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A B S T R A C T

Benzene, Toluene, Ethylbenzene and Xylenes (BTEX) are among the most harmful volatile organic compounds
(VOCs) present in our ambient environment in all the three media namely, air, water and soil. They are
included in the priority list by USEPA (the United States Environmental Protection Agency) as most hazardous
substances. These are harmful to humans; benzene is a well-known carcinogenic compound. Present study
was conducted to evaluate BTEX concentration in the soil samples collected from Kanpur region inside the
IIT Kanpur campus as well outside the campus these sites are residential, commercial, rural, industrial and
highway locations. Gas Chromatography–Flame Ionization Detector (GC-FID) was used to determine the
concentration of  BTEX in this study. A total of  140 samples were collected and analyzed to determine the
concentration of BTEX in soil samples. Five specific sites were chosen for the samples collection: 28 samples
have been collected from each area viz. IITK campus, Shivli, Bithoor, Panki and Jajmau. The maximum
BTEX concentration in soil samples observed was 87.4 mg/kg at Jajmau site. Toluene concentration was
higher than other compounds at all the sites. The VOCs concentration levels at other sites were in the order
of Jajmau>Panki>Bithoor>Shivli> IIT campus. The average concentration of total BTEX varied e.g. at IIT
campus (33.5 ± 16.5 mg/kg), at Shivli (36.6 ± 13.2 mg/kg), at Bithoor (52.3 ± 4.9 mg/kg), at Panki (60.2 ± 11.3
mg/kg) and at Jajmau (69.9 ± 8.7 mg/kg). Our study documents the baseline information of BTEX concentrations
in the soil samples in Kanpur.
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1.    Introduction

Poor air quality is toxic for living beings as well our ecosystem, due to
the noxious air 1,10,000 children died in India in 2016 (WHO 2011).
Introduction of  VOC’s (volatile organic compounds) in the environment
affects human health and atmospheric composition and chemistry. VOCs
are emitted from biogenic (72%) and anthropogenic source (28%)
(USEPA 2017). The primary anthropogenic sources of  VOCs include
their emission from diesel engines, combustion of  gasoline, cigarette smoke,
biomass burning etc. (Faraji et al. 2017). Researchers pay great attention
on VOCs (ubiquitous in the environment) due to their potential role in
secondary organic aerosols (SOA) formation and carcinogenic potential
of  some of  them (Pratt et al. 2013). Benzene, toluene, ethylbenzene and
xylenes, collectively known as BTEX are a group of  VOCs having a
significant impact on indoor and outdoor air quality. They represent an
immense threat to humans due to their toxicity (Miller et al. 2011).
Groundwater and soils are getting contaminated by BTEX. Accidental oil
spills, transportation, vehicular emissions, leaching from landfill sites are
sources of BTEX (Mitra et al. 2011) Ambient scavenging and diffusion
are the most common pathways for these air pollutants to contaminate the
soil (Agarwal et al. 2009). BTEX collectively can comprise about 60% of
total non-methane VOCs production in an urban area (Hoque et al.
2008). BTEX have been recognized as toxic, carcinogenic and mutagenic
in an urban environment (Bono et al. 2003). BTEX can enter the human
body quickly through inhalation and can cause acute health risk even
upon exposure at low concentrations affecting different target organs e.g.
central nervous system, respiratory system, liver, kidney, reproductive
system etc. (Buczynska et al. 2009). The study of BTEX in environmental
samples (for example, soil samples in this study) is utmost important
because of  their toxic nature. Air quality standard concentrations of
benzene showed in Table 1.

inhaled by humans get absorbed in the human body. European legislation
has set a permissible limit of 5 µg/m3 for benzene in urban ambient air
(Marc et al. 2015). Outdoor activity is responsible for indoor air quality
has been studied widely. For example, a study reported indoor air levels
of BTEX in Gorakhpur experiencing influence from different outdoor
environments viz. agriculture (54.3 µg/m3), industrial (18.2 µg/m3),
roadside (12.3 µg/m3), and residential (6.1 µg/m3) (Masih et al. 2017).
Toluene was always found more than benzene except in rural locality in
their study, BTEX compounds eventually tranform into toluene while
getting decomposed in natural environment (Dhada et al. 2014). They
also reported seasonal variation in BTEX concentration: winter (32.5
µg/m3), monsoon (19.9 µg/m3) and summer (14.4 µg/m3). The study
done in Tehran by (Miri et al. 2016) reported outdoor annual average
BTEX concentration of (40.5 µg/m3). They reported a strong correlation
between different compounds, signifying origin from the same source.
Cooking fuels on combustion emit various toxic compounds such as CO,
NOx, Benzene, PAHs etc. Air fresheners, insect repellents, perfumes and
deodorants are also sources of BTEX. Burning of scented candles and
incense are also the sources of BTEX (Masih et al. 2017). (Nespeca et al.
2019) and (Ahmad et al. 2019) determined BTEX in soil using Ultra-fast
gas chromatographic with flame ionization detector (UFGC-FID),
andsulfur-oxidizing bacterial (SOB) bioassay respectively. The major
outdoor source of BTEX is vehicular exhaust emissions and biomass
burning (Miri 2016; Chenye et al. 2019).

