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Abstract

It is a matter of concern that despite taking measures to control aromatic content in
gasoline in India, the levels of volatile organic compounds are rising again in many
of the Indian cities. The transport sector has been one of the major sectors which are
responsible for worsening the air quality of Delhi city. While thousands of toxic
compounds are emitted from automobiles, industries, gasoline stations as well as
service stations, however, volatile organic compounds are important due to their sig-
nificant contribution to ozone formation, cancer, and non-cancer health risks. In this
study, roadside levels of benzene, toluene, ethylbenzene and xylenes (BTEX) were
investigated at the one of the major arterial road of Delhi city. Air samples were col-
lected by activated coconut shell charcoal adsorbent tubes. The BTEX concentrations
were determined by gas chromatography-flame ionization detector (GC-FID) tech-
nique. The mean concentrations of benzene, toluene, ethylbenzene and xylenes were,
respectively, 60.22, 162.68, 49.42 and 25.25 pg/m’. The relative concentration distri-
bution pattern and mutual correlation analysis indicated that in BTEX had sources
other than vehicle emission at the study site. The samples collected, showed that
BTEX had significantly higher concentrations in winter than those in spring and

summer.
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1. Introduction

Delhi is among the fastest growing economic centers of South Asia and has witnessed a

rapid increase in the number of vehicles from 5.1 million in 2007 to 8.2 million in 2014

DOI: 10.4236/jep.2016.710110 September 9, 2016



http://www.scirp.org/journal/jep
http://dx.doi.org/10.4236/jep.2016.710110
http://www.scirp.org
http://dx.doi.org/10.4236/jep.2016.710110
http://creativecommons.org/licenses/by/4.0/

M. Gaur et al.

[1]. Among, motor vehicles in Delhi, two-wheelers (motorcycles and scooters) and
four-wheelers (cars and jeeps) accounts for 64% and 31% of the total vehicle fleet while
the remaining 5% comprises of public vehicles (auto-rickshaws, taxis, buses and goods
vehicles) in Delhi [2]. This rapid growth in the number of vehicles has led to serious
environmental and health related problems in the Delhi city. The major pollutants
emitted from the transport sector are carbon monoxide (CO), oxides of nitrogen (NO,),
volatile organic compounds (VOCs), particulate matter (PM), and black carbon (BC)
[3]. In addition, there is a remarkable rise in the levels of secondary air pollutants such
as ozone (O,) [4]-[6].

According to the World Health Organization (WHO), any organic compound will be
denoted as volatile organic compound (VOC) if the boiling point falls within the range
from 50°C - 100°C up to 240°C - 260°C [7]-[9]. VOCs significantly affect human health
and can cause respiratory diseases, headaches, and eye irritation [4] [9]. Benzene, toluene,
ethylbenzene, and meta-, para- and ortho-, xylenes collectively known as BTEX, are a
group of aromatic VOCs and constitute up to 60% of non-methane VOCs in an urban
area [4] [10] [11]. BTEX acts as an important indicator to assess the degree of exposure
of the human body to VOCs [9]. Several researchers have studied BTEX concentrations
in ambient air [4] [9] [12]-[17] while others have focused on the adverse health effects
[18]-[20] or their role in the tropospheric chemistry [21]-[23]. In India, regulations are
made for fuels and vehicle emissions which are based on European standards. New re-
quirements will be introduced first in Delhi, followed by other major cities, following
the implementation at national level. A limit of 3% (vol) max has been introduced in
the four mega cities w.e.f 1st April 2000. The content of benzene in the gasoline has
been further reduced to 1% w.e.f 1st April 2005 in 11 mega-cities states ahead. How-
ever, gasoline with 3% benzene content is made available throughout the country from
April 01, 2005 [24].

Key outdoor sources of BTEX include automobile exhaust, fuel evaporative losses,
industrial emissions, petroleum refining and storage, surface coatings, using of solvents,
fuel stations, and asphalt concrete factories [4] [9] [13]. On the other hand, indoor
sources include tobacco smoke, cleaning products, heating, cooking fumes, varnishing
and painting, use of computers, photocopiers and printers [25]-[27].

