

and %DNA in the comet tail in the exposed group 
(p=0.047, r=-0.46). However, duration of employment 
showed no significant correlation with comet tail length 
or tail moment. Similarly, no significant correlations 
were found between age, education level, smoking 
duration, or frequency of exposure and any DNA 
damage parameters in both exposed and control 
groups (p > 0.05).

Table 4: Correlation Between DNA Damage Parameters and Enabling Factors

Group	  Factor	 %DNA in tail		                  Tail Length (px) 	               Tail Moment
		  r	 P	 r	 P	 r	 P

Non-Exposed (N=21)	 Age	 -0.29	 0.203	 -0.23	 0.315	 -0.10	 0.669
 	 Education level	 0.17	 0.469	 -0.07	 0.773	 -0.16	 0.498
 	 Duration of employment (year)	 -0.07	 0.751	 -0.09	 0.706	 0.19	 0.409
 	 Smoking status	 -0.06	 0.814	 0.37	 0.096	 0.03	 0.887
 	 Frequency of exposure to chemicals	 0.27	 0.241	 0.40	 0.071	 0.26	 0.249
	 during paint manufacturing process
Exposed (N=19)	 Age	 -0.23	 0.335	 -0.01	 0.982	 0.04	 0.864
	 Education level	 0.04	 0.866	 -0.18	 0.471	 -0.20	 0.404
	 Duration of employment (year)	 -0.46	 0.047*	 0.06	 0.804	 0.12	 0.618
 	 Smoking status	 -0.08	 0.747	 -0.30	 0.216	 -0.20	 0.406
 	 Frequency of exposure to chemicals	 -0.23	 0.343	 0.23	 0.336	 0.26	 0.276
	 during paint manufacturing process
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	 The simple and multiple linear regression 
(SLR & MLR) analyses (Tables 5 to 7) examined the 
relationship between the DNA damage parameters 
(comet tail length, %DNA in the comet tail, and tail 
moment) and independent variables. SLR results 
indicate that the frequency of chemical exposure in 
paint manufacturing significantly correlates with all 
three DNA damage parameters (p<0.05). Specifically, 
increased exposure frequency is associated with a 

rise of 0.65 units in comet tail length, 0.63 units 
in %DNA in the comet tail, and 0.54 units in tail 
moment.  However, MLR results show that no 
independent variables significantly affect comet tail 
length. For %DNA in the comet tail, smoking duration 
emerges as the most significant predictor (β=0.42), 
suggesting that prolonged smoking increases DNA 
damage. Tail moment readings remain unaffected 
by any independent variables in the MLR model 

Table 5: The simple linear regression (SLR) and multiple linear regression (MLR) analyses 
for comet tail length parameters with the independent variables

			   SLR					     MLR
Factor/Parameter	  	  	  	     95.0% Confidence Interval for B		  	                 95.0% Confidence Interval for B
Tail Length (px)	 B	 Beta	 P	 Lower Bound	 Upper Bound	 B	 Beta	 P	 Lower Bound	 Upper Bound

Age	 -0.02	 -0.05	 0.756	 -0.16	 0.12	 0.04	 0.08	 0.835	 -0.31	 0.38
Education level	 -1.04	 -0.26	 0.102	 -2.30	 0.22	 -0.32	 -0.08	 0.753	 -2.43	 1.79
Smoking status	 0.03	 0.08	 0.643	 -0.11	 0.18	 0.01	 0.03	 0.915	 -0.21	 0.24
Duration employment	 -0.03	 -0.03	 0.870	 -0.35	 0.29	 0.00	 0.00	 0.993	 -0.52	 0.52
Frequency of exposure	 1.82	 0.65	 0.000*	 1.13	 2.51	 2.20	 0.79	 0.101	 -0.47	 4.87
to chemicals during paint
manufacturing process

Table 6: The simple linear regression (SLR) and multiple linear regression (MLR) analyses 
for % of DNA in tail parameters with the independent variables

