527 BB 11 woE OB % % M Vol. 27, No. 11

2007 £ 11 A Acta Scientiae Circumstantiae Nov. , 2007

BARE, BB, HB,%.2007. RILRWBARK P IHI5RE 4 BRIESIT[T]. SRR 2R ,27 (11) :1900 - 1908
Feng C L, Xia X H, Zhou Z, et al. 2007. Distribution and sources of polycyclic aromatic hydrocarbons in the Wuhan section of the Yangtze River[ J].

Acta Scientiae Circumstantiae,27(11) ;1900 - 1908

KIIRNEKERZIRG RIS ERIRS

BARE,EEM R, FWIE

AEFEAZREZR, AFEEPERE ELHBZF, K 100875
W75 H 88 :2006-07-07 {&[E B 8 :2007-10-08 3 H #8:2007-11-21

BE PRI RRBETR 7 A9 SR MBE 23 3 KKK 8 BRI ULBUERE S PR ESHFRAT T T WE. SRR, AMAP
ERFRBRYEMBEN0.242 ~6.235ug L~ FRMAP WEMEE KX 31 ~4812 pg- L BEFRAPEHH R TR FMEY 4677
pee L ARBTUIRY. KIRXBESERRENASHFRERRPRY, LES—EARSHFRHBRATER. HBREPSHF
RE SRS FRY T BENK(TOC) TREBEIEMR. FRKEMTERY, BHFRIBEHMGRB AN EFRMBEI TR, B5HRIE M
PeiR. ET WAV R BB KA PRE TERE ()8, BSEBE T ERKAARE. LAY PAHs X B £ Y77 75 878 0 B
IR S F oV g2 3 vl

KR :FIIFR(PAHs) s KM SEFRY; VRY; B3 (2)H; KIT

3CE BB 102532468 (2007 )11-1900-09 B HKS:X131.2 SCHEKFRIREG : A

Distribution and sources of polycyclic aromatic hydrocarbons in the Wuhan
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Abstract; Polycyclic aromatic hydrocarbons (PAHs) in water, suspended particulate matter (SPM) and sediment samples were analyzed from 7 main
river sites and 23 tributary and lake sites of the Yangtze River ( Wuhan section). The results showed that the total concentrations of PAHs in the studied
area ranged from 0.242 t0 6.235 pg+L~! in waters and from 31 to 4812ug-L " in sediments. The average concentration of PAHs in SPM was 4677
pg-L™', which was higher than the sediments. The PAHs pollution level of the Yangtze River is similar to that of some other rivers in China but higher
than rivers in foreign countries. There was a positive relationship between the concentrations of PAHs and the TOG contents in sediments. The ratio of
specific PAHs indicated that PAHs mainly came from combustion processes, such as coal burning and wood burning. Benzo(a)pyrene was detected only
at Baishazhou of the mainstream and Moshuihu of the tributaries, and the concentrations were above drinking water standards. We conclude that PAHs
may cause toxic effects but will not cause acute biological effects in the sediments of the Wuhan section of the Yangtze River.

Keywords; polycyclic aromatic hydrocarbons (PAHs) ; waters; suspended particulate matters(SPM) ; sediment; Benzo(a) pyrene; Yangtze River
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. EAEAEREEE Tk B R R, 7K 15 5o [P 2 ok
R, EHEAV NG REREE. BRE,F
PERA ZRREERID KILERESYAF
BRI, BB BB M R E R TREILR
Wik BE (% BT %5 ,2000; X]4EAR4E, 2005). KT
PAHs {5 0L, B RIL R ST B T Rt —
SBRF ST, N4 L7 45 (2000) X LLBF R T RILE A B
AL H R BRI Y PAHs (& & 47 5 X 8
4 (2001) BFFE T KR B WIS & PAHs (4375
FRIE. B RS BBFFRE LR R T B — A B i5 3
Ve B, BRE B o R FE K A UL P A R Y
arA SRR Ui, B AT R 3¢ F PAHs #EK
B B BURLAE AT UL AR A = A o B a0 A LR B BT 5T
HIE.

KORNBERRIMB X TR EFMARE
EHAKKEZRE, BEBIRILTREZEN KT
Z— ERILKHE EFRBRTHBER THRE
BEHIEM,H B AT T RN B PAHs B 75 R F 5L ik
AEE. AN, FRAERET KLRNBETHRUK
HEEXHKK. & EF B U R TLR YR dh, B 5T
T PAHs 7E = A8 B9 20 A LR, 3 0 45 e sk A
ABREHST T 408, LA PAHs BTG 414 B4R
HE BB K.