Quantification of VOCs in ambient air is important for the assessment of air quality
and for understanding the photochemical smog formation. One of the major compo-
nents of photochemical smog is O; and it is formed through a series of complex reac-
tions between oxides of nitrogen (NO,) and VOCs in the presence of sunlight and un-
der favorable meteorological conditions [23] [28] [29]. When aromatic compounds
react with hydroxyl radicals (OH) and/or nitrate (NO;) radicals, the resulting products
of the reaction contribute to the formation of secondary organic aerosol (SOA) by nuc-
leation and condensation process [30]. Odum et al [31] reported that the reaction be-
tween toluene and NO, in the presence of a light source formed SOA with a significant
aerosol yield. Thus, BTEX influence gas phase pollutants directly as well as particle-

phase pollutants indirectly and are considered to be the markers of human exposure to
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VOCs, therefore, they remain in the center of attention and hence their monitoring is
very necessary.

This study focused on the determination of BTEX in ambient air at a pollution hots-
pot in Delhi and also determines the main sources for BTEX emission in the monitor-
ing area. The obtained results allowed us to get some answers about the effectiveness of
policies to reduce traffic-related emissions in India and established a new baseline to
monitor future changes in the ozone layer precursor levels.

2. Materials and Methods
2.1. The Study Area

Delhi (28°24'17" to 28°53', 76°20'37" to 77°20'37"), the National Capital Territory of In-
dia, has a geographic area of 1483 km” stretched in the east-west width approximately
51.9 km and northwest width approximately 48.48 km with a population 13.79 million.
Samples were collected adjacent to the Delhi-Mathura Road/National Highway 2 shown
in Figure 1. Mathura Road is one of the major arterial roads in Delhi with an average
traffic flow of 170,000 vehicles per day [32]. Buses, cars, two-wheelers, three-wheelers
and light commercial vehicles (LCVs) are not restricted but trucks are not allowed be-
tween 07:30 to 11:00 hours and 17:00 to 21:30 hours [33].

2.2. BTEX Sampling Technique

Ambient BTEX samples were collected using an Organic auto sampler (Instrumex).
The sampler consists of glass sampling tubes containing activated charcoal (40 - 60

mesh size) and air suctioning pump. Air was pumped at a rate of 0.2 L/min, for 2 hours.
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Figure 1. Study area (Central Road Research Institute situated at Delhi-Mathura national
highway).
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After sampling activated charcoal tubes samples were sealed immediately in order to
prevent further adsorption of compounds on the tubes and stored at 4°C until analysis.
Samples were extracted by adding 2 ml of carbon disulfide and shaking gently for 40
minutes Carbon disulfide was subsequently filtered out with Teflon syringe filter [4].
All samples were analyzed using GC-FID (Shimadzu, GC-2010) equipped with an
Omega SPTm column (100m x 0.25 mm id x 0.20 pm). GC oven was programmed for
60°C, hold for two minutes and ramped to 260°C at a rate of 10°C/min with 12 minutes
hold at 230°C. Hydrogen was used as carrier gas. The standard calibration mixture
containing benzene, toluene, ethylbenzene, o-xylene, m-xylene and p-xylene (Supelco)
was used for calibration. Quality assurance and quality control (QA/QC) measures in-
cluded laboratory and field blank and replicates were taken for measurements of sam-
ples. For laboratory blank, unexposed charcoal glass tubes were analyzed for VOCs

similar to the exposed ones.

3. Results and Discussions

3.1. BTEX Levels

Average BTEX concentration was found to be 277.4 + 80.22 pg/m’ and a summary of
the data is presented in Table 1. Toluene (162.68 + 49.91 ug/m®) was found to be the
most abundant compound followed by benzene (60.22 + 10.60 pg/m’) and ethylben-
zene (49.42 + 10.86 pg/m’). Xylene isomers e m, p-xylene (28.44 + 26.42 ug/m’), o-
xylene (20.25 + 16.64 pg/m’) were present at a lower concentration at the sampling site.
In several studies, toluene has been reported as the most abundant compound in the
urban environment including India [4] [34]-[37], Iran [16], Spain [38], Mexico [39].
The concentration levels observed in this study are comparable to data reported for In-
dia [4] [12] [35], in Texas [40], China [41] and Michigan [42].

