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PUF Passive Air Sampling of Polycyclic Aromatic Hydrocarbons in Atmosphere
of the Yangtze River Delta, China: Spatio-Temporal Distribution and Potential

Sources

ZHANG Li-fei, YANG Wen-long, DONG Liang, SHI Shuang-xin, ZHOU Li, ZHANG Xiu-lan, LI Ling-ling, NIU
Shan, HUANG Ye-ru

(State Environmental Protection Key Laboratory of Dioxin Pollution Control, National Research Center for Environmental Analysis and
Measurement, Beijing 100029, China)

Abstract: Atmosphere is regarded to be an important media in the environmental pollution research area. Passive air sampling was one
of the effective complementary sampling techniques for the active high volume air sampler in recent decades. A regional scale
investigation on the atmospheric polycyclic aromatic hydrocarbons ( PAHs) was conducted in the Yangtze River Delta ( YRD).
Polyurethane foam based passive air samplers were used to collect the atmospheric PAHs from 31 sampling sites in this area. PAHs
concentrations ranged from 10. 1 ng-m ™ to 367 ng-m ~ in this study. The annual average concentration of benzo[ a]pyrene (BaP)
reached 2. 25 ng+m >, which was two times higher exceeding the national standard, GB 3095-2012. The atmospheric PAHs during
four seasons decreased in the following order: autumn > winter > spring > summer. Larger BaP excessive areas were found in autumn
and winter than other seasons. Moreover, an obvious emission of BaP was confirmed during the winter time. Traffic related petroleum
combustion, coal and biomass burning, and coke oven were identified as potential sources of atmospheric PAHs, contributing 38. 1% ,
42.4% , and 19.5% , respectively.

Key words : passive air sampling; Yangtze River Delta; PAHs; seasonal variation; sources
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HAIE S AL wifE, s RRE, B AT g 12852 A
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.

1 #MREF*

1.1 FRALCRAE

201046 H4 H ~2011 46 A7 H,LLEIL
o, RILHT, RN E AT M SRR
TTRATH FIJC 8 T MW 5% X3 ( 25 48 120. 2° ~ 121°,
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KA SCPATERE 2 R AES , FI ] Harner Y PAS 75
K AR TR R AR S 1SR . MR AR IR
B ORk, &M AT RAR  RRUCR AR R 12
JAEA (HE 2010 4F 6 A4 H ~2010 48 A 30 H,
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Fig. 1 Passive air sampling sites in the Yangize River Delta
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[1,2,3-c,d]pyrene, IP) F1ZKIf[ ghi ] 4 (benzo[ g,
h,i] perylene, BghiP) & 45 1A W H 72 [ Dr.
Ehrenstorfer 23 A, & 7 INARITE | RS AT 1A
H & E AccuStandard A #).

FEMDLEC St @ e (B 1: 1) IR G
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b, AT K W5 (CVE-3100, HAR Eyela AF]) & 1
mL, A &2 WRE S5, H GC-MS(QP-2010plus,
HA R A R]) e, BT b A R4S 5 D < 2%
PEDLSCHR9 ]

2 HR5E

TR IR S R
PUF-PAS B RAE R Z 2R | XU N0k )

600

2.1

SRR MM AR TR R PAS 3 E A T
YERS 53HE , RFERTAE PUF LS — € & 3L AE
1A% ( depuration compounds, DCs) P & 9% #E
FE 1 SR T RS FH A K X B R Y
RARERH IR . AHIFTE 5 B DX S5 Rl AR % 42
JIN SR SR PN 25 s T 18 XU | YR S5 2 s Sk
AR, | PRI E R A R R ST H] DCs. EAh,
W/INERAE AR N DFE e R TP R R A AT
MBCFATIPAS. 812 g BaP 155, B | K, &7
KAFATI PAS # i o B9V E (ng - sampler ') X Eb.
MATRTLUA bR PAS3 | PAS6 1 PAS29 %541 4507
th BaP Wk 22 S B RAN, HoB B R A 1Y — Bk
FEAKS 5 ( Wilcoxon signed ranks test) B &, & |
Bk, &0 ZE K47 AL PAS B 5 T BaP AV B 7E
0. 05 7K-F b3 3% 2251,

500
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200
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160 |-
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= o T o 8 0O = ™o
2222292223333 3%
O o S - - T

A A B A Bl

(d) %%

T - - S - T — N Y o BT . T, N Y- S S - S - O — B

o1 ol o4 o4 ol o4 ol o Lo ] (o] L) o
L7 T T R 7 R 7 B R 7 B/ T 7 R B B B/ B/ B 7 B 7|
L L L L oL Ff Ff L L L L A L Ff L
e e (- = (=N - =N =N - =S - =™ e =9 [= T -

