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Abstract

	 Distribution of 10 polycyclic aromatic hydrocarbons (PAHs) in the gas phase of air from selected indoor and  
outdoor areas of Selangor and Malacca, Malaysia has been investigated. A locally designed Semi Permeable Membrane 
Device (SPMD) was applied for passive air sampling for 37 days at selected locations. Cleanup was carried out with Gas  
Purge - Micro Syringe Extraction (GP-MSE) and the final analysis was using Gas Chromatography-Mass Spectrometry 
(GC-MS). In this study, 6 indoor and 12 outdoor locations were selected for air sampling. A total of 10 compounds of 
PAHs (Ʃ10PAHs) were determined in the range of 0.218 ng/m3 - 1.692 ng/m3 and 0.378 ng/m3 - 1.492 ng/m3 in outdoor  
and indoor samples respectively. In the outdoor samples, locations such as near a petrol station and heavy traffic showed 
the maximum levels of Ʃ10PAHs, while rooftop samples showed the lowest Ʃ10PAHs. The distribution of gas phase  
Ʃ10PAHs was influenced by vehicular emission. Low molecular weight (LMW) compounds (2-3 rings) were dominant 
in all samples (>70%) indicating that SPMD has successfully sampled the gas phase of the air.

Keywords:  polycyclic aromatic hydrocarbons (PAHs); indoor /outdoor air; semi permeable membrane device (SPMD)

1. Introduction

	 Polycyclic aromatic hydrocarbons (PAHs) are 
well known as hazardous air pollutants. Some of the 
compounds such as benzo(a)anthracene, benzo(a)
pyrene and dibenzo(ah)anthracene were classified as 
carcinogenic to humans. PAHs consist of two and more 
fused aromatic benzene rings and can be classified into 
two categories; low molecular weight (LMW) (2-3 
rings) and high molecular weight (HMW) (≥4 rings). 
LMW PAHs often associated with gas phase and HMW 
PAHs occur mainly in the particulate phase. Both gas 
and particulate phases are important in finding out the 
point sources and their possible toxic impacts. Park 
et al. (2001) suggested that although the lighter PAH 
compounds are considered to be less toxic, they are able 
to react with other pollutants (such as ozone, nitrogen 
oxides, and sulfur dioxide) to form diones, nitro- and 
dinitro-PAHs, and sulfuric acids, which may have more 
toxic significance.

	 The presence of PAHs in the environment is  
primarily due to emissions from incomplete combustion 
of carbon containing materials from natural, industrial, 
commercial, vehicular and residential sources (Kim  
et al., 2012). Studies on particulate PAHs in ambient 
air of Malaysia had been done by many researchers 
(Omar et al., 2006; Bahry et al., 2009; Jamhari et al., 
2014). They found that PAHs distribution in ambient 
air in Malaysia was mainly contributed by vehicular  
and traffic emissions. Unfortunately, no information is 
available on gas phase PAHs in Malaysia. However,  
He and Balasubramanian (2010) reported the  
concentration of gaseous PAHs (5.3 ng/m3 to 277.2  
ng/m3) in Singapore. Meanwhile, Wu et al. (2012) 
reported the ambient level of gaseous PAHs in Taiwan 
as 628.8 ± 545.1 ng/m3 in summer and 2189 ± 1194 
ng/m3 in winter.
	 The objective of this study is to investigate  
the level of gas phase PAHs in indoor and outdoor air 
located at Serdang, Selangor and Bachang, Malacca.  
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1. Introduction

In India, about 200 tons of mercury and its
compounds are introduced into the environment
annually as effluents from industries (Saffi, 1981).
Mercuric chloride has been used in agriculture as a
fungicide, in medicine as a topical antiseptic and
disinfectant, and in chemistry as an intermediate in
the production of other mercury compounds. The
contamination of aquatic ecosystems by heavy
metals and pesticides has gained increasing attention
in recent decades. Chronic exposure to and
accumulation of these chemicals in aquatic biota
can result in tissue burdens that produce adverse
effects not only in the directly exposed organisms,
but also in human beings.

