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Abstract: Occupational exposure to toxic chemicals such as Total Volatile 

Organic Compounds (TVOC) from diesel engine exhaust implicates 

genotoxic risk. The objective of this study was to determine the DNA 

damage among KL Sentral depot workers exposed to TVOC by means of 

cytogenetic analysis. Data were obtained partially from disseminated 

questionnaires and buccal cells samples were collected from a total of 27 

depot workers and 10 office workers by using wooden tongue depressor. 

TVOC measurement was carried out by using Photoionisation Detector 

(PID). 4 sampling points were selected, namely Locomotive (LOCO), 

Power Generating Car (PGC), refuelling of diesel and coach. Cytogenetic 

analysis was done by using Acridine Orange (AO) staining. Micronucleus 

(MN) frequency as a biomarker for DNA damage was scored from 1,000 

cells per sample observed under fluorescence microscope. The results 

showed that the overall means of concentrations for TVOC were 0.1±0.1, 

0.0±0.0, 0.1±0.0 and 0.1±0.0 in LOCO, PGC, refuelling of diesel and 

coach, respectively. TVOC concentration measured did not exceed the 

permissible level based on DOSH 2010. For the cytogenetic analysis, depot 

workers showed significantly higher MN (p<0.001) than the office workers. 

Besides that, the sociodemographic factors (e.g., age, smoking status) and 

the MN frequency of the depot workers were also significantly higher than 

the office workers. However, there was no significant difference in MN 

frequency between workers wearing Personal Protective Equipment (PPE) 

and without wearing PPE [MN (p=0.491)]. In addition, there was a positive 

correlation between the working period (year) and the frequency of MN 

with r
2
=0.54, p<0.01. The result also showed that exposure to TVOC was a 

significant predictor of the MN frequency (p<0.001). On the other hand, 

smoking status did not show any significant association with the frequency 

of MN. These findings showed that depot workers exposed to TVOC were 

prone to DNA damage. Therefore, biomonitoring of DNA damage among 

depot workers is recommended in order to improve occupational health and 

safety condition in their workplace.  
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Introduction  

Individual exposure to certain air pollutants has been 

identified to cause DNA damage that increases the rate 

of occurrence of acute and chronic diseases such as 

cancer (Tovalin et al., 2006). However, the severity 

depends on the type of contaminants, toxicity, 

magnitude, duration and frequency of exposure to these 

pollutants (WHO, 1999). 

There are a number of reports on the exposure 

towards Total Volatile Organic Compounds (TVOC) in 

occupational environment. Several carcinogenic agents 

have been identified in contaminated indoor air. TVOC 

are among the most common air pollutants that may 
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have damaging effects on the health of the workers. 

According to the Environmental Protection Agency 

(EPA, 2012), some of the TVOC have been identified to 

have the potential to cause health problems such as mild 

inflammation and irritation of the respiratory tract, 

besides causing severe health problems such as cancer. 

Many hazardous chemicals can be found in the depot 

area, such as paints, fuels, solvents, dry cleaning agent 

and diesel fume. These chemicals contribute to the 

release of TVOC in indoor air environment. 

The World Health Organisation (WHO) describes that 

exhaust diesel, which contains gas components such as 

benzene and formaldehyde, is among the volatile organic 

compounds classified as carcinogenic to human. Some 

studies have proved that the individual exposure to diesel 

fumes increases the risk of stomach and lung cancer 

(Silverman et al., 2012; Sjödahl et al., 2007). DNA 

damage is probably the most important fundamental cause 

of developmental and degenerative diseases (Gemitha and 

Sudha 2013). Hence, biomonitoring of human 

genotoxicity induced by environmental exposure to 

genotoxic agents is highly essential. 

Stich et al., (1983) state that the micronucleus in 

buccal cells is a popular biomarker to determine the 

DNA damage caused by exposure to environmental 

pollutants, lifestyle factors (e.g., alcohol consumption, 

smoking), medical techniques (e.g., radiotherapy 

chemotherapy) and genetic damage in the repair of DNA 

damage. Study by Kayal et al., (1993) also found that the 

analysis of micronucleus in buccal cells is a sensitive 

method to identify genetic damage in human 

populations. Cytogenetic analysis using the 

micronucleus assay has been found to be a useful tool as 

a genotoxicological biomarker for the early detection of 

disease-related changes.  

Train depot workers are engaged in different 

production process which involves the exposure to 

number of chemicals, high temperature and personal 

hygiene varies in their workplace (Hedenstedt et al., 

1977). There is no sufficient information for the 

assessment of genotoxicity concerning the occupational 

exposure to train depot workers. Considering these the 

present study aimed to investigate the genotoxic effects 

in buccal cells in an exposed population of train depot 

workers in Malaysia using MN test.  

