ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)

ENVIRONMENTAL SCIENCE

Vol.37 No.”

2016

R EMZREESHREFRR D £
4 2 & K ¥ iR




W % B 3 W37 % 1

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2016 4E 1 A 15 H

H K
BRI BRI T BT ST +ovevveeeessenenssnessnninns B UL B A, B, KA, E R (1)
P 8 AR A S A 5 YA BRI BR KT o ooeevesssreeesnnee Wik, EHE, KT, EE (10 )
P IS PR TR AR T WSOC TEOBFERIFSE rvvvoevssensssnsssnnnons EHEFE YA, IR, BEXE MFE (16 )
RS DA P, W T5 YB3 A oo vveeeeeee s BE, WEk, EIOB, KHEE, ¥W(22)
UL 5 PM, T TS U KT G EHERUB FEAG woevveeeeeeesnenesnnies KIE, B B, BB, ER (28 )
B E TR PM, , P4 B TE 2 B AR E BRI - vevveeseeseossonsensensennes MR, B MG PR FRE (35 )
RSB A AR B TR AL BE R B T BURRIIITE - vveeeeoeeseeessceeeens Bfe F A, H B, R, TH A, T ( 41)
SRR 2 EAL S PM,, T [ I AL B A BT oo Bme R, Wk, (T, Bk DK (51 )
HLJ BRI PM,  FARZEALMRAE  ooooeeeeeesesesssss i TEHE, UM, T&, KB, EH, E2% ( 60 )
2014 4 APEC ﬁﬁlﬂjtﬁmé%ﬁ%ﬂ&%ﬁﬁ .............................................................................................
....................................... BAZ, 25 KA, KK, g, 24F 4% F—w HFEF, £ ( 66 )
APEC SUUBITIE LS G HE R BIRURITAG -oeeveerseeesemessnee s BN, E A, KA, R (74 )
TR R AR FRIRILHT  vveveveseeeseenseeneens I, UM, 2TE, 05, KB, 065, 2% (82 )
AT IRSE B R IEDTIY --oeeeeeeeeeeeeeens BN, AT, E R, M EE R, R B (88 )
BRI D R BB PP ATEFIE verveveeeseeesnessennnns KB KK E R, HEE, B (94 )
KBTI KAR BT B B S ARHERCAE  +vevevererremeeemeeeeneemnsmnannniniiiiieie BAES, K, M HEE, EBE (102)
5 TR S K DR A 77 R BT CDOM WP oevee R, K, RE L BEE, DR (112)
RIS 5 T3 K AP SRR R BTIE - L) PRIV SRR B wovoeveeemesemessnnen
................................................................................. AT, T, ENB, MITE, BEE, BRKR (123)
U 0 B 7K RS BRI ooeeeseeessenesssesseses R, ¥, AT, DA F R (132)
VU B0 PR R AR TR AFAL -ovoeeeemeee e W, FkE, TR Foes, AL B R (141)
 HESHSR AR/ NI A SIS BRI B IIHIT woeeeemeemeemeemmeeeeenees HEE, Fwl RHE KmR (148)
L] AT VBT BAREIRTUB) G B TR B i ROPAEAE -oeeeeeeeeeeeeeeeeeees TR AR, 3R, AMEE (156 )
IR PR th i FE T AN B E SIS LT vvvevvrrerereerereenensennemnnnniiiiiiiiece e HIEM R, FEAE (166 )
BT A LB — WK 7% X LS ORI S B G PER R -oeeeeeeeee WA, RW, FERE, PE, £EF (173)
JE TSR IR U i Sk BOLRRIFIEAS +ovevvveneseneessnnssnens EEE, SRR EXA, KA, T (180 )
L I BN/ INER S TR R SR B ARG oo eeremm e Tk, kAT, et x| B (187 )
AL B AL BT LT -+ v vvvvvrerrmrerrerereeneeeenmmmnmiiiiieee WE HERN, B FrE xeE AR (193)
E S N N I Yy o 4 = P BAbAE, ERE Bt R TE (198 )
SRR IR A1 A BRI VR BRI R AP o ovvvvn e W, i, AHE, KA (208)
Gk TiO, WEF HaCl, AKIERHHg( 1) cooeeeeeemeeeeeeeeeeecs A KA FREE EXKE R, BRM HE (22)
LS SNa e ey s Y R s B S I o= e R IR FIME, X5, #AF], Bk, k4 (228)
3 PPN AL 2 i A i AT KA BRI R G R IR oo H, AAMRE 25T BRE AL, B AR Rk 4 (240 )
Fe (1) 7% Aol B R BA TR 2 AR BTl Pel DX 5 7K AR T R oo KA, R, Bl = ik B 2R (247)
KT =AU XT3 TP R AR ET AN LG JREL «+ v vvveeeesermmmmmeeee s e n bttt s ettt
............................................................... A R FEN EEA, TER, EHE BT X H (253)
B S TR IR TIT AL AT SETITY, vvvvevrerereeaeeneeeeseaanannniiit ittt ettt e e e e e e e e e e e e e s e ke, B REN (262)
o CUBET X - S0 T 4 35 VA0 5525 WD SR oo A, ERE, T, ERT KA, REL,AFE X8 (270 )
TR 5 LA TR A /NS A 0 T A SBENTIE [ AN ++-eeeeeee e ettt ettt e e e e e e e e e e e e e s e
..................................................................... EAE R, T EAL M PR R R, KA, R A, IREE (280 )
R R B TR R e (O A T PP Bl#& =8, HE4 (288 )
e W) I 50 R ] 0 P B AR A AT AR KRB BAI] - vvemmemmmmeeeeeeneeeeeeeenn e QM TR R, K (293)
3 BT MLAT BLIEFE IR SRR R A WAV E B RO - ove oo Bt EE, SR, WHE YR (301)
DR TR LB AT H 5 5 TR R BRI eeeeneseeesseeesnens I NG, LN B, KE (309)
TRUT. = A I S0 [X S5 A 72 AT RIS (PAES) TSYLAMIRAE +vveeovereomesemer s
....................................... AW, R, BAW, BAW, TH, BXr, LW, YW, KRN, HEX (317)
U X A B A | AR R LA IR T RN «oeervvvnreeeesemmmnnee et ettt
................................................................................................... %ﬁﬁﬁﬁ,}%iﬁ,ﬁf}}\%ﬁ,iﬁ,?ﬁ (325)
S AR N R 45 5 b SR 1A R AR R b B BERE MR LLAE oo meerreeeeemmnnre e
........................................................................... iﬁﬁ:ﬁ/l,/15%%,égﬁ,fiﬂ]{?,ﬂ%i‘émé,?@,ﬁ*ﬁ% ( 335 )
Pt 1 A SUIB BUBUE B REE AT woevoeee e DA AR, TR, G, HE (342)
BRABARINAA / T HEL S 3 SO SRR IR oo Wiede KRR, F 5, RFE (350)
EATIE ) TR RS T LS AGRITST - oeeeeeereremmmmmmmmri e e eeeeeeneeiiais A, B, £ A, B E (359 )
S RS VS TR A ) TAL T AR 2 B AT T AT IR BN =+ e ettt e e e e e e e e e e e s e s s
.................................................................. F& W KRBT, BB, A KB, AL, M (366 )
A YIRS ISR T AL TIIIITE ooevevemseeesnmssencen BR A, W, B, T A, Ak, AR, X R # (377
JH] FCM-qPCR J7 E5E SRR K AP LGS «coeeeeeeeeeeeeeeee THE MEE, RN, B, i, TAT (384 )
ZIHIE CSEATR B ETS Y S E A BT RGN oooevesesnesssnnsenninnns £FF FWE, RA B, A (391)
PSR YE R L P S AT B ILERBERG vevveveseeeno BT B ERAT RS, W, M, R (397)