2 SEWHE 57 7% (Materials and methods)

2.1 REH A

PRTERNEATTXNR, F R EZR R
BEABEBEKICA A LB TR E T 30 4
RER(EL). BN THRRFHSIF, EPEK
THRARDBER B R, BT KL IE Bk ok
BIK BB, R R R R K EWE B TR
BB R SCMILIL A R R-&J5 KT 4R i, F
W RBR T R VL U KRR L. Sk
REZSTES KT R R & DL
BAM  MEEREZLREZRM . EEMR. R
IR
22 HeHRE

g HIHE 2005 4£ 7 A (F7KH) F1 2005 4 12 A
(R 7K 38 X I BE T 33 L R W7 B K A
BEBUORA LA BE TR AR, TR B0 A% I 08 3K
BMRESRAS EEAMBEIH O REE 3 K,
SRAEI ST K v 3 K, DL 5 4 I Rk
TS G, KRR P 4R R 2K 2 R 4R 5 B ORI 4 13
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W ,14. K RAF,15. W, 16. 3% 0, 17. £ K%, 18.
AWK, 19. £F %,20. B FE,21. FRYE,22. /T,
23. R, 24. B, 25. BB, 26. KXW ,27. B,
28. 3R ,29. FHE ,30. BIAM)

Fig. 1 Map of sampling sites in the Wuhan section of the Yangtze

River (1. Jinshui River, 2. Jinkoun, 3. Dongjing River, 4.
Zhuankou, 5. Dongfengzha, 6. Baishazhou, 7. Tangxun
River, 8. Houguan Lake, 9. Longyang Lake, 10. Moshui
Lake,11. Xunsi River, 12. Dong Lake, 13. Yanxi Lake,
14. Changfenggiao, 15. Qinduan River, 16. Guocikou,
17. Jijiazui, 19. Yujiatou, 20.
Luojiadun, 21. Lijiadun, 22. Fu River, 23. Zhujia River,
24. XiaoBay, 25. Hou Lake, 26. Tianxingzhou, 27.
Qingshangang, 28. Wuhu, 29. Yangluo, 30. Daoshui
River)

18. Wuhanguan,

FIARERIEHL,H 0.8 pm FHALIRBERE RKZ
VIR ERICEARERRE, K THERAS. BT
AREME 12h WEEXRE, T 4CTRAFR
L.
2.3 XBRARENE

Wl AMEB I EC R /P Ry hahra,
RN 38 4l (78 Merck AH]) , TAKBRBRHAN 2
Prag il , T 450°C ¥y k2 6h 2k, 5 B (200 H),
130°C F %4k 16h,PAH JE 4% ( Dr. Ehrenstorfer GmbH
PAH - Mix9) I T E K AREH R 0>

RE-52 Alfe% & R 4s ( LR RAER) ) ;
BEHrHE(300mm x 10mm FEHAE) : T i 7B & 5k b
A4k B2 B 3 33 4 ; supelco C18-SPE [ 48 W Fff #£ 5 A
B % 2h B8 AR HE Ik 28 P (200mm , #7714 ¥ 7° T 3B
JEE RS IR ET ) s BRI B H AR Varian
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ChromSper5 PAHs (250mm x 4. 6mm ) % ¥ ; Waters
EBOBAE A LR W A% (Waters 474 ) ; 8850
M 2% ( waters2487 ); TOC W % 1X ( Elementar,
Germany) .

2.4 HEBEHWAE

JKAH R 2L K 0. 45 pm I8 BGE IR )G,
HEMAEBR/ . AHrE, A 3ul gL E R & F
e Ve L I i 72 /DEE BB PAHs, ¥k B R BSR4 2
0.5mL, Bt 20 L ¥ 48 Bt L 0t

Wk RE 2 1S013877 1R B PAHs. #
aRER ST FRE RS (100 B) , B T3
BHFRERA (4C). b B 10g FOR Y hn
50mL PFE# % 30min, B0 35mL A B, SR G
30min, HFEEE, AL EEFRETHBRREY ,ER
EW3 K, HEERERSIH. RABHEF 43
WE DN 300 mL R MWKIRS , B EF L KM, B BA
YIRE BRI E KRR KRG ek &R, H 2nl
HOmBERAGR, SENE, KT AT REERE
F,BSWHER) 1mL (Li et al. ,2006).

BHHEAL o Te WAL BRI @ e iR
BH, LB 1 ~2em KBRS, N 30mL IF & S M
WUE , ¥ LABR © %t 5 78 0] 19 PAHs 5 i 36 A RE IR 2
BraE, fn 20mL I © be ik vEAE , EE WU, A5 A
25mL —@ ke IEC ke (R LR 2:3) vElAE , 4%
BRUe L
2.5 HERN

DA Waters {5 250 ¥R AH 6 38 X, 5% % & W 4%
(Waters 474 ) XtHE b BEAT R I , R A A Am s Xt 16 7

PAHs Z%(Nap) \ Z~EJE (Acy) \J& (Ace) \ % (Fle) |
FE(Phe) B (An) BB (Flu) (¥ (Pyr) K H (a) B
(BaA) \Jii (Chr) &3 (b) 32 & (BbF) (K 3 (k) %
B (BKF) X 3 (a) 8 (BaP), Z % 3 (ah) &
(DahA) K3 (ghi) J& ( BghiP) (B3 (1,2,3cd) #5
(InD) #ATE BT, WRIE M HR IR R AR
JBE Vb - ) 38 G A2 1Y) ¥R MR AT PAHs Y-S B AT

B &F - EZR T, UHEB/ KIEIRSIME,
RABERGE(FERARFRESSEN 75% B4
3] 100% ) ,{# % #F PAHs REGEAR 7 #h 43 B . A6 )
AR PEATGR AR , (8 5 R 4 4 RETE AH DI IS T H 0.
2.6 HE#H

PAHs iR HERIRINTT IR A BFE 0.9 DL k. =H
LB HERA PAHs I, B RAN LRFHE X B iR
G WBRAE ANAERWENE. IhsERRE SR
Ba, BERMER R B K RKMKDI
(64.4% ), H 2 PAHs [5] Uit R ¥5 Bl 4 70. 4% ~
94. 8% ,f¥ & £ E EPA fr#.

