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Abstract

The present study was carried out to observe the variation of volatile organic compounds (VOCs) namely benzene, toluene,
ethylbenzene, and xylene isomers (BTEX) at three different sites of Delhi, during 2016-2017. Four hourly sampling was carried
out day and night separately. Results showed that BTEX concentration was highest in post-monsoon and lowest in monsoon
season. Again, daily variation shows that benzene (47%) and toluene (35%) were more during night than day when it was 44%
and 33% respectively. Mean concentration of BTEX was observed in following order: ethylbenzene ~ o-xylene < m,p-xylene <
toluene < benzene, while overall seasonal variation was observed as follows: post-monsoon > summer > winter > monsoon.
Possible emission sources of BTEX were also established through corresponding ratios of individual compounds. Xylene
isomers together accounted highest ozone formation potential. The risk assessments of BTEX were carried out in terms of
non-cancer (the hazard quotient, HQ) and cancer (the incremental lifetime cancer risk, ILCR) regarding the inhalation exposure
only. It was observed that benzene and xylene isomers possessed higher HQs than ethylbenzene and toluene at all sites through-
out the study. Again, benzene was found with higher mean ILCR (3.58 x 107°) than ethylbenzene (1.47 x 1075).
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Introduction

Volatile organic compounds (VOCs) comprise a series of com-
pounds, of which the BTEX is ubiquitous pollutants. BTEX
refers to benzene, toluene, ethylbenzene, 1,2,4-
trimethylbenzene, and xylene isomers (m-xylene, p-xylene, o-
xylene). These are known toxic air pollutants and some of them
are carcinogen. Sources of these VOCs are gasoline/gasoline-
powered vehicles (Hellen et al. 2003), vehicular exhaust
(Latella et al. 2005), and other biogenic sources (Guenther
et al. 2006). Various anthropogenic activities such as fuel com-
bustion and industrial processes using various kinds of sol-
vents, wood burning, etc. play an important role in the emission
of VOCs (Lanz et al. 2008; Demir et al. 2012; Abtahi et al.
2018). Due to the multiple emission sources and ubiquitous
nature of VOCs, it can be transported over long distances. It
has also been reported that gasoline vehicles emit more VOCs
as compared with diesel (Watson et al. 2001). The emission of
natural VOCs has also been reported (Guenther et al. 1995).
Interestingly, concentration of some VOCs has been observed
relatively higher in the indoor environment than outdoor due to
the building materials (Missia et al. 2010). Exposure to some
BTEX (mainly benzene) can cause acute non-lymphocytic leu-
kemia and a variety of other blood-related disorders in humans
(Krewski et al. 2000; Sarkhosh et al. 2012). Benzene, which is a
priority pollutant in urban environment, is considered as a
genotoxic carcinogen (Hoque et al., 2008). Attention has also
been given on study of benzene in food samples (Heshmati
et al. 2018). Most of the VOCs in the ambient environment
form tropospheric ozone and secondary organic aerosol
(SOA), which in turn harm all living creatures and pollute local
air quality. There are three major pathways of human exposure
to pollutants such as inhalation, ingestion, and dermal (skin)
contact. Exposure of VOCs is related to multiple routes
(Bruckner et al. 2010). Inhalation plays an important role of
enrichment of VOCs in different parts of the body, especially
alveoli of lungs. Besides the adverse effects of VOCs on human
(de Blas et al. 2012), they are also responsible for carcinogenic
effects. According to the International Agency for Research on
Cancer (IARC), which is a part of the World Health
Organization (WHO), benzene is classified as a group 1 carcin-
ogen (i.e., human carcinogen), ethylbenzenes as a group 2B
(i.e., possibly carcinogenic to human), whereas toluene and
xylenes are classified as a group 3 (i.e., not classified as human
carcinogen) respectively.

