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Distribution, sources and ecological risk assessment of polycyclic aromatic
hydrocarbons in sediments from Wangkuai Reservoir, Hebei Province

ZHAO Jian, ZHOU Huaidong, LU Jin & WANG Yuchun
(China Institute of Water Resources and Hydropower Research, Beijing 100038, P.R.China)

Abstract: 16 polycyclic aromatic hydrocarbons (PAHs) of sediments were measured in Wangkuai Reservoir, Hebei Province. The
results showed that the sediments of Wangkuai Reservoir appear to be moderate pollution by PAHs. PAH pollutions became more
serious from reservoir upstream to front of the dam. The total PAHs concentrations decrease with the depth of sediment. Nap, Phe,
Fla, BbF, Chr, and Pyr were dominant in sediments. The total PAHs concentration was directly proportional to the content of TOC
with a correlation coefficient of 0.8154 in surface sediments and 0.9534 in profile sediments. Combustion of fossil fuels and biomass
was the main source of PAHs in sediments of Wangkuai Reservoir. The result of ecological risk assessment indicated that high
potential ecological risks of PAHs were not found in sediments of Wangkuai Reservoir, but Flo compound was present in excess of
the lower ERL and may exist biological effects.
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1 MRERE

1.1 HmEE

2007 4F 11 H X VK E B E SCR AT YIRE iR A, HEREE 8 AN RIZUTRWIRE R 1 MU A
AREE(EL 1), Horh, SRZUURRYRAEWTH 5 ZR AR AT S 4, FEX FUE. 173 FEAL . 2/3 A Kt
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Fig.1 Map of sampling sites in Wangkuai Reservoir

1.2 H@moH

AR VR TEOTES, 10g TURWIFE SN RISCRIE R Y. T IE e 5 &P e(1/1, VIVIRA
WFHEAT ASE 4RI $RBUR 24 o it 38 B HURE 1 ZEBOH k. 433 A 9ml PRER/AE CL%6(1/9, V/V)FI Sml
B A BEMR e . R A E A ZE 1.0ml, A NRHETT GC-MS 4387, LAAHXTAR B A B FRRAE
Fr B IR B LU (B TTORR A v (8 22 A5 R 2R S kA T PR A3 BT, (8 FH IR I 22 s BEE I ekt 23805
FEHEAT R d AT, BRSO 1 W SCHR [ 16].
1.3 REEHSREMRIE

STAR TS AR 7R P BV AR A [T %, 45 B it b TR A8 R 9 1 TR LR 75.6%~103.5%.
SRS 1) TR 58 B i s ORI P 25 (1. RS FIBRZEA Kt Ah, Hee ok, fa 45 R4 milleRss
TEFIZS FATER.

2 ZERESH

2.1 REMBYUESHFTRSEMS HIFE
H EROK PR E X I PR R 2 DR h Z 007 & KGR AT, EHPROK R IX 23057k B



A AR AL IR AERBRY S IRFRGSA RFEAE SR EEN 649

I8 T°332.0-1039.8ng/gZ ], 284 7696.5ng/g. FEIX b iR(W1) B WIUET(W4) £ 85515 & ik
KH332.0, 765.4, 1039.811986.0ng/g. W LAE i, AEETAI B ML 2078 & B5 R, XAlReZH FER
LT IE E B B IR YR B R TR A S5 . DU AR S0, IR (Wrl), SFFHIA(Wr2), vbi
(Wr3)FIIEARIAT (Wrd)] 1 4b 22 BRI 4 A 143 1) 4396..8, 126.8, 175.7#/181.0ng/g, KT X LAY h £ 20
FF A5 5 (696.5ng/g).

