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Abstract
Hookah smoke is one of the major indoor sources of Volatile Organic Compounds (VOCs), including Benzene, Toluene,
Ethylbenzene, and Xylenes (BTEX). The present study aimed to investigate potential exposure to BTEX compounds among
primary school children whose parents smoked hookah at home. BTEX concentrations in indoor air were measured in 60
residential buildings of Khesht, southwestern Iran (case = 30 and control = 30). Target compounds were sampled by charcoal
tubes, and the samples were then analyzed by GC-FID. Monte Carlo simulation was used to assess the carcinogenic and
non-carcinogenic risks of BTX exposure for the children aged 7–13 years. The concentrations of benzene (7.19 ± 3.09 vs.
0.82 ± 0.5 μg/m3), toluene (1.62 ± 0.69 vs. 0.3 ± 0.22 μg/m3), and xylenes (2.9 ± 1.66 vs. 0.31 ± 0.22 μg/m3) were
considerably higher in the indoor air of the case houses compared with the control houses (p < 0.05). The Incremental
Lifetime Cancer Risk (ILCR) of benzene for non-smoking and smoking houses were estimated 1.8 × 10−6 and 15 × 10−6,
respectively, exceeding the recommendations of the World Health Organization (WHO) and the Environmental Protection
Agency (EPA) (1 × 10−6). Moreover, Hazard Quotients (HQs) of all BTX compounds were < 1. The indoor benzene concen-
tration was significantly influenced by the floor at which families lived and type of the kitchen. In order to prevent children’s
exposure to BTX emitted by hookah, banning indoor smoking is the only way to eliminate these compounds in the indoor air.
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Introduction

Indoor air pollution has been one of the rising health concerns,
especially in the last decades [1, 2]. Recent studies have re-
ported that the concentrations of some air pollutants were
considerably higher indoors than outdoors [3, 4]. In addition,

the majority of people were found to spend more time (80–
90%) indoors [5, 6]. Therefore, indoor air quality is of para-
mount importance [7, 8]. Recently, one of the challengeable
concerns in indoor air has been the use of tobacco products via
water pipe (hookah). Previous studies revealed a strong asso-
ciation between Water pipe Tobacco Smoking (WTS) and
numerous diseases, such as low birth weight, respiratory prob-
lems, and lung cancer [9–13]. Water pipe tobacco smoking,
known as hookah, shisha, and narghile, has globally risen
among adul ts and teenagers , especia l ly in Eas t
Mediterranean countries [14, 15]. The important factors con-
tributing to the global spread of hookah smoking have been
mentioned to be the increase in the pleasant flavors of tobacco,
the wrong belief that hookah is healthier than cigarettes, com-
munity acceptance, and lower costs [15–17]. Hookah has been
found to have adverse effects on the people exposed to
Second-Hand Smoke (SHS) and Third-Hand Smoke (THS)
in addition to smokers, which has been reported to cause a
wide range of serious health problems [16, 18, 19]. In this
context, the World Health Organization (WHO) has reported

* Mohammad Ali Baghapour
baghapour@sums.ac.ir

1 Department of Environmental Health, School of Health, Shiraz
University of Medical Sciences, Shiraz, Iran

2 Research Center for Health Sciences, Institute of Health, Department
of Environmental Health, School of Health, Shiraz University of
Medical Sciences, Shiraz, Iran

3 Department of Epidemiology, School of Health, Shiraz University of
Medical Sciences, Shiraz, Iran

4 Department of Biology, Faculty of Science, York University,
Toronto, Canada

https://doi.org/10.1007/s40201-021-00721-x

/ Published online: 9 September 2021

Journal of Environmental Health Science and Engineering (2021) 19:1653–1665

http://crossmark.crossref.org/dialog/?doi=10.1007/s40201-021-00721-x&domain=pdf
mailto:baghapour@sums.ac.ir


that half of this population include the children exposed to
tobacco smoke in their residence place [20]. Hookah smoke
is emitted through the passage of coal-heated air over the
tobacco, which produces various contaminants, such as
Volatile Organic Compounds (VOCs) [21].