In this study, the variation of BTEX at three urban sites in
Delhi has been investigated. In India, most of the cities face
acute problem of outdoor air pollution with concentration
levels significantly exceeding the limits set by the National
Ambient Air Quality Standards (NAAQS) under the Central
Pollution Control Board, Government of India (CPCB 2009).
This puts the lives of Indians living in cities at risk. For in-
stance, it has already been estimated that 3500 cardiovascular
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mortality occur in Delhi annually due to outdoor air pollution
(Gurjar et al. 2010). The high concentration levels of pollut-
ants have been attributed to rapid urbanization, boom in con-
struction activities, increase in number of vehicles, and traffic
congestion (Patankar and Trivedi 2011; Hazarika and
Srivastava 2017; Hazarika et al. 2017). Besides, studies re-
garding particulate pollutants in Delhi (Kushwaha et al.
2013a) and other northern cities of India (Pachauri et al.
2013; Kushwaha et al. 2013b), some studies have also been
carried out to understand the emission inventories. The emis-
sion of particulate pollutants is mainly associated with anthro-
pogenic activities in the Delhi such as industries, vehicular
activities, and constructions (Hazarika and Srivastava 2017,
Hazarika et al. 2017). Besides particles, emission patterns of
VOCs/BTEX have also been investigated by various re-
searchers. A study carried out near the petrol retail distribution
centers showed higher concentrations of VOCs in the atmo-
sphere of Delhi (north India) and Mumbai (situated in the west
coast of India) mainly due to vehicle refueling (Srivastava
et al. 2005). As far as benzene is concerned, higher concen-
tration was observed in urban environments of Delhi by
Khillare et al. (2008). They also observed significant variation
of concentration before and after the implementation of man-
datory compressed natural gas (CNG) fuel in commercial ve-
hicles in Delhi. The standard set by NAAQS for benzene is
05 pg/m® annual average concentration (CPCB 2009; Govt.
of India). However, a number of studies on BTEX and their
variations have been carried out by various researchers in the
Indian environments (Dutta et al. 2009; Bauri et al. 2016;
Masih et al. 2016; Masih et al. 2017) but due to the tremen-
dous growth of vehicular activities and other industrial
sources, the air quality of Delhi has been deteriorating day
by day. This is why the capital has been recorded as one of
the most polluted cities in world. So, to understand the level of
BTEX concentrations as a results of vehicular activities this
study has been undertaken with an objective to understand the
difference between diurnal and nocturnal concentration. We
also tried to understand the seasonal and spatial variations.

Material and methods
Study area

Delhi, the National Capital Territory, is also one of the largest
cities in India. Delhi is situated at an altitude of 216 m above the
mean sea level and spread over an area of approximately
1483 km®, out of which 700 km” is identified as urban and
783 km” as rural. Geographically, Delhi is situated 23.38° N
and 77.13° S, and divided into three parts such as Delhi ridge
(part of Aravali mountain range), the Yamuna river flood plain
(rich in alluvial soil), and the Plains (Srivastava et al. 2008;
Hazarika et al. 2015, 2019; Hazarika and Srivastava 2017).
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According to the Indian Metrological Department (IMD; http://
www.imd.gov.in), the climate of India is divided mainly into
four seasons; summer or pre-monsoon, monsoon or rainy,
post-monsoon, and winter. The temperature of Delhi varies
from ~2 °C in winter to ~48 °C in summer. The wind
direction of Delhi is mainly west to northwest except during
monsoon months (July to September) when it is from south to
southwest. The characteristic of winter season is different from
other seasons because of temperature inversion and low mixing
height. This results to pollutants accumulation in the region.

Sampling sites

Samplings were carried out at traffic intersection point of three
locations in Delhi during August 2016 to June 2017. Samples
were taken from Indian Institute of Technology (IIT, Delhi),
Mathura Road (near Friends Colony), and Uttar Pradesh (UP)-
Delhi border on national highway 24 (NH 24). Samples were
collected twice a day from 0900 to 1300 h during daytime and
from 2300 to 0300 h during night. Sampling site 1 (S1, traffic
intersection point near IIT Delhi) was traffic intersection of Sri

Fig. 1 Locations of the sampling sites in Delhi

Aurobindo Marg and Panchsheel Marg (outer ring road). This
place is in the vicinity of a petrol pump and Hauz Khas Metro
Station. This site is surrounded by housings, institutional
areas, and a commercial center. This area experiences consid-
erable traffic density with different types of vehicular activi-
ties both during day and night times. In general, Delhi’s traffic
regulations permit enter of heavy vehicles during night, i.e.,
2300 to 0500 h. Hence, during daytime, traffic density is much
higher than night. In the sampling site 2 (S2), Mathura Road is
in the vicinity of highways NH19 and NH44. It experiences
very high traffic density. During daytime, small and medium
vehicles ply but during night, heavy motor vehicles and trucks
ply on this road. This is why number and types of vehicular
traffic during night and day times are different. There is a
petrol pump in the vicinity. In the Sampling site 3 (S3),
Delhi-UP Border is situated on NH24. Comparatively, this
place is open and there are some open dumping areas nearby.
Similar to other sites, here also only small and middle size
vehicles are allowed during day, but during night, both heavy
and lighter vehicles are permitted. All the sampling sites cov-
ered in this study are shown in Fig. 1.
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Sampling and analysis

