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ABSTRACT

The study of the industrial Volatile Organic Compounds (VOCs) emission is essential due to presence of 
many large industries including chemical, ceramic, pharmaceutical, textile, automobile, refining and petro-
chemicals, coke production, organic chemical, pesticides which are potential industries to emit high level of 
VOCs. VOCs are compounds with low boiling points that easily escape into the atmosphere and can travel 
longer distances, posing potential adverse effects on human health, contributing to the formation of ground-
leve l ozone and secondary organic aerosols through photochemical reactions. Ankleshwar being one of 
Asia’s largest chemical zones with over 2,000 industries has faced air quality concerns due to high levels of 
pollutants such as particulate matter, nitrogen oxides, Sulphur oxides and VOCs. The emission inventory of 
VOCs is conducted by considering emission factors for different emission sources including raw materials 
and production processes. The spatial distribution analysis using a GIS reveals that VOC concentrations 
are highest in the GIDC area of Ankleshwar where major large-scale industries are located. To assess the 
trend of VOC emissions in Ankleshwar data was collected over the past four years indicating average VOC 
emissions of 6.22 µg/m3, 10.88 µg/m3, 5.51 µg/m3, and 3.65 µg/m3, respectively. To improve the accuracy of 
VOC emission estimates emission factors specific to each emission source and industrial sector were derived 
from literature surveys and reviews. Hence, in present study an attempt has been made to assess the VOC 
pollution over Ankleshwar city. 
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INTRODUCTION

The term Volatile Organic Compound (VOC) lacks 
a universally accepted and widely supported defi-
nition. However, from a chemistry perspective it 
refers to any organic compound excluding a few 
exceptions that contains carbon and exhibits volatil-
ity (it readily evaporates or vaporizes under normal 
conditions). Volatile Organic Compounds (VOCs) 
are organic chemicals that have a high vapor pres-
sure with low water solubility at room temperature. 
VOCs are found in a wide range of products, includ-
ing paints, solvents, cleaning supplies, and person-

al care products, as well as in vehicle exhaust and 
industrial emissions. Exposure to VOCs can cause 
a range of health effects, depending on the specif-
ic compound and the level of exposure. Short-term 
effects can include eye, nose, and throat irritation, 
headaches, dizziness, nausea, and long-term expo-
sure to some VOCs has been linked to cancer and 
other serious health problems. When VOCs react 
with other chemicals in the atmosphere, they can 
contribute to the formation of ground-level ozone, 
which is a major component of smog. In India, the 
absence of standardized regulations for VOCs with 
the exception of benzene in ambient air poses chal-
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lenges for regulatory and enforcement authorities in 
taking appropriate actions. Estimating volatilization is a 
challenging task because of the uncertainties associated 
with estimating factors such as solvent usage, tempera-
ture, and application methods. 

The development of effective strategies to control VOCs 
requires the quantification of ambient concentrations 
and identification of emission sources of these pollut-
ants. Classification of VOCs can be done on the basis of 
boiling point:
Very Volatile Organic Compounds (VVOC)

VVOC are the compounds whose temperature typically 
ranges from 0°C to 100°C.
Volatile Organic Compounds (VOC)

VOC are the compounds whose temperature typically 
ranges from 100°C to 260°C.
Semi Volatile Organic Compounds (SVOC)

SVOC are the compounds whose temperature typically 
ranges from 260°C to 500°C.
Polycyclic Organic Compound (POM)

POM is the compounds whose temperature is greater 
than 380°C. Classification based on toxicity:
Highly Harmful

Highly harmful VOCs includes Benzene, Vinyl Chloride 
and 1,2 dichloromethane.
Class A VOCs

Class A VOCs refer to those volatile organic compounds 
that have the potential to significantly contribute to the 
formation of photochemical ozone, stratospheric ozone 
depletion, or global warming. These are considered as 
having a medium degree of harmfulness. Class A VOCs 
includes carbon tetrachloride, 1,1,1-trichloroethane, tri-
chloroethylene and trichlorotoluene.
Class B VOCs

Class B VOCs are the majority of VOCs that are consid-
ered to have a lower degree of harmfulness compared to 
Class A VOCs. Class B VOCs includes Butane and Ethyl 
acetate.

