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Abstract

Exposure to benzene and other volatile organic compounds (VOCs) like toluene, ethylbenzene, o-, m-, and p-xylene
(BTEX) at a fuel station is hazardous for the workers. This study aims to estimate the health risk for worker due

to the exposure of BTEX after implementation of vapour recovery system (VRS) at fuel stations. Air samples were col-
lected using low-flow sampling pump as per NIOSH method by using Tenax (sorbent) tubes and charcoal (sorbent)
tubes. Target compounds were extracted using acetone and analysed by gas chromatography equipped with flame
ionization detector (FID). The cancer risk (CR) and hazard quotient (HQ) were estimated to assess the cancer and non-
cancer risk following the United States of Environmental Protection Agency (USEPA) updated methodology. The aver-
age concentration of VOCs at the fuel station is found in the order toluene > benzene > xylene > ethylbenzene which
may be attributed to the composition of fuel (petrol/diesel). Benzene is the most carcinogenic among BTEX, which

is found to be 217 +9 ug m~> and 158 + 9 ug m > in the month of November 2021 using Tenax sorbent and char-
coal sorbent tubes, respectively. The high concentration observed using Tenax sorbent may be attributed to its high
adsorption efficacy than charcoal due to larger surface area and porosity. The 7-month average CR value of benzene
was 9 x 10~* using Tenax sorbent and exceeds the acceptable range of 1 x 107°. CR of benzene exposure at the fuel
station under study is also compared with that of outdoor ambient air exposure. Benzene measurement data

for the same duration was taken from nearby online monitoring station of Delhi Pollution Control Committee (DPCC)
PUSA to estimate CR value for outdoor ambient air benzene exposure. The value of HQ for benzene was observed >

1 which exceeds the acceptable value and hence increased the non-cancer health risk also. Hazard index (HI) value
for BTEX is also greater than 1 which indicates adverse health effects of benzene and other VOCs at the fuel station.
The high CR and HQ values for benzene are a matter of concern for fuel station workers.
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1 Introduction
In recent years, degradation in air quality at occupational
environment is a major area of threat. Exposure to pol-
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due to the long exposure periods. Vapours released from
fuel stations of petrol/diesel constitute one of the main
sources of air pollutants. Air quality is degrading even
with the significant advancement in fuel quality and
engine technologies. Different types of volatile organic
compounds (VOCs) present at workplace and urban sites
are because of evaporative emissions from fuel service
stations during dispensing, loading, unloading, transpor-
tation of petrol/diesel and vehicular emissions. Among
all VOCs, BTEX (benzene, toluene, ethylbenzene, and
xylene) is a very hazardous aromatic group of toxic pol-
lutants and is considered as predominant pollutants
in urban area and near large cities which have adverse
effects on both humans and environment like tropo-
spheric ozone formation, global warming, photochemi-
cal smog, and stratospheric ozone depletion (Eisaei et al.,
2015; Franco et al., 2012). These VOCs mainly come from
gasoline vapour emission and motor vehicle exhaust
(Caselli et al., 2010).

“Benzene” is considered as group 1 human carcinogen
according to several international organizations such
as IARC (International Agency for Research on Can-
cer) and American Conference of Governmental Indus-
trial Hygienist (ACGIH) and EPA (2010). At workplace,
human exposure to benzene occurs through inhalation
route from gasoline vapours, tobacco smoke, and auto-
motive emissions. Individuals exposed to benzene can
exhibit bone marrow depression, anaemia (decreased
RBC count), leukopenia (decreased WBC count),
and/or thrombocytopenia (decreased platelet count)
(US EPA, 2002). Toluene exposure to human can affect
the central nervous system and ethylbenzene and xylene
can have neurological effects (Dennison et al., 2005; Tun-
saringkarn et al., 2012).