BTEX samplings were carried out during the day and
night times separately for 6 days in each month.
Samples were collected using ORBO™-32 charcoal tube
(7 cm in length X 6 mm o.d., from Supelco) fitted with a
battery-operated pump (Gilian BDX-II Personal Air
Sampling Pump 500-3000 cc/min). The air was drawn
into the tube at a flow rate of 100 ml min~' for 4 h during
both day (0900 to 1300 h) and night times (2300 to
300 h). Sampler was kept at height of 1.5 m from the
ground. In general, this is the respirable height of pedes-
trian. After sampling, the open sides of ORBO™-32 tubes
were closed with Teflon tape to prevent any contamina-
tions and then, wrapped and labeled properly.

In the analytical steps, firstly 2-ml amber-colored glass vial
was used for transferring the activated charcoal from the
ORBO tube. Afterwards, 1000 pl of CS, (99% purity with
<0.001% benzene) was used as solvent for extraction, and
then, it was put into an ultra-sonicated bath for about half an
hour. The analyses of the extracted samples were carried out
using gas chromatograph attached with flame ionization de-
tector (GC-FID; Nucon 5700 gas chromatography). Alltech
EC-5 capillary fused silica GC column [Alltech part no.
19657 EC-5 30 m x 0.53 mm, ID x 1.2 um; serial no.
13879; poly(5% phenyl/95% methylpolysiloxane) phase,
non-polar], nitrogen (purity 99.999%) as a carrier gas, hydro-
gen (purity 99.999%) as fuel gas, and zero air (21% oxygen
and 79% nitrogen) were used. The column was connected to a
flame ionization detector (FID) which was held at maximum
temperature 270 °C. The column temperature was set initially
at 40 °C for 5 min, ramp at 10 °C min ! to 130 °C, which was
held for 15 min until the temperature reached 270 °C.
Analytical procedure was performed as according to the stan-
dard methods of the National Institute of Occupational Safety
and Health (NIOSH 1003 and 1501) for measuring VOCs
(Kumar et al. 2017; Golkhorshidi et al. 2019). The priority
VOCs investigated from the collected samples were benzene,
toluene, ethylbenzene, m/p-xylene, and o-xylene.

Data analysis

BTEX standard (BTEX mix, 1 x 1 ml, 2000 pg/ml in metha-
nol) used was from Sigma Aldrich. In the analytical processes,
the quality assurance and control measures were followed in
every step. Calibrations were performed by making five stan-
dard solutions of different concentrations. A blank sample was
run before and after every three samples. Retention times of
five BTEX in standard solution and in the compounds were
noted throughout the observed chromatograms. Linear cali-
brations were done and identification of compounds was car-
ried out by comparing the area and retention times of the
compounds with standards. The corresponding calibration
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curves were observed with R*>0.95 for all the BTEX com-
pounds. Limit of detection of the measured compounds was
found to vary between 0.2 and 0.4 ug/m’.

Ozone formation potential

The role of BTEX for ozone formation potential (OFP) can be
evaluated by applying the maximum incremental reactivity
(MIR) scale as per the information provided by Carter
(1994). The contribution toward OFP of the individual
BTEX can be obtained using the following equation (Hoqu
et al. 2008; Garg et al. 2019).

OFP = concentration of BTEX x MIR (1)

Health risk assessments of BTEX

The chronic health risk assessment of the measured BTEX
was estimated as per the United States Environmental
Protection Agency (USEPA 1997) given below. The hazard
quotient (HQ) of an individual compound can be obtained by
calculating the chronic daily intake dose (CDI) as follows:

CDI=C x IR x ET x EF x ED/BW x AT (2)

HQ = CDI/R{D (3)

where, C represents the individual concentration of the
BTEX in ug/m3; IR is the inhalation rate which is 20 m’/
day; ET is the exposure time in h/day which is equivalent to
sampling h/day; EF is the exposure frequency days/year
which is equivalent to 350 days of year after deducting 15
official leave days; ED is the exposure duration, which is
considered 30 years; BW is the body weight while 70 kg is
considered as the average of an adult; AT is the average life-
time (i.e., 70 x 365 days); and RfD represents the chronic
reference dose of the species (mg/kg/day).

