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Abstract

The results of VOC monitoring in a residential area abutting a petrochemical complex and the
influence of causative parameters on the concentration is discussed in this paper. The monitored data
reveals that about 21 hazardous VOC are predominantly present in the study area. Toluene is the most
abundant compound of all. The mean concentration of benzene, a known carcinogen, is 38 ug/m3. The wide
variation in toluene to benzene ratio (T/B) and the weak correlation between the concentration of various
compounds and NOx indicate that they are contributed by multiple sources. There is no fixed pattern
observed in the concentration variation between morning and evening samples. The BTEX ratio observed
in this study varies from 1:2.6:0.3:0.2 to 1:9.5; 2.1:1.4. The study reveals that the hazardous VOC in the
study area are contributed by multiple sources and that the concentration of some of them is very high.
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1. Introduction

The volatile organic compounds (VOC) in the atmosphere can be broadly classified into two types;
one that is having significant direct risk to human health and ecosystem and the other that take part in the
complex photochemical reaction leading to the formation of high amounts of troposphere ozone,
Peroxyacyl Nitrates (PAN) and other oxidants in urban areas (Colbeck and Mackenzie, 1994; Brown et al.,
2007; Liu et al., 2008; Wang and Zhao, 2008; Parra et al., 2009). Petroleum refineries, petrochemical
industries, automobiles, combustion of fossil fuels and biomass, use of solvents and marketing of petroleum
products are major sources of VOC in urban environment (Jorquera and Rappengluck, 2004; Kansal, 2009).
Many earlier studies reported that the VOC emission from petroleum refineries and petrochemical
industries are hazardous in nature and pose serious risk to human health and that these industries heavily
influence the concentration of ambient VOC in the vicinity (Badol et al., 2008; Nguyen et al., 2009).
Comprehensive monitoring of ambient VOC to quantify their ambient concentrations, to identify their
emission sources and to assess contribution levels of various sources is essential for developing strategies
for management of VOC (Environment Australia, 2006; Wang and Zhao, 2008). These studies had also
assessed the benzene, toluene, ethylbenzene and xylene (BTEX) ratios and toluene to benzene (T/B) ratio
and used them to assess the contributing sources.
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Studies had also monitored the diurnal and seasonal variations of the concentration of various
compounds. Quantity of highly reactive species usually decrease in daylight time due to photochemical
reactions, but the quantity of relatively less reactive species gradually increases due to accumulation.
Wang and Zhao (2008) assessed ambient volatile organic compounds near major roads in urban
Nanjing, China and found that the toluene-to-benzene ratios were 4.4 and 3.8 in the first and the second
sampling campaign, respectively. Liu et al. (2008), while monitoring the ambient VOC in an industrial
city of southern Taiwan found that toluene, isopentane, ethylbenzene, and benzene were the most
abundant species with high T/B ratios (7.56 — 14.25) and concluded that the higher ratio was due to
impact from industries and mobile emissions. It was also observed in this study that the small X/B and
X/E (0.38-0.65) both revealed the fact that photochemical reactions were active.

In urban areas, especially in cities where petroleum refineries and petrochemical industries are
located, a large population of people are exposed to high levels of toxic and hazardous VOC. Poverty
and improper town planning force a large number of people to live close to the potential sources like
petrochemical complexes. Regular monitoring of hazardous VOC in the ambient air is not carried out in
many countries. Hence, there is no or very limited information is available on the prevailing
concentration of predominant hazardous VOC in the atmosphere. Even with the available information,
the enforcing agencies are struggling hard to evolve strategies for the management of these VOC due to
difficulties in identifying contributing sources and their contribution levels. In countries like India this
problem is more complex as profiles of VOC emission from various potential contributing sources are
also not available.

The main objective of the reported work was to assess the levels of hazardous VOC present in
the typical identified area and to establish a relationship between their concentration and their causative
parameters. This paper discusses the results of monitoring of hazardous VOC at Manali near Chennai, a
South Indian metropolitan city, where a large petrochemical industrial complex is located. The
identification of predominantly present compounds and their concentration variation with respect to
possible influencing parameters are the major aspects discussed in this paper.