Fish provides a suitable model for monitoring
aquatic genotoxicity and wastewater quality
because of its ability to metabolize xenobiotics and
accumulated pollutants. A micronucleus assay has
been used successfully in several species (De Flora,
et al., 1993, Al-Sabti and Metcalfe, 1995). The
micronucleus (MN) test has been developed
together with DNA-unwinding assays as
perspective methods for mass monitoring of
clastogenicity and genotoxicity in fish and mussels
(Dailianis et al., 2003).

The MN tests have been successfully used as
a measure of genotoxic stress in fish, under both

laboratory and field conditions. In 2006 Soumendra
et al., made an attempt to detect genetic biomarkers
in two fish species, Labeo bata and Oreochromis
mossambica, by MN and binucleate (BN)
erythrocytes in the gill and kidney erythrocytes
exposed to thermal power plant discharge at
Titagarh Thermal Power Plant, Kolkata, India.

The present study was conducted to determine
the acute genotoxicity of the heavy metal compound
HgCl2 in static systems. Mercuric chloride is toxic,
solvable in water hence it can penetrate the aquatic
animals. Mutagenic studies with native fish species
represent an important effort in determining the
potential effects of toxic agents. This study was
carried out to evaluate the use of the micronucleus
test (MN) for the estimation of aquatic pollution
using marine edible fish under lab conditions.

2. Materials and methods

2.1. Sample Collection

The fish species selected for the present study
was collected from Pudhumadam coast of Gulf of
Mannar, Southeast Coast of India. Therapon
jarbua belongs to the order Perciformes of the
family Theraponidae. The fish species, Therapon
jarbua (6-6.3 cm in length and 4-4.25 g in weight)
was selected for the detection of genotoxic effect
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We have simplified the procedure with a Semi  
Permeable Membrane Device (SPMD) for passive 
air sampling followed by Gas Purge Micro Syringe  
Extract ion (GP-MSE) cleanup and GC-MS  
determination.

2. Materials and Methods

2.1	 SPMD design

	 Principles of SPMD as explained by Esteve- 
Turrillas et al .  (2007) have been applied in  
developing a simple sampling device with locally 
available materials. Briefly, the sampler consisted of  
a 2 ml vial smeared inside with 10 μl of Triolein  
(99%) and enclosed in a non-woven fabric bag (5-15  
μm pore size) which acted as a semi permeable  
membrane filter. The SMPD sampler housed in a rain 
proof casing was hung at study locations where only 
gas phase volatile and semi volatile compounds were 
trapped.

2.2	 Sampling

	 Six indoor (ID) and twelve outdoor (OD)  
locations were sampled for this study. SPMD passive  
air samplers were hung at selected locations as in  
Table 1. Indoor air samples included shops (ID1-ID4)  
and cars (ID5 and ID6). Meanwhile, outdoor samples 
included places with heavy traffic, petrol station  
(OD4 and OD12), industrial/waste dump site areas 
(OD5-OD8), university area (OD11), parks and  
lake-side (OD1-OD3). Indoor sampling was done at  
Serdang, Selangor except for an Old Car (ID 6) at 
Bachang, Malacca. OD1-OD5 represented outdoor 
samples from Serdang, Selangor while OD6-OD12 
were samples from outdoor areas in Bachang,  
Melacca. Air samples OD6-OD9 were collected 
near electronics waste dump sites or factories  
manufacturing electronic equipments. The interest 
was to identify any gaseous emission of PAHs from 
those sites. All samples were exposed for 37 days 
(27th August 2014 - 3rd August 2014) for sampling in 
Selangor and (28th August 2014 - 4th August 2014)  
for sampling in Malacca. The exposure period was set 
based on PCBs equilibration in Triolein (Ockenden  
et al., 2001) during the sampling period, haze  
occurrence was reported by Department of  
Environment (DOE), Malaysia. It occurred from 17 
September to 12 October in the year 2014, in the 
west coast and northern parts of Peninsular Malaysia.  
However, our sampling locations were not much  
influenced by the haze according to the reported 

API (Air Pollution Index) of (30-40) and (20-30) in  
Bachang and Serdang respectively. This is considered 
‘moderate’ by DOE.