VOCs can also contribute to the formation of acid rain 
and the depletion of the ozone layer. To reduce exposure 
to VOCs, it is important to use products and materials 
that have low levels of these compounds. Additionally, 
reducing the use of fossil fuels and implementing regu-
lations on industrial emissions can help to decrease the 
overall levels of VOCs in the environment (Chandra, et 
al., 2021). Unlike many other countries that have estab-
lished standards for the environmental sampling and 
analysis of VOCs, India lacks such guidelines. Conse-
quently, it becomes crucial to promptly implement pre-

cautionary measures in the absence of these standards.
Study Area

Ankleshwar is a city located in the Bharuch district of 
Gujarat, India. It is situated on the banks of the river Nar-
mada and is about 10 kilometers from Bharuch. The city 
has a population of approximately 1,50,000 people. An-
kleshwar is known for its industrial development with 
several large-scale industries and factories located in and 
around the city. Some of the major industries in Ankle-
shwar include chemicals, pharmaceuticals, textiles, and 
engineering. The city also has a thriving agricultural sec-
tor, with the production of crops such as cotton, tobacco, 
and bananas. Determination of PH and Concentrations 
of SO2, CO2 and NO2 in the Rainwater.

MATERIALS AND METHODS

The sources of industrial VOCs can be classified into four 
types as per the literature survey – including the produc-
tion of VOCs, storage and transport, the industrial pro-
cesses using VOCs as a raw material and the use of VOCs 
products. In this present study VOC emitting industries 
were classified based on two parameters production of 
VOCs and industrial processes using VOCs as a raw ma-
terial. The Technical Guide on Compiling Atmospheric 
Volatile Organic Compounds Source Inventory which 
is issued in August 2014 is employed. The methodolo-
gy majorly includes: the identification of major sources 
of VOCs emission in the study area, activity data collec-
tion from Gujarat Pollution Control Board, Ankleshwar, 
Emission Factor (EF) analysis, and the method of calcula-
tion of emissions. The sources of industrial VOCs can be 
classified into four types as per the literature survey in-
cluding the production of VOCs, storage and transport, 
the industrial processes using VOCs as a raw material 
and the use of VOCs products. The calculation formula 
for different emission sources varied based on the avail-
ability of activity data. The emission factor for the annual 
VOC emissions.

i i iE EF A= ×∑
where E stands for the total emissions from each emis-
sion source, EF is the emission factor, A represents activ-
ity data and i represents the emission source.

Using a material balance approach can also provide re-
liable average emission estimates for specific sources 
which may even be more accurate than emission tests in 
certain cases. Typically, material balances are most ap-
propriate for situations where a significant amount of 
material is lost to the atmosphere such as with sulphur 
in fuel or solvent loss in an uncontrolled coating pro-
cess (Hamid, et al., 2020). For the present study emission 
factor method as well as material balance methods are 
adopted for determination of VOC emission over Ankle-
shwar (Fig. 1).
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Emission factors: An emission factor is a value that re-
lates the amount of a specific pollutant emitted by a par-
ticular source to an activity or process. Emission factors 
are typically expressed as the amount of pollutant emit-
ted per unit of activity, such as per unit of fuel burned, 
per unit of electricity generated, or per unit of product 
produced (Table 2). Emission factors are used in air qual-
ity modelling and emissions inventories to estimate the 
amount of pollutants released into the atmosphere from 
various sources. These estimates can be used to identify 
sources of pollution and to develop strategies for reduc-
ing emissions. Emission factors can vary depending on 
the type of pollutant, the source of emissions, and the 
specific activity or process being considered. For exam-
ple, the emission factor for carbon dioxide from burning 
coal will be different than the emission factor for car-
bon dioxide from burning natural gas. Emission factor 
is key indicator relating to the quantity (weight) of the 
pollutants emitted from a unit of activity of the source, 
emission factors have a direct impact on the estimation 
of pollutant emissions. It is critical to obtain the emis-
sion factors with a high accuracy for the preparation of 
an emission inventory (Li, et al., 2020; Jong, et al., 2020; 
Maimaiti, et al., 2021).