3 #E (Results)

KL R X B AAM F PAHs iy 94
FARBKERNSHMERMEL i, TR
PAHs BB LTEE N 0.322 ~6.235png- L7,
HER2.095ng- L7 PAHs BB WAL E
#0.242 ~1.379pg- L7, B8 0.681pg-L7".
T X KM PAHs I EBRERN XK/ ZH, HE
U KUK PAHs ¥k BERR AR, BB EIA K.

3.1

F1 KIRNBEKAP PAHs RE

Table 1 PAHs concentrations in water samples of the Yangtze River pgL!

W7 Nap Acy Ace Fle Phe An Flu Pyr BaA Chr BaP SPAHs
T mA nd 0.297 nd 0.603 0.122 0.159 0.354 0.023 0.125 nd nd 1.684
I=Ragn| 0.065 nd nd nd 0.399 0.19%4 nd nd nd nd 0.214 0.874
RUXRE 0.109 0.263 1.696 0.492 0.193 nd nd nd 0.214  0.120 nd 3.087
RUEXAF 0.109 0.262  0.696 nd 0.193 nd 2.611 1.029 0.215 0.120 nd 6.235
RELKE nd nd nd nd 0.122 nd 0.248 nd nd nd nd 0.370
F Y &% 0.322 nd nd nd nd nd nd nd nd nd nd 0.322
W ERE 0.470 nd nd nd nd nd nd nd nd nd nd 0.470
E¥ 3 0.046 0.104 nd 0.201  0.104 nd 0.162 nd 0.012 nd nd 0.629
BAM nd nd nd nd 0.397 nd nd 0.703 nd nd 0.279 1.379
KM 0.080 nd nd nd 0.116 nd nd 0. 046 nd nd nd 0.242
Yadlii} ] 0.053  0.195 nd nd 0.115 0.108 0.215 nd nd nd nd 0.686

¥ :nd R

RPN 11 A S, a0 KR RR

WE P H ) PAHs MR L BV RE K
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R BB K A0 AR WA B9 PAHs R REE . B
AR UL, KA B EE R 2 ~4 3RE) PAHs,5 3R L)
EH PAHs R A H. HAPFENE L KRR
81.8% ,HIRAZKT2.7% ,% K 45.5%. w0, ,FER
KAEFRRREY R, ZNEHRERAME, HE
FHEREAE, RH 0.157pg-L7". B3 PAHs 1
WL, REE DM A S KBS0 Sl TF
H(a) v, FEA AN 0.214pg- L7 F1 0. 279pg -
L7 B ER KA K2 . 8ng-L7"). AT
AHRWE THRAKS 6 FhFE PAHs (RE I
(b) RE K (k) REEH (a) B HEIH (ghi) I8

B (1,2,3 - cd) B) BB AT UK P 0. 2 g
L™ (GB13198 -91) , XK VLI I BL 4 3 4 B ¥ 45 B4
X 6 PAHs B B BEHST A Z AR, TR K+
MO ANKRAR BUMW R ERFERERA
85 30 R A BRI T A AR

SEM ) — SRR A L, KITR B KM
PAHs f 7 BE L0 28 T | b 5038 7 7 F0 6 ¥ & P 7 9
W ER, LSRR O R E B SEAM— &
A, KILR I BK A+ PAHs IREH B & T
FELH A0 P VG L (3R 2) , GBI KR ) PAHs
RO E.

£2 KAMTRED PAHs BRIRESRE MK L

Table 2 Total PAHs concentrations in waters and sediments from various global sites

AR R AR PAIL B A 58
i FIE + AR 2

KA S| E 6 4 ~36 20 £13 Fernandes et al. ,1997
FEHELT,E2H 4 5.6 ~68.9 40.8 £32.9 Mitra et al. ,2003
2] 12 179 ~369 248 +78 Li et al. ,2006
BEA 16 192.9 ~2651 762.3 £777.4 Zhang et al. ,2004
[SRRL] 48 10 ~940 430 Doong et al. ,2004
AR 19 6960 ~ 26920 17050 + 5280 Maskaoui et al. ,2002
KIORWE 11 321.8 ~6234.9 2095.2 +2276.2 ARG