VOCs are one of the most important air pollutants in the
atmosphere and indoor environments that evaporate easily at
room temperature [22, 23]. Inhalation pathway is the major
route of exposure to these contaminants [22, 23]. Among
VOCs, Benzene, Toluene, Ethylbenzene, and Xylenes, known
as BTEX, are environmentally important. They are emitted
into the atmosphere from both natural and artificial sources,
such as water pipe tobacco [22, 24]. BTEX compounds in
indoor environments can emit from cleaning products,
cooking appliances, building materials, furnishing, and do-
mestic fuel. Yet, the combustion of tobacco by various
methods, such as cigarette and hookah smoking, has been
considered as one of the main sources of the release of these
compounds [25–28]. The concentration of benzene emitted
from WTS was found to be 271 ± 8 sf per session (up to
6.2 folds higher than the cigarette smoke) [29]. According to
previously published papers, exposure to BTEX compounds
could have numerous harmful health effects, including weak-
ness, eyes and skin irritation, fatigue, loss of appetite, confu-
sion, cancer, birth defects, and damage to such organs as the
liver, kidneys, and the central nervous system [3, 25, 30, 31].
Since benzene can cause anemia and leukemia in humans, it
has been known as the most toxic substance among BTEX
compounds [32, 33]. Some international organizations, such
as the International Agency for Research on Cancer (IARC),
have announced benzene and ethylbenzene as carcinogenic
(Group 1) and possibly carcinogenic to humans (Group 2B),
respectively [4, 34, 35].

Benzene is characterized as a genotoxic carcinogen in
humans, and no safe level of exposure can be recommended.
The risk of toxicity from inhaled benzene would be the same
whether the exposure was indoors or outdoors. According to
WHO, there is no reason that the guidelines for indoor air
should differ from ambient air guidelines. It is also recom-
mended continuing to use the same unit risk factors [36].
Iran’s Environmental Protection Organization has suggested
an annually exposure limit of 5 μg/m3 for benzene in the
atmospheric air [37]. German committee on indoor air values
established guidelines for indoor concentrations of toluene
(guide value I = 0.3 mg/m3 and guide value II = 3 mg/m3)
and xylenes (guide value I = 0.1 mg/m3 and guide value II =
0.8 mg/m3) [38].

Up to now, most studies have been done in cafes where
people can use water pipes. In Iran, various studies have been
conducted on the pollutants emitted from WTS in cafes in
Ardabil [27], Bushehr [39], and Tehran [40], and traditional
restaurants in Hamadan [41]. However, no attention has been
paid to houses where people use water pipes with their

families. People prefer to use water pipe at their houses rather
than cafes because of its convenience and lower cost [42].
Nonetheless, each session of WTS lasts for averagely one
hour. Hence, people at home, especially children, because of
their growing lungs and higher breathing rates [43, 44], are
exposed to indoor pollutants from hookah smoke. Given the
growing concern regarding the increasing use of water pipe in
Iran and the lack of sufficient data about BTEX contamination
in residential buildings, the present study aimed to evaluate
BTEX concentrations and their influencing factors in homes
with hookah smoker parents for the first time in southeastern
Iran. The primary reason for choosing this area was the high
rate of hookah smoking. Another reason was the similarity of
house structures, which could largely control the confounders
that could affect the results. In addition, pollution from traffic
and car exhaust, as the main source of BTEX compounds
emissions [45], was very low since the houses were located
at a distance of more than 5000 m from the main roads, gas
stations, and industries.

Materials and methods

Study area and data collection

This cross-sectional study was carried out in Khesht, the cap-
ital of Khesht District in Kazerun, Fars province, southwest of
Iran (29°33′49″N 51°20′13″E) (Fig. 1). The city with 30 km2

in area, is 600 m above the sea level, and has a population of
approximately 11 thousand people in 2257 families. The main
occupation of the inhabitants of this region is agriculture, es-
pecially palm cultivation [4].