The World Health Organization (WHO) estimated the
range of the excess lifetime risk of leukaemia at an air
concentration of benzene, e.g. 17 pg m™> airborne ben-
zene concentrations correspond to leukaemia risk of 1 in
10% and 1.7 pg m™ of the same correspond to 1 in 10°
(WHO, 2010). BTEX pollutants in ambient air become
major concern because about 50% of inhaled BTEX in
air by any person is absorbed into the body (Sippy et al.,
2014). Most countries established occupational exposure
limit for BTEX at workplace. In India, the limit for ben-
zene prescribed by the Central Pollution Control Board
in National Ambient Air Quality Standard is 5 pug m™
annual-based time-weighted averages (CPCB, 2009).
According to OSHA, permissible exposure limit (PEL)
for short-term exposure (STEL) to benzene is 5 ppm
(15950 pug m~3) for 15-min exposure and threshold limit
values (TLV)-time-weighted average (TWA) set as 1 ppm
(3190 pg m™®) over 8 h. The National Institute of Occu-
pational Safety and Health (NIOSH) recommended lower
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exposure limit of benzene is 1 ppm (3190 pg m~3) over 15
min (STEL), and TLV-TWA is 0.1 ppm (319 pg m™3) over
8 h (NIOSH 2007).

Many studies have been conducted on BTEX pollut-
ants at different types of locations in urban areas world-
wide. But a very few studies are conducted at fuel stations
(Salama et al., 2021; Correa et al., 2012; Esmaelnejad
et al,, 2015; Srivastava et al., 2005) that have large contri-
bution towards exposure of BTEX pollutants on human
beings. The cancer potency values are calculated for car-
cinogenic chemical by different governmental bodies
for health risk assessment (Lloyd & Denton, 2005). For
public health purposes, it is necessary to find out rela-
tionship between exposure to hazardous pollutants and
their related health risk. In refuelling stations, being a
very critical and continuous source of BTEX exposure,
a very few studies targeted the health risk assessment of
the workers working at fuel stations on the basis of very
short duration measurement. The aim of this study is to
find out the concentration of BTEX pollutants from Sep-
tember 2021 to March 2022 and its exposure to worker
at fuel station. It aims to do risk analysis for cancer and
non-cancer exposure through inhalation route at a fuel
station of Delhi by active sampling using two different
types of sorbent tubes. Also, it aims to compare the can-
cer risk value from exposure at fuel station with ambient
air pollution exposure.

2 Material and methods

All chemicals, ie. benzene, ethylbenzene, toluene,
o-xylene, m-xylene, and p-xylene, were of > 99.8% purity,
purchased from Sigma Aldrich. HPLC grade acetone was
used as solvent.

2.1 Site description

Delhi is located in the northern part of India between
the latitudes of 28°-24"-17" and 28°-53"-00" North and
longitudes of 76°-50"-24” and 77°-20"-37” East. The
city is bordered by two states of India, namely Uttar
Pradesh and Haryana and cover an area of 1483 km?.
Its maximum length is 51.90 km, and greatest width is
48.48 km. Two fuel stations are situated adjacently, out
of which one is petrol/diesel fuel station and other is
LPG fuel station. The sampling has been conducted at
a petrol/diesel fuel station near NPL-PUSA which is
located approx. 10 m away from the main road Dr. KS
Krishnan Marg and surrounded with govt. offices and
residential areas. This site is 200 to 300 m away from
the major traffic intersection. Figure 1 shows the study
area map representing the site location of fuel station.
It also represents a pollution measurement station of
DPCC (Delhi Pollution Control Committee) approx
4 km away and a CPCB monitoring station approx at
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Fig. 1 Current study area map showing sampling location with direction, and green dot represents Delhi in India map

3-km distance from fuel station under study. The tapog-
raphy of the fuel station is almost flat, and the orien-
tation of the fuel station under study with respect to
sampling point is given in Fig. S1 which represents the
operational situation of the fuel station and topographi-
cal features with direction. Table 2 showed the mete-
orological data (temperature, wind direction, and wind
speed) of sampling period. The data was taken from
DPCC-PUSA and nearby CPCB monitoring station.