TEFTAAHTIY 16 FhZIR05 08, I [KIPE R R BAR T 25%, — A9 (a,h) UKL 3R Ry 75%, #KJf[a]
EERIRTT (g, h DAEKE 1 5H 87.5%, HAR 12 M2 IS RRAUKE 1 100%. Hrf 2-3 R H IR & il
TE 26%-42%2 8], ZEREER EEALEY); 24 REZ 5 IR E BN T 58%-74%2 1], FELHEILEYI R
B AIFR[bIEE ., JE A

F 1 RIZVURYh LI 00 5 ik (ng/g)”

Tab.1 PAHs concentration in surface sediments

e A5 Wrl Wr2 Wr3 Wr4 ! w2 W3 W4
=S NAP 432 7.6 29.7 11.6 40.4 96.0 46.8 39.0
eI ACY 4.8 1.2 3.0 26 2.6 6.7 6.6 6.1
e ACE 3.8 1.1 48 3.0 26 5.1 43 4.4
Vil FLO 24.3 6.1 9.2 2.8 15.1 35.2 56.2 67.9
3 PHE 79.5 25.2 23.1 6.7 35.0 97.4 1339 1714
8 ANT 12.2 3.8 5.4 49 42 9.2 18.6 16.1
KR FLA 55.5 17.7 9.2 4.9 37.5 89.0 1349 1379
3 PYR 48.4 17.0 7.9 4.6 283 60.8 99.1 38.1
H I [a] BaA 30.3 10.4 8.1 6.6 16.7 37.7 61.8 473
I Chr 33.0 13.1 10.5 7.0 27.9 69.6 106.1 954
RIF[b]DE BbF 26.8 10.8 13.6 7.9 38.5 89.7 131.0 110.4
ESHINTI: BKF nd nd 9.5 8.2 nd nd nd nd
I [a]tE BaP 17.2 7.1 13.9 nd 27.0 53.7 80.5 66.7
BiJf(1,2,3-cd)iE  IcdP 7.9 1.6 14.6 10.0 25.9 50.7 77.1 73.2
ZIF@h) B DahA 2.1 0.4 nd nd 5.0 10.3 14.0 10.5
HFIf(ghDdE  BghiP 77 3.9 13.1 nd 252 543 69.0 515
o8- YPAHs 3968 1268 1757 81.0 3320 7654  1039.8 986
2-33(%) 0.42 0.35 0.43 0.39 0.30 0.33 0.26 0.31
= 43R (%) 0.58 0.65 0.57 0.61 0.70 0.67 0.74 0.69
*nd: KA.

2.2 HERMRY P ZIRFT RSB MIFE

TAHIKEANFRETRY H Z IR EGE )W, Syt 2R 5 R8N T
68.5-986.0ng/g Z [A]. ZIIFIE EEE AL 0-2em 2, FREE F I BN, & 2RIy 5%
RUTRY 2 AT A S RAE AR, (RPRAZERIEE, MRS, O [b]5C . R F BB EDY.
MENTFREAECRE, <15em W45 Z T 2-3 FEEITE 30%-44%2Z [0]; >4 TEREAE 56%-70%2 8], %
L LLRIN (=4 )ZHIFREAE. 15-20cm JZRHRIFQ2-3 ) ZHIFREEN AW RE, SR
1%, =4 BEEN 29%. XEESZAHFRMNIAETGC, MR HEH TRBEEEIR, S0
AR ER, HREZEPENRYRZMEER. MR 25K E R, TR
R, AR B UL
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2.3 MRYMHZIAFTRE TOCHIXF

PAHSTEDURU) P I 0 Ai 52 BIAR Z N 52m, BRAEE WA B I BARE A, A BLRR A 2 3105 ke i)
MiZ RS i1z B o i PR 3 B A . AT TR BT A R A B 22 SR R MV HLA 35 i b AT A S 0 Hr, 45 2R
TR 3 2 I8 A B AR DM (RP=0.7081); HE— 2L 435I % 382 22 R W AR A v 22 25 A A AL 75 1k
FIRESCHEAIHT, S5 2R TR (F12): RIZVURW) — AR CHER A (R*=0.8154), A7 HLAKR & 1k (1 534 55 Z 305 )
PR 32 53 A 22 i) AR AR 2 B A PROK P DXl P I, A LX) 22 30 D5 e v i AN i A — 5 RS2 ). A
FCRIZ VLR, ST DR 3 AR OCHE B0 235 (RP=0.9534). X R i TRIZVIM T 230512
R LLEE 2%, RESMNEZ IR R M5 A T BE 2858 — & Z MIAYASCHE. iR ghm b T2 4MET
B, ZAIFREAEI RSB TAE. [, TOCE Z M5 e lTRR i v ) R EA 1Y — A~ F 2
1, ZHIFIRAR TR ES, M EZ LS AU BRI SS & 1B =k ARl (R A Lk
XF ZERIFIEAEDN ) oA LA — s AR AR .