2. Study Area

2.1 Geographical Details

Chennai is the fourth largest city in India located on its east coast. The total area of the city is
174 km2. A 13 km long beach, the second longest beach in the world is one of the significant features of
the city. A petrochemical industrial complex is located on its outskirt on the northern side at a place
called Manali. This complex has a major petroleum refinery, surrounded by more than 15 large scale
petrochemical industries. The emissions from these industries affect the quality of ambient air in the
city. In addition to these industries there are about 25 lakh vehicle plying on the Chennai roads every
day. Chennai Corporation is dumping more than 50% (about 1500 T/d) of the total unsegregated solid
wastes generated in the city in a huge area at Kodungaiyur near Manali industrial complex. The
municipal solid waste dumping yard of Manali municipality lies in between these large petrochemical
industries. Open burning of solid wastes takes place round the clock in all these dump yards resulting in
contribution of several hazardous air pollutants to the ambient air. In addition to these sources, there are
large scale sewage and industrial effluent treatment plants located in and around this area. Thus, it can
be seen that this location is highly susceptible to the exposure of various hazardous air pollutants. The
location of the study area is shown in Figure 1.

2.2 Meteorological Details

The mean winter temperature of Chennai is 30 oC and the mean summer temperature is 35°C.
The maximum ambient temperature is as high as 43°C during hottest months of April and May. October
to December is the monsoon period with average rainfall of 1100 mm/year. The wind pattern in Chennai

49



Mohan & Ethirajan /Journal of Tropical Forestry and Environment Vol. 2, No. 01 (2012) 48-59

is unique. South-west winds are predominant for about 7 months in a year between March and
September. The north-east winds are common during October to February. However, being a coastal
city there is a major diurnal variation in wind direction and wind speed in Chennai. Even during south-
west wind season a substantial part of the day may experience easterly or north-easterly winds.
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Figure 1: Manali Petrochemical Industrial Complex

2.3 Contributing Sources

VOC are contributed by almost all the sources of air pollution. Petroleum refineries and
petrochemical industries are the major sources of VOC in the areas where these industries are located
(Liu et al., 2008; Wang and Zhao, 2008; Parra et al., 2009). Several studies reveal that automobiles are

significant contributors in non-industrialized urban areas (Nguyen et al., 2009; Parra et al., 2009).
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Kansal (2009) reported that biomass burning contributes to about 45 % of the total VOC emitted by
anthropogenic sources on the earth. Wastewater treatment plants also emit large amount of VOC (Cheng
et al., 2008). Hence, a detailed assessment of various emission sources of VOC in the selected study area
was carried out. The significant industrial sources that were identified are listed in Table 1. The details
about other significant sources such as automobiles, open burning of un-segregated garbage and
biomass, waste disposal sites, fuel distribution centers were also collected. It was identified from this
assessment that the following five major source types are contributing to the ambient VOC
concentration in the study area; Petroleum refinery, Petrochemical industries, Sewage and industrial
wastewater treatment plants, Open dumping and burning of solid wastes and Automobiles.

Tablel: Details of Significant Industrial Sources of VOC at Manali

SI No Type of Industry Raw Materials Product
1 Petroleum Refinery —  Crude Oil Petroleum products like LPG,
1 No Naphtha, MS, Diesel, SKO,

Lube oil, Wax, Hexane, FO
2 Fertilizer Industry =2 ~ Naphtha

Nos. Phosphoric Acid Urea
Potash NPK
3 Petrochemical Propylene, Chlorine, Lime, ) ) )
Industries Kerosene, Benzene, Methanol, Epichlorohydrin, Linear Alkyl

— 13 Nos. Terepthalic Acid, Mono Ethylene ~ Benzene, Propylene Oxide,
Glycol, Mono Propylene Glycol, Propylene Glycol, Polyol,
Pure Isopthalic Acid, Alkyl Phenol, Polye‘:ster, PET, Lube oil ,
Sulphur, Naphthalene, Sulphuric gdd1t1ves, Syntan, Sythetlc fat
Acid, Formaldehyde, Caprolactum, liquor, Grease & Lubrlcants,
LPG, Aluminum Trichloride, Nylon tyre card fabric & yarn,
Epichlorohydrin, Bisphenol-A, Poly butylenes, Epoxy Resin,
Sodium Hydroxide, Hydro Methyl Ethyl Ketone
Choleric Acid, Polyamides.