Some studies have been previously carried out in Indian cities like
Delhi and Mumbai (Srivastava et al. 2006) over a period from 2001 to
2002. They have reported total BTEX concentration of 395 µg/m3 and
654 µg/m3 at those places, respectively. The benzene concentration
constituted more than 70% and 50% of the total BTEX concentration in
Delhi and Mumbai, respectively. The study by Hoque et al. (2008)
observed that BTEX concentration at the roadside near AIIMS (All India
Institutes of Medical Sciences) in Delhi was 456 ± 224 µg/m3. Major
constituents of the total BTEX concentration were toluene (42-50%) and
benzene (26-30%). Many previous studies have also focused assessing
BTEX near to the petrol pump station to infer about health effects of
concerned workers (Singh et al. 2013).

The indoor sources of BTEX include combustion processes like
cooking, heating and burning.  These organic pollutants contaminate soil
and groundwater once they enter in these environmental bodies
(Buddhadasa et al. 2002). USEPA (United States Environmental
Protection Agency) has recommended and categorized these compounds
in the list of hazardous air pollutants (HAPs) (Kumar et al. 2017). There
are several studies (Buddhadasa et al. 2002) carried out elsewhere focusing
on assessment of BTEX in soil samples. This study focuses to assess the
concentration of BTEX in soil samples (Fig. 1) inside the institutional
campus of  Indian Institute ofTechnology Kanpur (IIT Kanpur) and outside
the campus in Kanpur region.

Table 1: Air quality standards for benzene in different countries

S. No. Country Standard concentrations

1. UK 16 µg/m3

2. European commission 5 µg/m3

3. Japan 3 µg/m3

4. WHO guidelines 5-20 µg/m3

http://www.cpcbenvis.nic.in/newsletter/benzenefeb2002/feb2002.htm

Fig.1. Map showing the soil sampling locations in Kanpur region

The adverse effects of BTEX on human health are of great concern
(Zhang et al. 2012). More than 99% exposure to benzene occurs via
inhalation WHO Air quality guidelines for Europe, 2000, 50% of  BTEX,
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Several studies have reported BTEX in air and soil, however still there
is a scarcity of information regarding the distribution of BTEX in soil,
sampling and analysis of different soil samples would provide more
information on environmental trends in the soil environment. To the best
of our knowledge study on the distribution of BTEX and risk assessment
in soils remains limited. We aimed to cover different sites ie; agricultural,
residential, academic and industrial site the results of this study could
provide a baseline dataset (in soil) of the occurrence and outcomes of
BTEX contamination.

2. Materials and methods:

2.1. Sampling site description

The Kanpur metropolitan area is located in the state of Uttar Pradesh.
The city experiences high pollution episodes in the world as per the
WHO Ambient Air pollution city database, 2011(WHO 2011). The region
experiences massive emissions of organic compounds and inorganic species
due to various anthropogenic emission sources (Zytner et al. 1994).
Previous studies have assessed inhalation impact of atmospheric particulate
matter from this location. The sampling locations are shown in Fig. 1. In-
campus (IIT Kanpur) and out-campus (Bithoor, Jajmau, Panki and Shivli
or Sheoli) soil sampling has been carried out in this study. In out-campus
sampling, the soil samples were collected along the roadside at every
kilometer distance.
i. IIT Kanpur: This (26.3°N, 80.1°E) is one of  the leading academic

institutes in India with a residential facility for students, faculty and
staff (nearly 10,000 people residing on campus). One of the best
campus in this region.