Again, for BTEX, the incremental lifetime cancer risk
(ILCR) in terms of inhalation was also calculated as below:

ILCR = CDI x SF (4)

where SF represents slope factor (mg/kg/day) ' of the in-
dividual compounds. In this study, only the inhalation expo-
sure of adults was observed with respect to HQs and ILCR.
Similar types of observation of risk assessments on VOCs/
BTEX have been done in India (Masih et al. 2016; Kumar
et al. 2017; Masih et al. 2017) and abroad (Vilavert et al.
2012;Miri et al. 2016; Kanjanasiranont et al. 2017,
Golkhorshidi et al. 2019).

Results and discussion
Diurnal and seasonal variation of BTEX
After investigating day-night variation of BTEX concentra-

tion, it was observed that benzene was abundant during
post-monsoon season (142.2 pg/m?), and ethylbenzene
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Fig. 2 Seasonal variation of a 30+
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(10.48 pg/m®) and o-xylene (10.53 pg/m®) were minimum
with almost equivalent mean concentrations during day time
(Fig. 2a). In this figure, B, T, EB, mpX, and oX represent the
compounds benzene, toluene, ethylbenzene, m,p-xylene, and
o-xylene respectively. From Fig. 2a, it can be concluded that
the concentration of BTEX was found highest during the post-
monsoon season followed by summer, winter, and monsoon

seasons during day hours. We can infer that toluene was the
second most abundant compound after benzene in all the sea-
sons with a maximum and minimum concentrations in post-
monsoon and monsoon seasons respectively. The concentra-
tion of benzene was found highest followed by toluene, m,p-
xylene, o-xylene, and ethylbenzene throughout the seasons
during daytime. m,p-Xylene, o-xylene, and ethylbenzene
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were found to be with significantly lower concentrations than
benzene and toluene. It was also noticed that ethylbenzene and
o-xylene possessed approximately similar mean concentra-
tions throughout the seasons during day.

Figure 2 b shows the concentration of BTEX during night-
time in different seasons. Similar to the daytime variation, it
can be inferred that benzene concentration was highest during
all the seasons with maximum and minimum during post-
monsoon and monsoon seasons respectively. The variation
of BTEX concentration was found in the following order:
benzene > toluene > m,p-xylene > o-xylene > ethylbenzene.
Here again for all the BTEX compounds, maximum and min-
imum concentrations were found in post-monsoon and mon-
soon seasons respectively, whilst the overall variation of
BTEX was observed as post-monsoon > summer > winter >
monsoon. A major conclusion which can be drawn from
Fig. 2a, b is that the concentration of benzene was found
highest at all the sites and in all the seasons regardless of
day-night hours. This is in consistence with the previous stud-
ies, where higher amount of benzene was observed (Rao et al.
1997; Srivastava et al. 2005).

The mean concentration of all BTEX compounds together is
plotted in Fig. 2c. From this figure, it is clear that the concen-
tration of BTEX was found in the following order: post-
monsoon > summer > winter > monsoon. The distinct pattern
of variation of BTEX on the basis of seasons might be due to the
different meteorological conditions, anthropogenic activities,
and the variability of hydroxyl radical in the environment of
Delhi. In the monsoon season, due to rainwash out atmospheric
pollutants are removed, reducing the pollutant concentrations in
comparison with other seasons. In the summer season, the fac-
tors such as high temperature as a result of solar heat may reduce
the volatile organic compounds due to photochemical degrada-
tion, which may also lead to the formation of other intermediates
and simple molecules in the atmosphere (Lai et al. 2013; Kumar
et al. 2017). Other possible reason of the lower concentration of

BTEX might be associated with the dilution and mixing pro-
cesses, which in turn results the convections and consequently
decrease in the concentration level of volatile compounds
(Filella and Pefiuelas 2006; Kumar et al. 2017).

Relative abundances of BTEX

The percentage contribution of individual BTEX concentra-
tion across all sites during the day hours throughout the study
is given in Fig. 3a. During daytime, the percentage contribu-
tion of benzene, toluene, ethylbenzene, m,p-xylene, and o-
xylene were 44%, 33%, 6%, 10%, and 7% respectively.
While Fig. 3b shows that the percentage contribution of indi-
vidual BTEX concentration across all sites during nighttime.
The corresponding compounds during nighttime contributed
47%, 35%, 5%, 8%, and 5% respectively. Among BTEX,
benzene was found to be the most abundant species during
both the day and night times, while toluene was the second
most abundant species. The concentration of benzene and tol-
uene was higher in the nighttime in comparison with daytime,
while the concentration of other VOCs, i.c., ethylbenzene,
m,p-xylene, and o-xylene were higher during daytime
(Fig. 3a, b).

