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Atmospheric BTEX compounds (benzene, toluene, ethylbenzene and xylenes) in a rural site
of the North China Plain (NCP) were preliminarily investigated in winter, and the outdoor
concentrations (25.8–236.0 μg/m3) were found to be much higher than those reported in
urban regions. The pollution of BTEX inside a farmer's house was even more serious, with
combined concentrations of 254.5–1552.9 μg/m3. Based on the ratio of benzene to toluene
(1.17 ± 0.34) measured, the serious BTEX pollution in the rural site was mainly ascribed to
domestic coal combustion for heating during the winter season. With the enhancement of
farmers' incomes in recent years, coal consumption by farmers in the NCP is rapidly
increasing to keep their houses warm, and hence the serious air pollution in rural areas of
the NCP during winter, including BTEX, should be paid great attention.
© 2015 The Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences.

Published by Elsevier B.V.
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Introduction

Atmospheric BTEX compounds (benzene, toluene, ethylbenzene and
xylenes), mainly emitted from various anthropogenic activities
(Buczynska et al., 2009), have already aroused concern due to their
adverse health effects (Aksoy, 1989; Dutta et al., 2009) and their roles
in atmospheric chemistry (Barletta et al., 2008). The ambient levels of
both indoor (Zhong et al., 2005; Guo et al., 2003) and outdoor BTEX in
cities (Yuan et al., 2010; Wang et al., 2012; Li et al., 2014: Zhang et al.,
2012) have been extensively investigated. However, the levels in rural
areas have only rarely been reported (Guo et al., 2006). With the
enhancement of farmers' incomes in recent years, the amount of coal
combustion is rapidly increasing to keep their houses warm and
comfortable during the cold winter season in the North China Plain
(NCP). A large quantity of pollutants including BTEX is emitted by
domestic coal combustion due to low combustion efficiency, and
hence high levels of pollutantswere suspected in the rural area of the
NCP with high-density dwellings in winter.

In this work, the ambient levels of BTEX in a rural site of the NCP
during wintertime were preliminarily investigated and compared
with those reported in Chinese cities. In addition, the risk to
farmers' health was also roughly estimated.
ac.cn (Yujing Mu).
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1. Materials and methods

1.1. Sampling sites

Outdoor air samples were collected at a sampling site in a rural
agricultural field (38°40′N, 115°15′E) in Wangdu County, Hebei
Province, which is ~200 km southwest of Beijing city, about
120 km northeast of Shijiazhuang city, 35 km southwest of
Baoding city, and 10 km east of Wangdu County. The nearest
villageofDongbaituo (DBT) is about 200 maway to thewest of the
sampling site. There are almost no industries inWangduCounty,
and pollutant emissions were mainly from coal combustion for
cooking and warming during the winter season. Indoor air
samples were collected in a farmer's house of the village of DBT.

1.2. Sampling and analysis

Air samples were collected with a 100-mL syringe and immedi-
ately transferred into an absorption tube (15 cm length, 4 mm ID)
s, Chinese Academy of Sciences. Published by Elsevier B.V.
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filled with Tenax-TA (80–100 mesh, 100 mg, Alltech Associates,
Inc. America). A total of 49 outdoor air samples were collected
hourly from 7:00 to 21:00 during 23 to 27 January in 2013, and 31
indoor air samples were collected in the morning, noon, and
evening during the same period. The absorption tube was
connected to a six-port valve as a loop and BTEX enriched in the
absorption tube were injected into a separation column (SE-30,
20 m × 0.53 mm × 1.0 μm), after heating for 40 sec in an oven
kept at 300°C, and detected by a gas chromatograph equipped
with a Photo Ionization Detector (GC-PID, GC4400, East &West
Analytical Instruments, Inc., China) with N2 as carrier gas. The
details on the preparation of the absorption tube as well as
sampling and analysis procedures have been described in our
previous publications (Liu et al., 2009, 2013; Zhang et al., 2012).
The collection efficiencies for benzene, toluene, ethylbenzene,
m,p-xylene and o-xylene were 84.2%, 95.6%, 96.4%, 96.1% and
95.5%, respectively. The method detection limits (with a
signal-to-noise ratio of 3) were 0.01, 0.02, 0.06, 0.07 and 0.07 μg/
m3, respectively.
2. Results and discussion

2.1. Ambient levels and variation characteristics

Fig. 1 shows the time series of outdoor ambient levels of each
BTEX compound and wind speed during the sampling days.
The total concentrations of BTEX compounds during the
sampling days varied remarkably, from ca. 30 to 230 μg/m3,
which was mainly ascribed to the variation in meteorological
conditions. Among various meteorological conditions, wind
speed is the most efficient factor for accelerating diffusion of
pollutants, e.g., a sharp decrease of BTEX concentrations was
observed in the afternoon on 24, 26–27 January when wind
speed increased. Although the wind speed (themaximumwas
near 5 m/sec) was the fastest on 25 January, the BTEX
concentrations were much higher than those on the day of
26 January whenwind speed was less than 2 m/sec, indicating
that the concentrations of BTEX near the earth's surface were
also controlled by other factors besides wind speed. The
boundary height has been found to dominate primary
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Fig. 1 – Concentrations of outdoor BTEX (benzene, toluene, ethylb
27 January, 2013.
pollutant accumulation (Quan et al., 2013), and the relatively
low BTEX concentrations in the afternoon on 26 January were
suspected to be due to the fast elevation of the boundary
layer. On the other hand, warmer weather is usually coinci-
dent with low wind speed, and hence coal consumption for
heating by farmers might be less on warmer winter days with
lowwind speed than on the colder winter days with highwind
speed.