BTEX concentrations in indoor air were investigated in 60
residential buildings in mid-June 2020.Thirty houses in which
the parents of primary school children smoked hookah were
selected as the case group and thirty houses without hookah
smoking were selected as control group. For each house, the
background information, including the use of ventilation dur-
ing cooking, frequency of cooking at home, cooling system,
cover of cabinets, type of kitchen, year of construction, floor,
and frequency of hookah smoking at home, were recorded in a
researcher-made questionnaire. Some of the questions were
specific to the case group, including type of tobacco, hookah
parents, and number of times a hookah was used during the
day. To perform risk assessment, the weight of children was
also measured.

Air sampling process

Air samples for BTEX were taken according to the NIOSH
Manual of Analytical Method No. 1501 [46]. Sampling was
performed by an individual sampler pump (SKC) equipped
with a number of adjustable low flow holders at the
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continuous flow rate of 0.2 l/min for 50 min using charcoal
sorbent tubes. After the completion of the sampling period, all
samples were immediately transported to the laboratory based
on the manufacturing guideline, stored at −20 °C, and ana-
lyzed within 72 h [27]. Collecting samples from the BTEX
compounds was done between 5 and 8 PM. Sampling was
carried out at children’s standing breathing zone (120–
150 cm above the ground level).

Sample preparation and analysis

Briefly, BTEX compounds were extracted using 2 ml of
carbon disulfide (CS2) from charcoal sorbent. According
to this method, vials containing CS2 and charcoal were
gently shaken for twenty minutes using an ultrasonic bath.
T h en , t h e s o l v e n t wa s t r a n s f e r r e d i n t o Ga s
Chromatography (GC) vials and 1 μL of the prepared
extraction was taken from the vial for chromatography
analysis. Finally, BTEX concentrations were quantified
by a GC (Agilent 7890) equipped with a FID detector
using a capillary column (30 m, BD-5). Injector and de-
tector temperatures were adjusted at 250 and 300 °C, re-
spectively. Oven temperature was programmed at 40 °C
for 10 min, and then reached 230 °C at 10 °C/min [27, 46,
47].

Quality control

The quality control and quality assurance were performed by
several approaches, as follows:

1- The front and back sections of the charcoal tubes were
separately analyzed in order to control breakthrough.
BTX compounds were detected in the back section of
the samples.

2- Limit of Detection (LOD) and Limit of Quantification
(LOQ) were determined by the standard deviation of the
target compounds levels per blank sample after six con-
secutive experiments (Eqs. 1 and 2) [48].

LOD ¼ Mean Bð Þ þ 3� Standard Deviation Bð Þ½ � ð1Þ
LOQ ¼ Mean Bð Þ þ 10� Standard Deviation Bð Þ½ � ð2Þ
where B was the concentration of the blank sample.

LOD and LOQ for the BTEX compounds have been shown
in Table 1. The recovery of the analytical method was tested
by injecting 10 μg of the BTEX compounds into the charcoal
tubes. Then, they were extracted and analyzed similar to field
samples. Averagely, 92% recovery was found for the target
compounds. In the present study, ethylbenzene was not

Fig. 1 Location map of the study
area
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detected in any of the samples, thereby replaced with half of
the LOD in the statistical analyses.

Statistical analysis

SPSS (v. 23) and R (v. 3.3.1) were employed in the present
study. The normality of the distribution of variables was ex-
amined via Kolmogorov-Smirnov test. In addition,
Mann-Whitney U test was used to compare the differences
between the two independent groups. Spearman’s correlation
coefficient was also used to investigate the correlations be-
tween the two variables. Furthermore, multivariate linear re-
gression models were carried out using R (v. 3.3.1).
Regressionmodels were designed to determine the association
between BTX concentrations and independent variables. P
values less than 0.05 were considered statistically significant.