In the present study, variations in BTEX concentrations are
observed approximately same as reported in other studies car-
ried out in different parts of India (Srivastava et al. 2005;
Srivastava et al. 2000), i.e., higher concentration of benzene
in comparisons with toluene. Again, it was also observed that
concentration of toluene exceeded benzene in some other
parts of Delhi, where isomers of xylenes and ethylbenzene
possessed comparatively lower amounts (Hoque et al. 2008;
Singh et al. 2016; Kumar et al. 2017). Kumar and Tyagi
(2006) observed lower concentrations of benzene and toluene
at traffic intersection sites near the Income Tax Office (ITO) in
Delhi as compared with the concentrations observed in the
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Fig. 3 Percentage contributions of BTEX during the day (a) and night (b) hours
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present study, but they found higher concentrations at the sites
in the vicinity to the petrol pumps and road traffic areas.

Thus, while taking into consideration individual com-
pounds, it has been observed that different studies reflect dif-
ferent results with varying trends of concentrations with respect
to the sites and seasons. However, among BTEX, maximum
abundance of benzene as observed in the present study is in
agreement with some other previous studies (Rao et al. 1997,
Srivastava et al. 2005). While some other studies have found
toluene as the most abundant compound in other parts of world
such as in the city of Hannover, Germany (Ilgen et al. 2001), in
the metropolitan zone of Mexico city (Bravo et al. 2002), and in
the metropolitan city Ahvaz (Rad et al. 2014).

Benzene and toluene are found in higher concentration than
other compounds possibly due to their atmospheric life times
and their stability in comparison with xylene. Benzene and
toluene have the atmospheric lifetime 12.5 and 2.0 days re-
spectively, while m-xylene’s lifetime is only 7.8 h (Prinn et al.
1987; Tiwari et al. 2010). Though the metrological conditions
have an effect on the concentration of BTEX at different sites,
but the seasonal characteristics, different sources, availability
of OH radical, and insolation play an important role in the
formation and destruction of BTEX (Masih et al. 2016). The
higher concentrations of BTEX obtained near traffic intersec-
tion signify heavy vehicular activities as major factor. Besides
vehicular activities (vehicles of Delhi and the nearby areas run
on diesel, petrol, and compressed natural gas), other factors
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such as domestic burning, paints, and petrol pumps signifi-
cantly contribute to the BTEX.

BTEX variation at different sites

The relative variations of BTEX throughout the sites during
both day and night have been provided in Fig. 4a, b. It reveals
that the trend of BTEX variation followed almost similar pat-
tern at all the sites. It also shows that site 3 possessed higher
BTEX followed by site 1 and site 2 (Fig. 4c). The highest
amount of BTEX at site 3 might be due to the presence of
various types of vehicles (two, three, and four wheelers) and
miscellaneous anthropogenic activities from the nearby bor-
dering areas of two different states (Delhi and Uttar Pradesh).
Figure 4 d shows the concentration of BTEX throughout the
study period. From this figure, it is clear that concentration of
BTEX is found in the following order: benzene > toluene >
m,p-xylene > ethylbenzene ~ o-xylene. This is in conformity
with some previous studies carried out in Mumbai and Delhi
by Rao et al. (1997) and Srivastava et al. (2005) respectively.

Indicator of BTEX emission
The interspecific ratios of BTEX have been used as an indi-
cator of emission sources based on some previous studies

(Tiwari et al. 2010; Singh et al. 2016). Though this study
was carried out at traffic intersection points or in the areas of
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Table 1  Ratios of BTEX from the monitored sites

Compounds ratio Site 1 Site 2 Site 3
“T/B 0.78 0.74 0.83
EB/B 0.14 0.12 0.11
‘m,p-X/B 022 0.19 0.20
90-X/B 0.14 0.12 0.13
°m,p-X/EB 1.53 1.51 1.77

