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ABSTRACT 
 

The presence of volatile organic compounds (VOC) in and around a petrochemical industry, 
located at Ranipet in Tamil Nadu (India), was investigated during the year 2007 by 
collecting air samples at 4 sites. The air samples were collected in Tedlar bags and charcoal 
traps and analyzed by GC-MS and GC-FID methods respectively. Analysis of air samples 
collected in tedlar bags by GC-MS method revealed presence of 19 VOCs and the highest 
concentration of total VOC in the industry was 10, 635 µg/m3, which was observed at 
Process area of the industry. The concentration of total hydrocarbon groups contributed an 
average of 70.1% alkanes, 13.3% alkenes, 7.2% ketones, 4.4% alcohols 4.4% sulfides and 
0.59% aromatics for samples collected inside the industrial premises. Alkanes such as, 3, 6-
dimethyl decane, 5-methyl undecane and 4-methyl octane were present in very high 
concentrations ranging from 1000 – 2500 µg/m3 among the 19 VOCs detected inside the 
industrial premises. The presence of aromatic hydrocarbons, benzene and toluene along with 
methylene chloride was also detected in air samples collected from Process area. All the air 
samples collected inside the industrial preemies also showed the presence of benzene along 
with various non targeted VOCs. The study confirms that the fugitive emissions arising in 
the industry are responsible for the elevated levels of VOC inside the petrochemical 
industry. 
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INTRODUCTION 
Recently, there has been an increase in the 
research of concern with respect to Volatile 
Organic Compounds (VOCs) in urban and 
industrialized areas, which are a major group 
of pollutants, due to their effects on human 
health1 and atmospheric environment.2VOCs 
in the urban and industrial atmosphere 
mainly originate from motor vehicle exhausts 
and other combustion processes utilizing 
fossil fuels, petroleum storage and 
distribution, solvent usage and other 
industrial processes.3 Leaks, as well as 
regulated emissions, contribute to ambient 
concentrations of VOCs.4 Several effects of 
VOCs are recognized, such as their 
contribution to stratospheric ozone depletion, 
tropospheric photochemical ozone formation, 
toxic and carcinogenic human health effects, 
and enhancement of the global greenhouse 
effect.5  
The information on concentrations of VOC 
in ambient air of industrial and urban areas 
located in India is highly desirable due to 
their contribution in formation of ground 
level ozone which is also a priority pollutant. 
NOx are another major precursor for ground 
level ozone which is presenting high levels in 
Indian urban and industrial areas.6 Due to the 
non-linear relationship of O3 with ambient 
VOCs and NOx, the effective control 
strategies of ground-level ozone mainly 
depends on the understanding of chemical 
regimes of NOx or VOC-controlled processes 
of ozone production.7 It was revealed that in 
urban areas, VOCs are generally the rate-
limiting species in ozone formation8,9 and the 
increase in ambient NOx concentrations are 
the driving force to enhance regional and 

even global background ozone level.10 Hence 
there exists a pressing need in understanding 
the VOC emissions from industrial sectors as 
well as urban areas.  
Aims and objectives  
The present study was aimed to gain 
knowledge of ambient VOCs concentrations 
in and around a petrochemical industry 
located in SIPCOT Industrial Complex, 
Ranipet, Tamilnadu, India. The main purpose 
of this study is to monitor and evaluate actual 
VOC exposure levels to understand the size 
of the actual problem and to develop 
fundamental database to assist in preparation 
of guidelines for the emission standards of 
VOC and appropriate methodology for 
estimation of VOCs.  

MATERIAL AND METHODS 
Description of study area and selection of 
sampling locations 
The petrochemical industry chosen for this 
study is located in SIPCOT Industrial 
Complex, Ranipet. Ranipet industrial area is 
a part of Vellore District of Tamilnadu, 
located in 79°19′–79°22′ E longitude and 
12°53′–12°57′ N latitude which houses 
industries like ceramic, refractory, boiler 
auxiliaries plant, petrochemical, fertilizer and 
chromium chemicals. This industrial 
complex is located at 110 kilometers from 
Chennai and 25 kilometers from Vellore. The 
petrochemical industry of concern is 
involved in the manufacturing of phthalic 
anhydride, maleic anhydride, maleic acid, 
fumaric acid from raw materials, such as o-
xylene and benzene.  

