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Abstract: Online monitoring of atmospheric volatile organic compounds in the northeastern urban area of Beijing
was carried out continuously by Airmo VOC monitor from August 2nd to 31st 2013. The levels temporal varia—
tions sources and the ozone formation potentials of the 16 species of benzene homologues were studied and human
health risk of BTEX and styrene was assessed by US EPA health risk assessment model. It showed that the average
mass concentration of benzene homologues was 10. 36 wg*m” during the observation and of them the average
mass concentration of BTEX was 7.45 wg*m® accounting for 72% . Benzene homologues showed characteristics of
primary pollutant namely higher concentrations in the morning and evening and lower at noontime. The average
mass concentration ratio of benzene to toluene ( 0.39) indicated that vehicular exhausting paints and solvents vol—
atilizing may be the important sources. The ozone formation potentials of m/p=xylene 1 2 4-rimethylbenzene and
toluene showed high values indicating their significant contribution to the atmospheric ozone in Beijing. Health
risk assessment showed that the non-cancer HQ ( hazard quotient) of BTEX and styrene changed from 8. 70E-05 to
3.76E-02 and HI ( hazard index) was 6. 19E-02 which suggests no obvious adverse non-cancer health impact on
the exposed population. On the other hand benzene has potential cancer risk of 8. 80E-06 exceeding the value of
1.00E-06 recommended by US EPA indicating a potential cancer risk to the exposed population.
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Fig. 1 Time series of hourly total mass concentrations

of benzene homologuesin the ambient air of the study area

1 16 1

Table 1 Hourly mass concentrations of 16 species of benzene homologues in the ambient air of the study area

. . . MDL
Mean concentration Concentration range
Pollutant 10°( V/V)
10°( V/V) pgem” 107(V/V) pgem?
0.323 1.13 0.01 ~2.10 0.03 ~7.32 0.017
Benzene
0.710 2.92 0.01 ~4.22 0.04 ~17.36 0.016
Toluene
0.242 1.15 0.01 ~2.54 0.05 ~12.04 0.014
Ethylbenzene
) 0.324 1.53 0.01 ~4.80 0.05 ~22.75 0.014
m/p-Xylene
0.019 0.09 0.01 ~0.52 0.05~2.42 0.014
Styrene
0.152 0.72 0.05~1.89 0.05 ~8.96 0.014
o0Xylene
. 0.018 0.10 0.03 ~0.08 0.03 ~0.43 -
i-Propylbenzene
0.036 0.19 0.03 ~0.10 0.03 ~0.54 -
n-Propylbenzene
0.021 0.11 0.03~0.15 0.03 ~0.80 0.012
m-Ethyltoluene
0.071 0.38 0.03 ~0.60 0.03 ~3.22 0.012
p—Ethyltoluene
135-
. 0.042 0.22 0.03 ~0.33 0.03 ~1.74 0.013
1 3 5Trimethylbenzene
0.027 0.15 0.05~0.24 0.05~1.29 0.012
o-Ethyltoluene
124-
. 0.191 1.03 0.05 ~0.59 0.05~3.17 -
1 2 4Trimethylbenzene
123-
. 0.081 0.43 0.05 ~0.49 0.05~2.63 -
1 2 3Trimethylbenzene
. 0.023 0.14 0.03 ~0.41 0.03 ~2.46 -
m-Diethylbenzene
0.012 0.07 0.03 ~0.06 0.03 ~0.36 -
p-Diethylbenzene
2.292 10.36 0.19 ~79.11 0.05 ~17.46 -

Benzene homologues

“ 9

Not¢  “~” no data.
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Fig. 2 Comparison of the mass concentrations of BTEX in the ambient air between Beijing and other cities