2.2 Sampling method

In this study, NPL-PUSA fuel station was selected for
observation of BTEX concentration by active sampling
using sorbent tubes. Petrol pump is implemented with
vapour recovery system (VRS) and located at high traf-
fic road, surrounded by institutes. Sampling was done
from September 2021 to March 2022 once in alternate
weeks during afternoon (1 PM to 2 PM). The sampling

location is approx. 6 m far from the fuel filling point and
at about 2-3-m vertical height from the ground level
which is almost breathing zone for working employees at
petrol pumps. The sampling and analysis are done as per
NIOSH method 1501. A continuous monitoring online
data (from September 2021 to March 2022) of benzene
is also taken from central pollution control-board web-
site from DPCC-PUSA station for ambient air exposure
measurement of benzene.

Air sampling was done by a battery-operated low-flow
sampler (Enviro Tech; APM 800). A calibrated rotam-
eter was used to control the flow rate. Air sampling was
performed at 100 mL/min flow rate for 60 min for both
the charcoal sorbent and Tenax sorbent tubes. Coco-
nut charcoal sorbent tubes (SKC, Anasorb CSC, 6 X
70-mm size, 2 sections, 50/100-mg sorbent) and Tenax
tube (SKC, Anasorb CSC, 8 x 110-mm size, 2 sections,
50/100-mg sorbent, and 20/35 mesh) were used for air
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sampling. Sorbent tubes hold vertical position to mini-
mize the breakthrough. After completion of the air sam-
pling period, sampling pump turned off, and both open
sides of sorbent tubes were closed with cap to avoid any
desorption or contamination. Both sorbent tubes were
sealed by wrapping with aluminium foil and mark the
sample no. and stored in refrigerator (~4 °C) to prevent
further adsorption of compounds. Then the analysis was
done within 1 to 2 h by gas chromatography using flame
ionization detector (Agilent 6890N).

2.3 Analysis

Sample preparation for analysis was done for each sec-
tion of both the sorbent tubes (front and back sections).
Front and back sections are separated by a separating
foam. After sampling, both front and back section’s char-
coal is taken in separate vial of 5 ml each and poured 2-ml
acetone into each vial, and then sample was put about 30
min for ultrasonic bath for agitation and then filtered.
Separation and detection were done in GC-FID (6890N,
Agilent Technologies, USA), using a HP-5 (5% phenylme-
thyl siloxane) capillary column (30 m, 320 um, 0.25 pm)
and 5N pure nitrogen gas as the carrier gas at 1.0 ml/min
flow. Air and hydrogen flow were 400 ml min™" and 60 ml
min~?, respectively. A 5-pl liquid tight Hamilton syringe
was used for injecting the 1-pl sample with split ratio 5:1.
The injector and detector temperatures were 200 and 250
°C, respectively. The oven temperature of GC was pro-
grammed for 50 °C and held for 2 min, raised to 100 °C
at a rate of 20 °C min~' and held for 0 min, then raised
to 150 °C at a rate of 30 °C min~' and held for 2 min, and
again raised up to 180 °C at a rate of 40 °C min~! and held
for 8 min. Total run time was 32 min including cooling
time.

Both front and back sections of the both tubes were
analysed separately to ensure no sample remain in back
section, i.e. small part of the sorbent’s tubes. Recov-
ery of analytical method was tested by known amount
of the standard solution; average recovery of > 95%
was obtained. To check the blank value for the sorb-
ent tubes, same analytical measurement procedure was
carried out using sorbent tubes without sampling. A
5-point calibration curve was obtained for each compo-
nent separately by standard solution of BTEX in acetone
by GC-FID. The concentration of standard solutions
was 1 ppm, 2 ppm, 5 ppm, 10 ppm, and 20 ppm, and
the linear correlation coefficient values of 0.999, 0.996,
0.997, 0.998, 0.999, and 0.996 were obtained for ben-
zene, ethylbenzene, toluene, and o-xylene, p-xylene, and
m-xylene, respectively.
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3 Health risk assessment methodology