The approximate location and layout of the 
petrochemical industry in which the study 
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was carried out is shown in Fig. 1. Air 
samples were collected from three locations 
inside the premises of the industry and these 
locations were chosen in the closest 
proximity of the major reaction plants which 
utilize  organic  solvents. The  fourth  sample  
 

was collected outside the industry, in order to 
access the VOC concentration in the ambient 
air of the areas surrounding the industry. The 
location of the fourth sample was chosen at 
the downstream side of the industry, about 
50 meters from the front main gate.  
  

 

Fig. 1: Location and layout of the petrochemical industry indicating the sampling locations. 
 
(1. Raw water tank, 2.Water storage tank, 3. 
Reverse osmosis plant, 4. Water treatment 
plant, 5. Cooling tower, 6. Phthalic 
Anhydride plant I, 7. Utility house, 8. 
Turbine generator, 9. Phthalic Anhydride 
plant motor control centre, 10. Phthalic 
anhydride plant distillation area, 11. Phthalic 
Anhydride plant II, 12. Effluent treatment 
plant, 13. Maleic acid plant, 14. Fumaric acid 
plant, 15. Banglalore – Chennai, highway,  

16. Analytical lab, 17. Warehouse, 18. 
Storage tank farm, 19. PA plant, 20. 
Workshop and cycle shed, 21. Maleic 
Anhydride utility plant, 22. Multi Synthesis 
Plant, 23. pilot, 24. Warehouse, 25. Maleic 
Anhydride plant, 26. Stores, 27. 
Administrative building, 28. Main gate Time 
office, 29. Ponnai road)  A: Process area, B: 
Storage tank farm, C: Maleic-Fumaric acid 
plant, D: Downstream location  
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Meteorological conditions  
Ranipet experiences a hot climatic condition. 
Generally the region has a long spell of hot 
climate with a short spell of rainy season and 
winter, which is mild one. Temperature is low 
during the month of January and the lowest 
average mean daily temperature is    21oC. 
The mean maximum daily temperature 
recorded during the hot season in the month of 
May is 38oC. The region received intermittent 
rainfall from the month of June to December, 
with occasional rains in other months. The 
average annual rainfall during the period, 

2004 to 2008 is 1018.06 mm. Mean relative 
humidity is high throughout the year, and 
varies from 62% in May-July to 82% in 
October – December, June is recorded with 
lowest relative humidity. Winds are generally 
moderate with more intensity during the 
monsoon months. The monthly mean 
maximum and minimum wind speed data 
observed are 9.9 km/hr and 4.9 km/hr. The 
summary of the meteorological parameters 
during the month of October in year 2007 in 
which the study was carried out is shown in 
Table 1.   

 
Table 1: Summary of meterological parmeters in the study area 
 
Month  Rainfall 

(Avg) 
mm 

Global Solar 
radiation 
Exposure 
(Avg)  MJ/m2 

Temperature 
o C  

Humidity 
(Avg) 
% 

Wind 
speed 
(Avg)  
mph 

Direction  
(Prominent 
direction) 

Max Min Avg 

October 
2007 159.1 16 36.6 18.3 26.4 73 6.2 NE 

 
Analysis  

The VOCs present in the ambient air of 
petrochemical complex was assessed by two 
different sampling and analytical techniques 
namely, GC-MS (Method A) and GC-FID 
(Method B). The results were compared in 
order to understand the sensitivity and 
reliability of each method. The collected 
samples were analysed in the USEPA 
accredited A and B labs, U SA.  

RESULTS AND DISCUSSION 
The summary of total VOC concentration 
measured using EPA TO-15 method is 
shown in Fig.2. Among the three air 
samples collected inside the industry, 

sample collected at Process area showed a 
maximum concentration of 10, 635 µg/m3. 
VOC concentrations measured near other 
process plants namely Storage tank farm 
and Maleic-Fumaric acid plant were also 
very high. It is very clear that high 
concentration of VOC concentration is 
observed in all the three sampling locations 
due to the fugitive emissions arising from 
the petrochemical industry. The sample 
collected outside the industry showed a total 
VOC concentration of 716 µg/m3. Though 
the concentration of VOC observed outside 
the industry is lower by 14.5 times the 
concentration measured inside the industry, 
the concentration level observed is still 
significant.  
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Fig. 2 :  Total VOC concentrations measured at various locations in and around the petrochemical    
             industry. 
 