ii. Bithoor Area: This is a small town area (26.6°N, 80.2°E) situated
on the bank of  the holy Ganga river. Most of  the area included
residential pockets and some part is agricultural land. Biomass
burning and vehicular emissions appears visually major sources of
VOC’s pollution in this site.

iii. Jajmau area: This site (26.4° N, 80.4° E) is a significant industrial
suburb in Kanpur. Site has a number of  leather tanneries. This site
is recognized as leather hub of  state of  Uttar Pradesh, Vehicular
emission and industrial emission appears major source of  VOCs in
this area. Public transport has a heavy flow in this area.

iv. Panki area: This area (26.4° N, 80.2° E) is another noteworthy
suburb in Kanpur region. Site has the combination of commercial,
residential, industrial and a thermal power plant. Vehicular emissions
and emission from the thermal power plants appears the major
source of  BTEX in this site.

v. Shivli area: Shivli or Sheoli is a locality in village area of  Kanpur.
It is located at 26.3° N 80.3° E. Since the area has village set up, it
is representative of  a rural site. In this area biomass burning, wood
burning and vehicular emissions could be the sources of BTEX
pollution. Vehicular traffic is minimum in this area as compared to
above sampling stations.

2.2. Soil sample collection

Soil samples inside the institute campus (IIT Kanpur) and other four
locations ranges from silty sand and clayey soils (Jishnu et al. 2013). Top
2 cm of the soil layer was discarded to remove the interfacing layer and
then approximately 50g of soil was taken in a pre-cleaned jar (Buddhadasa
et al. 2002). Samples were taken about 1 m away from the roadside at
every 1 km distance. Samples were also collected on the other side of  the
road. The samples were analyzed within 2 weeks’ time from collection as
suggested by a previous study (Trapido et al. 1999).

2.3. Experimental

Soil samples were homogenized in a container and left for air drying
to remove moisture. The samples were then sieved through 2 mm sieve. 5
g of the sieved sample was taken into a pre-cleaned glass vial for solvent
extraction. Subsequently, a 250 µL of  toluene-d8 from 1000 ppm stock
solution was added as a surrogate standard and the lid was closed using
Teflon cap to minimize the losses of  volatile compounds and left for 1 h.
Then 20 µL of n-hexane was used for soaking the doped soil sample for
~ 12 h. The sample was sonicated for 1 h, extract was transferred into
another vial and the same process was repeated with further 20 µL and 10
µL of  n-hexane for 1 h and 30 minutes, respectively. All the extracts of  a
sample were pooled and filtered through a 0.22 µm Millipore filter using
a glass syringe. A 1 µL of  this filtered extract was transferred in a GC-vial
and 25 µL of fluorobenzene from 200 ppm stock solution was added as
an internal standard. A 2 µL solution was injected into GC-FID. Retention

Fig.2. Soil images of the samples collected from different sites (A) IIT
campus (B) Shivli (C) Bithoor (D) Panki (E) Jajmau

time and identification of each analyte was monitored by running
individual standard. A 5 point calibration was achieved routinely with
freshly prepared mix standards of BTEX (R2 > 0.99) and the quantification
of these compounds in a batch of samples was obtained against the
calibration plot.

3. Results and discussion

3.1. Concentration of the pollutants at the sampling locations:

The average levels of BTEX inside the campus and outside the campus
are given in Table 2. BTEX concentration is much higher outside the
campus as compared to in-campus values. That may be due to the heavy
traffic congestion, industrial emissions and biomass burning.