1046

2.1.3

3 \BTEX
Fig. 3 Daily variation of the total mass concentrations of benzene homologues and BTEX in the ambient air
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Fig. 4 Diurnal variation of the total mass concentrations of benzene homologues and BTEX in the ambient air of the study area
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Fig. 5 Relative composition of the benzene

homologues in the ambient air of the study area

o



1048

0.71 o

2 BTEX
Table 2  Correlation coefficients between

BTEX in the study area

Pollutant ~ Benzene Toluene Ethylbenzene m/p-Xylene  o—Xylene

1

Benzene
0.85 1
Toluene
0.71 0.78 1
Ethylbenzene
B 0.75 0.85  0.89 1
m/p-Xylene
0.74 0.8 0.87 0.93 1
0-Xylene
2.3
VOCs
.+ OH VOCs
( maximum incremental reactivity MIR)
. *OH
VOCs <OH ( );
MIR VOCs
OH o
MIR ( OFP)
MIR
41 . 6
OFP 11.35 pgem™; 1 2 4-
“ Duan *' Hoque * o

MIR
- 12 4- N

10
Fig. 6 10 kinds of benzene homologues for ozone formation

potentials (OFP) in the ambient air of the study area

2.4
16
6 US EPA (‘http: //
epa. gov/ttn/atw/188polls. himl) N N . -
I
. US EPA (IRIS)
- ( 3
1
6
; 4
6 (EC) .
(HQ) . ( HI)
( Risk) 4 . 4 6
EC 0.09 ~2.92 pgem” HQ 8. 70E-
05 ~3.76E-02 HI  6.19E-02. -
4
o Risk

8.80E-06.
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Table 3 Daily exposure concentrations and health risk assessment of 6 species of
benzene homologues in the ambient air of the study area
EC/( ngem?®) Rfc/( mgem?) TUR/( m®*pg™) HQ Risk
Pollutant
Benzene 1.13 0.03 7.80E-06 3.76E-02 8.80E-06
Toluene 2.92 5 - 5.84E-04 -
Ethylbenzene 1.15 1 - 1.15E-903 -
- m/p-Xylene 1.53 0.1 - 1.53E-02 -
o0—Xylene 0.72 0.1 - 7.19E-03 -
Styrene 0.09 1 - 8.70E-05 -
HI = Y HQi 6.19E-02
R  EC Rfc IUR HQ Risk o
Not¢ “~” no data in the literature; EC exposure concentration; Rfc inhalation reference concentration; TUR inhalation unit risk; HQ hazard quo-

tient; HI hazard index.

4

Table 4  Comparison of the results of health risk assessment of benzene

homologues between this study and other related studies in China

Benzene Toluene Ethylbenzene m/p—Xylene o0-Xylene Styrene
City HI Reference
Risk HQ HQ HQ HQ HQ HQ
Beii 8.80E-06 3.76E-02 5.84E-04 1.15E-03 1.53E-02 7.19E-03 8.70E-05 6.19E-02
eijing
Beii 1.34E-05 5.73E-02 1.08E-03 1. 19E-03 2.09E-02 5.32E-03 1.60E-04 8.60E-02 24
eijing
Beiii 4.19E-05 1.57E-01 2.39E-02 3.29E-03 8.06E-03 3.53E-03 - 1.96E-01 27
eijing
2.21E-05 1.58E-01 - 1.69E-02 7.76E-03* 1.06E-02 1.93E-01 44
Beijing
5.34E-05 2.28E-01 3.95E-03 4.26E-03 3.06E-03 2.42E-03 - 2.42E01 13
Guangzhou
o 2.18E-05 - - - - - - - 45
Tianjin
1.22E-05 1.22E-01 2.05E-02 2.30E-03 5.25E-02 - 6.00E-04 1.98E-01 46
Hangzhou
2.32E-06 - - - - - - - 47
Hangzhou
. 1.94E-05 1.70E-01 1.60E-02 3.64E-03 7.02E-03* - 1.97E-01 48
Chongqing
« » wy o (HI) .

« 9

Note

—” no data in the literature

“* 7 the non-cancer risk value of HI of xylene.
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