TLRRAE Chesapeake & , % E 8 0.56 ~180 52 Forster and Wright ,1988

Kitimat ¥ , fi &k 25 310 ~ 528000 66700 + 140000 Simpson et al. ,1996
Todos Santos ¥ , 8 P & 32 7.6 ~813 96 Macias — Zamora et al. ,2002
BEHNTH, EE 12 700 ~ 26100 5277 7904 Hong et al. ,1995
2] 13 31 ~133 76.7 £42.3 Li et al. ,2006
HIL=/AM 17 156 ~ 10811 2057 +3063 Mai et al. ,2002
Ko 14 263 ~ 6372 1661 +1915 X% 2001
il AL 19 59 ~1177 334 £337 Maskaoui et al. ,2002
BEA 16 127.1 ~927.7 540.4 £291.8 Zhang et al. ,2004
KILm s B 4 213.8 ~550.3 H1#%,2000
KILANE 30 72.4 ~3995.2 1334.5 £1215.1 ARG

. RPAMATIRM S PAHs BIER BTS2 ng L A pg-kg ™

3.2 kIR XEIAHAFE PAHs 97
R, TXRILRYF PAHs RE S B
L6 Bl & 303.3 ~ 4262, 1pg- L7, EHERER
2097.6pg-L". WG REKRE 2 HFNEREAR
AR, RERXLALEREY ,EERHN 27. 5pg-
L™ 43Rl B/ PAHs B S R H. HP, %3¢
(a,h) B I (ghi) JEAIHR H K 66.7% , Hik
RIEMFK K 55.6% , X W —F A T H BRI
PAHs B8 25 5 U M A0 g DU AR W R B, T 37 0B 2 18
PAHs BA G R FMEKHTH , A5 5 TTR R
FERS K, T XML F PAHs B3 B LTE
Bl 31.1 ~4813. 2pg- L', F {Y & & 933. 5
pge L1 R K 4% 3 f R S B9 PAHs R0t R R A

), 2 eh & BR A B A R 9 (a) B 90.9% , %)
81.8% B3 (1,2,3-cd) 5 77.3% . Bk, F K
B PAHs TR B TH AP, XEERHTIRYHE
T BA LR (TOC) SR FENERIITIE. 45
SRR, FKBURYH TOC WEEFTHAK
B, ANEAPIOKEBITIRENEE T EEET
SEERETK, BT PAHs iR EHE I T 5 TOC
TE—ETL.
MEKBFRHEKBFTAINRODHEREREET
MAZMATHAERR, FRESFPRELEE
i) PAHs & B8, 55 3995. 2pg- L7, R
0 1728. 1pg-L7', 40 1206. 4pg-L". ZHisk S
EWH B HE B K PAHs S BB &, KE S
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R 4812. 6pg-L ™' 4262, 1pg-L ™" .3726.2png-L7".

RWE(NE3). X—FHSERYK TOC TEF

S PAHs M ERLIEEBR K, FHEFRBEBHT X, AT EESHIERDERES X

£3 KIRNBET IRANRYP PAHs EREER

Table 3 Concentration ranges of PAHs in sediment phase of the mainstream and tributaries of the Yangtze River

F Ui PAHs &R/ (pg-kg™!)

32 PAHs &R/ (pg-kg ™)

L/ SERUNHE WHE + bR AR 2 L/ SERNHE WHE + bR AR 2
Nap 11 nd nd 19 16.9 ~113.7 43.6 +£61.3
Acy 11 9.4 ~595.3 146.5 £222.7 19 31.2 ~336.6 133.0+117.5
Ace 11 3.0 ~567.6 173.6 £228.3 19 0.5~728.7 108.4 £222.0
Fle 11 18.1 ~671.8 360.8 +£317.8 19 16.8 ~217.7 59.8 £53.8
Phe 11 42.2 ~146.3 103.0 £42.8 19 0.4 ~130.0 62.4 £59.0
An 11 15.6 ~506.6 302.4 £185.4 19 41.6 ~434.7 205.1+£178.8
Flu 11 17.0 ~1852.8 828.0 +£695.3 19 3.5~1242.9 289.4 £451.6
Pyr 11 18.9 ~185.1 136.4 £79.0 19 4.1~189.7 69.5+71.6
BaA 11 5.4 ~132.3 39.2+42.6 19 5.7 ~409.5 108.3 +126.2
Chr 11 8.2 ~66.7 45.6 £24.4 19 19.5 ~247.5 125.7 £112.0
BbF 11 7.0 ~1115.1 259.1 +£479.9 19 8.8 ~748.7 207.0 £226.7
BkF 11 46.7 ~62.0 52.5+8.3 19 5.9~231.2 60.6 +78.4
BaP 11 0.7 ~95.4 49.5 £44.1 19 1.8 ~559.6 93.8 £160.6
DshA 11 31.2 ~316.8 146.2 £115.4 19 24.4 ~2796.9 655.8 £965.7
BghiP 11 7.2 ~369.3 102.2 +150.8 19 0.9 ~1934.6 319.0 £661.2
InD 11 4.9 ~328.1 104.1 £124.4 19 7.4 ~991.4 164.2 +£266.7
PAHs B & 11 72.4 ~3995.2 1334.5 +1215.1 19 31.1 ~4812.6 1294.6 +1543.1