F1TM PAS # @R BaP 3ttt

Fig. 2 Comparison of BaP in parallel PAS samples
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AR A5 P B L SR ). 24 SRR RS ]
100 d(CGRAEARFL 400 m® Ze47) B, 5k R M 0.5

~8.0 pgem~*, PAHs [ 25 ([ xR [a] 1 R 5 [ o
3% ~120% . FEST BTG, % F 2500 4% 5,
M AN E M, HLTS 52 FKSEME L ) AR
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FETARXS 28— . A EE AT A —E
) Phe, Flu, Ace Fl Flt £ HHALA WA H A HF
FEHHRIE Y PAHs 5 PR BE(E 0 F-47 X PAS 115
2% A i B2
2.2 PAHs BYi5 4K

Motelay-Massei fff[“] TEFFH PUF-PAS B3 N&E
KEMRZI S XK PAHs BFAHK, % RFES
FE 120 d 247 %) PAHs 2t it 76 & PUF-
PAS 7E 100 d Ze A5 F R BRI 3] N %) PAHs S £k MEm%
B RIRTHE T, AABFSE ) PAS SRAEE# 3R ] Klanova
SENOTIRAE B SR A Y, BMIE S B (M, <210)
PAHs [RFEHZ R 7 m-d ™" BORARIL A, BV
Sy F (M, >210) PAHs [RAEHFH R 0.7 m-d .
AN, 25 HLAG 58 K B A 2% 0 R A i i 4 o
PUF % By [R50 23 35 B 1 A0, PR AR i 5 v 56 PAHSs
e MBRZZE 2 J5 0 15 F PAHS ¥ 2 Al

K=yl B KA PAHSs O EAE 10,1 ~
367 ng-m Z[H] K H | Bk, DU 5 5
9 59.8, 31.7, 177 1 116 ng-m ™, S H{E K
96.3 ng-m . LT LG HTAL K PAHs [k
(Lﬁﬁf;l67 ng-m_S; RRIX . 216 ng-m_S)w. K=
W RER A PAHs £ AR, LA Phe, Flt, Chr

F1 BbF 25 4H PAHs ¥ B2 &8, 4000 o5 5L PAHs /Y
21.9% 13.4% . 22.2% 1 11. 1% , ST & %
KA PAHS f75 G 7K A BADR 20 A B AE A AR
B5 b RB R PAHs A SR A5 R R A A
AR AWFFE R, TS PAHs i 5, A2
7 A TR R XU AR A 5 B PAS SR R R P A
P20 Xl fig e RO AR A A 22 1
B BEAh, BTAE SR T - R AR 4 PUF-PAS,
X4y ¥t PAHs WRJE 5, HORBE R 45— %
FHO0.7 m’-d™", Z W T 45 PAHs FLIK[E] 1g P, 122
5, X BT BB FE Rk 2 TR A

BaP 75 . 5 | Bk, L VUM FERER K N
1.65,0.37.3.20 f13.79 1r1g-m_3 AR B e aA
2.25 ng-m  #H GB 3095-2012 K& PRI M5 £2.
B E S Chen %5 AR L iR BE 2 BF 55 4138 1Y
T OB RE K BaP MR E (kT 2. 63
ng-m_3; AR IX.3.15 ng-m_3 ) A %’l, HiET Wang
SESVH ) PUF-PAS 76 b i B9 BF 98 45 3 (0.17
ng-m ). M PAH £ HIRM R ZERER, B
TG RIRE 2, PAHs 78 7] IX 38 K3 b 19 43 A AR
ARSI R SRAE S IR] | i s R B R 2% 4 )R
A g2 S50 BaP $d 22 A0 A