2.3	 Extraction

	 Triolein in each sample vials were dissolved and 
rinsed with minimum volume of n-hexane (GR grade, 
Merck, Germany). The extracts were concentrated 
down to 40 μl using nitrogen blow and then further 
extracted with GP-MSE® (ME-101 Multifunctional  
Micro-extraction, China).  GP-MSE® sample  
pretreatment technology was developed by Yang 
et al. (2011) and the setup parameter for PAHs  
extraction was selected based on the evaluation of  
He et al. (2014). Approximately 100 μl of sample 
extracts were collected and transferred to GC vials  
for the analysis.

2.4	 Analysis

	 Samples were identified and quantified using gas 
chromatography (GC) - Agilent 6890N, USA equipped 
with Mass Selective Detector (MSD) - Agilent 5975C. 
HP-5MS capillary column with 30 m length, 0.25 
mm i.d, 0.25 μm film thickness (Agilent J&W, USA) 
was used for the separation. The GC temperature was  
programmed as follows: initial 40°C, 30°C/min to 
150°C, 4°C/min to 310°C, hold 5 min. The mass  
spectrometry was operated under electron ionization 
(EI) mode. Helium gas was used as a carrier at a flow 
rate of 1.0 mL/min.
	 External calibration was performed with  
the PAH-MIX 18, Dr.Ehrenstorfer, GmbH, Germany. 
Only PAH compounds with quality value (Qvalue)  
more than 60% were measured for the QC screening. 
Thus, 10 compounds of PAHs namely Naphthalene 
(Nap), Acenaphtylene (Ace), Fluorene (Flu),  
Anthracene (Ant), Phenanthrene (Phe), Pyrene 
(Pyr), Benzo(a) Anthracene (BaA), Chrysene (Chy), 
Benzo(a)Pyrene (BaP) and Benzo(ghi)Perylene (BgP) 
were selected for further quantification with SIM 
mode. Linear calibration of 10, 30 and 50 μg/L for all  
compounds showed very good linearity (r2). Calculation 
of individual and total PAHs (Ʃ10PAHs) amount was 
in pg/m3 and ng/m3 respectively and based on equation  
suggested by Kannan and Petrick (2009).

3. Results and Discussion

	 Table 1 shows the concentration of Ʃ10PAHs  
among the indoor and outdoor samples. The 
concentration range for indoor air was 0.31 ng/m3 -  
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1.49 ng/m3 and for outdoor air was 0.22 ng/m3 - 1.97 
ng/m3. Concentration of Ʃ10PAHs in the gas phase  
was obviously lower than the reported values in  
particulate phase in air. For example, during  
non-haze situation in Malaysia the ambient air  
concentration (mean) was 3.69 ng/m3 (Okuda  
et al., 2002). In comparison, Kim et al. (2012) found  
the annual arithmetic average concentrations of  
gaseous and particulate Σ14 PAHs were 1.4 ng/m3 
and 2.9 ng/m3, respectively in Gosan, Korea. Chang 
et al. (2006) reported that gaseous phase of PAHs  
in urban, suburban and rural areas in Taiwan still  
carries 50-90% of PAHs compared to particulate 
phase. Interestingly, a measurement of 16 PAHs 
in gaseous phase of air in Singapore ranged 
between 5.3 to 277.2 ng/m3 with a median value 
of 98.3 ng/m3 (He and Balasubramanian, 2010). 
The difference could be due to different sampling  
methodology, metrological factors and sampling  
locations. This could also be attributed to an increase in 
the number of on-road vehicles in highly industrialized 
and small city state like Singapore.