I :nd PR

AT ot lRBR LR DB T A R DU
TGS X ] B A DU B A& o S PAHs &
BRA M THBESWSUIRY + PAHs B/
e K, Fmite MREA 20O K
WR KL KM HE, R gofgo fRRK
WBEEWHTE, ARNRX KREXLIARRERMXZE
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Fig. 2 Concentration trend of PAHs in sediments at different stations along the Yangtze River



11 88

HARES K ILRBBOK P S35 28 o040 BRI 44

1905

S5RITEEW AU ZERKHHEER— 8T
BUIRY i PAHs 284 b, KL B PAHs &
BTGB B LB K LR B PAHs 3K &
ER,RTHZALEE KIL=AMNURXKIAO. 5§
E S — 2L 3 AT LR B, KL i PAHs 15
Yui W 2 B T 3£ E Chesapeake ¥, 28 V0 B Todos
Santos ¥ , T LL T # K Kitimat #& BK (3R 2).

3.3 KT RARXBEFHEAMYF PAHs I o4

R4 FAATXRBEBAA T PAHs S8

4340 , A48 B9 PAHs Fh 2R F , MKFF Y B & 3

%I (ghi) LA MW, 3 BRI FOR AL PAHs
RTHER TRy P RER. EFKE, TR
W3 AREMESMO RNEMARL) RES
BAE T PAHs B F 3 &8N 4532pg-L7". He,JE
M AN A BB A, E17E PAHs B BHFT EME
Sy YAy B E 37.95% B 35. 11% . TERbKHE,
T EH 6 AW A(PED RN KRR ER
B R E K EHF) BB PAHs #4540
B, ke fh P PAHs B3 & 8 4822pg- L', Hop
B K (a) B R IR R

F4 KIRNBREBWR/EFYH PAHs G2

Table 4 Distribution of PAHs in suspended particulate matter pgkg!
PALL EABEFY PAHs B WA EFY PAHs & B E HAHMERYTE
WwA R £F% WA RURX KFXW K£FZ%W KAW KEHR SERNHE WHE + bR AR 2
Nap 12.3 149.5 nd 13.8 nd nd 124.9 nd nd 12.3 ~149.5 75.1+£72.4
Acy nd nd nd 613.1 nd 3161.5 nd 2284.9 192.5 192.5 ~3161.5 1563.0 +1397.2
Ace 1648.7 2048.7 1482.6 196.8 14.7 109.9 536.1 2723.7 42.6 14.7 ~2723.7 978.2 +1016.2
Fle 476.2  515.3 nd 179.8 80.6 837.1 nd 727.9 86.7 80.6 ~837.1 363.0 £319.7
Phe 178.0 168.4 127.2 nd nd nd nd nd nd 127.3 ~178.0 157.9 £27.0
An 192.7 300.2 169.3 nd nd nd nd nd 278.9 169.4 ~300.2 235.3£64.0
Flu 1178.5 1365.7 2175.6 nd nd 198.4 nd nd nd 198.4 ~2175.6 1229.6 +812.3
Pyr 288.2 305.2 259.4 nd nd 114.7 nd nd nd 114.7 ~305.2 241.9 £86.9
BaA nd nd nd 55.8 nd 367.4 24.27 699.5 12.7 12.7 ~699.5 231.9 £299.7
Chr nd nd nd 25.3 nd nd nd nd 31.9 25.3 ~31.9 28.6 4.6
BbF nd nd nd nd nd 1735.6  69.5 2362.1 52.1 52.1~2362.1 1054.8 +1176.0
BaP 311.9 140.3 89.9 nd nd nd nd nd nd 89.9 ~311.9 180.8 +116.4
BghiP 1.0 7.7 2.1 nd nd 454.1 nd nd nd 1.0 ~454.1 116.2 +225.3
BB 4287.7 5001.5 4306.5 1084.6 95.3 6978.7 754.7 8798.1 697.3 95.3 ~8798.1 3556.1 +£3092.0

I :nd-RAf

BEFRARENKEPRERNER, T
HARBAEZ, BEAT DA K& 0 F HLT5 G ik
TR, EEREYBUESR, FELTIEIBEEE
FYE BB TR AN, RN ESRER
T B = R UL , REARE 2t UL AR P B T B B 1ig 2K
MR RER. B, 8 BB AH7E K& PAHs BT %
A BETREEREEZNENMER. Ed ik
FBURLAE  PAHs BWRBE 20 A6, 856 BURL Y A AL
s s =87 N @R ARV AY B VA RC A BN w4 6 SN
B R L ERXREE N R PAHs KR K
(K Ftr B R B (K, ), G R R, BR T O
RRBEMEH (a) AR LR K BN THIE K, Z
Sh, B RUTA 1 H B PAHs SERRE) K, 3K T8

w K, , GBI K4 F 9 PAHs 5 A UL AR AH R K A 28
REHE. HHRY SRS BT DR 28 30k
Yy PAHs 97K AH BB AL , A T 38 N 7K 45 PAHs ¥
BE.
3.4 WIRHFPAHs WS B S5 BRAMELE
B2 E B X R