Distribution of various VOCs in the 
measured samples is shown in Fig.3. 
Alkanes are the major component present in 
the VOC followed by alkenes. The ketones, 
alcohols, sulfides and aromatic hydrocarbons 
are found in negligible fractions compared to 
the other components mention earlier. The 
concentration of total hydrocarbon groups 
contributed an average of 70.1% alkanes, 

13.3% alkenes, 7.2% ketones, 4.4% alcohols 
4.4% sulfides and 0.59% aromatics for 
samples collected inside the industrial 
premises. The list of non targeted compounds 
identified using mass spectral interpretations 
and their respective concentrations are 
tabulated Table 2. Among the alkane 
fractions 5-methyl undecane, 3,6-dimethyl 
decane and 4-methyl octane were found in 
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high concentrations and had an average 
concentration of 1939.3, 1414.3 and 1019 
µg/m3 respectively, in the samples collected 
inside the industrial complex. These VOCs 
are also detected in the air sample collected 
outside the industry but at a low 
concentration of 202, 187 and 133 µg/m3 
respectively. VOCs other than the ones 
detected inside the industrial complex were 
not detected in the air sample collected at 
the downwind of the industry. This 
observation confirms that the VOCs 

concentrations observed at the location 
outside the industry are contributed by the 
fugitive emissions arising from the industry. 
The meteorological conditions at the 
location of the industry are favorable in the 
effective dispersion of the pollutants. The 
wind speed solar radiation recorded during 
the day of sampling was 7.6 mph and 20.1 
MJ/m2 respectively. These favorable 
meteorological conditions are presumed to 
have aided the dispersion of VOCs to a 
larger extent.  
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Fig. 3 : Distribution of the VOC measured in and around the petrochemical complex. 
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Table 2 : Summary of tentatively identified VOC concentrations measured in the 
petrochemcial industry 
 

VOC component 

Concentration, µg/m3 

Process 
area 

Storage 
tank farm 

 

Maleic-
Fumaric 

acid plant 

Downstream 
location 

 
Acetonitrile 259 318 312 0 
Acetone 199 225 654 15 
Isopropyl alcohol 132 150 0 0 
Carbon disulfide 409 402 417 26 
2-methyl pentane 140 113 0 0 
Tetrahydro furane 265 102 125 0 
2,4-dimethyl heptane 763 650 328 32 
2,3-dimethyl heptane 252 229 0 0 
4-methyl octane  1287 1090 680 133 
9-methyl acridine 688 645 609 63 
2-ethyl, 1-Hexanol 343 325 321 0 
3-Carene 623 591 609 9 
5-methyl, undecane 1570 1465 1208 187 
3,6-dimethyl, decane 2218 1960 1640 202 
3,7-dimethyl, decane 649 573 474 17 
4,6 dimethyl, dodecane,  735 871 787 32 

 
Meteorological parameters such as warm 
temperature, sufficient sunlight, low wind and 
high surface pressure are distinct parameters 
known to trigger ozone episodes in polluted 
urban areas. Highly reactive hydrocarbons 
such as xylene, toluene and benzene emitted 
from petrochemical industrial source plumes 
are also shown to consistently result in rapid 
and efficient ozone formation downwind.11 
The ground level ozone measured at the 
petrochemical industry in Ranipet, India also 
showed elevated levels of ground level ozone 
ranging from 8 – 12 ppm. Elevated levels of 
NOx species were also observed during the 
period of study. Correlation between the 
presence of VOCs and NOx species and the 
formation of ground level ozone, have been 
reported by many authors.   

CONCLUSION 
A study of the VOC concentrations in and 
around the Petrochemical industry was 
conducted to understand the composition, 
concentration and distribution that illustrate 
the overall characteristics of ambient air 
surrounding petrochemical industry. Among 
the detected VOC species include high 
concentrations of aromatics such as benzene 
and toluene. The presence of carcinogenic 
compound such as methylene chloride was 
also detected in high concentrations. The 
existence of these chemicals varied 
according to sampling locations. The 
estimated T/B ratio was a useful tool to 
estimate the photochemical age of air mass. 
The study reveals that petrochemical 
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industry is a potential source of 
hydrocarbons to the Ranipet city atmosphere. 
Analysis of air samples sampled through 
tedlar bags using GC-MS was more accurate 
than charcoal trapped samples analyzed on 
GC-FID.  
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