Subject and Methods  

Study Population 

A total of 37 individuals (27 depot workers and 10 

controls) were recruited in this study. The workers had 

varying durations of exposure (4-37 years) and in the age 

group of 25-53 years old. 

Depot workers were employed in the daily 

maintenance includes cleaning, repairs and periodic 

inspections of locomotives, coaches and power 

generating car. A group of 10 office workers from the 

same company was also recruited. Subjects who had 

cancer and a history of cancer were excluded in this 

study. The selection criteria were based on a 

questionnaire, which covered standard demographic 

questions (sex, age, smoking status, medical history) 

and occupational questions (duration of exposure by 

year and usage of personal protection equipment). 

Assessment of Exposure to TVOC 

Air concentration of TVOC inside the depot areas 

was measured by photoionisation detector. 4 sampling 

points were selected, namely Locomotive (LOCO), 

Power Generating Car (PGC), refuelling of diesel and 

coach. Two 5 min measurements (one in the morning, 

between 10 and 11 AM and the other in the afternoon, 

between 3 and 4 PM) were done in each point at the 

depot areas.  

 

 
 

Fig. 1. Micronucleated cell (arrow). 400× magnification. Acridine orange staining 
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Analysis of Micronuclei in Buccal Cells 

Buccal cells were collected from each subject by 

using wooden tongue depressor according to the 

criteria established by Tolbert et al. (1992). The 

method was by scrubbing the inside cheeks of the 

mouth. After that, the buccal cells collected were 

agitated in 5 mL cold buffer solution and the 

suspension was centrifuged at 2,000 rpm for 10 min. 

Cell suspension of 200 µL was smeared on precleaned 

slides, fixed and stained with Acridine Orange (AO). 

Slides were evaluated under a fluorescence 

microscope with 400× magnification (Fig. 1). For 

each individual, a total minimum of 1,000 epithelial 

cells were scored for analysis of MN.The criteria 

developed by Tolbert et al. (1992) were used for 

counting the micronuclei, as follows:  

 

• Parameters for identifying micronucleus were 

rounded smooth perimeter;  

• Less than a one-third of the diameter of associated 

nucleus;  

• Staining intensity similar to nucleus; 

• Texture similar to main nucleus;  

• Same focal plane as main nucleus; 

• Absence of overlap with or bridge to nucleus 

• Dead or degenerating cells (e.g., karyolysis, 

karyorrhexis, nuclear fragmentation) were excluded 

from evaluation 

 

Results  

The two groups namely depot workers and office 

workers were comparable in terms of age, race, smoking 

status, working period (by year) and Personal Protective 

Equipment (PPE) usage (Table 1). The overall means of 

concentration for TVOC were 0.1±0.1, 0.0±0.0, 0.1±0.0 

and 0.1±0.0 in LOCO, PGC, refuelling of diesel and 

coach, respectively (Table 2). 

MN Frequencies 

The frequency (mean ± S.E.) of MN per 1,000 

cells in the depot workers (1.22±0.12%) was 

significantly higher than in the office workers 

(0.08±0.06%) with p<0.001 (Fig. 2). The 

sociodemographic factors (e.g., age, smoking status) 

and the frequency of MN of depot workers were also 

significantly higher than the office workers. However, 

there was no significant difference of MN frequency 

between workers wearing PPE and without wearing 

PPE (p=0.491). In addition, there was a positive 

correlation between the working period (year) and the 

frequency of MN with r
2 

= 0.54, p<0.01. 

Association between Exposure to TVOC and MN 

Frequency 

The result showed that exposure to TVOC was a 

significant predictor of the MN frequency. After 

adjustment in age, race and smoking status, a higher MN 

frequency was found to be associated with exposure to 

TVOC (r
2
 = 0.489; p<0.001) (Table 3). 

 

Table 1. Demographic data of the depot workers (exposed 

group) and office workers (nonexposed group) to 

TVOC [data are reported as the % of subjects] 

 Depot workers Office workers 

Subjects (n) 27 10 

Age 

≤40 years old 44% 60% 

>40 years old 56% 40% 

Race 

Malay 78% 90% 

Indian 22% 10% 

Smoking Status 

Regular Smoker 48% 30% 

Nonsmoker 52% 70% 

Working period 

≤20 years 48% 60% 

>20 years 52% 40% 

PPE usage 

With PPE 59% -  

Without PPE  41%   

 
Table 2. TVOC (mean ± SD) for each sampling point at depot area 

  Standard concentration  

Sampling point Mean ± SD (DOSH 2010)  

Locomotive 0.1±0.1 3 ppm 

PGC 0.0±0.0 

Refuelling of diesel  0.1±0.0 

Coach  0.1±0.0 

 