2.2. Comparison with previous studies

The average concentrations of BTEX compounds investigated by
this study were compared with others reported in China, and
listed in Table 1. It is evident that the outdoor concentrations of
BTEX compounds (25.8–236.0 μg/m3) in this studywere at least a
factor of 3 higher than those reported in Chinese cities or rural
areas (Zhong et al., 2005; Guo et al., 2003, 2006;Wang et al., 2008;
WangandZhao, 2008; Ling et al., 2011; Zhang et al., 2012; Li et al.,
2014), indicating that the pollution levels of BTEX in this rural
area of the NCP are indeed very serious in winter. The indoor
pollution levels of BTEX (254.5–1552.9 μg/m3) were found to be
more serious, a factor of 1.26 higher than the outdoor levels. It
should be mentioned that the farmer's house adopted for
collecting the indoor air sampleswaswell ventilated by keeping
a fan running in the kitchen where the coal stove was used for
heating and cooking. Even more serious BTEX pollution was
suspected inmost farmers' houseswithout a fan for ventilation.

In addition, outdoor levels of PM2.5 and SO2 in DBT and
Beijing were also synchronously measured and the data are
illustrated in Fig. 2. It is evident that the levels of PM2.5 and
SO2 in DBT during most sampling days were remarkably
greater than those in Beijing city, further indicating that the
air pollution in the rural area in winter was very serious.

2.3. Sources identification

The ratio of benzene to toluene (B/T) is usually used as an
indicator to identify their sources' originationbecausedifferent B/
T ratios are characteristic of different sources. A B/T ratio of
around 0.6 has been reported to be characteristic of vehicular
emissions (Perry and Gee, 1995; Brocco et al., 1997; Barletta et al.,
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Table 1 – Comparison of BTEX (benzene, toluene, ethylbenzene and xylenes) levels measured in the rural area with those
reported in Chinese cities (unit: μg/m3).

Location (sampling time) Number of
samples

Benzen Toluene Ethylbenzene m,p-Xylene o-Xylene References

Indoor Dongbaituo, Hebei
(1/2013)

31 34.4 ± 20.4
(10.8–88.7)

58.9 ± 43.1
(12.9–184.1)

28.0 ± 18.7
(5.4–105.8)

58.1 ± 42.9
(6.9–177.3)

30.2 ± 8.5
(14.9–54.6)

This work

Hongkong, Home (2001) 24 5.0 ± 2.6
(1.4–10.3)

59.1 ± 19.8
(29.9–83.1)

2.7 ± 2.2
(0–6.9)

5.3 ± 2.6
(1.4–10.8)

3.9 ± 2.6
(1.0–11.0)

Guo et al.,
2003

Hongkong, Restaurant
(2001)

16 10.3 ± 5.5
(3.7–18.3)

85.8 ± 49.5
(17.6–152.2)

8.6 ± 5.7
(3.0–17.4)

10.9 ± 8.8
(2.1–24.6)

5.9 ± 7.1
(0–18.5)

Guo et al.,
2003

Hangzhou
(5/2002,10,11/2003)

31 4.899 21.37 15.10 19.96 9.76 Zhong et al.,
2005

Outdoor Dongbaituo, Hebei
(1/2013)

49 27.2 ± 16.0
(6.6–68.9)

29.3 ± 14.6
(6.4–80.1)

12.0 ± 6.8
(4.8–41.3)

18.0 ± 9.6
[6.1–45.8]

15.7 ± 10.4
(1.9–53.3)

This work

Beijing (Winter, 2008) 190 6.9 ± 6.7
(0.9–24.1)

10.4 ± 10.6
(0.8–41.0)

2.5 ± 2.5
(0.2–11.9)

4.9 ± 4.4
(0.4–21.9)

2.2 ± 2.0
(0.2–9.9)

Zhang et al.,
2012

Beijing (Winter, 2009) 140 9.2 ± 7.6
(0.8–31.2)

14.5 ± 13.2
(1.2–58.7)

4.4 ± 4.5
(0.3–18.2)

7.5 ± 7.1
(0.6–34.1)

3.5 ± 3.2
(0.3–14.8)

Zhang et al.,
2012

Beijing (8–9/2012) 43 1.7 (0.2–5.1) 5.4 (0.4–22.3) 1.2 (0.1–5.8) 2.1 [0.1–10.5] 0.5 (0.1–2.6) Li et al., 2014
Pearl River Delta,
(10–12/2007)