Tab. 2. Emission factor used in this study.

Sectors Sources Activity 
data

Emission 
factor

Unit

Production 
of VOCs

  Basic 
chemical 
raw material 
manufactur-
ing

Methanol 
production

5.55 g/kg prod-
ucts

Benzene 
production

0.55 g/kg prod-
ucts

Synthesis 
ammonia

4.72 g/kg prod-
ucts

Industrial 
process-
es using 
VOCs as 
raw mate-
rial

   Production 
of synthetic 
material

Acrylic 37.1 g/kg prod-
uct

Polyester 0.7 g/kg prod-
uct

Yield of 
finished 
sugar

8 g/kg  
sugar

Production 
of synthet-
ic rubber

7.17 g/kg prod-
uct

Manufac-
ture of lime, 
cement and 
gypsum

  Cement 0.177 g/kg of 
product

Tyre manu-
facturing

Tyre pro-
duction

0.91 kg/a

  Commodity 
production

     Pro-
duction of 
synthetic 
detergent

0.025 kg/t

Steel making Steel pro-
duction

0.2 g/kg steel

Coating pro-
duction

Ink pro-
duction

50 g/kg prod-
uct

Fig. 1  Approach to emission estimation.

For the VOC emission estimation using emission factor 
method, industries are classified and considered based 
on two sectors namely production of VOCs and industri-
al processes using VOCs as a raw material.
Data Collection

Activity data: The data for the VOCs emitting industries 
are obtained from regional office GPCB, Ankleshwar 
(2022-2023) (Table 1). As a secondary data the produc-
tion capacity per month of each potential VOCs emitting 
industries are collected. Total 117 number of different 
category of industries are located within Ankleshwar. 
Major following categories of VOCs emitting industries 
are methanol production, benzene production, synthe-
sis ammonia, acrylic, cement, production of synthetic 
detergent, ink production, pharmaceutical industries, 
chemical industries, steel production, tyre production 
and production of synthetic rubber. In Ankleshwar in-
dustries like Methanol production, Benzene production 
causes major VOCs emission. In this study, yearly aver-
age concentration of Benzene is prepared for four years 
(2019-2022) from which in the year 2020 the highest con-
centration is observed which is about 10.88 µg/m3 which 
violated NAAQS, 2009 annual average standard of ben-
zene.
Tab. 1. Source classification and activity level of the major in-
dustrial VOC emission inventory

Sector Sources
Production of VOCs Synthesis ammonia

Benzene production
Methanol production

Industrial processes 
using VOCs as raw 
material

Acrylic
Cement
Production of synthetic detergents
Ink production
Polyester
Steel production
Yield of finished sugar
Synthetic rubber
Tyre production
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production process (Fig.4) (Table 4).
Tab. 4. Total VOCs emission load from sector during produc-
tion process.

Sr. 
No.

During 
production 
process

Number of 
industries

Total produc-
tion capacity 
(MT/month)

Total VOCs 
emission 
(kT/annum)

1. Synthesis 
ammonia

14 5495.26 0.2029

2. Benzene 
production

26 1725.17 0.0243

3. Methanol 
production

39 7119.8 0.5254

Total 79 14340.23 0.7526

Based on the data collected, Acrylic industry was ob-
served highest in number which contributes 21% of sec-
tor industrial processes using VOCs as a raw material in 
the Ankleshwar region (Table 5) (Fig. 5).
Tab. 5. Data of the industries emitting VOCs as raw material 
storage. 

Sr. 
No.

