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Fig. 1 Location of three sampling cities in China 72270 2720, 3 HM O ¥ 7)) ¥ 7 TR F 45
Table 1 Populations, city area, temperature, numbers of registered cars and gross domestic product of test cities
Gi Population/  City Area/ Temperature/ T No. cars/ Gross domestic product/
Rl X 10* km? (July) (January) x 10* billion Yuan
Shenyang (41.8N; 123.5E) 519 3495 23-25 -13--14 120 591.5
Shanghai (31.2N; 121.5E) 1400 5299 27-36 13-26 310 1716.6
Fuzhou (26.1N; 119.3E) 273 1043 26-34 17-24 120 373.5
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Table 2 Atmospheric concentrations of PAHs, NPAHs and TSP at three Chinese cities in the winter and the summer

Shenyang Shanghai Fuzhou
Compound
winter summer winter summer winter summer
PAH: pmol m * (ng m™?)
FR 33 £17 42+19 7.0 38 0.8+0.3 1305 0.5+0.1
(6.67 = 3.44) (0.85 £ 0.38) (1.42 £ 0.77) (0.16 £ 0.06) (0.26 £ 0.10) (0.10 £ 0.02)
Pyr 38 £ 20 2.7+09 56+ 26 0.8+0.3 1.7£0.6 0.6=*0.2
(7.69 = 4.05) (0.55 * 0.18) (1.13 £ 0.53) (0.16 * 0.06) (0.34 £ 0.12) (0.12 £ 0.04)
BaA 32+ 13 2.3%0.7 5.0+22 0.3+0.1 1.6 0.5 0.4=%0.1
(7.31 £2.97) (0.53 £ 0.16) (1.14 £ 0.50) (0.07 £ 0.02) (0.37 £ 0.11) (0.09 +0.02)
Chr 40 £ 17 39+08 92+*38 0.6+0.2 31+1.0 0.5+0.2
(9.13 £ 3.88) (0.89 £ 0.18) (2.10 = 0.87) (0.14 = 0.05) (0.71 £ 0.23) (0.11 £ 0.05)
BbF 24 £ 11 91*17 9.8 +32 14+04 56+ 26 1504
(6.06 = 2.78) (2.30 = 0.43) (2.47 £ 0.81) (0.35 * 0.10) (1.41 £ 0.66) (0.38 £ 0.10)
BKF 12+5.6 3.4%0.7 41*1.2 0.5+0.1 26*1.2 0.7%0.2
(3.03 £ 1.41) (0.86 = 0.18) (1.03 £ 0.30) (0.13 £ 0.03) (0.66 = 0.30) (0.18 £ 0.05)
BaP 2411 34+08 5719 0702 34+21 1.2+0.3
(6.06 = 2.78) (0.86 = 0.20) (1.44 £ 0.48) (0.18 £ 0.05) (0.86 £ 0.53) (0.30 £ 0.08)
BgPe 19 £6.7 5008 9.0 3.0 1.8%05 73+38 31+1.0
(5.25 + 1.85) (1.38 £ 0.22) (2.49 + 0.83) (0.50 £ 0.14) (2.02 = 1.05) (0.86 + 0.28)
IDP 19 +£74 69=*1.4 59*1.9 1.2+04 6.3+ 38 2.0 0.7
(5.25 £ 2.04) (1.91 £ 0.39) (1.63 £ 0.52) (0.33 £0.11) (1.74 £ 1.05) (0.55 £ 0.19)
Total 241 = 107 41 £8.0 61 =20 8.0 20 3315 11 +£3.0

(56.5 = 25.2) (10.1 £ 2.32) (14.9 £5.61) (2.02 £ 0.62) (8.37 = 4.15) (2.69 £ 0.83)

NPAH: fmol m ™ * (pg m )