2.4 Sampling and Analysis

As monitoring and assessment of the ambient concentration of various hazardous VOC present
in the study area had not been done prior to this study, it was monitored as a part of this study. Manali
Police Station situated at Manali residential area was identified as sampling location. All samples were
collected from this location. The sampling and analysis were carried out as per the procedures laid down
in US EPA compendium method TO-17 (US EPA, 1997). As the study area is dominated by industrial
sources, emphasis was given to the assessment of VOC that are more hazardous. The ambient air
samples were collected in standard adsorption tubes of Marks International Ltd with 3.67 mm ID and
128.02 mm length. The tube contains tenex and carbopack B in the ratio of 125 mg to 75 mg. The SKC
make low volume sampler (Model No. SKC/224/PCXR8) was used to draw air through these adsorption
tubes (Kuntasal et al., 2005; Ras et al., 2008). Most of the samples were collected with an air flow rate
of about 84 ml/min for two hours resulting in collection of pollutants from about 10 L of air (Borrego et
al., 2006, Hellen et al., 2006). However, simultaneous samples were also collected with different flow
rates and for different durations to assess the influence of these parameters in sampling. Samples were
collected between 8 a.m. and 10 a.m. in the morning and 4 p.m. and 6 p.m. in the evening as per this
protocol (Hellen et al., 2003). Some samples were also collected in the night between 10 p.m. and 12
Midnight. A total of 50 samples (23 samples during weekdays and 27 samples during
weekends/holidays) were collected between July 2008 and October 2009. The sample tubes were
thermally desorbed to release the pollutants and the pollutants were analysed in GC-MS.
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The adsorption tubes were desorbed at 250°C for 10 min. The pollutants from the thermal
desorption were collected in a secondary trap at 10°C. The secondary trap was then rapidly heated to
300°C to release all the pollutants to the GC column. A column of 60 m length, 0.25 mm ID and 4
micron thickness solid coating of Varian make was used. MS detector (Scan mode) of Agilent
Technologies make (Model No. 6890N/59731inat) was used to detect and quantify the pollutants (Parra et
al., 2009). The initial temperature of the column was 35°C for 3 min. The temperature of the column was
raised at the rate of 8°C/min up to 90°C. After 2 min at 90°C, the temperature was raised at the rate of
6°C/min to 240°C. The total run time of the sample was 40 min (Harrison and Roger 1986; Ribes et al.,
2007). All the detected compounds were identified using NIFT library. Compounds listed under 60
target compound list of US EPA were quantified using appropriate standard.

3. Results and Discussion

3.1 Compounds and concentrations

Several studies have reported that hundreds of different compounds were detected when
monitoring VOC in urban areas (Wang and Zhao, 2008; Nguyen et al., 2009). In this study, about 40
different volatile organic compounds were detected in all the samples that were analysed and more than
100 different compounds were detected in some of the samples. Out of these compounds, the
compounds that are listed under 60 target compound list of US EPA were quantified using appropriate
standard. Among these 60 compounds, about 21 hazardous volatile organic compounds were
predominantly present in all the samples. The maximum, minimum and mean concentrations of all these
21 compounds are listed in Table 2.

Table 2: Observed concentrations of different VOC

Concentration in pg/m’

SI. No Compounds

Maximum Minimum Mean
1 Benzene 83.25 13.24 38.23
2 Toluene 352.58 49.87 156.14
3 Ethylbenzene 61.40 5.43 27.37
4 m,p-Xylene 59.52 3.97 26.80
5 0-Xylene 54.52 2.29 22.94
6 1,2-Dichloropropane 59.16 0.00 13.71
7 Trichloroethylene 13.65 0.10 4.59
8 Styrene 22.00 1.00 6.31
9 1,3,5-Trimethylbenzene 27.20 0.41 7.22
10 1,2,4-Trimethylbenzene 12.25 0.42 4.67
11 Naphthalene 23.56 0.43 7.04
12 Isopropylbenzene 5.27 0.00 1.31
13 n-Propylbenzene 9.51 0.10 2.97
14 Carbon Tetrachloride 23.96 0.00 7.75
15 1,4-Dichlorobenzene 18.35 0.00 4.33
16 Secbutylbenzene 3.32 0.00 0.34
17 4-Isopropyltolune 13.17 0.00 1.76
18 Butylbenzene 6.32 0.00 0.42
19 Chloroform 19.01 0.00 20.21
20 1,2-Dichloroethane 84.16 0.00 9.50
21 Trichlorofluoromethane 0.92 0.00 0.04