4 T/B, toluene/benzene

® EB/B, ethylbenzene/benzene

¢ m,p-X/B, m,p-xylene/benzene

d 0-X/B, o-xylene/benzene

¢ m,p-X/EB, m,p-xylene/ethylbenzene

vehicular congestions, it is not necessary that all the measured
BTEX are emitted from vehicular fuels, but may also be as-
sociated with the other man-made activities. Hence, in this
study, the major sources of VOCs/BTEX are dominated by
vehicular activities, but also have the probability of other an-
thropogenic activities and the long-range transport. The cor-
responding ratios (ratio of other VOCs with benzene and eth-
ylbenzene) were observed in order to determine possible
sources of BTEX. This difference in ratio mainly occurs due
to the differential reactivity of atmospheric volatile com-
pounds with OH radical (i.e., hydroxyl radical). The ratios
have been calculated from each site by taking the mean con-
centrations of both the day and night times across all the sea-
sons and provided in Table 1. The ratios, such as T/B, EB/B,
m,pX/B, 0X/B, and m,pX/EB represent the corresponding
ratios of toluene/benzene, ethylbenzene/benzene, m,p-xy-
lene/benzene, o-xylene/benzene, and m,p-xylene/ethylben-
zene respectively, were considered to obtain their emission
sources. Noticeably, these ratios are dominated by lower
values (< 1) such as for the species T/B (0.74 to 0.83), EB/B
(0.11 to 0.14), m,p-X/B (0.19 to 0.22), and 0-X/B (0.12 to
0.14), whereas the ratio of m,p-X/EB (1.51 to 1.77) exceeded
the unity (Table 1). Except T/B, the corresponding ratios of
other species which are primarily < 1 have been found consis-
tent with the previous work carried out in Delhi at different
sites such as residential, commercial, industrial, and high traf-
fic density areas (Singh et al. 2016).

It has already been reported that benzene and toluene are
the constituents of gasoline, which are emitted into air by
vehicular exhaust. Toluene in gasoline and motor vehicle ex-
haust is found three to four times higher than benzene (Pekey
BYilmaz 2011). The unit value (i.e., ~ 1) of T/B indicates the
dominant emission from vehicular traffic, while higher value
(more than 1) indicates the emission from the nearby pollution
sources (Rad et al. 2014). Low value of T/B infers the mixture
of aromatic compounds with unleaded gasoline (Gee and
Sollars 1998; Elbir et al. 2007). Biomass burning/residential
heating and coal combustion can also have significant
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contribution toward benzene concentration, which is reflected
from lower T/B ratio (Elbir et al. 2007). Vehicles running on
different fuel types and various categories of industries could
also play a role in the variation of T/B ratios (Hoque et al.
2008).

In the environment of Delhi, the ratio of EB/B has
already been observed to be <1 (Singh et al. 2016), but
in this study, the corresponding ratio of EB/B has been
found to be further lower than by Singh et al. Lower value
of X/B ratio was observed at all the sampling sites. X/B
ratios with higher and lower values indicate the fresh and
aged air mass respectively. This implies aged air masses
from vehicular transportations and also their long-range
transport (Singh et al. 2016). The activity of benzene is
lower than xylenes, which leads to its longer stay in the
atmosphere (Niu et al. 2012; Singh et al. 2016). The ratio
of m,p-X/EB (1.51 to 1.77) has been found to be in close
conformity to the value 1.13 to 1.53 in yet another study
carried out in the industrial area of Yokohama, Japan, by
Tiwari et al. (2010). But, in general, lower ratios of X/B
and X/EB represent the dominance of photochemical re-
actions (Tiwari et al. 2010; Nelson and Quigley 1983).
From the ratios of BTEX, it can be concluded that all
the sites were observed to be associated with the traffic
emission, photochemical reactions, and other anthropo-
genic activities such as domestic and biomass burning.

Contribution of BTEX toward ozone formation
potential

VOCs play a crucial role in the ozone formation by photo-
chemical reactions. The OFP, which has been calculated using
the MIR coefficients, has been used by various researchers to
anticipate the potential of individual VOCs toward ozone for-
mation (Hoque et al. 2008; Bauri et al. 2016). In this work,
OFP obtained at different traffic congestion points have been
presented in Table 2. MIR coefficients used are 0.42, 2.7, 2.7,
8.2, and 6.5 for benzene, toluene, ethylbenzene, m,p-xylene,

Table 2 Estimation of ozone formation potential (OFP) of the BTEX

Compounds *MIR  OFP1 OFP2 OFP3 Average
Benzene 0.42 47.80 43.66 49.39 46.99
Toluene 2.70 241.89  208.63  266.62 23941
Ethylbenzene  2.70 44.63 35.15 37.42 38.77
m,p-Xylene 8.20 208.36 162.19 194.75 188.93
o-Xylene 6.50 107.75  82.36 102.7 98.21

*MIR, maximum incremental reactivity. The information regarding the
MIR can be obtained at Carter (1994)

OFP1, OFP2, and OFP3 represent the ozone formation potential for the
sites 1, 2, and 3 respectively. The average values of OFP are the repre-
sentative of based on average concentrations of BTEX, not from the
averages of OFP1, OFP2, and OFP3 of the corresponding sites