1,6-DNP 3.9+94 0.8 0.7 0.6 % 0.3 0.8+ 0.9 0.5+ 0.5 N.D.
(0.94£0.69) (0.24+021)  (0.17£0.09)  (0.22+0.26)  (0.15 = 0.15)
1,8-DNP 75+ 6.8 2.2+ 1.0 2.8+0.7 0.8+ 0.2 1.8%1.0 0.6 £ 0.5
(219+1.98)  (0.66+0.28)  (0.66+021) (0.22+0.06) (0.52+028)  (0.18 % 0.14)
1,3DNP 3.8+13 5.8+29 3.2+1.1 1.0£0.6 14£09 12+05
(L11£0.38)  (1.69+0.84)  (0.94+0.32)  (0.29+0.17) (042 +025)  (0.36 £ 0.15)
9-NA 1900 = 1300 9250 + 89 310 = 130 14+ 14 170 = 100 21 + 15
(424 +9290) (558 £19.9)  (69.2£29.0) (321 £35.06) (37.9%922)  (4.67 % 3.29)
4NP 71+ 54 7962 91+ 8.8 9.1 %44 12+6.7 5.7+ 3.6
(175+188)  (1.95+154) (531 +£218) (224+1.09) (290 = 1.65)  (1.41 * 0.89)
3-NFR 110 = 71 12+7.1 37 + 93 74+98 10+9.2 N.D.
(27.2£17.6)  (292=1.77)  (9.26+5.77)  (1.83 £2.42)  (2.49 * 2.27)
1-NP 750 + 340 96 + 98 200 + 88 34+ 12 89 + 24 36 + 10
(180 £ 84.1)  (23.7+6.83) (495=21.8) (8.30£35.06) (22.0%6.00) (8.94 % 2.57)
6-NC 140 * 36 63 * 36 160 = 35 41 £ 11 140 = 76 27 £ 16
(88.3+9.81) (17.3+9.87) (43.7+9.62) (11.1+3.12) (383=20.7) (7.31 = 4.25)
7-NBaA N.Q. 170 = 45 210 * 66 33 + 93 130 = 43 33+ 17
(464 +128)  (57.4+18.0) (891 +6.40) (355 £ 11.6)  (9.09 * 4.75)
3-NPer 492 + 992 18 £6.1 20 + 5.5 9.8 +7.1 19 =97 13+ 6.9
(125 +6.55)  (5.32+1.80) (5.95+1.65) (277+211) (576 £2.90)  (3.88 * 2.06)
6-NBaP 83 + 41 91+ 3.1 13+ 3.6 74+38 9.9£29 5.9+ 1.8
(246 £12.1)  (6.24%=0094) (3.87+1.06) (220 +1.14) (2.95*0.87) (1.74 = 0.53)
1-NPer 42+5 3407 3.7+ 15 0.9 %07 3.9+ 3.6 26+ 1.5
(127 £1.59)  (1.02+021) (1.10+0.46)  (0.28+0.20) (1.17+1.07)  (0.78 £ 0.46)
Total 3100 % 1900 650 £ 230 980 * 360 160 = 88 590 + 280 150 = 70

(730 % 438) (163 £ 56.5) (247 +90.2)  (41.6+23.1) (150 £69.9)  (38.4 % 19.1)

TSP: ug m® 170 £ 55 120 = 17 150 = 42 91 + 36 100 = 74 70 £ 15

All data represent mean =S.D. (n =5). N.D., not detected. N.Q., detected but not quantified since of interfering
substance.
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Fig. 2 Particle-size distributions of TSP, PAHs and NPAHs at three Chinese cities in the winter and the summer

Total [PAHs] = [Pyr] + [FR] + [Chr] + [BaA] + [BKF] + [BbF] + [BaP] + [BgPe] + [IDP].

Total [NPAHs] =

[1,3-DNP] + [1,6-DNP] + [1,8-DNP] + [9-NA] + [4-NP] + [3-NFR] + [1-NP] + [6-NC] + [7-NBaA] + [3-NPer] +

[6-NBaP] + [1-NPer].

Table 3 Ratios of the molar concentrations of atmospheric PAHs and NPAHs at three Chinese cities

Shenyang Shanghai Fuzhou
Ratio
Winter Summer Winter Summer Winter Summer
[BaA]/([Chr] + [BaA]) 0.44 0.37 0.35 0.33 0.34 0.44
[FR]/ ([Pyr] + [FR]) 0.46 0.61 0.56 0.50 0.43 0.45
[IDP]/([BgPe] + [IDP]) 0.50 0.58 0.40 0.40 0.46 0.39