W
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Toluene is the most abundant compound of all with concentration ranging from 50pg/m’ to 350
ng/m’. Concentration of toluene observed in similar studies were not so high as observed in this study
even though toluene was also found to be most abundant compound in all the studies (Guo et al., 2004;
Nguyen et al., 2009). World Health Organization (WHO) recommended a maximum of 260pg/m’ of
toluene averaged over a week as a limiting value or the protection of human health from toluene (Parra
et al., 2009). The toluene concentration in about 10% of samples exceeds 260pg/m’. The mean
concentration of Benzene, a known carcinogen (WHO, 2000) is 38ug/m’. Benzene is the only VOC for
which standard has been prescribed in the new National Ambient Air Quality Standards of India as
5ug/m’. Benzene concentration exceeds this level in almost all the samples (Figure 2). The mean
concentration of 1,2-dichloroethane, 1,4-dichlorobenzene, trichloroethylene, and chloroform is also high
and not many monitoring studies had identified such a high concentration of halogenated VOC in the
ambient air (Fernandez et al., 2004; Nguyen et al., 2009; Parra et al., 2009).
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Figure 2: Variation of benzene concentration among different samples.

The analysis of variation in the concentration of pollutants in different samples indicates that
there is no common trend between all the pollutants. However, a strong correlation exists between the
concentrations of certain specific compounds. Benzene, toluene, ethylbenzene, m,p-xylene and o-xylene
are strongly correlated with coefficients ranging between 0.70 and 0.90 similar to what was observed by
Fernandez et al., (2004) and Buczynska et al. (2009). The concentrations of isopropylbenzene and n-
propylbenzene are also very well correlated with correlation coefficients of 0.8. The variation in the
concentration of carbon tetrachloride and trichloroethylene follow a common trend with correlation
coefficient of 0.70. Naphthalene, 1, 2-dichloropropane, 1, 3, 5-trimethylbenzene are not having
significant correlation with other compounds. It has been attempted to find if there is any correlation
between the concentration of these compounds and NOx. It was found that NOx is not having any
significant correlation with any of these compounds. Previous studies have indicated that there will be
strong correlation between VOCs and NOx only when automobile is the major contributor (Fernandez et
al., 2004; Lung et al., 2007; Parra et al., 2009). The above observations indicate that multiple source
types are contributing to the concentration of these pollutants and that each source type contributes
significantly to certain specific group of compounds. The study also reveals that automobile is not the
major contributor of all the compounds.
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3.2 Concentration Variation between Weekdays and Weekends

It has been attempted to find whether there is any distinct difference in the concentration of any
of the compounds between weekdays and weekends. The mean concentrations of various pollutants on
weekdays and weekends are given in Table 3. The variation in the concentration of most of the
compounds between weekdays and weekends is negligible. It clearly indicates that the emission of these
compounds from most of the contributing sources is independent of the day of the week. The
concentrations of ethylbenzene, m,p-xylene, and o-xylene are marginally higher on weekdays, which
indicates that the automobile is one of the major contributors of these compounds (Lee et al., 2002;
Fernandez et al., 2004). The higher concentration of some of the chlorinated compounds lime
trichloroethylene, chloroform, 1, 2-dichloroethane etc. on weekends indicates the possibility of higher
emissions from industries and commercial establishments due to maintenance and cleaning and also due
to disturbance in power supply.

Table 3: Mean Concentration of Various Compounds on Weekdays and Weekends

Concentration in pg/m’

Compounds

Weekday Weekend
Benzene 38.45 37.96
Toluene 151.94 161.07
Ethylbenzene 24.47 30.78
m,p-Xylene 25.70 28.09
o-xylene 22.17 23.85
1,2-Dichloropropane 14.76 12.48
Trichloroethylene 4.61 4.56
Styrene 6.25 6.39
1,3,5-Trimethylbenzene 7.50 6.89
1,2,4-Trimethylbenzene 4.12 532
Naphthalene 6.98 7.11
Isopropylbenzene 1.38 1.23
n-Propylbenzene 2.73 3.25
Carbon Tetrachloride 8.33 7.07
1,4-Dichlorobenzene 393 4.79
Sec-butylbenzene 0.36 0.30
4,Isopropyltolune 1.90 1.60
Butylbenzene 0.50 0.32
Chloroform 21.48 18.72
1,2-Dichloroetahne 13.29 5.04
Trichlorofluoromethane 0.06 0.01