Environ Sci Pollut Res (2020) 27:11093-11104 11101

o %’ % % and o-xylene respectively Carter (1994). The OFPs with re-
o1& S & spect to different sites are found in the following order: tolu-
R E ene > m,p-xylene > o-xylene > benzene > ethylbenzene. It is
& also clear from Table 2 that among different sites, site 3 has
° PR - highest magnitude of OFP. The mean OFP of BTEX com-
;%0 X 5 g z Z Z s pounds are 239.41, 188.93, 98.21, 46.99, and 38.77 for tolu-
2 Ol vn 8  © a4 é
212 =R 6 =6 o ,g “ ene, m,p-xylene, o-xylene, benzene, and ethylbenzene respec-
- B tively. Overall, xylenes (all the xylene isomers) possessed the
= .
- - 2 . 2 highest mean OFP whereas ethylbenzene lowest.
SR, 2 E-
x| X x 2 2 2 .
gle g Z & g Health risk assessments
= N ® £
2z g S
i g 2 The possible risk of BTEX regarding inhalation exposure
2 G . .
TLLEY LS 8 T‘Eé’ Q‘i with respect to the non-cancer (HQ) and cancer risk
5| o XXX xxx |z = = (ILCR) has been attempted to investigate as per the US
ZlZ| 223334 z E -E EPA guideline. The observed values of HQ and ILCR
g E g have been provided in Table 3. The chronic inhalation
- - = = z reference concentration (RfC, in mg/m’) values of the
9y = =2 I 2 ° compounds can be obtained from the Integrated Risk
~ (%) . o .
Sl & e s E E 2 Information System (IRIS, www.epa.gov/iris/) and the
N B & g g z Risk Assessment Information System (RAIS, www.rais.
g =z = 2 ornl.gov/). The RfC of benzene, toluene, ethylbenzene,
[P U I I 2z 3 3 g and xylene isomers are 3.00 x 1072, 5.00, 1.00, and 1.
Ss2SsSsSs2 |l = ot S y
o o é é ﬁ & é § £ § i g 00 x 10" respectively. For the estimation of HQ, RfCs
2 == o e Y A I = _§ 5 ; were converted to RfD (the inhalation dose, (mg/kg/
g m; g d& day)). RfD was calculated using individual RfC of the

" - - = E o targeted compounds, inhalation rate, and body weight
b= ¢ P = o . . . .

g o = = 2 & o 2 (i.e., RfD = RfC x inhalation rate/body weight) (www.
2 o1l S 2 - g E % rais.ornl.gov). Similar types of observation have been
@ = T ! Q = o .

2 “ = jé" g = % made elsewhere (Durmusoglu et al. 2010; Demirel et al.
—~ an N =
5 2 é E @ g 2014). The average HQs of benzene, toluene, ethylben-
g P A E, £ >z 2 zene, m,p-xylene, and o-xylene were found 1.53 % 107",
o _ — o = = = S G B 9 8 —3 -3 —1 -2
2l 3| o ﬁééééé 5 ;,"E’E 5 7.26>.<10 , 5.89x10 ,.1.03><10 , and 6.21 x 10~ re-
Sl |- =G ew|a =2 jé“ s spectively (Table 3). It is clear from Table 3 that all the
] ) g 2 s g . .
= T% 2 8 2 2 compounds of BTEX at all the sites represent approxi-
2 “ . = 8% 3 mately similar order of magnitude of HQs. But among
<= = = =S8 E 2 E them, HQs of benzene and xylenes are comparatively
S| = 2 2 %D e = higher than toluene and ethylbenzene. From these HQs,
S| a8 g = 2 ¢ = . . C e
5 =4 5 § 3 g i.e., <1, it can be concluded that the individual com-
g § 8 % E =S pounds will not cause any adverse health effects. The
E P g g‘ 2 E g hazard index (HI) of BTEX, obtained by adding HQs of
El e X XX x : Y3 b the sites 1 to 3, was 3.42x 10", 2.87 x 10", and 3.37 x
| £ MENTRIR IS E E‘) o = = E 107" respectively. Again, the overall HI, obtained from
> 2 3 Eg < the average HQs of the individual compounds, was also
= 1 & 22 L= . —1
m . - - € T BT found to be <1 (i.e., 3.31 x10 ).

G =1

S = == - g 2 < g The ILCR of benzene and ethylbenzene has been ob-

Q . .

% Eé g8 &8 8 8 2 = E T EE served by various researchers (Dutta et al. 2009; Vilavert
Bl o E: = g 5 § 8 ; et al. 2012; Habeebullah 2015; Masih et al. 2016; Kumar
< = w . . « ey

E o S 5 £a £ £ et al. 2017). Compounds with attributable toxicities have
2 e 2 5 5E & g = 2 o been subdivided into three broad categories such as defi-

= g g ES 2 83 5 o . . . .