Risk assessment

BTEX is one of the most harmful pollutants that has negative
impacts on humans exposed to Environmental Tobacco
Smoke (ETS), especially children [49]. Although
non-carcinogenic effects have been confirmed due to expo-
sure to BTX compounds, benzene has been classified as a
carcinogenic compound. In the present study, Incremental
Lifetime Cancer Risk (ILCR) and Hazard Quotient (HQ)
equations were employed to assess the carcinogenic risk of
benzene as well as the non-carcinogenic risks of BTX com-
pounds through the inhalation route, respectively) Eqs. 3 to
7([50]. Finally, ILCR of benzene in the case and control
groups was calculated using Monte Carlo simulations
(Oracle Crystal Ball software 11.1.2). According to WHO
and United States Environmental Protection Agency
(USEPA), ILCR ≤1.00 × 10−6 and ILCR >1.00 × 10−6 indi-
cate an acceptable situation and carcinogenic effects, respec-
tively [51]. In addition, HQ > 1 represents a high non-
carcinogenic risk, while HQ ≤ 1 indicates an acceptable haz-
ard. The selected parameters used for ILCR of benzene and
HQs for BTX have been presented in Table 2.

E ¼ C*IRc*EDc=BWc ð3Þ

EL ¼ E*
D

7

� �
*

WK

52

� �
*

YE

YL

� �
ð4Þ

ILCR ¼ EL*UR ð5Þ

EY ¼ C*IRc*EDc*
D

7

� �
*

WK

52

� �
=BWc ð6Þ

HQ ¼ EY=RFD ð7Þ
where E, EY, and EL represented daily exposure (mg/kg·d),
yearly average daily dose received (mg/kg·d), and effective
lifetime exposure (mg/kg·d), respectively.

Results and discussion

BTEX concentrations in the indoor air of the case and
control houses

Data on the characteristics of the participants’ houses are pre-
sented in Table 3. Moreover, mean and other statistical anal-
yses of BTEX levels in the study groups are presented in
Table 4. Accordingly, mean concentrations of benzene, tolu-
ene, xylenes, and total BTEX were 8.7, 5.8, 9.4, and 8.2 folds
higher in the case group than in the control group. The results
revealed a significant difference between the two groups re-
garding the concentrations of BTX compounds (p < 0.05).
The differences in the concentrations of BTX measured in the
indoor air of the exposed and non-exposed children’s houses
are shown in Fig. 2. The indoor benzene concentration mea-
sured in the United States was 5.54–10.5 μg/m3 in the houses
exposed to Environmental Tobacco Smoke (ETS) compared
with 3.86–7.0 μg/m3 in ETS-free houses [53, 54]. A similar
study conducted in Germany reported benzene concentration
of 11.0 and 6.5 μg/m3 in ETS and ETS-free houses, respec-
tively [55]. In Italy, these levels were estimated to be 32.2 and
18.9 μg/m3, respectively [56]. Based on ANSES recommend-
ed guidelines for houses [47, 57], measured benzene levels in
the indoor air of 76.7% of the case houses in the present study
were higher than the annual exposure level recommended by
IEPO (5 μg/m3). Although benzene concentrations were
higher than LE (0.2 μg/m3) and LTE (10 μg/m3) in 100%
and 13.3% of the case houses, respectively, they did not ex-
ceed the levels of IE (20 μg/m3) and STE (30 μg/m3) in any of
the monitored case houses. WHO has suggested no acceptable
level for benzene in ambient air, because benzene has been
considered a carcinogen chemical substance [49]. Therefore,
long-term exposure at any concentration might have adverse
effects. Although the average concentration of benzene in the
indoor air of the studied case houses was mostly higher than
those reported by several studies (Table 5), mean benzene
concentration measured in the air of the control houses was
lower as compared with other investigations. The higher

Table 1 LOD and LOQ
for the BTEX
compounds (μg/m3)

BTEX compounds LOD LOQ

Benzene 0.02 0.05

Toluene 0.03 0.08

Ethylbenzene 0.04 0.12

Xylenes 0.0 0.0
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concentration of benzene in the case houses could be associ-
ated with the use of WTS. In fact, benzene was mainly re-
leased by burning charcoal from WTS and the mainstream
water pipe smoke [29, 58].

In the current study, the effect of hookah smoking at home
on the concentrations of toluene and xylenes was investigated
by comparing the differences between the case and control
groups. Tobacco smoke has been mentioned as one of the
most important sources of xylenes and toluene [59, 60]. Guo
et al. also reported a remarkable difference between the
smoking and non-smoking homes with respect to the levels
of benzene and toluene [61]. However, toluene and xylenes
concentrations reported by other studies presented in Table 5
(except for xylenes level reported in Spain) were higher than
the results of the current work. Differences in location, char-
acteristics of the houses in terms of distance from the main
road, traffic, and green space, differences in the characteristics
of the houses in terms of humidity, ventilation, temperature,
and outdoor pollution, different activities at homes, and fre-
quency of cooking and cleaning could be the reasons for the
discrepancies among the results [46, 47].