102 2.5 (0.7–9.3) 18.0 (0.4–116.1) 6.2 (0.2–119.5) 9.5 (0.3–365.5) 3.5 (0.1–115.9) Ling et al.,
2011

Guangzhou (7,11/2002) 169 8.9 ± 11.5 40.3 ± 56.8 7.3 ± 12.5 6.2 ± 12.3 4.6 ± 11.6 Wang et al.,
2008

Nanjing (4/2006–
1/2007)

430 6.4 ± 3.8 19.8 ± 10.3 2.9 ± 2.1 3.4 ± 2.8 2.1 ± 2.2 Wang and
Zhao, 2008

TaiO, Hongkong
(10–12/2001,2012)

32 3.0 ± 3.2
(0.1–35.9)

23.3 ± 29.3
(0.1–201.2)

4.0 ± 5.8
(–38.4)

4.6 ± 8.8
(–69.7)

1.8 ± 2.7
(–20.5)

Guo et al.,
2006

Data are presented as mean value ± standard deviation and the ranges in bracket.
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2005; Liu et al., 2009), and values ≥1 have been reported for
biofuel, charcoal burning and coal burning (Moreira dos Santos
et al., 2004). The B/T ratios of 1.17 ± 0.34 in this work strongly
suggested that coal burningwas themain source in the rural area.

2.4. Health risk assessment

In order to evaluate the threat to the local inhabitants' health
caused by BTEX, the non-cancer hazard (Hazard Quotient,
HQ) and life cycle cancer risk (CR) due to the exposure to
BTEX were roughly estimated (listed in Table 2) based on
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Fig. 2 – Outdoor concentration levels of PM2.5 and SO2 in DBT (Don
the data investigated in this work and the health risk
assessment method proposed by US EPA (see: rais.ornl.gov).
Here, the exposure concentration (EC, μg/m3) was calculated
from Eq. (1):

EC ¼ CA� ET� EF� ED=AT ð1Þ
where, CA (mg/m3) is the concentration of the pollutant, which
was derived by averaging the concentrations of BTEX in winter
(four months) and other seasons (eight months). The average
concentrations obtained by this study were adopted as the
concentrations in winter, the concentrations in other seasons
Dongbaituo
Beijing city

 30 Feb 01 Feb 03 Feb 05
Date

gbaituo) and Beijing city from 24 January to 6 February, 2013.



Table 2 – Hazard quotient and cancer risk of BTEX (benzene, toluene, ethylbenzene and xylenes) in the rural area.

BTEX EC (μg/m3) RfC IUR HQ Risk

Indoor Outdoor (mg/m3) (m3/μg) Indoor Outdoor Indoor Outdoor

Benzene 11.5 9.7 0.03 7.8E−06 3.82E−01 3.24E−01 8.94E−05 7.59E−05
Toluene 19.6 9.8 5 3.93E−03 1.95E−03
Ethylbenzene 9.3 4.0 1.0 9.33E−03 4.00E−03
m,p-Xylene 19.4 6.0 0.1 1.94E−01 6.00E−02
o-Xylene 10.1 5.2 0.1 1.01E−01 5.23E−02
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were assumed to be 0 μg/m3; ET (24 hr/day) is the exposure
time; EF (365 days/year) is the exposure frequency; ED (70 years)
is the exposure duration, and AT (70 × 365 × 24 hr) is the
averaging time.

The HQ and CR were calculated from Eqs. (2) and (3):

HQ ¼ EC= RfC� 1000ð Þ ð2Þ

CR ¼ EC� IUR ð3Þ
where, RfC (mg/m3) is the reference concentration and IUR
(m3/μg) is the inhalation unit risk.

According to USEPA document “EPA-540-R-070-002”, if the
HQ of a specific pollutant is lower than 1, the pollutant has no
obvious non-cancer risk to human health, and the acceptable
value of cancer risk for an ordinary adult is 1E−06 (Li et al.,
2014). The HQ values of 0.38 and 0.32 in this work for indoor
and outdoor benzene respectively suggest that benzene poses
no obvious non-cancer risk to the farmers in the rural area.
However, the cancer risks for both indoor and outdoor
benzene greatly exceeded the threshold value of 1E−06, and
hence the chronic health effect due to the high concentration
of benzene in rural areas of the NCP in winter must be given
attention.
3. Conclusions

In this study, the atmospheric levels of outdoor and indoor
BTEX in a rural area of the NCP were investigated. The
extremely high levels of BTEX in the rural area compared
with those reported in cities weremainly ascribed to domestic
coal combustion for heating during the winter season. The
extremely high values of Hazard Quotient and cancer Risks for
both the indoor and outdoor benzene indicated that the high
pollution levels of benzene in the rural area of the NCP were
threatening the farmers' health, and hence effective control
measures are urgently needed to improve the air quality in
rural areas of the NCP during the winter season.
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