®1 KEZAWHTHEASHERFZTENORE" /ng-m ™

Table 1~ Concentration of atmospheric PAHs in the Yangtze River Delta/ng+m 3
o o . -3 {
A /M FSoN ! CAIDALS % = " X s
Acy JEM n. d. 1.386 0. 057 0. 049 0. 030 0.351 0. 140 0.142 £0.224
Ace J& n. d. 1.954 0. 002 0. 039 0. 009 0. 033 0.397 0.120 £0. 249
Flu % n. d. 7.707 2.087 0.703 0.310 4.242 4.252 2.377 +2. 168
Phe JF 1.306 70. 60 17.74 11.767 6.228 40. 502 25.783 21.07 +16. 73
Ant & 0.010 54.27 0.349 1.925 0. 108 1.297 0. 614 0.986 +4. 858
Flt ¢ 15 1.396 47.72 11.73 8.851 4.972 23.456 14. 346 12.91 £9. 675
Pyr i 0.765 33.63 6. 744 4.717 2.435 15.182 8.790 7.781 £6.376
BaA 5[ a] K 0.282 36. 43 4. 600 2.822 1.994 13.129 7.991 6. 484 +6.352
Chr 2.993 96.27 16. 95 13.157 9. 069 43.870 19. 413 21.38 +17.31
BbF [ b] 528 1.139 50. 35 9.098 5.716 3.198 18. 836 15. 041 10.70 £9. 264
BkF B[ k]9 0.502 13.19 2.731 2.910 1.129 4.537 4.207 3. 196 £2. 480
BaP 23 [ a] B 0.070 14. 10 1. 644 1. 646 0.371 3.206 3.794 2.254 +2. 363
P [ 123cd ] 2 0.320 15.87 2.072 2.012 0. 936 4.247 4. 603 2.949 +2. 687
DahA — % 3f:[ ah] & 0.039 3.078 0. 507 0.778 0. 128 0.776 1. 069 0. 688 +0. 624
BghiP ZKFF[ ghi ]k 0. 307 16. 02 2.316 2.687 0. 782 3.609 6.104 3.295 +2.892
> . PAHSs 10. 09 366. 8 83. 81 0.049 0. 030 0.351 0. 140 96.32 +74.77
1) o dKKGH
TEAWITE f PUF-PAS HSRAR RO R bk WREEHEAT T HUA (1 3).

KA PAS WL 3 &1 ( global atmospheric passive
sampling, GAPS) #4710 3.5 m” -d "' FEATHR 155,
I 5 FIH Klanova 551 438 (1 RAE MR AT 3 1

GAPS #E#£ 3.5 m’ -d ' 11 PAS RAE % 54t
YR RANLERZ . 2R PRERIE LAY,
o =[] B 8 ASRE AN BURE AR 43 i 19 PAHs AN 5¢ 4238
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+Pyr) . BaA/(BaA + Chr) F1 IP/(IP + BghiP) ] It
{H#EFT PAHs SRIFHIE. K =MIATHAT 31 AKX
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Table 2 Ratios of PAHs in the air samples of Yangtze River Delta

L AE el BE ES &S &
Wt 0. 653 0.671 0. 616 0.623
Flt/ (Flt + Pyr) WS A 0. 641 0. 653 0.594 0.619
ks 0. 649 0. 655 0.611 0.632
Wi 0. 170 0. 169 0.216 0.287
BaA/(BaA + Chr) WS 4G 0. 168 0.176 0.226 0.280
VL 0.167 0.158 0.225 0.273
Wi 0. 425 0. 540 0.519 0.428
1P/ (IP + BghiP) W2 45 0.424 0.554 0.538 0.426
i) 0. 429 0.531 0. 508 0.435

FH e 2 T IR, K S 45 A R AR A =2k
Flt/(Flt + Pyr). BaA/( BaA + Chr) Hl IP/(IP +
BehiP) LA A W2 5. K =M A X
SRER T Fl/ (Flt + Pyr) O KT 0.5, BEBHIZ X
BT PAHs R R B R B
BaA/(BaA + Chr) FWEEREE Z/NF 0.2, UG
R A ZE H L ETE 0.2 ~0. 35 Z (0], 1t
B Ay 0 3l RN R b R A TR A TR TP/ (TP +

BghiP) IWAEHTE AR KT 0.5, t 3 I H o i i
AW IR BRGS0 RIS PAHSs RFIFIL A 0 L
(B SR A ) RS | 2 A T A = MR
BERASRE S T PAHS 119 323240 13 47

ARWFFCRE MK = AT E R Z
(n=124) i& A FIH IS BTkt 1T PAHs 15 5
SRR BN (22 3) . FIH 3R 48T 43 50 % 5
BBk ZAWFERKARES P PAHs BRI HET T
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OYHT, A R I3 A E R4 (principal
component, PC). W3 W LIA W, 3 4~ E/s1T LA
R AR H 1) 89. 3% LA . Hidh PC1 DL A RIS
¥R PAHs(BaP, IP, DahA Fl BghiP) & &, R £ M3

TR RIR AN 22 8 A ke 5 PC2
PL=FRAY Phe, Ant Al Flt by 3=, 0 I8 F0 4= 4 o #R
Bl FRYHETIE ; PC3 L) Ace Fl Flu 25 35Ky
F AR IR