	 Based on the table 1, it was observed that indoor 
air concentration of Ʃ10PAHs in a car workshop was  
the highest with a value of 1.49 ng/m3 and  
a photocopy shop showed the lowest with 0.31 ng/m3. 
A radio repair shop showed the second highest value  
of 1.30 ng/m3. On the other hand, a motorcycle  
workshop revealed only 0.35 ng/m3. Indoor air samples 
of two cars were investigated as well. An old car  
showed a concentration of 0.49 ng/m3 slightly higher 
than a new car - 0.46 ng/m3. High concentration 
of PAHs in a car workshop was obviously from  
automobile repair activity and also the engine fuel 
combustion within the area. Diesel trucks were the 
major source of LMW PAHs, whereas light-duty 
gasoline vehicles were the dominant source of HMW 
PAHs (Srogi, 2007). As illustrated in Fig. 1, Fluorene 
(Flu) was the most abundant PAH in the car workshop 
pointing to the fact that fuel exhaust fumes could be 
a source in that area. Naphthalene (Nap) existed in all 
samples, especially at high concentration in the radio 
repair shop and in the automobile workshop. The  
occurrence of naphthalene, a LMW PAH, reflects  
the sampling efficiency of SPMD in capturing  
the gaseous phase of the air.

3. Results and Discussion 
 

Table 1 shows the concentration of Ʃ10PAHs among the indoor and outdoor samples. The 
concentration range for indoor air was 0.31 ng/m3 - 1.49 ng/m3 and for outdoor air was 0.22 ng/m3 - 1.97 
ng/m3. Concentration of Ʃ10PAHs in the gas phase was obviously lower than the reported values in particulate 
phase in air. For example, during non-haze situation in Malaysia the ambient air concentration (mean) was 
3.69 ng/m3 (Okuda et al., 2002). In comparison, (Kim et al., 2012) found the annual arithmetic average 
concentrations of gaseous and particulate Σ14 PAHs were 1.4 ng/m3 and 2.9 ng/m3, respectively in Gosan, 
Korea. Chang et al. (2006) reported that gaseous phase of PAHs in urban, suburban and rural areas in Taiwan 
still carries 50-90% of PAHs compared to particulate phase. Interestingly, a measurement of 16 PAHs in 
gaseous phase of air in Singapore ranged between 5.3 to 277.2 ng/m3 with a median value of 98.3 ng/m3 (He 
and Balasubramanian, 2010). The difference could be due to different sampling methodology, metrological 
factors and sampling locations. This could also be attributed to an increase in the number of on-road vehicles 
in highly industrialized and small city state like Singapore. 
 
Table 1. Concentration of Ʃ10PAHs for indoor and outdoor sample 
 

Sample Description Ʃ10PAHs 
(ng/m3) 

Indoor 
ID 1 

 
Car workshop 

 
1.49 

ID 2 Motorcycle workshop 0.35 
ID 3 
ID 4 
ID 5 
ID 6 
 
Outdoor 
OD 1 
OD 2 
OD 3 
OD 4 
OD 5 
OD 6 
OD 7 
OD 8 
OD 9 
OD 10 
OD 11 
OD 12 

Radio repair shop 
Photocopy shop 
New car 
Old car 
 
 
Herb Garden 
Forest 
Small Lake 
/Heavy Traffic 
Car scrap yard 
Electronic waste site A 
Electronic waste site B 
Electronic waste site C 
Electronic waste site D 
Industrial Area 
Rooftop 
Petrol station 

1.30 
0.31 
0.46 
0.49 

 
 

1.03 
1.03 
0.92 
1.74 
0.48 
0.40 
0.56 
0.75 
0.44 
0.54 
0.22 
1.97 

 
Based on the table 1, it was observed that indoor air concentration of Ʃ10PAHs in a car workshop was 