%2 KRR T 235 O i (ng/e)”

Tab.2 PAHs concentrations in different depth of sediments

wEY 5 0-2cm 2-4cm 4-6cm 6-8cm  8-10cm 10-15cm  15-20cm

£ NAP 39.0 46.8 41 40.5 47.0 27.8 27.1

TE A ACY 6.1 4.6 3.4 2.9 33 2.8 nd

e ACE 4.4 2.9 1.9 2.9 3.7 3.8 1.7

il FLO 67.9 28.9 50.1 27.6 32.8 19.4 6.7

(3 PHE 171.4 97.1 123.2 77.1 87.6 51.6 12.3

B ANT 16.1 11.2 8.0 6.0 7.7 6.2 0.9

e FLA 137.9 82.2 60.3 50.9 55.1 48.5 52

B PYR 88.1 58.3 472 39.1 43.7 343 3.7

I [a] BaA 473 34.9 21.0 17.3 19.0 17.8 1.7

J Chr 95.4 67.5 39.0 31.8 37.2 33.0 3.3

A [b] D B BbF 110.4 82.0 44.6 37.6 429 40.4 42

IR K] BkF nd nd nd nd nd nd nd

HIf[a]tE BaP 66.7 47.1 32.7 27.5 20.9 23.2 0.2

Biif(1,2,3-cd)i¥  IcdP 73.2 412 27.7 22.6 25.9 24.8 0.9

Z%If@h)BE  DahA 10.5 8.0 4.4 43 1.9 1.9 nd

#If(gh It BghiP 51.5 36.0 10.2 20.1 232 225 0.5

58 4 YPAHs  986.0 648.8 514.7 408.2 451.8 358.0 68.5

2-3 F(%) 0.31 0.30 0.44 0.38 0.40 0.31 0.71

=4 (%) 0.69 0.70 0.56 0.62 0.60 0.69 0.29
*nd: ARK .

2.4 KRNI

AR BLZ AT IR AN 3 B 0T AR M2 A5 R B R TR, 8 % R TR (-3 ) ZHIFFREE R
FTAMBIGRMRRI AL TE. B0 TEG FRHLL P NEHSR F B T R e iR g,
FI AR P A B0 0 25 35 22 3R 05 12 LA (LMW/HMW) ] LJEI B 2 3R 592 1075 L R 8. Soclo 251915 1
2 LMW/HMW <1 B, RBHZI5 8RR ARG, 24 LMW/HMW >1 &, WRH 258558 2R
TR, EYOKERZIRY L, SHEHITRILEGE )Y RS LMW/HMW LL{EH/N
F 1. PEUE AT DU, TR PR B 2 3055 8 B R BB HRR G L.
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Fig.2 Relationship between the total PAHs concentration and TOC(a: surface sediments; b: profile sediments)

Ti4h, SBEA TP 2 RS IR MR FAE DRI 2 R IR, TR/, BBV . A [a]
B/ 5. KRR Yunker SFPOHAN SR, B/(EHIE)(ANT/AANTH+PHE))/NF 0.1 38 % R 2 HE ORI,
KT 0.1 M FIRMRPSRIE. 58 -/(FE B +E)FLA/(FLA+PYR)N T 0.4 ERE MZEHENORIE, KT 0.5 &
BLRARLGE  BURPSRIR, AT 0.4 5 0.5 ZIH] W REBRE A i M R H7 R BESR UR. ASIT 9848 R AL R
ANT/(ANT+PHE)# FLA/(FLA+PYR) LL{E (3 3) B i, 4 SR AJEWRY ANT/(ANT+PHE) L(EH KT
0.1, $57 LU b5 E Ay . FEX SREEA ANT/(ANT+PHE)HUEA T 0.09-0.12 ZJa], “FH{E A 0.11.
FWPE XU h Z A 57 It R [ TRRETR, (R X i fa . H7Ub g pLsh s HA 2RO S et R
A2, M FLA/FLA+PYRMEFRRE, FraFE S ELEIIRTF 0.5, F87 H LA | AREEFE R Bk 5 N
F. BB, VT BRI AR W SR R TS G W A T DR B 3R R TR 2 A T B Y Tk L
HEEMEM.