The Environmental Protection Agency (EPA) has
updated approach for estimation of the human health
risk associated with inhalation exposure to contaminated
air by the Inhalation Dosimetry Methodology in part
F (USEPA, 2009). The exposure concentrations (ECs) are
estimated by EPA recommended method (USEPA, 2009)
for each receptor exposed to contaminants via inhalation
pathway. The cancer risk and non-cancer risk of BTEX
pollutants through inhalation pathway are determined by
estimating EC for these contaminants. In the inhalation
dosimetry methodology, when estimating human health
risk via inhalation route, the concentration of contami-
nants in air is used as the exposure metric (EC in mg/
m?) in RAGS, part F (USEPA, 2009) rather than inhala-
tion intake of a contaminant in air based on inhalation
rate (IR) and body weight (BW) present in RAGS, part A
(USEPA, 1989). The EC typically takes the form of a CA
(concentration in ambient air) that is time-weighted aver-
age over the duration of exposure.

Benzene is responsible for the carcinogenic risk (CR),
i.e. calculated maximum risk using Eq. 1 considering mean
exposure concentration continuously inhaled by worker at
workplace. Exposure concentration was calculated using
Eq. 2. The noncarcinogenic risks for all BTEX pollutants
were estimated by using Eq. 3. Inhalation unit risk (IUR)
and toxicity values (RfC) published for inhalation route are
used for cancer and non-cancer health risk assessment.

The CR is calculated using Eq. (1).

CR = EC x IUR 1)

where CR is the excess cancer risk and IUR is the inha-
lation unit risk of benzene. The IUR of benzene is
0.0000078 (ug/m®~! as give in the Risk Assessment
Information System (RAIS) (RAIS, 2010).

The EC of employees is calculated using Eq. (2).

_ CAXET xEF xED

EC
AT

where,

EC (ug/m®) = Exposure concentration

CA (pg/m®) = Contaminant concentration in air

ET (h/day) = Exposure time (8 h/day for workers)

EF (days/week) = Exposure frequency (6 days/week;
working days at fuel station)

ED (weeks/exposure period) = Exposure duration (here
4 weeks/month)

AT (hours/exposure period) = Averaging time

IUR (pg/m?®) ~'= Inhalation unit risk

All the risk assessment parameter values used in Eq. (2)
are given in Table 1.
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Table 1 Risk assessment parameters used in this study

Parameter Value® Unit

Exposure time (ET) 8 h/day

Exposure duration for worker (ED) 4 Weeks

Exposure frequency (EF) 6 Days/week

Inhalation unit risk Benzene = pg/m>"!
0.0000078

2 USEPA, 2009

The CR value ~ 1 x 107® was considered as carcino-
genic effects of concern; a value < 107° was considered
as an acceptable level (Zhang et al., 2012). For all BTEX
compounds, risk assessment for non-cancer risk was
expressed by HQ value, calculated according to the fol-
lowing equation:

~ EC
= RfC x 10002g/mg @)

HQ

where RfC is the inhalation toxicity value in mg/m?>. RfC
values for benzene, toluene, xylenes, and ethylbenzene
are 0.03, 5, 0.1, and 1 mg/m?, respectively (USEPA, 2009
https://iris.epa.gov/AtoZ/?list_type=alpha).

The value of HQ ~ 1 indicates adverse noncarcinogenic
effects of concern, and a value HQ of < 1 was considered
as an acceptable level (Zhang et al., 2012).

At fuel station, exposure of all the pollutants in BTEX
occurs simultaneously; hence, hazards from multiple
chemicals can be summed to calculate hazard index (HI)
as per Eq. 4 given in RAGS, part F (USEPA, 2009).

HI = HQi 4)

i=1

where HQ, is the hazard quotient of the ith pollutant.