(RBRZVEITIRE(9)  (RERIMEMVERIfRINIC1S)  {5B.(50, 165, 186, 287)



Vol. 37,No. 1

537 B 1 7 % ) 2%
20 0 o A S Jan. ,2016

ENVIRONMENTAL SCIENCE

KIZANXER IR G RERIERS 15 KIR

ZEFORE SRl VR ZEAA MR EEOR A AT XISOE

(1. dERTR2EIRTT 5 A B 22 B, R T BT SR E W E SRS, 5T 1008715 2. Fils M T KA R YIATF 5 BE,
WHIl 518057)

TEE . SRERIL =M X 11 A Mo 35 B N B 243 SRS R )2 23R & 500 29 B 2 38 55 8 (polycyclic aromatic
hydrocarbons, PAHs) W& BEAYZS (RIS AT A | 2H AR R L SR E-HEBGIREAT 20 4. 45 SRR W, R 5E IX 3PN 5, PAHs ¥R B2 3 il
1621.0~3578.5 ng-g™ ', BARIE 310.6 ng-g ™', AREMZ 459. 1 ng-g~'. X PAHs iR MR A M ER. It
Ah, F+ PAHs W53+ B PR TOC EIIEAZE. BFFEH A 11 NbTi e, 2+ PAHs WREE 1) & (H 2 2L A2 7E 5
X, A[35759.0 ngeg ™' +1132.9 ng-g ™' MiJCHH(565.3 ng-g™ +705.5 ng-g™') . FIF(349.4 ng-g™' +£220.1 ng-g™") Wi
F 1Y PAHs SEE S HAUR TR, A X3 -7 PAHs 4143 LA 2 ~4 B HF | MRFRLE 4 35, HoAp (RIR e ) e, R4S AE
LUAE 5 3 B30 BT, FTA 25 VT = A U b DX 26 = PAHs (1930 39 2 BEHEROE MR A U5, B T BRI A5 ) B i A e ad
[ B, JR A X 33 3 J 22 38 e S HE AR