the highest with a value of 1.49 ng/m3 and a photocopy shop showed the lowest with 0.31 ng/m3. A radio 
repair shop showed the second highest value of 1.30 ng/m3. On the other hand, a motorcycle workshop 
revealed only 0.35 ng/m3. Indoor air samples of two cars were investigated as well. An old car showed a 
concentration of 0.49 ng/m3 slightly higher than a new car - 0.46 ng/m3. High concentration of PAHs in a car 
workshop was obviously from automobile repair activity and also the engine fuel combustion within the area. 
Diesel trucks were the major source of LMW PAHs, whereas light-duty gasoline vehicles were the dominant 
source of HMW PAHs (Srogi, 2007). As illustrated in Fig. 1, Fluorene (Flu) was the most abundant PAH in 
the car workshop pointing to the fact that fuel exhaust fumes could be a source in that area. Naphthalene 
(Nap) existed in all samples, especially at high concentration in the radio repair shop and in the automobile 
workshop. The occurrence of naphthalene, a LMW PAH, reflects the sampling efficiency of SPMD in 
capturing the gaseous phase of the air. 
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	 Among the outdoor samples, a location near  
petrol station (OD12) and a location nearby heavy  
traffic (OD4) showed the highest concentrations  
namely, 1.97 ng/m3 and 1.74 ng/m3 respectively. It can 
be concluded that vehicular emissions from the traffic 
are the main sources of gas phase PAHs in those  
areas. Studies by Okuda et al. (2002); Omar et al. 
(2006); Bahry et al. (2009) and Jamhari et al. (2014) 
also found out the contribution of motor vehicle  
emissions in higher concentration of PAHs in  
Malaysia. According to Chang et al. (2006), the major 
sources of PAHs in most Asian countries are traffic 
exhaust. The lowest Ʃ10PAHs concentration of  
0.22 ng/m3 was found at the roof top (OD11) of  
the residential area in Bachang , Malacca indicating  
the site was less polluted with gas phase PAHs.

	 Fig. 2 shows the distribution of individual 
PAHs in outdoor areas. Generally, LMW compounds 
were dominant, with Acenaphtylene (Ace) as a  
significant compound in all samples except the roof  
top sample. Fluorene was rich at heavy traffic and  
petrol station samples reflecting vehicular emissions  
and petroleum-based fuels (Fang et al., 2005).
	 Fig. 3 shows the percentage of LMW and HMW 
in all samples. The LMW PAHs were dominant in all 
air samples as expected and found to be more than 
70% of Ʃ10PAHs. In general, LMW PAHs are present  
in gaseous phase and those with four rings occur in  
both phases while those with five or more rings are 
found in particulate phase (Rao et al., 2007).

 

 
Figure 1. Distribution of individual PAHs in the indoor area 

 
Among the outdoor samples, a location near petrol station (OD12) and a location nearby heavy traffic 

(OD4) showed the highest concentrations namely, 1.97 ng/m3 and 1.74 ng/m3 respectively. It can be 
concluded that vehicular emissions from the traffic are the main sources of gas phase PAHs in those areas. 
Studies by Okuda et al. (2002); Omar et al. (2006); Bahry et al. (2009) and Jamhari et al. (2014) also found 
out the contribution of motor vehicle emissions in higher concentration of PAHs in Malaysia. According to 
Chang et al. (2006), the major sources of PAHs in most Asian countries are traffic exhaust. The lowest 
Ʃ10PAHs concentration of 0.22 ng/m3 was found at the roof top (OD11) of the residential area in Bachang , 
Malacca indicating the site was less polluted with gas phase PAHs. 

Fig. 2 shows the distribution of individual PAHs in outdoor areas. Generally, LMW compounds were 
dominant, with Acenaphtylene (Ace) as a significant compound in all samples except the roof top sample. 
Fluorene was rich at heavy traffic and petrol station samples reflecting vehicular emissions and petroleum-
based fuels (Fang et al., 2005).  
 

 
Figure 2. Distribution of individual PAHs in outdoor area 

 
Fig. 3 shows the percentage of LMW and HMW in all samples. The LMW PAHs were dominant in 

all air samples as expected and found to be more than 70% of Ʃ10PAHs. In general, LMW PAHs are present in 
gaseous phase and those with four rings occur in both phases while those with five or more rings are found in 
particulate phase (Rao et al., 2007). 