YT ZMTUR YA A R R, X
MOCEHH TOC WIS EBEZATERZ 0. 22% ~
8.98% , FH &8 2.92% ; THITRMY + TOC Ak
JEE0.16% ~2.09% , 58 1.18% (£5),%
RO TOCH IR THERS. MNABRHR
XE,ZRITRY R AE/NT S0pm B TR Y & H
BB TR
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Table 5 Physicochemical properties of sediments in the mainstream of the Yangtze River
AT Bt FHR pH TocC s
<10pm 10 ~50pm 50 ~250pm >250um
FAKH me 7.99 2.09% 33.4% 32.3% 34.3% 0.01%
RURE 7.84 1.82% 34.9% 34.7% 30.4% 0.01
RUXE 7.88 2.02% 38.8% 35.6% 25.6% 0
HERKRE 8.02 0.66% 14.1% 19.2% 66.4% 0.35%
RKRELE 7.65 1.16% 46.1% 35.9% 18.0% 0
HiKH &n 7.89 1.06% 44.8% 37.8% 17.4% 0
O 7.73 1.90% 30.7% 33.2% 36.1% 0.02%
REE 8.10 0.16% 7.3% 14.1% 72.6% 5.97%
i 7.93 0.47% 9.4% 19.1% 71.2% 0.34%
FHi2 7.86 0.49% 25.0% 25.2% 49.5% 0.29%
15 F SPSS G 3k, WU R PAHs &8 et al. , 2004; Mai et al. , 2002; Mohamad 2002;

TOC S EHFT T MRS, SR B, PAHs B
85 T0C F&#THX A, TEENRES
TENHEEEERR0.76, LI — F RN FEM XM
B—RFRMPAHs MBS TOC R IATH K
Brod, HEEM KT o BO0.01 B, HBEHNERS
THE ARSI T 0. 01, Wil s — AR M
PAHs W E B 5 TOC ERAEBEMXHE. WTF
K3, —F Z [ #Y Pearson #H3¢ R £ 43 7 %3t
(a,h) R 0.98 %3 (ghi) & 0. 83 ; X T MK, =&
Z [F] i) Pearson ¢ RE 0 HI A% I (a) K 0.93.%)
0.88.83£(1,2,3-cd) 1 0.90. %3 (b) 57 8 0.92.
FH(a)B 0.90, —FJE 0.93.)& 0.81. XfH—
PAHs & &fHM TOC & &8 /K L4 HIHFTIERSH W
K-SH%, BEMHMBEERDT: %3 (a,h) B
0.22 23t (ghi) 35 0.98 . 3 (a) & 0.17.25 0. 56.,
BiFE(1,2,3-cd) B 0. 44 2K 3 (b) KK 0. 41, %K 3
(a) P 0.64 . =475 0.45 .75 0.27;TOC S B B=Z
PR 0.25. X B EHKFHRTF 0.05,7 A
R IR T5 1R B e BE 43 AR A TOC & 8 ¥R AR #EIE
BAMRE. XTURY T PAHs B 5FR Y M
LA 2 6 B AT R B, R AL Z PAHs
MRS ERER—F PAHs WS BSKMEZHBRZH
WA BERHERME. B BUR Y iR Xt 3 B ik
FtE PAHs 2 8 8 W5/
3.5 kIR XBEIAH S PAHs ¥ K F 247

PAHs R T BAAME SN, EEXR 5 AKWESI L
REBRMAASE, B AMNATEL2RE=YH
PAHs ) R ERIE. X T PAHs R IR, MY —
SodeFp5E A F R AR H# 47 T 408 (Doong

Yunker ez al. ,2002). XHERFMFR S FERHIEM
B, AR R ERE WA AR iR Y+ PAH 1
R, W TFEHN 178 WIEMB RS, LEE/
(B +3E) <0. 1 A HEBAMBHRE, LEE/
(B +3E) >0.1 MEMRBEEAE; N THTFEEK
MREFEE (4 FEH 202), WEKE/(FE +
) >0.5 BN A REAR EERIRPEARE,0.4 <
B/(RE +18) <0.5 BUANRAMEY REMREE,
L IE/NT 0.4 W BIA N R A H IR

ML B T XM A v m UL Y PAHs &
BIIE#ETATRE, HEMER LEHTIHTE,
HULRY P E/ (B +3E) W IWETEE 7 0.27 ~0.91
ZEGARBEMERRERENTITERRE, BTIRY
FRE/ (W + &) WILETEETE0.47 ~0.92 2
. B I B, RIL R UB PAHs TG R B
RIRPEIR , P AR A MR DL B AR B R e
3.6 YU 4+ PAHs 75 3 iy £ 5 KRR 4