4 Result and discussion

4.1 BTEX concentrations at fuel station

The monthly variation in BTEX concentration measured
using both Tenax and charcoal sorbent tube from Sep-
tember 2021 to March 2022 at the fuel station is given
in supplementary Table S1 and graphically depicted in
Fig. 2a and b, respectively. The variation in the BTEX
concentration during different months may be attrib-
uted to different meteorological factors like tempera-
ture, humidity, and precipitation. The monthly average
meteorological parameter such as wind speed, wind
direction, and temperature data was taken from nearby
online monitoring stations and given in Table 2. The
concentration of all the species in November month was
found to be comparatively higher than other months. In
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November month, sampling was done before Deepawali
festival. During that period, the usage of paints, house-
hold decoration items, and furniture work is high com-
paratively other months. So, these factors may also affect
the concentrations of benzene and toluene. Some stud-
ies reported high concentration of BTEX in renovated
homes than in old homes, and this situation remained at
least 5 years (Liu et al., 2013) (Du et al,, 2014). In Janu-
ary month, the observed BTEX concentration was low
because sampling was done after rainy days, i.e. low con-
centration can be justified by washing out of atmosphere,
high solubility of BTEX in water which is also supported
by other studies (Rattanajongjitrakorn & Prueksasit,
2014). Wind direction and speed may also be the other
reasons. The online monitoring data of benzene from
DPPC-PUSA given in Table S2 also showed the same pat-
tern in January as shown in its graphical representation
Fig. 4.

To determine the relation between the benzene con-
centrations measured by Tenex sorbent tube with mete-
orological variables, the correlation coefficients have
been calculated. The correlation strength was evaluated
in terms of magnitude of r-values. The results revealed
that the benzene concentration is negatively correlated
with temperature (—0.525) and wind speed (—0.298) and
given in Table S4.

From pollution rose and polar plot, Fig. 3, it is clearly
seen that benzene concentration is observed high when
wind speed is slow and blew from SE-SW direction. So,
at lower wind speed, the concentration of pollutant is
high, whereas at higher wind speed, the concentration
becomes low due to dispersion.

Figure 4 and Table S2 represent the DPCC-PUSA
ambient air benzene data taken from CPCB site for the
same duration from September 2022 to March 2022 in
which the lowest benzene concentration (0.34 upg/m?)
was observed in month of September and highest con-
centration (14.94 pg/m®) was observed in the month of
December (CPCB https://www.cpcb.nic.in/).

Table 3 shows the maximum, minimum, and 7-month
average of BTEX concentration with standard devia-
tion during overall study at the fuel station. The average
concentration of benzene, toluene, ethylbenzene, m-,
p-xylene, and o-xylene at the fuel station was observed as
112 + 54,219 + 159, 85 + 20, 104 + 76, and 95 + 66 pg/m3
for Tenax and 84 + 40, 168 + 135, 71 + 22, 84 + 64, and
77 + 51 pg/m? for charcoal sorbent tubes, respectively. It
is clearly seen in Table 3 that the concentration of tolu-
ene is maximum for both the sorbent tubes, i.e. (507 +
11) pg/m? and (418 + 9) pg/m? for Tenax and charcoal
tubes, respectively. Benzene concentration was observed
second high (217 + 9) pg/m? and (158 + 9) pg/m? for both
sorbent tubes out of BTEX. The maximum concentration
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Fig. 2 a Seasonal variation in BTEX concentration using Tenax tube from September 2021-March 2022. b Seasonal variation in BTEX concentration

using charcoal tube from September 2021-March 2022

of toluene throughout the measurement time can be
attributed to the fuel composition as toluene is added to
the fuel to increase the octane rating, and also, it is hav-
ing the maximum density among BTEX (Salameh et al,,
2019). Vapour pressure of benzene and toluene is more
as compared to other two components (Lide, 1996),
which may also contribute in the higher observed values.
Also, long lifetime of benzene and toluene, 12.5 and 2.0
days, respectively, in ambient air, might be the other rea-
son. But xylene have lifetime 7.8 h only, hence not exist
long time into atmosphere. Concentration of xylene, and

ethylbenzene, was found to be low as compared to ben-
zene and toluene which may be attributed to their more
photochemical reactive nature as compared to benzene
and toluene (Kashyap et al,, 2019). Literature data given
in Table 5 also depicts the same BTEX concentration var-
iation trend in fuel.