Industrial processes using 
VOCs as raw material storage

Number of 
industries

Production 
(MT)

1. Acrylic 8 164.9

2. Cement 6 4861.1

3. Production of synthetic deter-
gents

3 6.45

4. Ink production 3 310.3

5. Polyester 2 65

6. Steel production 6 541.87

7. Yield of finished sugar 2 95.4

8. Synthetic rubber 1 25

9. Tyre production 7 937.22

Total 38 7007.24

RESULTS AND DISCUSSION
Industrial VOCs Emission in Ankleshwar City

The secondary data are collected from Gujarat Pollution 
Control Board Ankleshwar, Gujarat. As a secondary 
data the production capacity per month of each potential 
VOCs emitting industries are collected. Based on data 
collected, Methanol production industry is observed 
highest in number which contributes 49% of sector VOCs 
during production process in the Ankleshwar region (Ta-
ble 3) (Figs. 2 and 3) (Mimi, et al., 2020; Rajab, et al., 2016).
Tab. 3. Data of the industries emitting VOCs during produc-
tion process.

Sr. No. During production 
process

Number of 
industries

Production 
(MT)

1. Synthesis ammonia 14 5495.26

2. Benzene production 26 1725.17

3. Methanol production 39 7119.8

Total 79 14340.23

The total VOCs emission is calculated using emission 
factor method and it is observed that Methanol produc-
tion is emitting 70% of total emission in the sector during 

Fig. 2  Classification according to number of industries in the 
sector of production process. Note: ( ) Synthesis ammonia; (

)Benzene production ; ( ) Methanol production.

Fig. 4  Distribution based on total VOCs emission load during 
production process. Note: ( ) Synthesis ammonia; ( )Ben-
zene production ; ( ) Methanol production.

Fig. 3  Classification based on production capacity in the sector 
of production process.
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6. Steel production 6 541.87 0.00217

7. Yield of finished 
sugar

2 95.4 0.0421

8. Synthetic rubber 1 25 0.00215

9. Tyre production 7 937.22 0.0666

Total 38 7007.24 0.5975

Fig. 7  Distribution based on total VOCs emission load of 
industrial processes using VOCs as raw material. Note: (

) Acrylic; ( ) Production of Synthetic detergents; ( ) 
Polyster; ( ) Yield of finished sugar; ( ) Cement; ( ) Ink Pro-
duction; ( )  Steel production; ( ) Synthetic Rubber.

Spatial Distribution of Industrial Vocs Emission Over 
Ankleshwar City

The map shows spatial distribution of various produc-
tion industries across the Ankleshwar region. The stack 
bar in the map denotes the emission in kg/D and the 
point feature on the map shows the VOCs emitting in-
dustries in Ankleshwar (Regina, et al., 2010; Xiurui, et al., 
2008; Xiaohong, et al., 2018.). The numbers shown in the 
map indicates total count of VOCs emitting industries in 
each zone (Figs.8 and 9). It can be concluded from the 
map that most of the VOCs emitting industries are locat-
ed in GIDC area of Ankleshwar region.

Fig.   VOCs emission over Ankleshwar city accoding to zone 
division in sector during production process. Note: ( ) Null;  
( ) 0.001998; ( ) 0.003996; ( ) 0.00666; ( ) 0.0098568; ( ) 
0.01332; ( ) 0.05664.

Fig. 5  Classification according to number of industries in the 
sector of industrial process using VOCs as raw material storage. 
Note: ( ) Acrylic; ( ) Production of Synthetic detergents; ( ) 
Polyster; ( ) Yield of finished sugar; ( ) Cement; ( ) Ink Pro-
duction; ( )  Steel production; ( ) Synthetic Rubber.

Fig. 6  Classification based on production capacity in the sector 
of industrial processes using VOCs as raw material storage.

The total VOCs emission is calculated using emission 
factor method and it is observed that Ink production 
is emitting 51% of total emission in the sector industri-
al processes using VOCs as a raw material (Table 6 and 
Figs. 6 and 7).
Tab. 6. Total VOCs emission from sector industrial processes 
using VOCs as raw material.

Sr. 
No.

Industrial 
processes using 
VOCs as raw 
material storage

Number of 
industries

Total 
production 
capaci-
ty (MT/
month)

Total 
VOCs 
emission 
(kT/an-
num)

1. Acrylic 8 164.9 0.1383

2. Cement 6 4861.1 0.04

3. Production of 
synthetic deter-
gents

3 6.45 0.0000039

4. Ink production 3 310.3 0.306

5. Polyester 2 65 0.000231
8
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