NRYFBELEYRNESERE, NVAREHE
Long #1 Macdonald %5 () 8F5% 751 (Long et al. ,1995;
Macdonald et al. , 1996). #R## Long %5 (1995) B #F
8,3 EH PAHs i ¥k BEA K T A W % el 38 BBl I L
( Effects Range-Low ,ER-L) , X4 ¥ =M BI/EFRA AR
BE;PAHs WIREE B TEYREWEE T HE
( Effects Range-Median, ER-M ) , Xt 4 ¥ & 7= 4 5 4
BIfEA. B AN — e s A X 0 O ¥k 4 3
AERKERIRYHEAT T £ EF BT M (Kin
et al. ,1999; Mai et al. , 2002). K ITE IR
MY PAH 3R LB, TRITTRY + PAH
SR EHRT ER-L, XM B R #A o 1A % HE
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ZEW R PAHs B3k EMB Y T ER-L,HZZ KT
ER-M. X F 8 —K PAHs, TX MUY+ RAE
ZEE BRI (ah) B HSEAE M T ER-
L, {EiZf&T ER-M(3& 6). 54k, R Long % K BF
F2(1995) , %3¢ (b) RE K H (k) RELE B A RMK
ZaHE W ER , X ILFF PAHs 7E30 5 RBERE
MeXEYHEERIER. XILME S TR PAHs
FER LRI BAR B0 R 3 A R 8 BE s g . #l O
BB, RILE N B VLAY o PAHs <%t E B A9 R
ABRERNTEEMN, BRSO

F6 KIRNENRYWEP PAHs B E5RMY P PAHs it

R
Table 6 Concentration of PAH compounds in sediments of the Wuhan

section and toxicity guidelines

PAHs ER-L ER-M ELRY b PAHs
PHER (pgks™")

Nap 160 2100 52.8

Acy 44 640 139.8*

Ace 16 500 134.5"

Fle 19 540 133.5"

Phe 240 1500 91.8

An 85.3 1100 253.8"

Flu 600 5100 474.4

Pyr 665 2600 93.9

BaA 261 1600 88.2

Chr 384 2800 80.3

BbF 211.6

BKF 58.6

BaP 430 1600 75.4
DahA 63.4 2600 464.7"
BghiP 235.6

InD 141.5

I« BRERESERETFER-L"E
4 #5118 (Conclusions)

1) PAHs ZE R VLE I BEBI/K AR ULAR AR F0 B i
URLAR T B W BE 40 A A 357, KA 45 i) PAHs 3
BRE2~4 3, FRAKMARY R, &7 BB+
PAHs AMEF B BH G AL, KPP BERMRE & &
B, UL 3 3RLL B PAHs 16 ) R, KA
3 (a) AEERBFLRY. SFFRAT PAHs 1
YR BE R TULRRAR. 33 DA B 18 oF TLAR A & B i
KIAE PAHs B39 & 8t T i 28 s Mk B #n K
HAM L, UUARAE R B i BURLAR PAHs 3 BRI

2) SEAKHE &R E S A
o, K ITE I B PAHSs 15 4235 &

3) ViR H LAV A PAHs )& B 5K TOC
BEAaEBRZHEEEENIEMR, SELY KA
BRZ R R B2

4) FRITE D EILRY B PAHs 13 4R R 7
PR3, PAHs B 3 ZR WOMIR B IR, B0 A 4RO8
DY TSRS

5) KILERNBRILRY H PAHs Xt FEEWH
EBENEHER,BEASEREREEIER.

BEFEAMXER(IL—), L, H& BEERF. =
ENETEAMERRGRYHEH % CHEH K. E-mail:

xiaxh@ bnu. edu. cn.
References ;

Doong R, Lin Y T.2004. Characterization and distribution of polycyclic
aromatic hydrocarbon contaminations in surface sediment and water
from Gao-ping River, Taiwan [ J]. Water Research , 38:
1733—1744

Fernandes M B, Sicre, M A, Boirean A, et al. 1997. Polyaromatic
hydrocarbon (PAH) distributions in the Seine River and its estuary
[J]. Marine Pollution Bulletin , 34 ;:857—867

Forster G D, Wrighrt D A. 1988. Unsubstituted polycyclic aromatic
hydrocarbons in sediments, clams, and clam worms from
Chesapeake Bay[ J]. Marine Pollution Bulletin, 19 :459—465

Hong H, Xu L, Zhang L, et al. 1995. Environmental fate chemistry of
organic pollutions in the sediment of Xiamen and Victoria Harbours
[J]. Marian Pollution Bulletin, 31.:229—236

Jiang X, Xu S F, Martens D, et al. 2000. Polychlorinated organic
contaminants in waters, suspended solids and sediments of the
Nanjing section, Yangtze River[ J]. China Environmental Science,
20(3) :193—197 (in Chinese)

Kim G B , Maruya K A , Lee K A , et al. 1999. Distribution and
Sources of Polycyclic Aromatic Hydrocarbons in Sediments from
Kyeonggi Bay, Korea[ J]. Marine Pollution Bulletin,38; 7—15

Li G C, Xia X H, Yang Z F. 2006. Distribution and sources of
polycyclic aromatic hydrocarbons in the middle and lower reaches of
the Yellow River, China[ J]. Environmental Pollution , 144 ;985—
993

Liu HL, Liu M, Cheng S B, et al. 2005. Occurrence of organochlorine
pesticides ( OCPs ) in suspended particle matters ( SPMs) and
surface sediments of the south bank of the Yangtze estuary[J].
China Environmental Science 25 (5) ; 622—626 (in Chinese)