KR 2R, KIL=MN; RIZ 15, W54 PIETRET

FESES. X131.3; X53 XEFRIZES. A XE4HS . 0250-3301(2016)01-0253-09 DOI: 10. 13227/j. hjkx. 2016.01. 033

Recent Distribution and Sources of Polycyclic Aromatic Hydrocarbons in Surface

Soils from Yangtze River Delta

LI Jing-ya', WU Di', XU Yun-song', LI Xiang-dong”, WANG Xi-long', ZENG Chao-hua’, FU Xiao-fang' , LIU
Wen-xin'*

(1. Laboratory for Earth Surface Processes, Ministry of Education, College of Urban and Environmental Sciences, Peking University,
Beijing 100871, China; 2. Shenzhen Research Institute, the Hong Kong Polytechnic University, Shenzhen 518057, China)

Abstract: A total of 243 surface soil samples collected from 11 cities in the Yangtze River Delta region were analyzed for the
concentrations, spatial distribution, component profiles and emission sources of 29 PAH species. The analytical results indicated the

1 . . .
with an arithmetic mean and

total concentrations of PAHs in Yangtze River Delta fell in the range from 21. 0 ng-g™' t03578.5 ng-g~
standard deviation of 310.6 ng-g~' and 459.1 ng-g™', respectively. Our data showed spatial distribution of PAHs concentrations
varied greatly in the region. In addition, the contents of PAHs were positively correlated with the total organic carbon fractions in
topsoil. The sites with the highest levels of PAHs in the 11 cities studied were located in Suzhou with 759. 0 ng-g ™" +1132.9 ng-g™",
followed by the areas of Wuxi and Shanghai, with the total PAHs concentrations of 565.3 ng+g™' +705.5 ng+-g™' and 349.4 ng-g™'
220.1 ng-g™" respectively. The profiles of different components pointed to a predominant role of the species with 2-4 rings, and
especially for the low molecular weight components with 2-3 rings. A preliminary identification on emission sources of local PAHs was
performed by the specific ratios of isomeric species and principal component analysis (PCA). The results designated industrial coal and
biomass combustion as the main mixed emission sources of PAHs in surface soils from Yangtze River Delta, and tail gas from transport
as another major source in some areas.

Key words : polycyclic aromatic hydrocarbons; Yangtze River Delta; surface soil; spatial distribution; preliminary source identification
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Fig. 1 Distribution of 243 sampling sites in the studied area
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Fig. 2 Concentrations and variations of 29 PAH components in surface soils
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Fig. 3 Relationship between total PAH concentrations

and TOC fractions in surface soils from Yangize River Delta
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concentrations in surface soils from Yangtze River Delta
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Fig. 5 Statistics of total PAHs concentrations in surface soils from 11 cities
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Table 1  Historical records of total PAH concentrations in surface soils from some areas in Yangtze River Delta/ng-g~

1

EA Hu X/ PAHSs 214} I5ON e/l 1 HET IR

2004 LM H/PAH 1Y) 616 60 298 —

2005 RITTT R ZKAE 1/ PAH 1Y) 1629 220 — VAR

2005 T R Al PAH, 5 11O 27 581 312 — —

2005 WL B SE R /PAH 117 1120 339 726 —

2006 R /PAH, 18 1629 220 801 —

2006 B 2411 /PAH, 118 267 93 211 WA TR TR
2006 ML 7N X/PAH ¥ 211 46 127 —

2007 KIT =4 HLIX/PAH,; [*) 3881 9 397 G/ T VEERI N

2008 ML A/R LK /PAH 1 49 9 — PaRiiib

2008 RN E SR YLK/ PAH 1197 37 3 — I

2008 R 5 38/ PAH, (20 676 85 350 O A Bk b
2009 BiFHTIX 4 /PAH,, 2 19 700 442 3780 I/ B
2009 B RTTEK B/PAH, (2] 91 3 — I

2010 IR T 4/ PAH 7] 3703 45 313 L/ A I/ A8 IR
2010 FELT A M 4/ PAH, 7 2421 9 152 A=W Bk GE

2011 g XAl 4 PAH,, [ 2371 141 757 A W) 5/ A TR
2013 FHFTTIX £/ PAH, (% 8 650 133 2 420 I/ i/ 5838 YR
2015 M R TTIROR 2 +/PAH, 124 9310 24.3 1680 3/ 2 R

2015 RS R £ /PAH [ 3350 21.5 1060 AW R A TR
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Fig. 6 Compositional profiles of PAHs in surface soils from 11 cities
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Table 2 PCA results of the topsoil samples from

the Yangize River Delta

% HF1 BF 2
NAP 0. 341 0.673
ACY 0.781 0.271
ACE 0. 471 0.741
FLO 0. 465 0. 831
PHE 0. 806 0.484
ANT 0. 886 0.071
FLA 0. 959 -0.062
PYR 0.975 -0.104
BaA 0. 980 -0.178
CHR 0.983 -0.148
BbF 0.975 -0.183
BkF 0.963 -0.190
BaP 0. 969 -0.199
ledP 0. 967 -0.210
DahA 0. 964 -0.202
BghiP 0. 962 -0.204
F#E/% 75.0 14. 4
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