Table2.  BTEX concentrations measuredat different sites in Kanpur
inthis study

S. No. Location Concentration(mg/kg)

1. IIT campus 33.5 ± 16.5

2. Shivli 36.6 ± 13.2

3. Bithoor 52.3 ± 4.9

4. Panki 60.2 ± 11.3

5. Jajmau 69.6 ± 8.7

The average concentration of BTEX in IIT Kanpur campus was (33.5
± 16.5) mg/kg (Fig. 3). The concentration in right (62.1 mg/kg) and left
(53.7mg/kg) direction (~ 500 m) away from the IIT gate are higher due
to huge vehicular emissions on the National Highway. Burning of  waste
and biomass were also found during sampling in these locations. The
concentration at IIT gate (58.6 mg/kg) was observed to be maximum at
the periphery of the campus. It is more than the concentration in the left
direction. The major reason is the proximity to the railway crossing
which witnesses frequent vehicle stoppage. Here, pollutants are expected
to accumulate from vehicles exhaust due to more waiting time of vehicles
(engine idling) until the crossing is unoccupied. The concentration at
motor transport area (MT) crossing (44.4 mg/kg) was also quite high due
to the traffic load at this crossing. Concentration in front of
KendriyaVidyalaya (KV) School was 34.3 mg/kg. Major sources could
be higher frequency of  school vans stoppage and commuters. However,
BTEX concentration is less than those observed at the above mentioned
sites plausibly due to less inflow and outflow of vehicles at this site as
compared to other sites.
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Fig.3. Concentrationof BTEX insoil samplescollectedwithin
thephysicalboundary of our institutional campus (IIT Kanpur)

In Shivli sampling region (Fig. 4) the average BTEX concentration
near the road was 36.6 ± 13.1 mg/kg. The sampling and analysis at Shivli
roadside were done in winter. The BTEX concentrations measured at
several sites in the Shivli were lower than those situated in-campus (IITK
campus). The roadsides have small point sources of BTEX at this site
such as small dhabas using coal and wood. Also the residents in the area
use wood as kitchen fuel. However, the major source of  BTEX at this site
appears as vehicular exhaust.

Fig.4 Concentration of BTEX insoil samplescollected from Shivli

Bithoor that is known as a tourist place situated on bank of the River
Ganga. The concentration of BTEX (Fig. 5) on this place was 52.3 ± 4.9
mg/kg. The major source of BTEX in this area appears to be two-wheeler
motor vehicles. The concentration of BTEX in soil on the roadside of
Bithoor area is slightly higher than Shivli road plausibly due to more
vehicular traffic.

Fig.5. Concentrationof BTEX insoil samplescollected from Bithoor

Panki sampling station is a pilgrimage and industrial area. The BTEX
concentration in Panki (Fig. 6) was 60.2 ± 11.3 mg/kg. Two wheelers,
four wheelers and heavy loaded commercial vehicles are the main source
of pollutants in this area. BTEX concentration at power plant site (P5)
was found very high i.e. 79.7 mg/kg. This can be due to the deposition of
pollutants emitted from coal burning in Panki thermal power plant. At

junction nearby SAIL (P7), the concentration was highest, that is, 81.6
mg/kg. BTEX concentrations at nearby stations were also high due to
proximity of road traffic signal and zone of railway crossing. There are
some commercial vehicle repairing shops located on this highway which
might be acting as point sources of pollutants due to leakage of engine oil
during servicing of vehicles and causing contamination of soil.

Fig.6. Concentrationof BTEX insoil samples collected from Panki

The BTEX concentration at the Jajmau site (Fig. 7) was 69.9 ± 8.7
mg/kg. This is likely due to heavy duty vehicles like buses, truck, two
and four-wheelers running on this road. Passenger three wheelers auto
rickshaw motors are also responsible for the contamination of air and soil
because of the emissions from inefficient and old engine combustion.
They stay in idle condition for most of the times at traffic signals while
keeping the engine “ON” and thus cause huge pollution. These are the
major source of emission at Imperial heights site (J1: 82.1 mg/kg). Another
site with elevated BTEX concentration was found at Bagiya railway
crossing. Intersections such as 9 Number crossing (J5: 73.7 mg/kg) and
Gurudev, have high BTEX concentration. BTEX concentration at
Golchauraha (J7) is high (87.4 mg/kg) plausibly due to a high frequency
of vehicles. These findings demonstrate the transport and migration of
BTEX in the soil samples.

Fig.7. Concentrationof BTEX insoil samplescollected from Jajmau

3.2. Comparison among different sites:

The comparison of BTEX abundance at all sampling stations is
described below. The traffic load in the road to Jajmau is highest among
all the sites. Since four major cities are connected by Jajmau road, there
is usually a heavy traffic congestion on this road which includes various
types of commercial and private vehicles. It has road connectivity with
public places like Kalyanpur, Rawatpur railway stations, Gurudev railway
crossing and other important intersections due to which it is the most
crowded roadway site among the investigated sites.

Panki has a less traffic as compared to the Jajmau site. When we
proceed to SAIL junction, wherein road traffic increases, the traffic on
this road is mixed i.e. largely private vehicles, heavy-duty vehicles, and
four wheelers, but the concentration is a bit less than Jajmau.