			   SLR					     MLR
Factor/Parameter	  	  	  	   95.0% Confidence Interval for B		   	       	95.0% Confidence Interval for B
%DNA in Tail	 B	 Beta	 P	 Lower Bound	 Upper Bound	 B	 Beta	 P	 Lower Bound	 Upper Bound

Age	 -0.04	 -0.14	 0.395	 -0.13	 0.05	 -0.15	 -0.52	 0.093	 -0.33	 0.03
Education level	 -0.36	 -0.14	 0.399	 -1.23	 0.50	 0.10	 0.04	 0.849	 -0.98	 1.18
Smoking status	 0.05	 0.15	 0.345	 -0.05	 0.14	 0.13	 0.42	 0.033*	 0.01	 0.24
Duration employment	 -0.15	 -0.23	 0.154	 -0.36	 0.06	 0.06	 0.09	 0.634	 -0.21	 0.33
Frequency of exposure	 1.17	 0.63	 0.000*	 0.70	 1.65	 -0.40	 -0.21	 0.550	 -1.77	 0.97
to chemicals during paint
manufacturing process

Table 7: The simple linear regression (SLR) and multiple linear regression (MLR) 
analyses for tail moment parameters with independent variables

			   SLR					     MLR
Factor/Parameter	  	  	        	95.0% Confidence Interval for B				        95.0% Confidence Interval for B
 
Tail Moment	 B	 Beta	 P	 Lower Bound	 Upper Bound	 B	 Beta	 P	 Lower Bound	 Upper Bound
Age	 0.01	 0.03	 0.857	 -0.07	 0.08	 -0.03	 -0.12	 0.815	 -0.27	 0.22
Education level	 -0.56	 -0.27	 0.087	 -1.22	 0.09	 -0.05	 -0.03	 0.943	 -1.55	 1.44
Smoking status	 0.00	 0.00	 0.977	 -0.08	 0.07	 -0.08	 -0.34	 0.317	 -0.24	 0.08
Duration employment	 0.04	 0.09	 0.601	 -0.12	 0.21	 0.13	 0.25	 0.482	 -0.24	 0.50
Frequency of exposure	 0.79	 0.54	 0.000*	 0.39	 1.18	 0.32	 0.22	 0.726	 -1.57	 2.22
to chemicals during paint
manufacturing process

DISCUSSION
	
	 The rapid development of the paint 
manufacturing industry has contributed significantly 
to economic growth in many countries, including 

Malaysia. However, inadequate workplace 
monitoring, lack of awareness regarding hazardous 
agents, and insufficient safety protocols pose 
serious occupational health risks to workers. 
Exposure to complex chemical mixtures in paint 
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manufacturing may lead to increased cytogenetic 
damage, highlighting the need for biomonitoring 
and workplace safety improvements. Hence, this 
study aimed to assess early DNA damage among 
paint manufacturing workers and contribute to 
understanding the occupational exposure risks in 
this industry, as numerous studies have reported 
significant DNA damage in workers exposed to 
complex chemical and paint mixtures.17

	 Our findings indicate a significant increase 
in DNA damage among exposed workers compared 
to the control group. Using the comet assay, we 
observed higher values for comet tail length, 
percentage of DNA in the comet tail, and tail moment 
parameters in exposed workers. Independent t-test 
analysis confirmed statistically significant differences 
between the two groups (p<0.05). These findings 
align with previous studies that reported increased 
DNA damage among individuals exposed to paint 
chemicals, reinforcing concerns about the genotoxic 
potential of occupational chemical exposure.

	 A major challenge in assessing health 
risks in the paint industry is the lack of transparency 
regarding the complete chemical composition of 
paints. However, substances such as toluene, 
xylene, ethylbenzene, butyl and ethyl acetate, 
acetone, methyl isobutyl ketone, and aluminum 
are commonly present and have been linked to 
DNA damage and oxidative stress.8 While much of 
the existing literature focuses on painters, limited 
research has been conducted on workers involved in 
paint manufacturing. This study helps bridge that gap 
by evaluating the early biological effects of chemical 
exposure in this underrepresented population.