3.3 Diurnal Variation in concentration

There are certain contradictory observations made in different studies about the diurnal variation
in the concentration. Parra et al. (2009) observed that the concentration of VOC is higher during
morning compared to other times of the day, whereas Nguyen et al. (2009) observed that the
concentration peaks occurred only during afternoon. Song et al., (2008) observed that the total VOC
concentrations were higher at night than at day in Beijing due to stronger winds at day time. Parra et al.
(2009) also observed that the VOC concentration during winter and autumn is higher due to atmospheric
stability. The variation in the morning and evening concentration of the compounds is presented in Table
4. It can be seen from the Table 4 that the difference between the concentration of most of the
compounds in the morning and evening samples is very less. The absence of fixed pattern in the
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concentration variation between morning and evening samples may be due to limited diurnal variation in
the ambient temperature and due to dominance of emission from industries other contributing sources
which operate round the clock. The minor variations, therefore, are mainly attributed to the wind
direction and wind speed. Similar observation was also reported by Choi and Ehrman (2004) when they
investigated the source of volatile organic carbon in the Baltimore, USA.

Table 4: Mean Concentration of Various Compounds during Morning and Evening

Concentration in pg/m’

Compounds - -

Morning Evening
Benzene 41.71 36.44
Toluene 153.50 161.28
Ethylbenzene 30.22 25.04
m,p-Xylene 27.70 26.22
o-xylene 23.78 22.56
1,2-Dichloropropane 15.10 13.65
Trichloroethylene 4.63 4.68
Styrene 6.48 6.27
1,3,5-Trimethylbenzene 8.22 6.69
1,2,4-Trimethylbenzene 5.20 4.35
Naphthalene 7.93 6.33
Isopropylbenzene 1.41 1.30
n-Propylbenzene 3.23 291
Carbon Tetrachloride 6.97 8.42
1,4-Dichlorobenzene 3.85 5.15
Sec-butylbenzene 0.36 0.26
4,Isopropyltolune 1.42 2.37
Butylbenzene 0.44 0.48
Chloroform 16.85 21.20
1,2-Dichloroetahne 9.50 10.60
Trichlorofluoromethane 0.07 0.02

3.4 BTEX Ratios

Ratios between the concentrations of benzene, toluene, ethylbenzene and xylenes (BTEX ratio)
are very important and useful information to infer the sources of ambient concentration of various
VOC:s. Several studies concluded about the number and type of contributing sources using toluene to
benzene ratio (T/B). Higher T/B ratios indicate the presence of several contributing sources. The T/E,
B/E and X/E ratios are useful tool to understand the photochemical age of the VOCs. However, there
exists a vast variation between BTEX ratios observed in different studies. Lee et al., (2002) observed in
his study that BTEX ratio could vary from 3:4:1:4 to 3:14:1:28. At locations where automobile is the
only major contributing source, the toluene to benzene ratio (T/B) will be low, varying between 2 and 4.
The T/B ratio however could be as high as 40 at locations where several source types contribute these
compounds (Lee et al., 2002; Buczynska et al., 2009).

The BTEX ratio observed in this study varies from 1:2.6:0.3:0.2 to 1:9.5:2.1:1.4. The toluene to
benzene ratio (T/B) varies widely between 2.6 and 9.5. This clearly indicates that there are multiple
contributing sources to these compounds in the identified area. The mean T/B ratio is about 4.5 on both
holidays on working days (Lee et al., 2002). The scatter plots between toluene/ethylbenzene (T/E) and
toluene/m,p-xylene (T/X) is shown in Figure 3. Similarly the scatter plot between benzene/ethylbenzene
(B/E) and benzene/m,p-xylene (B/X) is shown in Figure 4. The higher R2 value of the plot in Figure 3
than of the plot in Figure 4 indicates that toluene, ethylbenzene and xylenes are contributed by the same
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source and that their emission levels are uniform with respect to each other whereas vast variation exists
in the emission level of benzene.
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The variations of toluene to ethylbenzene (T/E), benzene to ethylbenzene (B/E) and m,p-xylene
to ethylbenzene (X/E) ratios between summer and winter samples are shown in Figure 5. Ethylbenzene
and xylene are more reactive than benzene and toluene and hence their concentration decreases quickly
in the ambient air when the photochemical reaction takes place. The rate of photochemical reaction is
higher in summer than in winter. It can be seen from Figure 5 that both T/E and B/E ratios are high in
summer than in winter. There is very little variation in X/E ratio between summer and winter. It
indicates that the rate of photochemical reaction which reduces the concentration of ethylbenzene and
m,p-xylene faster than the concentration of toluene and benzene is high in the area (Parra et al., 2009).
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Figure 5: Variation of B/E, T/E and X/E Ratios for summer and winter Seasons