[1-NP]/[Pyr] 0.019 0.036

0.036 0.045 0.052 0.055
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13 0.43~0.61, [IDP]/([IDP]+ [BgPe]) EIViRE X 0.39
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(&Z) ~0.045 (EZ), AMNTIZ0.052 (£F) ~0.055
(EZ%) ThY, HEOLFERVT, Hido PAH L O
MBEHICEBHELFAEL, WIhd T —ENFIE
Mol INLORELD, HHOEZE, LiEsmEMoR
H PAH, NPAH O EZFEFIIHEE, 5271 —En
HTHHrIEPHLMITEIN —F, EHOATI
[1-NP]/[Pyr] ENVIREE LMD, FHIL D /NS h o7z
B, WEOFERER LT S L, 2001 4D 0.003 L
TRARE . 20074ED 0013 LD b KREL roTERY.
2001 4E4HED PAH IREEIZ R <, &) DIFAFICBEERA
RARA T = BB O RKEICHIRE N TS Z L8
KREGEREZZ SN, L TAHH, 2007 EEDOHAET
AT PAH IEEEAMRIR LY, & 512 2010 EEDOLTRIC
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PAH #5134 1/4 (2001 4£'”: 1036 pmol m *, 2010 4 241
pmol m °) IZEIKL Tz, ZOFHE LT, 2008 FA
LI LFE o EORIIREBEGRIC L D, THOHNE
iw, RBEIEOECHRARA F—0OWEREMTbR, &
LICHREEZMZ 2P EFIH e — MR TORAHE K
AF2006 ENOUTE D% E, FFICAFERAOHEHIINT S
ARBBEDE G 2R T 5 72O DOBUR B D 2R AR &
WeEz b FRIC, REOPEIZABHEOMAH
HLL, B TH BB EESHAEEIT 2001 4£4150 36 17
B Z LT 2007 4RI 56 HE'™, 2010 412 120 HA™ %
TEMLZ ChonZ X, #EBOLFRKE T PAH,
NPAH O EZESAE RIS RIEE ik & BB HOREGTIE
ILL7zEE X 5.

4 At El

W7 I TAALET B R ENE, R T b Bl SRR
EOFER L TV A, AFFE T EEN OB

ZRER A
BN RLE D, REFRENILIIZEA TS HEHER
WAL B E R, LR ORI o T i T K&
PAH, NPAH |2 X AiH48IREFME L7z, HL VxS
HIC X S TIoERTH L, ROMOMMTR,r -7z
W DAZE % BT, RRFFIBICE S THINS 2 HEjH YK
RGO EENTH - 72, EAE, PEBIFIZGERORSE:
ALY ANTAS, BEIEEMICKERTH ORFIE U
BOTWE., GHROBERYUENYFREINS.
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Urban air contains various kinds of organic pollutants. Among them, several polycyclic
aromatic hydrocarbons (PAHs) and nitropolycyclic aromatic hydrocarbons (NPAHs) are
carcinogenic and/or endocrine disrupting. PAHs and NPAHs in the atmosphere mainly
originate from imperfect combustion of organic matter, such as petroleum and coal. In this
study, total suspended particles (TSP) were collected in three different particulate size fractions
by using Andersen low-volume air samplers in Shenyang, Shanghai and Fuzhou, China, in the
winter and summer seasons in 2010. Nine PAHs and twelve NPAHs in the extracts from the
TSP were analyzed by HPLC with fluorescence detection and chemiluminescence detection,
respectively. The mean concentrations of the sums of the nine PAHs and twelve NPAHs were
highest in Shenyang and lowest in Fuzhou. In each city, more than 80 % of the total PAHs
and total NPAHs were found in the fine particulate fraction (<2.1 um). All PAHs and
NPAHs were clearly higher in the winter than in the summer. Furthermore, the ratio of the
molar concentrations of l-nitropyrene to pyrene ([1-NP]/[Pyr]), which is a suitable indicator
to estimate the contribution of diesel-engine vehicles and coal combustion to urban TSP, were
smaller in Shenyang in the winter. However, in Shanghai, Fuzhou and Shenyang (summer),
the [1-NP]/[Pyr] ratios were close to those of particulates released from diesel-engine
automobiles.  Our study showed that the major contributors of atmospheric PAHs and NPAHs
were diesel-engine vehicles both in the winter and the summer in Shanghai and Fuzhou, and
in the summer in Shenyang. However, in the winter in Shenyang, atmospheric PAHs and
NPAHs seemed to be affected by the mixture of coal combustion systems, such as coal heating
and diesel-engine vehicles.

Keywords: polycyclic aromatic hydrocarbon; nitropolycyclic aromatic hydrocarbon; air pollution;
total suspended particles; China.