The concentration of benzene observed at fuel station
is more than the annual TWA limit given in NAAQS, i.e.
5 pg/m® but not exceed the occupational exposure limit
given by OSHA and NIOSH (2007). Online recorded
concentration of benzene from DPCC-PUSA station
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Table 2 Average meteorological parameter

Month Wind speed?® Wind direction® Temp® (°C)

(m/s) (deg)

Sept. 21 0.50 158 28

Oct. 21 0.56 193 26

Nov. 21 0.36 147 20

Dec. 21 029 170 15

Jan. 22 0.71 166 12

Feb. 22 1.25 179 17

March 22 1.29 194 25

@ Monthly average data taken from DPCC-PUSA
b Monthly average temperature data taken from CPCB Shadipur station

mostly exceed the NAAQS limit, i.e. 5 pg/m> given by
CPCB in ambient air. Standard exposure limit of BTEX is
given in OSHA and NIOSH shown in Table 4. However,
it may be noted from health perspective of worker at fuel
station that the benzene concentration inhaled is at high
level.

BTEX concentration is found to be higher in Tenax
tube samples as compared to charcoal tube sam-
ples which might be due to the more efficient adsorb-
ing nature of Tenax as compared to charcoal for VOCs
(Tomasz, 1998). Also, the toluene concentration is the
highest among all BTEX which is supported by all other
studies done at petrol pumps in different countries
including India as given in Table 5. It represents the data
of BTEX studies done at fuel stations in different coun-
tries including India which also support the current study
data. It also shows that some of the studies reported
higher BTEX levels.

In Delhi, the VOCs measurement studies were usu-
ally done before the implementation of vapour recovery
system (VRS) at fuel stations. A detailed study of meas-
urement of VOCs at petrol pumps in Delhi is reported
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by TERI—the nergy and Resource Institute (Sehgal et al.,
2011), and the results are given in Table 5. The current
study represents a fuel station VOCs data for 7-month
measurement where VRS is fully implemented. Also, the
sampling time was afternoon when the temperature was
the highest (35-40 °C), and hence, evaporation is also
high. So, the values given in Table 5 in current study are
the maximum average of the 7-month study. The percent-
age abundance of BTEX is shown as pie chart in Fig. 5 in
which toluene is the most abundant species, i.e. approxi-
mately 35% which is consistent with earlier reported
results (Table 5). Other species benzene, m-, p-xylene,
o-xylene, and ethylbenzene estimated as 18%, 17%, 16%
and 14%, respectively, of the total BTEX concentration.

4.2 Health risk assessment

High vapour pressure and longer half-life of BTEX make
it important to measure their concentration and associ-
ated health risk. Cancer and non-cancer risk assessment
of worker were determined by estimating exposure con-
centration (EC) considering inhalation pathway follow-
ing the updated USEPA method given in RAGS, part F.
The estimated cancer risk (CR) of benzene calculated
using Eqgs. (1) and (2) and non-cancer risk (HQ) of ben-
zene, toluene, ethylbenzene, m-, p-xylene, and o-xylene
was calculated as per Eq. (3). The monthly average CR
values calculated for benzene are given in Table S3. The
cancer risk value for benzene exposure is found to be >
107° hence higher than acceptable limit prescribed. It is
a matter of concern for occupational health of workers.
Maximum value of cancer risk for benzene (1.6 x 107%)
was observed in November month as the concentration
of benzene is found to be high in this month. Table 6 rep-
resents the individual HQ values for all the components
and the mean cancer risk with standard deviation for
workers exposed to benzene for Tenax sorbent tubes.
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Fig. 3 Pollution rose plot for benzene (ug/m?>) with wind direction (a) and Polar plot for benzene (ug/m3) with wind speed (b)
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Table 3 Measurement data of BTEX compounds at fuel station in Delhi
Contaminant Tenax (ug/m3) Charcoal (ug/m3)
Minimum Maximum Average? Minimum Maximum Average®
Benzene 63 217 112 £ 54 41 158 84 + 40
Toluene 61 507 219+ 159 49 418 168 £ 135
Ethylbenzene 70 121 85+ 20 46 109 7122
m, p-xylene 31 252 104 £76 18 209 84 + 64
o-Xylene 42 223 95 + 66 37 184 77 £51