F3ILMW/HMW, BU/CE+HE) . ZE/E B LA
Tab.3 Ratios of LMW/HMW, Phe/Ant and Fla/Pyr

S FhREY Wrl Wr2 Wr3 Wr4 w1 w2 w3 W4
LMW/HMW 0.72 0.54 0.75 0.64 0.43 0.49 0.35 0.45
ANT/(ANT+PHE) 0.13 0.13 0.19 0.42 0.11 0.09 0.12 0.10
FLA/(FLA+PYR) 0.53 0.51 0.54 0.52 0.57 0.59 0.58 0.59

2.5 TURRYTS RK T FXUE E M

YUK PERZIURW) 2 A 0718 S8 P EIEN 696.5ng/g. (KT H T /K EZ 075815 Y e 8 (1780.97,
2083.84 Fil 2084.74ng/g) !, [ 55 [l Py SCHRAIE (A DG ™ wim > gt PR ETUR Y h 2 55
RS AL, HETERK R Z TR AL T b 85 G e, o 3R B P IX Rt 3ol iy 28 5 19 e R L e
NS B EL X PR 2R 3 i 1 — 2 B BTSN, L5 | R 7K A SR B 1 11 2 % E AL

F AR 2 3R 07 1] 5 2 ) S VR, i B 2 43 2 PR O5 H FLAT TEE P B 1),
PR XU 22 05 e ) A 25 XURIFA IR ST 7EAR 22 I R 585 R IT. 1995 4K, Long 45 PHAE R Ak 1 250 0 52
JEAl b, B TR E T S O R A LTS G B T A 2 KUK 0N, X TR (B (Effects Range Low,
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ERL) MR X 8] H{E (Effects Range Median, ERM), X P4 (E#E A T s e iR i i 19 A 25 XU A s
K. ARSCUABURRYIH PAHs XUS PN ARl J 0 R (R 4), X EPUKESTRY A ERL il ERM (R PP A
RKZVURY T PAHs 7T REXTAE Y77 AL M S RN, ARE RS TN AR AETT I, 4 RAE R —Fh 2 B 05 2 AN
2Ty e R e A T ARONE X ] 5 {EL(ER M), 33k 3R B ™ o 1) 22 B4 05 e A 25 IXUR 1 B SRR R LAR I TR AR A,
B TR AT HE S AEAE LS (FLOYIL A 8 1 A0 X [RIMIGEL(ERL), 156 BH 33K £ b [X 22 PR T e b A 40 1) 0 A6 g i
ZAFE.

% 4 RZVURY LI5S TR B bR i A (ng/g)”
Tab.4 Comparison of PAHs in surface sediments and SQS(ng/g)

WEY fais ERL? ERM" el
%% NAP 160 2100 40.4-96.0
Ji% ACY 44 640 2.6-6.7
YA ACE 16 500 2.6-5.1
Vil FLO 19 540 15.1-56.2(3)
g PHE 240 1500 35.0-133.9
H ANT 85.3 1100 42-18.6
P FLA 600 5100 37.5-134.9
4 PYR 665 2600 28.3-99.1
I [a] BaA 261 1600 16.7-61.8
J Chr 384 2800 27.9-106.1
HH[a]tk BaP 430 1600 27.0-80.5
Z I (@ h)E DahA 63.4 260 5.0-14.0
J=8-: YPAHs 4022 40792 332.0-1039.8

*a): RN X AR b): 0 X IR (): 465 AU ERL fEAYRE AL
3 &it

LA EATSE, AT 20T 4518

(DS ARESTRALE, EARIREEE X 23055 ke i, WO DX 3 2 30 & i i ey (RERAY 2%
AAELA B B9 R RIF [0 S AIE A LS5

Q) EMK PRI LYY 2305508 BB R AR RIR, IFREE TURRYITR B B3 Ik, 230078 m
I SA LR & R UIAC. 52 IR E IR IE S R E VTR AR

G)EPUKFEGURY Z 3558 20k A TACARRELRA Y B IARe. X ERORZRIPE Dt $Hv0RY
PSRRI R R AR AR AEBE . LETRIRSE | BEAE AR sh B s

(47" FE 1) Z R I5 e A 25 AU 1R LUK B DU AN, (BRI X2 (FLOY (b & W & B 1
B PR EL(ERL), R BEAT1EH X AW A M
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