.| 5 0 o s 8 Q 5% =28 g § nite, probable, and possible risks depending on the ranges
Ll = s 2 8 > 8 T8 T = L") 5 3 p p p g g
2| & 823 el z 9] g g = S g of carcinogenicity (Sexton et al. 2007). In this study, the
el S REFELE|IFEFPELTE carcinogenicity associated with benzene and ethylbenzene

g Y Yy

@ Springer


http://www.epa.gov/iris/
http://www.rais.ornl.gov/
http://www.rais.ornl.gov/
http://www.rais.ornl.gov
http://www.rais.ornl.gov

11102

Environ Sci Pollut Res (2020) 27:11093-11104

as a result of inhalation exposure was investigated.
Among the observed compounds, benzene and ethylben-
zene have the prescribed values of inhalation unit risk (per
ug/m®). As per the IARC categorization, these two com-
pounds belong to the group 1 and 2B respectively. The
information of unit risk recommended by the Integrated
Risk Information System (IRIS;www.epa.gov/iris/) of the
US EPA can also be obtained at the Risk Assessment
Information System (RAIS; www.rais.ornl.gov). In all
the cases from sites 1 to 3, it can be concluded that
benzene contributed relatively higher values of ILCR
than ethylbenzene (Table 3). Benzene and ethylbenzene
were found with the mean ILCR values 3.58 x 10> and
1.47 x 10~ respectively, which are found to be in the
recommended ranges (i.e., 10°° to 107*). Similar types
of results can also be found elsewhere (Demirel et al.
2014; Miri et al. 2016). From these results, it can be
concluded that benzene was found to be relatively toxic
than ethylbenzene.

Summary and conclusion

This study shows the relative variation of BTEX concen-
tration at three important traffic intersections in Delhi. Out
of these one is a two states border (Delhi and Uttar
Pradesh) joint. Although many studies are carried out on
BTEX in different parts of India but to the best of our
knowledge no study so far been done on traffic junctions.
Also this study is important from point of view that first
time in India study on day and night concentration of
VOCs were carried out.

Though various studies carried out on VOCs in the
urban residential, commercial, industrial, and traffic inter-
sections, but to understand the emissions of VOCs from
vehicles at the traffic intersections sites still await a seri-
ous look regarding the cities like Delhi, which is presently
the most polluted city in world. So, to understand the
pollution scenario in the road traffic points, simultaneous
sampling and analyses are required to obtain the air qual-
ity and their probable health impacts in the capital region.
As far as seasonal variation of BTEX is concerned, it was
observed that benzene and toluene had the highest con-
centrations in all the seasons while the total average con-
centration of BTEX was found highest during the post-
monsoon season followed by summer, winter, and mon-
soon seasons. Ethylbenzene and xylene isomers were
found comparatively higher during day than night times.
Site 2 possessed relatively lower concentration of BTEX
in comparison with sites 1 and 3. Vehicles run by diesel,
gasoline, natural gas, etc. played a major role in the var-
iation of BTEX concentration throughout the sites.
Among the BTEX, on an average, benzene and toluene
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together accounted 77% and 82% during the day and
night times. Both together contributed > 78% in ambient
air. On the contrary, it was found that the ethylbenzene,
m,p-xylene, and o-xylene together possessed lower
amount, i.e., 23% and 18% during day and night times
respectively. The source identification of BTEX was done
using the corresponding ratios of BTEX, which indicated
vehicular activities as major emission factor. Except the
ratio m,p-X/EB (whose corresponding ratios at sites 1-3
are 1.53, 1.51, and 1.77 respectively), the other interspe-
cific ratios of BTEX were less than unity. Though vehic-
ular emission pre-dominated the BTEX concentration, but
other factors such as biomass burning, aged air mass, and
photochemical reactions also expected to be responsible
factor for its varying concentrations.

The OFP results showed that xylenes (m-, p-, and o-
xylenes together) and toluene possessed higher potential than
benzene and ethylbenzene. From the observation of non-
cancer risk of BTEX, it was found that benzene and xylene
isomers possessed higher HQs than ethylbenzene and toluene.
But, the HI (i.e., the sum of HQs) was found less than unity at
all the sites. Hence, from the HQ, it can be concluded that
there was no adverse health risk. Again, benzene and ethyl-
benzene possessed the corresponding average ILCR values
3.58 x 107 and 1.47 x 10™° respectively.
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