This high concentration of BTEX around the sampling site may have been the result
of its close proximity to the arterial road, characterized by heterogeneous traffic and
high-intensity movement of motor vehicles and service station and petrol pump near-
by.

The annual mean concentration of benzene in ambient air according to National
Ambient Air Quality Standards (NAAQS) must not exceed 5 pg/m’. In this study, the
average concentration of benzene was found 12 times higher from its prescribed limit.
Toluene does not have the standard limit, but WHO establishes a guideline value of 260
pg/m’, as a weekly average for the protection of human health. In this case, the guide-

line level remains much above the measured levels of toluene in this study.

3.2. Seasonal Concentration of BTEX

A clear seasonal variation was observed for all species, and concentrations were highest
in the winter season followed by summer and spring (Figure 2). A large statistically
significant (p < 0.05) variation was observed in seasonal BTEX levels, ranging from
413.35 + 207.30 pg/m’ in Winter to 210.95 + 46.61 pug/m’ in Spring. The concentration
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Table 1. Monthly BTEX (ug/m?) concentration at the sampling site.

Month Benzene Toluene Ethyl benzene m,p-Xylene o-Xylene BTEX
Mean 79.15 240.29 62.96 55.83 46.55 413.35
SD 35.64 174.04 32.75 21.43 43.41 207.31
January
Max 128.08 545.83 69.25 52.50 201.67 766.00
Min 44.17 63.33 0.00 0.00 0.00 129.17
Mean 56.89 121.07 60.00 30.69 5.26 243.92
SD 26.91 85.37 51.48 75.19 12.89 125.08
February
Max 98.33 282.92 125.00 184.17 31.58 395.33
Min 33.33 57.50 0.00 0.00 0.00 99.17
Mean 47.40 99.07 53.11 0.00 20.42 177.99
SD 11.29 15.34 41.88 0.00 14.94 59.42
March
Max 66.92 125.83 106.67 0.00 30.83 275.25
Min 35.00 82.50 0.00 0.00 0.00 117.50
Mean 59.65 160.36 36.25 0.00 0.00 238.14
SD 13.75 40.63 33.58 0.00 0.00 48.27
April
Max 77.33 233.33 74.67 0.00 0.00 310.67
Min 42.50 103.33 0.00 0.00 0.00 170.00
Mean 62.64 187.72 41.64 61.39 27.82 311.15
SD 17.25 107.08 32.56 58.02 22.72 114.95
May
Max 85.22 353.59 69.58 184.17 55.65 473.59
Min 38.01 71.83 0.00 0.00 0.00 157.32
Mean 55.60 167.57 42.56 22.74 21.42 280.72
SD 32.79 78.22 39.56 17.65 16.59 66.52
June
Max 113.97 279.03 134.93 35.73 32.22 359.58
Min 14.42 87.26 0.00 0.00 0.00 199.03

EBenzene ®Toluene ®Ethyl benzene ®m,p-Xylene m0-Xylene @BTEX
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Figure 2. Seasonal variation of BTEX at the sampling site, Delhi.
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of BTEX in the winter (January 2015) was significantly higher than the concentration of
BTEX in the spring (February to March 2015) and summer months (April to June
2015) (Figure 3). The average concentration during the period from April to June was
276.67 * 36.67 ug/m’ with the average temperature of atmospheric air of 38°C, while in
the spring the average concentration was found to be 210.95 + 46.61 pg/m’, with the
average atmospheric temperature of 22°C.

Toluene was the most abundant species which contributed 60% - 62%, 50% - 52%
and from 60% - 67% of the total BTEX in winter, spring, and summer, respectively,
followed by benzene and ethylbenzene. During winter, the calm meteorological condi-
tions, low solar radiation, temperature inversion, low mixing heights, and high stability
of the atmosphere restrict the mixing up of pollutants among the different air layers,
thereby increasing the atmospheric pollutant concentration. Thus, the BTEX generally
show a higher level of concentration in winter months [4] [28]. Cold start gasoline en-
gines could be another source of BTEX emissions during winter.