In the present study, benzene and toluene had the highest
and lowest levels among the studied BTEX compounds in
both groups. In addition, Among the BTEX compounds mea-
sured in the home air of the two groups, xylenes were the most

different. A recent study conducted on indoor air of waterpipe
cafés reported that xylenes has the highest concentration
among BTEX compounds emitted from hookah smoke [27].

Factors influencing BTX concentrations

The results of multiple regression analysis (β coefficient (p
value)) for the association between BTX levels and potentially
confounding variables have been documented in Table 6.
According to the information in the questionnaires, no paint-
ing, reconstruction, or spraying was done in any of the houses
in the past 6 months. Additionally, all houses were located
more than 5000 m from the main roads and gas stations.

Statistical analysis showed that BTX concentrations were
significantly higher in the ambient indoor air of the houses
located on the ground floor (case:12.28 ± 3.78 and con-
trol:1.59 ± 0.71 μg/m3) compared with those located on the
second floor and above (case:8.31 ± 1.96 and control: 1.01 ±
0.62 μg/m3) (Fig. 3). These differences were statistically sig-
nificant in both groups (p < 0.05). Thus, the floor was found
to be a significant predictor of BTX levels in the present work,
with the greatest and lowest effects being related to benzene
and toluene, respectively (Table 6). Another study conducted
in Ardabil, Iran also indicated that BTEX levels were higher
on the ground floor compared with other floors [47]. This

Table 2 The exposure variables
recommendations for Monte
Carlo simulations

Unit Value for

children (7–13 years old)

C Concentration of the pollutant mg/m3 –

IRc Inhalation rate, children m3/h 0.65±0.125 [51]

EDc Exposure duration, children h/d 14–18

(min-max)

(Questionnaires)

BWc Body weight, children Kg 21.6–49

(min-max)

(Questionnaires)

D Days of exposure per week D 7

WK Weeks of exposure Week 50

YE Years of exposure Y 18

YL Years in lifetime Y 70

UR Unit risk (mg/kg·d)−1 Benzene=0.029 [52]

RfD Reference dose (mg/kg·d) Benzene=

0.01

Toluene=

2.3

Xylenes=

0.04

RfD = RfC (inhalation reference concentration mg/m3 ) × 15.73 (assumed children (7–13 years old) inhalation
rate m3 /d) × 1/BWc (kg); based on RfCs for USEPA, IRIS (benzene = 0.03 mg/m3 , toluene = 5 mg/m3 ,
xylenes = 0.1 mg/m3 ) [27].
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could be attributed to the proximity of the ground floor to
garages and vehicles, as noticeable sources of BTEX [68].
On the other hand, lower levels of BTEX in upper floors could
be attributed to the higher air exchange rate [47]. Air velocity
increases with altitude and air exchange rates may be higher

because of windows and other open corners in upper floors.
Therefore, natural ventilation is often more useful and practi-
cal than air conditioning systems, because it plays an extreme-
ly important role in diluting the concentrations of the indoor
air pollutants [69, 70].

Table 3 Selected characteristics
of the participant’s homes Exposure type Exposed group Control group

Characteristics Size (%) Size (%)

Floor of home

1st 22 (73) 18 (60)

2 ≤ 8 (27) 12 (40)

Use a ventilator when cooking

yes 4 (13) 13 (43)

no 26 (87) 17 (57)

Number of cooking times during the day

3 > 3 (10) 1 (3)

3 23 (77) 26 (87)

3 < 4 (13) 3 (10)

The main cover of kitchen cabinets

metal 20 (67) 16 (53)

MDF 10 (33) 14 (47)

Type of kitchen

open 18 (60) 21 (70)

close 12 (40) 9 (30)

Year of house construction

5 > 2 (7) 6 (20)