Even though the diagnostic ratios of LMW to HMW seem to show a petrogenic source, it is hard to 
conclude with only gas phase composition. Unfortunately, SPMD sampler captures only gaseous phase. 
Tobiszewski and Namieśnik (2012) suggested that total concentration of atmospheric PAHs (gas + 
particulate) should be used to calculate diagnostic ratio. 
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Among the outdoor samples, a location near petrol station (OD12) and a location nearby heavy traffic 

(OD4) showed the highest concentrations namely, 1.97 ng/m3 and 1.74 ng/m3 respectively. It can be 
concluded that vehicular emissions from the traffic are the main sources of gas phase PAHs in those areas. 
Studies by Okuda et al. (2002); Omar et al. (2006); Bahry et al. (2009) and Jamhari et al. (2014) also found 
out the contribution of motor vehicle emissions in higher concentration of PAHs in Malaysia. According to 
Chang et al. (2006), the major sources of PAHs in most Asian countries are traffic exhaust. The lowest 
Ʃ10PAHs concentration of 0.22 ng/m3 was found at the roof top (OD11) of the residential area in Bachang , 
Malacca indicating the site was less polluted with gas phase PAHs. 

Fig. 2 shows the distribution of individual PAHs in outdoor areas. Generally, LMW compounds were 
dominant, with Acenaphtylene (Ace) as a significant compound in all samples except the roof top sample. 
Fluorene was rich at heavy traffic and petrol station samples reflecting vehicular emissions and petroleum-
based fuels (Fang et al., 2005).  
 

 
Figure 2. Distribution of individual PAHs in outdoor area 

 
Fig. 3 shows the percentage of LMW and HMW in all samples. The LMW PAHs were dominant in 

all air samples as expected and found to be more than 70% of Ʃ10PAHs. In general, LMW PAHs are present in 
gaseous phase and those with four rings occur in both phases while those with five or more rings are found in 
particulate phase (Rao et al., 2007). 

Even though the diagnostic ratios of LMW to HMW seem to show a petrogenic source, it is hard to 
conclude with only gas phase composition. Unfortunately, SPMD sampler captures only gaseous phase. 
Tobiszewski and Namieśnik (2012) suggested that total concentration of atmospheric PAHs (gas + 
particulate) should be used to calculate diagnostic ratio. 
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	 Even though the diagnostic ratios of LMW  
to HMW seem to show a petrogenic source, it is 
hard to conclude with only gas phase composition.  
Unfortunately, SPMD sampler captures only gaseous 
phase. Tobiszewski and Namieśnik (2012) suggested 
that total concentration of atmospheric PAHs 
(gas + particulate) should be used to calculate  
diagnostic ratio.

4. Conclusions

	 The concentration of gas phase Ʃ10PAHs as  
determined by SPMD passive air sampler in indoor 
and outdoor samples was dominated by LMW PAHs. 
Outdoor samples with highest concentration of 
PAHs were from heavy traffic and near petrol station  
locations indicating vehicular emission as a possible 
source. Similarly, an indoor sample at a car workshop 
was found to have high gaseous PAHs indicating 
fuel combustion from motor vehicles as a source.  
Application of SMPD techniques for gaseous PAHs 
determination shows comparable results with other 
such passive sampling methods (e.g. Polyurethene 
Foam (PUF)). However, more studies are needed to 
verify various quantitative methods. In summary,  
these data clearly suggest that a new design of  
SPMD used in this study, along with the cleanup  
using GP-MSE® could be utilized as useful  
techniques in detecting gas phase PAHs.	
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Figure 3. Percentage of LMW Vs HMW 
 
4. Conclusions 
 

The concentration of gas phase Ʃ10PAHs as determined by SPMD passive air sampler in indoor and 
outdoor samples was dominated by LMW PAHs. Outdoor samples with highest concentration of PAHs were 
from heavy traffic and near petrol station locations indicating vehicular emission as a possible source. 
Similarly, an indoor sample at a car workshop was found to have high gaseous PAHs indicating fuel 
combustion from motor vehicles as a source. Application of SMPD techniques for gaseous PAHs 
determination shows comparable results with other such passive sampling methods (e.g. Polyurethene Foam   
(PUF)). However, more studies are needed to verify various quantitative methods. In summary, these data 
clearly suggest that a new design of SPMD used in this study, along with the cleanup using GP-MSE® could 
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