F3 KZRAWHEPAS ASHERINSHINER
Table 3 PCA results on PAS samples from the Yangtze River Delta

e 55 H% &s A%

PC1 pC2 PC3 PC1 pPC2 PC3 PC1 pPC2 PC3 PC1 pPC2 PC3
Acy 0. 430 0. 095 0. 839 0.173 0.013 0.726 0. 696 0.422 -0.148 0.185 0.312 0.693
Ace 0.525 -0.059 0. 654 0. 056 0.264 0.790 0. 155 0. 142 0.947  0.234 0. 040 0. 896
Flu 0.482 0.407 0.729 0.143 0.676 0. 669 0. 468 0. 680 0.362  0.400 0. 488 0.710
Phe 0.352 0. 750 0.539 0. 086 0. 882 0.248 0. 434 0. 740 -0.050 0.378 0. 865 0.286
Ant 0. 026 0. 982 0.075 0. 455 0. 781 0.170 0.528 0.724 0.012 0.314 0. 800 0.321
Flt 0. 400 0. 479 0.732 0. 349 0. 906 0.111 0. 359 0. 836 0.333  0.420 0. 876 0. 169
Pyr 0.369 0.295 0.79% 0.495 0. 846 0.084 0.367 0. 864 0.263  0.389 0. 895 0. 163
BaA 0. 806 0.110 0. 443 0. 852 0.472 -0.018 0.517 0. 655 0.515 0.734 0. 609 0.204
Chr 0.748 0. 189 0.570 0.743 0.576 0. 064 0. 441 0. 755 0.435 0.685 0. 682 0. 186
BbF 0. 847 0. 149 0.493 0.932 0. 300 0.153 0.737 0. 547 0.372  0.838 0. 487 0.214
BkF 0.914 0. 144 0. 349 0. 894 0.393 0. 036 0.768 0. 534 0.316  0.854 0.416 0.277
BaP 0.924 0.119 0.316 0.916 0.132 0.222 0. 890 0. 337 0.206  0.942 0. 190 0.223
1P 0.912 0. 143 0.375 0. 958 0. 200 0. 170 0. 827 0.451 0.317  0.858 0. 396 0.311
DahA 0.926 0.207 0.282 0.955 0. 200 0.097 0.814 0.385 0.414  0.855 0. 401 0.305
BghiP 0. 903 0. 144 0. 396 0.957 0. 183 0. 161 0. 821 0.472 0.291  0.853 0. 422 0.291
A/ % 48.21 14.73 29.93 47.76 29.20 12. 34 39.10 36.32 15.49  42.26 33.81 17.00
BRVAEE/% 48.21 62.94 92.87 47.76 76. 96 89.30 39.10 75.42 90.91  42.26 76. 07 93.07

RN R Rt SRt AT R A L= b i
AT7E 4% T 54 5 5 PAHs ok B fa] & 7 eI E T
AR T4 N B PAHSs W 0 Tk R ) &

4 TR =EMMTTREE . 2 Bk 2 MEKR
S PAHs W5 4% 3 i 2 Ju 2k [ 13 73 A )
GER.

®4 ZRLMORAINERMZERLTTWHE

Table 4  Results on multiple liner regression and contribution of each principal component

g ZITL LR A Sy T 28 1 TR/ %

Ty ? P PCl1 PC2 PC3
#H > PAHs =24.9PCl +24. 8PC2 +23. 3PC3 0.325 0.011 34.1 34.0 31.9
S > PAHs =11.0PCI +12.4PC2 +2. 6PC3 0.214 0.077 42.3 47.7 10.0
" D PAHs =44.8PCl +58. 1PC2 +25. 4PC3 0. 156 0. 184 34.9 45.3 19.8
P E= > ,PAHs =29. 1PC1 +30. 0PC2 + 11. 6PC3 0.118 0.311 41.2 42.4 16.4

PR AT R AR A ) S R S 53 A 3 R
=AM BRSSP PAHSs B STERRAE 80% 2247, LA
RN 3 DN FAT RO, X 5 AH I X K
FHIE 1Y F 3 RB X K PAHs IR IR — 300, 52
AT AR W BB R AR P HE IR = A
BT RE R AU PAHs Y 4R P 1 BTER R 03 0l
38.1% , 42. 4% F119. 5% .

3 g

(1) K =M RER S PAHs MR ETE 10. 1
~ 367 ng-m > Z[A], 4EFH{H N 96.3 ng-m . 4%
FAPKHEE LA Phe, Flt, Chr 1 BbF & m. Hirp BaP

AR B A 2. 25 ng-m M GB 3095-2012
e L REA

(2)PAHs 1AL AR NI E > X F > FE
> H 7 WREH T PAHs REESTEM T FEEM £
BRI, BRACZT KA Y BaP ¥ BE FRAEL A 3 Rl
R, &Z= K% PAHs 55 BaP (R RER I /N T
Heg 77, Ul % X 7E & 22 0] RE A7 16 BaP 1Y
HEk.

(3) TR o0 #T  FN Z2 o0 4 M [l 19 9 43 #r 3
A, A A TR RN AR ) 0 ok Jo AR AR A HE s T
X KR PAHSs 1Y 3 R R, STER R4 9 N
38.1% . 42. 4% F119.5%.
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