During the spring season, a drop was noticed in the BTEX concentration because of
OH radical production from O, photolysis and of mixing height increase in the warm-
est hours of the day, which lead to the dilution of the BTEX compounds [4]. BTEX
seasonal concentrations have decreased from winter to spring reaching minimum levels
and subsequently increased from spring to summer season. The BTEX concentrations
were slightly higher in summer because these are emitted to the atmosphere from
anthropogenic activities such as automobile exhausts and evaporation of gasoline va-
pors from motor vehicles and there is more evaporation during summer period from
the filling stations.

There is not much difference in the levels of ethylbenzene and isomers of xylenes

across the three seasons. The reason may be that these compounds are less stable in the
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Figure 3. Box plots showing the concentration of BTEX during different seasons.
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atmospheric air as compared to benzene and toluene [9]. BTEX concentrations were
generally lower in spring and summer than in winter, as found in many other studies
[4] [28]. BTEX levels observed in this study are in the same range as reported in studies
of Delhi and Mumbai, India [34] [35]. However, Kumar and Tyagi [36] reported the
lower concentration of the BTEX compounds in Delhi relative to the concentrations

observed in this study.

3.3. BTEX Ratios

Toluene/benzene (T/B), ethylbenzene/benzene (EB/B), m,p-xylene/benzene (m,p-Xy/B),
o-xylene/benzene (0-Xy/B) and m,p-xylene/ethylbenzene (m,p-Xy/EB) ratios were in-
vestigated and are summarized in Table 2. Variations in all the ratios were not due to
the variations in the distance to emission sources, because the location of the sampling
site stayed the same throughout the sampling period. The numerical values of BTEX
inter-species ratio provide the useful information about the main sources contributing
to BTEX emissions at the monitoring area. BTEX interspecies ratio values largely de-
pend on the climatic conditions of the area, the types of organic compound emission

sources into the air, and the age of air parcels [9] [43].

3.3.1. Toluene/Benzene

Benzene and toluene are relatively stable aromatic VOCs than xylenes and ethylben-
zene, with atmospheric lifetimes of 9.4 and 1.9 days, respectively [5] [29]. T/B ratio ap-
proaching a value of 1 indicates traffic-originating emission sources and there is an in-
crease in this value with the closeness to the pollution source [44]. Values of T/B much
greater than 1 indicate the presence of other sources of toluene at the sampling site. The
high T/B ratio observed in this study, are in agreement with typical values of vehicular
emissions plus the other sources, such as evaporation of solvents from factories and
emissions from other stationary sources like fuel stations, could make a noticeable con-
tribution to atmospheric BTEX [45]. During the summer season, an increase in T/B ra-
tio was observed. This may be due to the enhanced evaporation of BTEX from the
nearby local emissions from industrial area, service stations, gasoline stations, vehicle

emissions and waste decomposition at waste dumping lands.

3.3.2. Xylenes/Ethylbenzene

The ratio of m, p-xylenes to ethyl benzene (m, p-Xy/EB) has been used to obtain in-
formation about the intensity of the photochemical reactions occurring in the atmos-
phere ie. photochemical age of air mass [19] [46]. The main sources of these two VOCs
are vehicle exhaust and solvent use. The atmospheric lifetime of ethylbenzene and

Table 2. Seasonal average variation in inter-species ratios of aromatic VOCs.

KD
+%%, Scientific Research Publishing

T/B EB/B m,p-Xy/B 0-Xy/B m,p-Xy/EB
Winter 3.05 0.39 0.34 0.95 0.30
Spring 2.11 1.09 0.27 0.26 0.26
Summer 2.90 0.68 0.46 0.28 0.67
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m,p-xylenes are 1.7 days and 14 - 31 h, respectively. Low m,p-Xy/EB values are asso-
ciated with active photochemical reactions [5] [47]. A value of 3.6:1 of this ratio has
been established as a typical emission relation for xylenes and ethylbenzene [10] [48].
In this study, low values for m,p-Xy/EB, indicates aging of the air mass and effects of
photochemical reaction. A mean value of 0.67 for this ratio was obtained for summer.
During winter and spring, the mean values were 0.30 and 0.26 respectively. This indi-

cates that the photochemical reactions were active during daytime.