On the road to Bithoor and Shivli road, the traffic was low. This is also
reflected in BTEX concentrations in these areas in soil samples.
Furthermore, the soil on Shivli road was less contaminated with BTEX.
The concentration varied much in a distance of 1 km, this signifies the
main reason of pollutant is located nearby the sampling site and deposition
occurs in the soil.
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3.3 Remediation Technologies:

This section provides future scope of this work. In view of their
ubiquitous presence in our environment and negative effects on human
health, numerous remediation methods have been suggested previously
for the removal of  VOCs from contaminated water, air and soil media
(Peng 2003; Chan et al., 2012, Justicia-Leon et al., 2014, Li et al., 2012,
Randazzo et al., 2011, Rodríguez et al., 2005, Tsai et al., 2010, Wei and
Seo, 2010, Yokosuka et al., 2009).

Severaltechnologies, shown in Fig. 8. including electrolysis, aerobic
degradation, condensation, adsorption, thermal combustion, catalytic
oxidation, photocatalytic oxidation, phytoremediation have been
proposed for the VOCs removal. Adsorption is the process in which
VOCs are physically removed and it’s a highly effective process (Srivastava
et al. 2018).

In electrolysis method an alternating current is allowed to flow through
an aqueous solution at both high and low voltages. The entire process of
electrolysis is carried out in an electrolytic cell. In this cell, the ions
migrate towards/away from the anode or cathode. It takes a lot of  energy
to separate the water into hydrogen and oxygen. This process is rarely
used but convenient and also efficient way for the remediation of  VOC’s.

Aerobic degradation is the breakdown of organic contaminants with
the aid of microorganisms in presence of molecular oxygen. Many organic
contaminants are rapidly degraded under aerobic conditions by the aerobic
bacteria. Aerobic degradation typically occurs more rapidly than anaerobic
degradation. On the contrary, anaerobic degradation process reduces the
volume and mass of waste materials and produces natural gas. Anaerobic
digestion technology is widely used for the waste management system
and as a source for production of  renewable energy.

Phytoremediation is a cost-effective approach wherein plants are
utilized for environmental remediation of soils, sludges, sediments, surface
water and groundwater. However, phytoremediation has some demerits,
such as detoxification process is very slow, it takes long time in month to
years as the plants grows then it works for process (Aken 2008).

VOCs are thermally degraded at higher temperatures ranging above
900 °C. Organic contaminants in air can be utilized as a fuel and its
combustion can be allowed to occur in an internal combustion engine.
The incineration can achieve effective destruction of  VOC’s within a
short time leading to low processing cost. However, this process also has
several disadvantages such as low efficiency and high energy consumption.

Zerovalent iron (ZVI) is most commonly used for environmental
remediation. ZVI is typically applied as a reductant in the treatment of
organic and inorganic contaminants found in various environmental media
including groundwater and soil. Iron serves as the electron donor to
reductively de-chlorinate VOCs to their non-chlorinated products and
chlorine ions. ZVI has been shown previously to treat effectively various
contaminants like chlorinated solvents, metals, aromatic compounds,
nitrate and certain dyes. ZVI can be applied in both ex situ and in situ
remediation.

Oxidation is a process that utilizes ultraviolet light (UV) and chemical

Fig 8: Showing important technologies for VOC’s remediation

oxidants such as ozone (O
3
) and hydrogen peroxide (H

2
O

2
) to destroy

organic contaminants in groundwater. In this processes, the organic
contaminants are transformed into carbon dioxide and water. This is a fast
remediation process due to participation of  ozone. Its demerits are high
cost and induced ozone toxicity contaminants due to BITEX.

4. Conclusions:

We undertook soil campaign in Kanpur, India. Analyzed BTEX in soil
samples using GC-FID. A total of  140 samples were collected in January
2018, Jajmau and panki were hotspots of  BTEX pollution. Toluene
concentration was higher as compare to other compounds. During this
study it was found that total BTEX concentration was highest at Jajmau
site and it was higher by a factor of 2 or more as compared that at other
sites. Vehicular emissions, coal/wood combustion and thermal power
plant are the major factors responsible for the variability of BTEX
concentration at the sites. All these pollutant species are produced mainly
from manmade activities. It has been observed that the most polluted site
is Jajmau>Panki>Bithoor>Shivli> inside the institute campus.
Interestingly, there was a noticeably large variability in the concentration
of BTEX within 15 km radius of IITK campus. Biomass burning and
vehicular emission should be minimized to prevent these toxic pollution.
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