Liu M, Hou L J, Zou X, et al. 2001. Distribution characteristics of
polycyclic aromatic hydrocarbons ( PAHs) in surface sediments of
tidal flats of the Yangtze Estuary[ J]. China Environmental Science,
21(4) :343—346 (in Chinese)

Long E R, MacDonald D D, Smith S L, et al. 1995. Incidence of
adverse biological effects within range of chemical concentrations in

marine and estuary sediment[ J]. Environmental Management, 19



1908 EZ - S

® ¥ W 27 %

81—97

MacDonald D D, Carr R S ,Calder F D, et al. 1996. Development and
evaluation of sediment quality guidelines for Florida coastal waters
[J]. Environmental Management, 19 :81—87

Macias-Zamora J V, Mendoza-Vega E, Villaescusa-Celaya, J A. 2002.
PAHs composition of surface marine sediments: a comparison to
potential local sources in Todos Santos Bay, BC. Mexico [ J].
Chemosphere , 46 ; 459—468

Mai B X, FuJ M, Sheng G Y, et al. 2002. Chlorinated and polycyclic
aromatic hydrocarbons in riverine and estuarine sediments from Pearl
River Delta, China[J]. Environmental Pollution, 117 ;457—474

Maskaoui K, Zhoub J L, Hong H S, et al. 2002. Contamination by
polyeyclic aromatic hydrocarbons in the Jiulong River Estuary and
Western Xiamen Sea, China[]J]. Environmental Pollution, 118;
109—122

Mitra S, Bianchi T S A. 2003. Preliminary assessment of polycyclic
aromatic hydrocarbon distributions in the lower Mississippi River and
Gulf of Mexico[ J]. Marine Chemistry , 82:273—288

Mohamad P Z, Hideshige T, Shinobu T, et al. 2002. Distribution of
polycyclic aromatic hydrocatbons (PAHs) in rivers and estuaries in
malaysia: A widespread input of petrogenic PAHs [ J]. Environ Sci
Technol, 36:1907—1918

Notar M, Leskovsek H, Faganeli J. 2001. Composition, Distribution and
Sources of Polycyclic Aromatic Hydrocarbons in Sediments of the
Gulf of Trieste, Northern Adriatic Sea [ J]. Marine Pollution
Bulletin, 42(1) :36—44

Shi Z, Tao S, Pan B, et al. 2005. Contamination of rivers in Tianjin,
China by Polycyclic aromatic hydrocarbons [ J]. Environmental
Pollution, 134.:97—111

Simpson C D, Mosi A A, Cullen W R, et al. 1996. Composition and
distribution of polycyclic in surficial marine sediments from Kitimat
Harbour, Canada [ J]. Science of The Total Environment, 181;
265—278

Soclo H H, Garrigues P H, Ewald M. 2000. Origin of polycyclic

aromatic hydrocarbons ( PAHs) in coastal marine sediments; case
studies in cotonou (Benin) and Aquitaine (France) Areas [J].
Marine Pollution Bulletin , 40(5) :387—396

Ta JY. 1991. GB13198-91: Water quality-determination of specified six
polynuclear aromatic hydrocarbons-High  performance liquid
chromatography[ S]. Beijing; State Environmental Protection Agency
(in Chinese)

Xu S F, Jiang X, Wang L S, et al. 2000. Polycyclic aromatic
hydrocarbons ( PAHs ) pollutants in sediments of the Yangtze River
and the Liao River[ J]. China Environmental Science, 20 (2):
128—131(in Chinese)

Yunker M B, Macdonald R W, Vingarzan R, et al. 2002. PAHs in the
Fraser River basin: a critical appraisal of PAH ratios as indicators of
PAH source and composition [ J]. Organic Geochemistry , 33:
489—515

Zhang Z L, Huang J, Yu G, et al. 2004. Occurrence of PAHs, PCBs
and organochlorine pesticides in the Tonghui River of Beijing, China
[J]. Environmental Pollution , 130 :249—261

Zhu L Z, Chen B L, Wang J. 2004. Pollution survey of polycyclic

aromatic hydrocarbons in surface water of Hangzhou, China[]J].

Chemosphere, 56 :1085—1095
XS EE:

YEH, LA, Martens D, %. 2000. KILRIRBA BFYRILRY
TERARRNGRYI]. PEFHERE, 20(3) :193—197

X4k, X 8, B, %, 2005. RILOB FEAK SPM MR B R
i OCPs IR [J]. P EFFER 2 ,25(5) :622—626

X8R E SREAL % 2001 RILAWMRBIRY 125757
BAMRELI]. P EFEERE, 21(4) 343346

WRIHE. 1991. GBI3198-91. KJF-A R 4FE £ 37 35 2 10 W 58 % UK
HHEEES]. bR BRI RERPR

Wb w % B, EE A, %F. 2000, KL WILRY 8 S F5 &
RERYI]. PEFHERE, 20(2) :128—131



	11140.pdf
	11141.pdf
	11142.pdf
	11143.pdf
	11144.pdf
	11145.pdf
	11146.pdf
	11147.pdf
	11148.pdf