3.3.3. Ethyl Benzene/Benzene

The key sources of ethylbenzene are fuel evaporation, vehicular exhaust, and solvents.
The highest EB/B ratio was observed in spring (1.09) followed by summer (0.68) and
then winter (0.39) at the sampling location. In this study, low ethylbenzene/benzene
(EB/B) ratios were observed (0.39 to 1.09), which implies aging of the air masses. It in-
dicates that benzene concentration is higher and more reactive species have been ex-
posed to photochemical degradation. It also implies that ethylbenzene has been trans-

ported to the sampling site from the nearby areas [4].

3.3.4. Xylenes/Benzene

Xylenes are used in solvents, and as compared to benzene, xylene has a higher reactivity
with radicals. The highest Xy/B ratio was observed in winter (0.95) followed by summer
(0.46) and then spring (0.26). The low Xy/B ratios observed in this study indicate the
contribution of photochemical reactions during daytime [4] [9] [13].

3.4. BTEX Correlations

Figure 4 shows the scatter plots of benzene against ethylbenzene, toluene, and xylenes
at the monitoring site. As shown in Table 3, moderate positive BTEX correlation was
observed at the monitoring site. Noticeably, benzene and toluene showed a significant
linear correlation (p < 0.01) at the monitoring site. A high correlation among toluene
and benzene indicate a common source, possibly vehicular emissions. Poor correlation
between ethylbenzene and xylenes with other BTEX species might imply that ethylben-
zene had sources other than vehicular emissions. The poor correlation can be explained
by the mixed sources of BTEX that appeared at different times like some sources of
BTEX only gets emitted at a certain time, such as the evaporation of solvents during

cleaning and painting processes. Even toluene had a moderate positive correlation with

Table 3. Summary of BTEX linear correlation coefficients (R) at the monitoring site.

Benzene Toluene Ethylbenzene m, p-Xylene o-Xylene
Benzene 1
Toluene 0.93 1
Ethyl benzene 0.33 0.06 1
m,p-Xylene 0.71 0.71 0.31 1
0-Xylene 0.64 0.69 0.44 0.68 1
1252 0:%: Scientific Research Publishing
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Figure 4. Scatter plots of benzene levels against those of (a) toluene vs benzene (b) ethylbenzene
vs benzene and (c) xylenes vs benzene at the site.

other BTEX species except benzene. The moderate mutual correlations of BTEX except
between benzene and toluene might suggest that there were various sources of BTEX at
the monitoring site. Lower correlations of ethylbenzene and xylenes with the other
compounds could be related to their relatively long atmospheric life, which induces an

accumulation in the atmospheric air.

4. Conclusions

In this study, characterization of VOCs (benzene, toluene, ethylbenzene and m-, p-,
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o-xylene) was carried out at one of the major arterial roads in Delhi. The concentra-
tions of VOCs ranged from undetectable to 546 pg/m’. Among BTEX species, toluene
had the highest concentration followed by benzene. The results of this study showed
distinct seasonal and spatial variability in atmospheric BTEX concentrations at sam-
pling site (which comprises of important industries, incinerator plant, high traffic vo-
lume, and many service and gasoline stations). For a complete understanding of BTEX
sources, identification of various sources requires the use of a more robust tool such as
receptor modeling.

T/B ratios were observed to be higher in winter than summer and suggest that the
main sources for BTEX in two seasons were attributed to vehicle emissions, and sources
other than vehicle emission also made a great contribution to atmospheric BTEX. Even
after the reduction (<1%) of aromatic compounds in gasoline, exposure to BTEX is
quite high. Interestingly, the BTEX ratios showed a seasonal trend, which could be in-
dicative of differential reactivity of different BTEX species in different seasons. Given
that benzene and ethyl benzene were major cancer-causing pollutants from vehicle ex-
haust, there is a need to tighten emission standards for such toxic compounds.

Even if the monitoring was done in a single location, our results pointed out that the
high levels might cause health risks to the people working or residing near the sampling
location. The increase in VOC levels could be the result of high moving traffic and the
different point sources near the study area, which emphasis on the adoption of more
stringent emission norms and improvement in fuel quality as well as in vehicle tech-
nology. Further analysis is necessary for a comprehensive estimation of emissions as
well as exposure and risks associated with these aromatic hydrocarbons in areas with
high-density traffic.
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