2 Average is expressed with standard deviation for 7-month data (September 2021-March 2022)

Table 4 Exposure limits for BTEX

Contaminant NAAQS (ug/m?) OSHA (PEL) (ppm)? NIOSH (REL) (ppm)? ACGIH (ppm)*

TWA STEL TWA STEL TWA STEL TLV STEL
Benzene 5 - 1 5 0.1 1 0.5 25
Toluene - - 300 200 100 150 - -
Ethylbenzene - - 100 125 100 125 - -
Xylene - - 100 150 100 150 - -

2 Conversion factors: benzene, 1 ppm = 3.19 mg/m>; toluene, 1 ppm = 3.77 mg/m?>; ethylbenzene, 1 ppm = 4.34 mg/m?>; xylene, 1 ppm = 4.34 mg/m>

In current study, the exposure of BTEX concentration
at fuel station for non-cancer health risk is estimated
in form of HQ value which exceeds the unit value for
benzene as shown in Table 6. The value HQ > 1 indi-
cates adverse noncarcinogenic effects of concern. The
HQ values for toluene and ethylbenzene are very less.
The order of HQ value is benzene > m-, p-xylene >
o-xylene> ethylbenzene > toluene by Tenax sorbent

tubes. Hazard index (HI) was calculated by summa-
tion of average HQ value as per Eq. (4). The value of
HI was found as 5.86 for Tenax sorbent tubes (HQ val-
ues to calculate HI is given in Table 6). HI > 1 indicates
adverse human health risk due to reported concentra-
tion in this study.

Benzene being carcinogenic, exposure concentra-
tion (EC) is estimated on the basis of 7-month average
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Table 5 Summary of BTEX concentration (ug m~3) at fuel stations across the world including current study

Country City Benzene Toluene Ethylbenzene Xylene Reference
Iran Tehran 5200 10,254 1996 15,320 Rezazadeh etal. (2012)
Iran Ardabil 1690 1700 1580 1610 Hazrati et al. (2015)
USA - 2900 - - - Egeghy et al. (2000)
Thailand Bangkok 590+ 107 1695 £ 212 97+17 410+ 60 Rattanajongjitrakorn & Prueksasit (2014)
India Uttar Pradesh 171029 281034 09to 15 24t0 44 Sandhya and Ashok (2012)
India MP 2-12 14-37 - 5-26 Chaurasia et al. (2018)
India Delhi 6406 5890 - 9512 Sehgal etal. (2011)
India Delhi 112 219 85 104 This study
@ Results are rounded off to next significant figure
o-)l(gg/ene Benzene
A /_18%
m-p Xylene
17%

Ethylbenzene
14%

Fig.5 Percent abundance of BTEX at fuel station

concentration of benzene in air (i.e. CA) at fuel station
using ET = 8 h/day, EF = 6 days/week, ED = 30 weeks,
and AT (averaging time in hours for 7-month exposure
duration). EC for ambient air monitoring site of CPCB
(DPCC-PUSA) is estimated on the basis of 7-month
average concentration of benzene in ambient air (CA)
using ET = 24 h/day, EF = 7 days/week, ED = 30 weeks,
and AT (averaging time in hours for same duration).
Equations (1), (2), and (3) are used for the estimations
of CR, EC, and HQ. Comparison of non-cancer hazard
(HQ) and cancer risk (CR) for benzene for both types of
exposure scenario is shown in Table 7.

Worldwide, very few studies are focused on the expo-
sure risk assessment of BTEX following original RAGS
approach given in part A, USEPA 1989, which was based
on inhalation rate (IR) and body weight (BW) of the
receptor (Zhang et al., 2012, Hazrati et al., 2015). The
HQ value reported was 27.95 in one of the similar study

Toluene
35%

done at refuelling station in Iran (Hazrati et al., 2015)
using the older approach. RAGS-part A approach was
used before EPA issued the inhalation dosimetry meth-
odology. In this paper, the estimation of risk is as per the
USEPA updated method given in RAGS-part F (USEPA
2009) in which IR and BW are not used, but exposure
concentration is estimated as per Eq. (2) which can be
used for both short-term and long-term exposure.