Table 3. The mean frequency (mean ± SD) of micronuclei in exfoliated 
buccal epithelial cells of depot workers and office workers 

Study group  N=37 MN (Mean ± SD) 

Depot workers  Smoking Status   
 Regular Smoker 13 1.29±0.64*    
 Nonsmoker 14 1.16±0.60* 
  
 Age   
 ≤40 years old 12  0.83±0.56*  
 >40 years old 15 1.53±0.46*  
 PPE Usage 
 With PPE 16 1.24±0.64  
 Without PPE 11    1.20±0.59 
Office workers Smoking Status 
 Regular Smoker 3  0.27±0.31 
  
 Nonsmoker 7  0.00±0.00  
 Age  
 ≤40 years old 6  0.00±0.00 
 >40 years old   4  0.20±0.28 
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Fig. 2. Comparison of micronucleus frequency per 1,000 cells between two groups 

 

Discussion 

Occupational exposure to Total Volatile Organic 

Compounds (TVOC) implicates genotoxic risk. 

According to the Environmental Protection Agency 

(EPA, 2012), some TVOC can cause cancer to animal, 

while some are linked to cancer in human. However, 

the health effect of the TVOC exposure depends on the 

nature of the compound itself, the level of exposure and 

the length of exposure. 

People are exposed to TVOC from various sources. 

These compounds are released from solvent-based 

material and paint used or stored in the building or in 

the maintenance operation area. Besides that, TVOC 

are also emitted from burning fuel and diesel exhaust. 

Storage of fuels and organic liquids found in the area of 

diesel locomotives also contributes to the emissions of 

TVOC including benzene, toluene and xylene (NPI, 

2008). 

In this study, micronucleus test was used to 

determine any DNA damage in buccal cells of depot 

workers who were exposed to the TVOC. MN assay is 

regarded as an important biomarker to predict the 

relative risk of occurrence of cancer (Stich et al., 1984). 

Buccal cells are the first barrier for the inhalation and 

are capable of metabolising proximate carcinogens to 

reactive products (Liu et al., 1993; Vondracek et al. 

2001). Approximately 90% of human cancers originate 

from epithelial cells (Rosin, 1992).  

This study found an association between 

occupational exposure with TVOC and frequency of 

MN. The frequency of MN in depot workers was higher 

than office workers. The higher MN among workers 

depots than office workers suggested that TVOC can 

induce genotoxicity in human chromosomes. The finding 

on higher frequency of MNC observed among the group 

exposed to TVOC was also in line with other studies 

especially those focusing on exposure to paint, diesel 

fuel and vehicle exhaust (e.g., Gajalakshmi et al., 2002; 

Çelik et al., 2003; Testa et al., 2005; Martins et al., 2009). 

According to Pappas et al., (2006), tobacco smoke 

is known to contain numerous genotoxic chemicals. 

But, in this study, the results showed no significant 

association between smoking status and frequency of 

MN. Çelik et al. (2003) also found a significant 

increase in the frequency of MN in smokers compared 

to nonsmokers. However, a few studies did not find any 

relationship between the MN frequency and smoking 

habit (Bolognesi et al., 1997; Hessel et al., 2001). In 

addition, Martins et al. (2009) report that there is no 

significant correlation between frequency of MN and 

smoking among individuals exposed to fuel derivatives 

in the workplace. 

Personal Protective Equipment (PPE) is equipment 

applied by workers in order to reduce their exposure to the 

risks and hazards in the workplace. Besides that, it is a last 

control measure after the engineering controls, work 

practices and administrative controls (OSHA, 2006). 

Moreover, the use of Personal Protective Equipment 

(PPE) has been identified as one of the factors that can 

affect the frequency of MN (Bolognesi et al., 2002; Bull, 

2006). However, in this study, the results showed that the 

practice of wearing PPE among workers depots showed 

no significant difference in the frequency of MN per 1,000 

cells. This may be caused by inappropriate and incomplete 

application of PPE. 

The results of monitoring carried out in the depot 

found that most of the depot workers did not wear PPE 

properly. The lack of protection and safety practices in the 

workplace was one of the factors contributing to the 

increase of MN frequency among the workers exposed to 

the TVOC. According to Lander et al. (2000), genotoxic 

effects have been found among workers who do not wear 

PPE while working. In addition, the study by Asmah et al. 

(2012) shows higher MN frequency among farmers 

wearing PPE completely compared to others. 
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Conclusion 

In summary, there was a significant association 

between occupational exposure to TVOC and occurrence 

of MN in buccal epithelial cells. However, 

sociodemographic factors such as age, smoking status 

and application of PPE did not significantly cause DNA 

damage. This study suggests that preventive measures 

against exposure to TVOC in the workplace need to be 

reviewed and perhaps reinforced.  
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