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Abstract: Sixteen PAHs ( 16 PAHs) and twelve nitro-PAHs were measured in PM, 5 samples collected over one year ( 2013—2014) in Taiyuan. During
the sampling period concentrations of the total nitro-PAHs ( 0.70~4.33 ng*m™) were one or two orders of magnitude lower than the total 16 PAHs
(13.8~547 ng*m™3) . 16 PAH concentrations exhibited their highest concentrations in winter and lowest concentrations in summer. The concentrations in
winter were approximately 20fold higher than those in summer due to local PAH emissions related to intensive industrial activity and domestic coal
combustion for heating. On the contrary the difference of mean atmospheric concentrations of nitroPAHs in winter and summer is less than 5old with the
exception of 9-nitroanthracene ( 9In-Ant) suggesting that they may came from secondary formation rather than direct combustion emission. Emission of
nitroPAHs did not exhibit seasonal variations which is consistent with reality. Principal component analysis and isomer ratio results indicate that 9n-Ant
partly originated from adjacent biomass burning. The results of exposure risk assessment suggest that it is necessary to control PAH emission in order to
reduce the health risk from PAHs in Taiyuan especially during the wintertime while more attentions should be paid to prevent nitroPAH pollution.
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1 ( Introduction) PAHS
( PAHs)
2 ( Materials and methods)
( Keyte et al.
2013; Kim et al. 2013) . 2.1
PM,
( PM,y) 2013 10 —2014 7 PM,;
( Wang et al. 2012) . 9 ( 112.57°E
PAHs 37.80°N) 25 m
> 50 m
PAHs
( He et al. 2014; Li R | 4
et al. 2016a; 2016b; Meng et al. 2015; Wang et al. 24 h 16
2015) .
PAHs N N “ 7 450 °C 5h
24 h
1000 PAHs
1/3( PAHs . .
400 ) ( 2006) . ( PAHs)
o N N -20 C
2.2 PAHs
PAHs 150 mL 5
( nitroPAH) PAHs ( NAP-d8. ACE-d10. PHE-
20 d10.CHR-d12.perylene-d12) 2 nitro-PAHs
.nitro-PAHs (9n-ANT-d9  6n-CHR-d11)
3
nitro-PAHs PAHs 1~2 5 mL 1 mL.
PAHs /
10~ 1000 1 8- ( Durant et al. 1996; (1:1 ) .PAHs
WHO 2003) . nitro— 0.2 mL
PAHs 2
GCECNI-MS
2 ( Agilent GC7890 5975C MSD ) PAHs
PAHs OH NO, ; nitro-PAHs EI  ( Electron Impact)  ECNI
PAHs N,O05 HNO, ( Nielsen ( Electron Capture Negative Ion)
1984) . :HP-5MS 30 mx0.25 mmx0.25 pm.
: 290 °C 300
C 1 pL .
(PM,) PAHs 50 C 1 min 10 °Cemin”'
PM,, 16 150 °C 3 *Cemin”' 280 C 20 min;
PAHs nitro-PAHs nitro-PAHs 15 C+omin~" 60 C 150
PAHs C 5 Cemin”' 300 C 15 min.PAHs
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BaP ( TEF) ( Nisbet
et al. 1992) BaP
( TEQ) PAHs  PM,.
_PAHs (1)
1 I 5 .
. TEQ = Y| C, x TEF, (1)
PAHs 2 nitro-PAHs =
80% TEQ PAHs
23 (ng'm™) C  TEF PAH
PAHs ( 1.
1 N PM,; PAHs
Table 1  Information list of target PAH compounds and concentrations of PAHs in PM, 5 from the atmosphere of Taiyuan
PAHs ! TEF
(ngem™)
Naphthalene NAP NAP-8 nd~1.03 0.001*
Acenaphthylene AC ACE-10 nd -
Acenaphthene ACE ACE-10 nd~0.75 0.001*
Fluorene FL ACE-10 0.16~2.77 0.001*
Phenanthrene PHE PHE-10 0.69~62.7 0.001*
Anthracene ANT PHE-10 0.16~12.0 0.01°
Fluoranthene FLU CHR-d12 2.02~120 0.001*
Pyrene PYR CHR-d12 1.67~93.6 0.001*
a Benz a anthracene BaA CHR-d12 1.10~51.2 0.1*
T Chrysene CHR CHR-d12 1.34~89.4 0.01¢
b Benzo b fluoranthene BbF perylene-d12 2.45~93.1 0.1*
b Benzo k fluoranthene BkF perylene-d12 0.63~66.4 0.1*
a Benzo a pyrene BaP perylene-d12 1.11~43.5 1°
ah Dibenz a h anthracene DBA perylene-d12 0.46~34.6 1"
123-d Indeno 1 2 3-ed pyrene 1P perylene-d12 0.11~3.46 0.1*
ghi Benzo g h i perylene BghiP perylene-d12 0.11~34.4 0.01*
1- 1-Nitronaphthalene IN-NAP 9n-ANT-d9 0.09~0.22 -
2— 2-Nitronaphthalene 2N-NAP 9n-ANT-d9 0.20~0.41 -
5- S-nitroacenaphthene SN-ACE 9n-ANT-d9 0.02~0.05 0.03"
2- 2-Nitrofluorene 2N-¥L 9n-ANT-d9 nd~0.01 0.01"
3- 3-Nitrophenanthrene 3N-PHE 9n-ANT-d9 nd~0.06 -
9- 9-Nitrophenanthrene ON-PHE 9n-ANT-d9 0.02~0.20 -
2- 2-Nitroanthracene 2N-ANT 9n-ANT-19 0.16~3.28 -
9- 9-Nitroanthracene ON-ANT 9n-ANT-d9 0.02~0.10 -
3- 3Nitrofluoranthene 3NFLU 6n-CHR-11 0.03~0.13 -
1- 1-Nitropyrene IN-PYR 6n-CHR-d11 0.02~0.43 0.1
7- a 7-Nitrobenz( a) anthracene TN-BaA 6n-CHR-d11 0.02~0.10 -
6— i 6-Nitrochrysene 6N-CHR 6n-CHR-d11 nd~0.01 10"
ca. USEPA 2010; b.Bostrom et al. 2002; nd
) ) 53.4~177 ng*m™’
3 ( Results and discussion) S
62.5~347 ngem™". PM,. PAHs
3.1 PM,, PAHs
PM, PAHs ( 2009;
2012) . PAHs (