5–10 16 (53) 13 (43)

10 < 12 (40) 11 (37)

Cooling system

water cooler 5 (17) 10 (33)

gas cooler 25 (83) 20 (67)

Table 4 The summary of BTEX concentrations in the indoor air of the case and control houses (μg/m3)

Contaminant Mean±SD
(min-max)

Median Geometric (mean±SD) P value

Case Control Case Control Case Control Comparison of cases
and controls

Benzene 7.19±3.09
(2.83–14.5)

0.82±0.5
(0.06–1.76)

6.99 0.78 6.62±1.51 0.62±2.39 P<0.05
P=0.00

Toluene 1.62±0.69
(0.36–3.39)

0.3±0.22
(0.1–0.96)

1.38 0.23 1.42±1.59 0.20±2.52 P<0.05
P=0.00

Ethylbenzene ND* ND ND ND ND ND –

Xylenes 2.9±1.66
(1.27–8.5)

0.31±0.22
(0.01–0.97)

2.21 0.27 2.55±1.63 – P<0.05
P=0.00

BTEX 11.74±3.85
(5.13–21.25)

1.44±0.73
(0.42–3.57)

10.63 1.41 11.2±1.37 1.22±1.77 P<0.05
P=0.00

*: Not Detected
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According to our findings, the type of kitchen is report-
ed to be associated with raised benzene and toluene levels
(Table 6). According to the results, the concentrations of
both compounds were significantly higher in buildings
with open plan kitchens compared with those with closed
kitchens (benzene: 4.71 ± 4.27 vs 2.37 ± 2.05 μg/m3,
toluene: 1.13 ± 0.91 vs 0.53 ± 0.39 μg/m3, p < 0.05)
(Fig. 4). Among the participants, 35% and 65% reported
that they had close and open plan kitchens in their houses.
Another study also showed that BTEX levels were higher
in open plan kitchens compared with closed kitchens [47].
This might be due to free air diffusion from open plan
kitchens to other parts of the house [47]. A previous study
showed that cooking habits increased the risk of carcino-
genicity in humans by increasing the rate of exposure to
potentially hazardous substances released from oil such as
benzene [71, 72]. In another study, BTEX levels were re-
ported to be equal in the living room and the kitchen [73],
which indicated the impact of the kitchen on other areas of
the house, especially the living room (sampling area of the
present study).Using household cleaning products such as
liquid detergent, to remove foreign matter from surfaces

and floors of kitchen can be a potential source of more
benzene and toluene emissions from the kitchen [74–79].

In the present study, toluene level was significantly higher
in buildings with wooden/MDF cabinets compared with those
with metal cabinets (1.24 ± 1.01 vs 0.71 ± 0.95 μg/m3,
Mann-Whitney U test (p < 0.05)) (Fig. 4). Previous studies
have also referred to cabinets as a source of VOCs emissions
[80]. In addition, the results of other published papers showed
that wood-based products, such as panels, wood-based com-
posites, laminated office furniture, laminated flooring, and
cabinets, could be a source of VOCs compounds [80]. Since
toluene is commonly used in Original Equipment
Manufacturer (OEM) product coatings such as those for wood
furniture and kitchen cabinets, thus wooden kitchen cabinets
have been considered as a potential source of toluene emis-
sions by the Environmental Protection Agency [81].

The relationship between the concentrations of BTX
compounds and WTS characteristics

Spearman’s rank correlation coefficient was employed to de-
termine the correlations between BTX compounds. The

Table 5 The concentrations of
BTEX compounds in the indoor
air in different countries (μg/m3)

Studies Benzene Toluene Ethylbenzene Xylenes Reference

Cases 7 2 ND 3 Current study

Controls 1 0.3 ND 0.3 Current study

Seoul, South Korea 3 40 8 10 [62]

Ardabil, Iran 15 70 12 48 [47]

Guangzhou 18 173 – 99 [63]

Hong Kong 5 52 3 8 [64]

Japan 1 12 4 8 [65]

Mexico city 7 76 6 26 [66]

Spain 1 4 0.6 0.7 [67]
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Fig. 2 Box plot of the BTX levels
in the case and control houses

1659J Environ Health Sci Engineer (2021) 19:1653–1665



relationship between benzene-toluene (0.788**), benzene-
xylenes (0.785**), and toluene-xylenes (0.785**) were statis-
tically significant. There was no significant relationship be-
tween the concentrations of BTX in the indoor air of the case
houses and type of tobacco. Although previous studies re-
vealed that the concentrations of BTEX compounds emitted
from fruit tobacco were significantly higher compared with
traditional tobacco [27], no such relationship was found in
the present investigation, which might be due to the high
prevalence of traditional tobacco consumption in the study
area.