3.5 Wind Direction and Concentration

Wind direction and wind speed play an important role in the concentration of various pollutants
(Choi and Ehrman 2004). To analyse the variation in concentration with respect to wind direction, the
samples were grouped under three categories. The first one is a set of samples collected during wind
direction between south-east and north-east (SE-NE), the direction in which most of the industries is
located, including the refinery. Out 50 samples, 15 samples were collected during this wind direction.
The second group contains samples collected during wind direction between south-west and south-east
(SW-SE) and the third during wind direction between north and north-east (N-NE). SW-SE direction is
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marked by a mixed type of activities including industrial, commercial and residential and 22 samples
were collected during this wind direction. There are only a few industries located in N-NE direction and
3 samples were collected during this period. The wind was calm while collecting 10 samples. The mean
concentration of all the compounds in the samples under each of these groups has been compared to find
out the pollutants that are predominant during different wind directions and presented in Table 5.

Table 5: Mean Concentration of Compounds during Different Wind Directions
Concentration in pg/m’

SL. Compounds Wind direction Calm
No. N-NE SW-SE SE-NE
1 Benzene 37.53 40.10 36.18 37.46
2 Toluene 180.48 154.69 152.29 154.05
3 Ethylbenzene 28.22 27.52 26.81 28.97
4 m,p-Xylene 26.47 27.09 27.58 24.83
5 o-xylene 25.78 24.18 22.03 21.61
6 1,2-Dichloropropane 15.13 13.02 13.02 15.30
7 Trichloroethylene 5.69 4.62 3.63 5.75
8 Styrene 8.95 5.86 6.54 7.86
9 1,3,5-Trimethylbenzene 7.40 6.36 7.02 9.30
10 1,2,4-Trimethylbenzene 441 6.14 4.68 3.49
11 Naphthalene 5.47 6.55 6.63 10.99
12 Isopropylbenzene 2.65 0.98 1.41 1.51
13 n-Propylbenzene 4.19 3.24 2.81 2.97
14 Carbon Tetrachloride 10.92 8.12 6.99 8.63
15 1,4-Dichlorobenzene 6.09 4.48 3.15 6.58
16 Secbutylbenzene 0.14 0.26 0.15 0.59
17 41sopropyltolune 0.92 1.82 2.18 1.93
18 Butylbenzene 0.43 0.66 0.54 0.09
19 Chloroform 15.38 21.88 21.26 30.74
20 12dichloroetahne 7.98 11.05 6.51 11.60
21 Trichlorofluoromethane 0.31 0.01 0.03 0.03

The mean concentration of benzene is higher during SW-SE winds, whereas the mean
concentration of toluene is higher during N-NE winds. The mean concentration of both these
compounds in the other three directions is almost the same. Significant presence of halogenated VOC
during SE-NE winds, the direction in which sea is located indicates that sea is one of the sources of
emission of certain halogenated VOC (Srivastava 2004). Continuous burning of solid waste at Manali
solid waste dump yard, which is located very close to the sampling point could be the reason for higher
concentration of naphthalene during calm condition. Except these minor variations, the mean
concentration of most of the compounds are the same in all the wind directions indicating equal
contribution from multiple contributing sources to the concentration of these compounds. It also
indicates that refinery alone is not the major contributor of these compounds.

4. Conclusions

The study revealed that the concentration of some of the hazardous VOC are very high, high
enough to cause significant health effects to the people living in the vicinity of this industrial complex.
The higher T/B ratio clearly indicates that there are multiple sources contributing to the concentration of
hazardous VOC in the study area. Though automobile is one of the contributors of these pollutants, the
study revealed that the refinery and the petrochemical industries are major and significant contributors
of many compounds. The study also revealed that some of the compounds are contributed by long
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distance sources. The vast differences in the concentration levels over the study duration suggest that
there is no fixed pattern in the emission of these compounds. High correlation between the
concentrations of certain compounds clearly indicates that they are emitted by distinct source types. The
wind speed and wind direction are major factors in determining the concentration levels while the
ambient temperature plays very less role as it is almost constant over the day and throughout the year.
The major limitation of this study is its inability to identify the actual contributors and their contribution
levels for each sample. As multiple sources are contributing, specific contributing sources and their
exact contribution levels for various compounds in each sample have to be assessed using a suitable
receptor model so as to develop strategies to manage the VOC level in this area.
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