13.8~547 ngem™

(13.8~27.0 ng*m™)

(476~547 ngem™)
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40 . . ( Feilberg et al. 2001) . ( Barrado
k 30~40 et al. 2013) .
3 4  PAHs nitro—
( Xu et al. 2006) . PAHs( de Castro Vasconcellos et al. 2008; Li et al.
PAHs 2015) . nitro-PAHs
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( Kojima et al. 2010) .
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Fig.1 Variations between winter and summer in the concentrations of individual PAHs ( indicated by max~o-min ratio) in PM, 5 from the atmosphere
of Taiyuan
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Fig.3 PCA plot for the first two components of all PAHs in PM2.5 from the atmosphere of Taiyuan
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16 PAHs
nitro-PAHs
PM, 5
(23 +23) ngem™ Li (2014)

(28 ngem™)
( Bandows et al. 2014) | ( Huang et al. 2014) |
( Lin et al. 2015) .
TEQ 32 ngem™

4 ( Conclusions)
1) PM,, PAHs 4~6
PAHs  85% ~96%;
PAHs
.PAHs : < <
< ; 20
2) PM,. nitro-PAHs PAHs
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; PAHs
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( 9- ) nitro-PAHs
3) PM,; 9-
nitro-PAHs ( >10)
nitroPAHs; 9- /1-
PM,; 9-
4) PAHs PM,
(TEQ) (23+23) ngem™
TEQ 32 ngem™’

( References) :

Bandowe B A M Meusel H Huang R J et al. 2014. PM,s-bound
oxygenated PAHs nitroPAHs and parent-PAHs from the atmosphere
of a Chinese megacity: Seasonal variation sources and cancer risk

assessment J . Science of Total Environment 473-474: 77-87

Barrado A I Garcia S Castrillejo Y et al. 2013. Exploratory data analysis
of PAH nitroPAH and hydroxyPAH concentrations in atmospheric
PMy-bound aerosol particles. Correlations with physical and
chemical factors J . Atmospheric Environment 67: 385393

Bostrom C E Gerde P Hanberg A et al.2002. Cancer risk assessment
indicators and guidelines for polycyclic aromatic hydrocarbons in the
ambient air J .Environmental Health Perspectives 110 ( Suppl 3) :
451489

Chuesaard T Chetiyanukornkul T Kameda T et al. 2014. Influence of
biomass burning on the levels of atmospheric polycyclic aromatic
hydrocarbons and their nitro derivatives in Chiang Mai Thailand

J . Aerosol and Air Quality Research 14: 12474257

de Castro Vasconcellos P Sanchez-Ccoyllo O Balducci C et al. 2008.
Occurrence and concentration levels of nitro-pah in the air of three
brazilian cities experiencing different emission impacts J . Water
Air and Soil Pollution 190: 87-94

Durant J L Bushy W F Lafleur A L et al. 1996. Human cell
mutagenicity of oxygenated nitrated and unsubstituted polycyclic
aromatic hydrocarbons associated with urban aerosols J . Mutation
Research: Genetic Toxicology and Environmental Mutagenesis 371:
123157

. 2009. PM, 5
J. 29(7) : 1363-1371

Feilberg A B Poulsen M W Nielsen T et al. 2001. Occurrence and
sources of particulate nitro-polycyclic aromatic hydrocarbons in
ambient air in Denmark ]

353366

Atmospheric  Environment 35:

. 2006.