According to the data obtained from the questionnaires,
18%, 44%, and 38% of the children in the case houses had
only hookah smoker mothers, only hookah smoker fathers,
and both smoker parents, respectively. Although benzene
measured in the indoor air of the case houses was not related
to the type of tobacco, it was related to the number of hookah
users (0.347*) [mothers (6.4 ± 3.05 μg/m3), fathers (6.35 ±
0.91μg/m3), and both parents (10.95 ± 3.99μg /m3)] (Fig. 5).

Health risk assessment

In present study, mean ILCR for benzene in the houses
with water pipe smokers was 15 × 10−6 (Fig. 6), which is
dramatically higher than the standard limit set by USEPA
and WHO (1 × 10−6). This implied a significant risk for
children with water pipe using parents [82]. Furthermore,
mean ILCR for benzene in the control group was 1.8 ×
10−6 (Fig. 6), which is 1.8 times higher than the limits
recommended by WHO and USEPA [82]. In several stud-
ies performed in cafes in Iran where WTS was not
prohibited, the cancer risk obtained for benzene exceeded
the acceptable risk value of 1 × 10−6. The amount of
ILCR for benzene was 4314 × 10−6 in cafes in Tehran
(average concentration of benzene: 4.96 ± 2.96 mg/m3)
[27] and 529 × 10−6 in cafes in Hamedan (6.45 ±
0.37 mg/m3) [83], which were much higher than ILCR
and average benzene concentration in the present study.
This difference could be due to several reasons. First, type

Table 6 Multivariate linear
regression analysis of BTX (μg/
m3) with the factors affecting
exposure to BTX [β coefficient (p
value)]

Benzene Toluene Xylenes

Type of kitchen 1.73 (0.01)* 0.45 (0.03)* 0.04 (0.62)

Cooling system 0.44 (0.26) 0.13 (0.1) 0.56 (0.51)

The cover of the cabinets 0.49 (0.41) 0.27 (0.004)* 0.52 (0.46)

Year of house construction 0.57 (0.18) 0.132 (0.15) 0.43 (0.47)

Number of cooking times during the day 0.79 (0.33) 0.04 (0.77) 0.09 (0.78)

Home floor −1.58 (0.01)* −0.46 (0.01)* −1.01 (0.009)*
Use of ventilation 2.45 (0.17) 0.06 (0.85) 0.11 (0.89)

Benzene Toluene xylenes Benzene Toluene xylenes Benzene Toluene xylenes Benzene Toluene xylenes
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Fig. 3 Comparison of BTX concentrations on the ground floor (1st) and the other floor (1st <) in both case and control groups
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of tobacco, since the type of tobacco is a very important
factor in the release of BTEX compounds. Concentrations
of BTEX compounds emitted from fruit tobacco were sig-
nificantly higher in comparison with traditional tobacco in
cafes of Tehran [27]. In the present study, however, type
of tobacco was not associated with BTX emissions in the
case group houses. This may be due to lower consumption
of fruit tobacco in the case houses (16%). Second, in
cafes, several hookahs are used simultaneously during
the day. In the houses under the present study, however,
most parents smoked hookah only three times a day
(66%). Another reason for higher BTEX levels in the
indoor air of cafes compared with houses might be the
frequent cooking in cafes as well as the vicinity of cafes
to main and high traffic streets, which are the sources of

BTEX compounds emissions [84]. All the aforementioned
items are significant reasons for the high concentrations of
BTEX compounds in cafes allowing WTS as compared
with the present study. In a recent study, increased cancer
risk due to exposure to residential benzene was reported
as 1.8 × 10−6 and 80 × 10−6 in dwellings with
non-smoking and smoking residents in Hong Kong, re-
spectively [52]. The estimated cancer risk in the case
houses in the present study was lower than that reported
in other houses with smokers. This might be due to the
differences in the parameters used in the risk assessment,
including concentrations of the pollutants, duration of ex-
posure, inhalation rate, body weight, and unit risk [47].
Groups at higher risk for BTEX were infants, children,
and housewives because they spent most of their time at
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home, and prolonged exposure to benzene increased the
risk of leukemia [49, 85].