	 The comet assay has been widely 
recognized as a sensitive and reliable tool for 
detecting DNA damage, including strand breaks 
and alkali-labile sites. It is particularly useful in 
occupational health studies as it provides rapid and 
cost-effective assessments of genotoxic exposure.10 
The use of buccal mucosa (BM) cells in this study 
further strengthens the findings, as BM cells serve 
as a first-line defense against inhaled or ingested 
carcinogens.70,75 Additionally, buccal cell sampling 
is non-invasive and does not cause undue stress 
to participants, making it an effective method for 
biomonitoring occupational exposure.47

	 In this study, DNA damage was found to 
correlate significantly with employment duration 
but not with smoking status. Workers with shorter 
employment durations (<5 years) exhibited DNA 
damage levels comparable to those with longer 
exposure periods, suggesting that even short-term 
exposure may be harmful. This finding is consistent 
with previous studies18 that reported a positive 
correlation between occupational exposure duration 
and increased genetic damage. However, the 
negative correlation observed in this study suggests 
that newly employed workers may be particularly 
vulnerable to DNA damage, potentially due to 
differences in metabolic detoxification pathways, 
which warrants further investigation into genetic 
polymorphisms and exposure thresholds.63

	 Although some studies have reported no 
significant DNA damage among exposed workers, 
this variation may be attributed to differences in 
chemical concentrations, exposure duration, and 
individual genetic responses. Many chemicals used 
in modern paint formulations are classified as non-
carcinogenic (Category 3), but cumulative exposure 
over time may still pose genotoxic risks.50,73 This 
underscores the need for more stringent occupational 
safety measures, particularly in environments where 
workers handle multiple chemicals simultaneously.

	 The findings of this study have significant 
implications for occupational health and safety in 
the paint manufacturing industry. Employers and 
regulatory authorities, such as the Department 
of Occupational Safety and Health (DOSH), must 
enforce strict safety guidelines, including the 
mandatory use of personal protective equipment 
(PPE) and proper ventilation systems. Additionally, 
implementing biomonitoring programs to assess 
workers' chemical exposure levels can enhance 
workplace safety. Future research should focus on 
validating specific biomarkers for chemical exposure, 
exploring genetic susceptibility to genotoxic effects, 
and developing safer, environmentally friendly 
alternatives in paint production.

Journalism Ethical Considerations
	 Ethical issues (including plagiarism, 
informed consent, errors, falsification and/or 
fabrication of data, multiple publications and/
or submissions, redundancy) have been fully 
addressed by the authors.
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CONCLUSION

	 This cross-sectional study (November 
2021–December 2022) examined DNA damage 
among paint factory workers in Bangi, Selangor, 
Malaysia. Significant differences in comet assay 
parameters (DNA tail length, %DNA in the tail, 
and tail moment) were observed between exposed 
and non-exposed workers (p<0.001), reinforcing 
existing evidence that occupational exposure in the 
paint industry poses a high genotoxic risk. Despite 
this, identifying specific genotoxic hazards from 
the various chemicals used in paint production 
remains challenging. Thus, stringent occupational 
safety regulations are essential, particularly in 
paint manufacturing. Regulatory bodies such 
as the Department of Occupational Safety and 
Health (DOSH) can use this study as a reference 
to implement targeted enforcement and preventive 
measures. Employers must ensure proper personal 
protective equipment (PPE) usage, improve 
ventilation, and establish exposure monitoring 
programs using suitable biomarkers. Future 
research should focus on safer, environmentally 
friendly chemicals and sustainable manufacturing 

processes to mitigate long-term health and 
environmental risks. Prioritizing workers' health not 
only enhances their well-being but also contributes 
to overall workplace productivity and industry 
sustainability.
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