PM,s; 16 J. 27 (6) :
10521055

He J Fan S Meng Q et al. 2014. Polycyclic aromatic hydrocarbons
( PAHs) associated with fine particulate matters in Nanjing China:
distributions ~ sources and  meteorological influences J
Atmospheric Environment 89: 207215

Huang B Liu M Bi X et al. 2014. Phase distribution sources and risk
assessment of PAHs NPAHs and OPAHs in a rural site of Pearl
River Delta region China J . Atmospheric Pollution Research 5
(2): 210218

Keyte I J Harrison R M Lammel G. 2013. Chemical reactivity and long—
range transport potential of polycyclic aromatic hydrocarbons-a
review J . Chemical Society Reviews 42: 9333-9391

Kim K H Jahan S A Kabir E et al. 2013. A review of airborne polycyclic
aromatic hydrocarbons ( PAHs) and their human health effects J .
Environment International 60: 71-80

Kojima Y Inazu K Hisamatsu Y et al. 2010. Influence of secondary
formation on atmospheric occurrences of oxygenated polycyclic
aromatic hydrocarbons in airborne particles ] Atmospheric
Environment 44( 24) : 28732880

LiH Guo L Cao R et al. 2016a. A wintertime study of PM, s-bound
polycyclic aromatic hydrocarbons in Taiyuan during 2009 — 2013:
Assessment of pollution control strategy in a typical basin region

J . Atmospheric Environment 140: 404414



1108

38

Li RJ Kou X J Geng H et al. 2014. Pollution characteristics of ambient
PM, s-bound PAHs and NPAHs in a typical winter time period in
Taiyuan J . Chinese Chemical Letters 25 ( 5) : 663-666

Li W Wang C Shen H et al. 2015. Concentrations and origins of nitro—
polycyclic  aromatic  hydrocarbons and  oxy—-polycyclic aromatic
hydrocarbons in ambient air in urban and rural areas in northern
China J . Environmental Pollution 197: 156-164

Li X Kong S Yin Y e al. 2016b. Polycyclic aromatic hydrocarbons
(PAHs) in atmospheric PM, s around 2013 Asian Youth Games
period in Nanjing J . Atmospheric Research 174-175: 85-96

Lin Y Ma Y Qiu X et al. 2015. Sources transformation and health
implications of PAHs and their nitrated hydroxylated and
oxygenated derivatives in PM,s in Beijing J Journal of
Geophysical Research: Atmospheres 120 ( 14) : 72197228

Meng Q Fan S He J et al. 2015. Particle size distribution and
characteristics of polycyclic aromatic hydrocarbons during a heavy
haze episode in Nanjing China ] . Particuology 18:127-134

Nielsen T. 1984. Reactivity of polycyclic aromatic hydrocarbons towards
nitrating species J . Environmental Science & Technology 18:
157-163

Nisbet I C T LaGoy P K. 1992. Toxic equivalency factors ( TEFs) for
polycyclic aromatic  hydrocarbons ( PAHs) J Regulatory

Toxicology and Pharmacology 16: 290300

USEPA. 2010. Development of a Relative Potency Factor ( RPF)
Approach for Polycyclic Aromatic Hydrocarbon ( PAH) Mixtures
( External Review Draf) R .EPA/635/R-08/012A. Washington
DC: USEPA

Wang F Lin T Feng J et al. 2015. Source apportionment of polycyclic
aromatic hydrocarbons in PM, 5 using positive matrix factorization
modeling in Shanghai China J . Environmental Science: Processes
& Impacts 17: 197205

Wang S Hao J. 2012. Air quality management in China: Issues
challenges and options ] . Journal of Environmental Sciences 24:
2-13

WHO. 2003. Environmental Health Criteria 229: Selected nitro— and
nitrooxy— polycyclic aromatic hydrocarbons S . Geneva: World
Health Organization

Xu S Liu W Tao S. 2006. Emission of polycyclic aromatic hydrocarbons
in China J .
702708

Yunker M B Macdonald R W Vingarzan R et al. 2002. PAHs in the

Environmental Science & Technology 40 ( 3):

Fraser River basin: a critical appraisal of PAH ratios as indicators of
PAH source and composition J . Organic Geochemistry 33 ( 4) :
489-515
. 2012.
I 32(9) : 23242331