5 Conclusion

BTEX concentration was observed for 7 months at fuel
station in Delhi which had implemented the vapour
recovery systems (VRS), to assess the occupational
exposure for the workers. The 7-month average con-
centration of benzene is found to be (112 + 54) and (84
+ 40) pg/m® using Tenax sorbent and charcoal sorbent,
respectively. The standard deviation in 7-month benzene
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Table 6 Average cancer risk and non-cancer risk among workers exposed to BTEX

BTEX Compound RfC? (mg/m3) IUR? (ug/m3-" Non-cancer Risk (HQ) Cancer risk (CR)®
BENZENE 0.03 0.0000078 374 9x 10 +4x107*
TOLUENE 5 - 0.04 -

Ethylbenzene 1 - 0.09 -

o-Xylene 0.1 - 0.95 -

m-, p-xylene 0.1 - 1.04 -

@ RfC and 1UR taken from EPA (https://iris.epa.gov/AtoZ/?list_type=alpha)

bValues represent the average of 7-month CR values of benzene exposure using Tenax sorbent tubes

Table 7 Comparison of estimates of benzene exposure and associated non-cancer hazard and cancer risk from 7-month study result

at fuel station and ambient air monitoring station

Station Component Seven-month average Exposure HQ CR®
concentration (ug/m?) concentration? (ug/m?3)

DPCC-PUSA (ambient) Benzene 7+3 47 2 4x107*

Fuel station Benzene (by Tenax) 112 +54 785 26 6x107°

Fuel station Benzene (by charcoal) 84 +40 587 20 5x107

2 Equation (2) is used to calculate EC. All values given in the table are rounded off to next digit

b CR represents the risk from the maximum average exposure

concentration is almost 50% for both types of sorb-
ent tubes, and also, the same deviation was observed
at online monitoring station for the time period under
study. The deviation observed in monthly concentra-
tion of benzene at fuel station varies from 6 to 11% (Table
S1) for both types of sorbent tubes. The concentration
of BTEX was found highest in the month of November
implying fuel frequency, anthropogenic activities along
with the meteorological parameters like wind speed
and directions. Among the BTEX compounds, toluene
has the highest average concentration followed by ben-
zene, xylenes, and ethylbenzene. However, none of these
compound’s concentration at fuel station air observed is
higher than short-term exposure (STEL) limits recom-
mended by NIOSH-REL and OSHA-PEL. Also, the esti-
mation of cancer risk (CR) and non-cancer adverse effect
(HQ) is done on the basis of updated RAGS approach
part F of USEPA. The assessment of health risk for ben-
zene on the basis of data reported reveals that the CR
value for benzene is > 107® which is of major concern
for the occupational health of workers at fuel station.
Additionally, the benzene concentration at fuel station is
compared with typical outdoor ambient air benzene con-
centration (higher than reported NAAQS limit of 5 pg/
m?) to compare the occupational health risk. CR value
and HQ values of benzene for the 7-month exposure are
compared, and in both cases, these are > 107°. The aver-
age CR value is estimated to be 9 x 10™* + 4 X 10~* which

is having the same 50% variation as shown in the benzene
concentration in 7 months for Tenax sorbent tubes. The
HQ value for fuel station is found to be 26 and 20 using
Tenax and charcoal sorbent tubes, respectively, which is
almost > 20 times the WHO limit (i.e. 1) and is of major
concern for non-cancer adverse health effects of benzene.
Also, the assessment of biological exposure is needed as
in some literature (Chauhan et al., 2014), it is reported
that 50% of inhaled BTEX is absorbed in body. Long-
term exposure to the benzene may lead to both cancer
and non-cancer health risks for the workers of fuel sta-
tion, so effective control measures are needed for ensur-
ing the proper functioning and servicing of VRS at fuel
station.
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