The results of HQs of BTX compounds for children aged
7–13 years in the case and control groups are presented in
Table 7. Accordingly, HQs of all BTX compounds were <
1 (p < 0.05). By definition, HQ >1 and HQ <1 show poten-
tially dangerous effects, and acceptable non-carcinogenic sta-
tus following exposure to pollution, respectively [86]. Thus, in

the present study, the non-carcinogenic risk of BTX com-
pounds was negligible, and these compounds did not threaten
children in terms of non-carcinogenic disorders.

The results of sensitivity analysis for the case and control
groups are presented in Fig. 6. The contribution of each param-
eter to the amount obtained from the ILCR value is also shown
as percentage in Fig. 6. The results of sensitivity analysis re-
vealed that the concentration of benzene had the most

Fig. 6 The carcinogenic risk and sensitivity analysis of benzene in the case (a and b) and control (c and d) groups

Table 7 The results of the non-
carcinogenic risk assessment of
BTX

Contaminant Mean±SD Minimum Maximum

Cases Controls Cases Controls Cases Controls

Benzene 0.2±0.1 0.02±0.01 0.07 1E-03 0.4 0.04

Toluene 1E-04±2E-04 3E-05±5E-05 4E-05 4E-06 4E-04 1E-04

Xylenes 0.01±0.02 2E-03±3E-03 8E-03 6E-05 0.05 6E-03
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significant positive effect in the case and control groups,
followed by body weight (negative effect) and inhalation rate
(positive effect). These results strongly recommend that reduc-
tions in the concentration of benzene in indoor air would pro-
duce the largest reduction in the ILCR estimates, with consid-
erable benefits to children health by lowering the risk of cancer
incidence.

Conclusion

The study findings show that children with hookah smoking
parents are exposed to benzene, toluene, and xylenes at their
houses. Benzene concentration in the indoor air of the houses
with hookah smokers exceeded the safe limits recommended by
EPA and Iran environmental protection organization (5 μg/m3).
The concentrations of BTX compounds in cases were more
than the control group, with the maximum difference estimated
for xylenes (p < 0.05). Also, inhalation-ILCR values of ben-
zene for children in the case and control houses were 15 and 1.8
times higher than the standard limit set by USEPA, respective-
ly. This could be considered a potential indoor source of BTX
exposure for the children with smoker parents. Although, there
was no correlation between concentrations of BTX and type of
tobacco in case group, concentration of benzene in indoor air
withmore hookah smokers were significantly higher than hous-
es with lower smokers. Number of floors of the houses was one
of the factors affecting the concentrations of BTX compounds
in the present study which declares that natural ventilation such
as opening windows during smoking might help to diminish
BTX in the indoor air of residential buildings. Open kitchen
also played a major role in increasing the emissions of benzene
and toluene. In addition, the amount of toluene in the air of the
houses with cabinets and doors made of wood (MDF and fiber-
glass) was higher compared with the houses withmetal cabinets
and doors.

To the best of our knowledge, although this is the first
study to evaluate the risk of BTX compounds in indoor air
for children exposed to hookah smoke, this study has limita-
tions to be considered in future studies. It is very important to
pay attention to other age groups such as fetuses and prenatal
exposure in people. Moreover, other carcinogenic com-
pounds, such as PAHs, aldehydes, and naphthylamines, in
the indoor air of houses with hookah smokers are suggested
to be measured in future studies. Also, paying attention to the
concentrations of BTEX compounds in the outdoor air is an-
other important parameter transferred to indoor environments
through ventilation.
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