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Fig.1 Locations of the sites of surface sediments in the Nandagang wetlands
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Table 1 Details of fluorescence detector

A/nm
t/min N —
R ORI
0 340 260
13.5 420 260
29.5 482 250
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2, Bl 141.84 ng/g, 225 13 F PAHs K i o
H A5 T5 G B i R A 36 47 & NDG-18, {0 8 Fif
PAHs 7ERE & it 5]t 2 A6 e b 28 d5e 20 1
R Rk R R S . A ¢ PAHs V5 Wi
Wy ER s o TR A AR o, (O
FHI5 6 H PAHS e 2510 & il T BRI, A1
3000 ng/g, Fg R M1 P A A R HIAS 5 i R

TE /KW R JZ DT A 5 b NDG-2, NDG-7

Ul AL B 15 B 14 B 2RISR, HOR 2
NDG-6, NDG-8, NDG-9, NDG-13, NDG-16 3f; /5,
kG 13 B PAHs. ZEFTA G A5, BRs Ak tHAF,
HAx 15 Fl PAHs YA AR R H: —20E . K
I (ghi) A6, B (1,2,3-cd) B8 1 HRL T 50%,
H A ZERRTT (a) BAKS 1 318 100%, JFE. R If
(k) 2 AR H 2 AE 90% AL, 25 . T8, 59T (b)
PR AT (a, h) BURAS H RAE 80% LA I, B,
I () EERYAS HRAE 70% DAL, BEROKS HRAE 60%
DL b, A9 (ghi) A6 Bidf(1,2,3-cd) B A AG H 55
T 40%, —HJE K R m T 20%. TE BT A U AN
PAHs S & it 1, DTMRAE A 5 12 3E (18.85%), Hik
JERE(13.15%) o BUFIZRFF (g h,i) AL STHR R IIAS
2| 2% (43 1.11% F1 1.07%) , HoAl i) 2 3155 4%
X ) BT RR AL B 25 5, IF BN BOR A A i
SOFARKH BART5 5. DS i 73 Al 1, PAHS
B AN R S R B B B 2 S, A R A LA A
AN—BRG, A LR AR X 544 27 3] PAHS V5
Yo (HT5 YRR 22 R 0, R — 2 00T

16 Fh PAHs MIEIAEAA R 0] 43R 2 FR(ZE) |
3WOE. ZEUE. 25, JE. B KD L 4 G BT
(a) B, ARTF (b) 9B KT (k) 2 ) Tl 5~6 FROR
I (a)BE . R (a,h) B, BiIF(1,2,3-cd) 6. RIF:
(ghi)dE). AFRFE PAHs FIHEMIK 2 fioR, Horp
2 35 PAHs HIFXIHE R 5.86 ng/g. 3 3£ 22.23 ng/g.
4 3£ 22.41 ng/g. 5 ¥ 10.35 ng/g. 6 ¥£ 2.17 ng/g. M
AILLE Y, R e DURR ) 243 35 PAHS I 5
B HB R 10.39%~66.70%, I H. 2+3 ¥R PAHs fif
Fb A5 5 1) Z2 4 v ) 11 A6, [RIE 2 PR 3 A2
JF TS YY) F BRI TR ER, VAR 2+3 IR AL
o P 3t A 22 R R T R 0 V3 AR A ek o Tl
B IRBCAARXT TR PAHS SR (0 5T R A K E)
INEIFFAE IR - 4 31(35.56%) > 3 FR(35.28%) >

180 ¢

160 | -

140 | -l m6 3
mI120F T . m S
E 5%
> =4 B
i u3
) .
W u2 %

2 EARRMREIRY S SHFESHEE
Fig.2 Level and spatial distribution of PAHs in surface
sediments of the Nandagang wetlands
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Table 2  Concentration of PAHs in surface sediments from global wetlands

4R &/ (ng/g dw) g S
[P E 7.12~156.10 AR5
B PEE IR 324.6~1738 SCHR7]
SRR 38.7~136.2 SCHR[8]
2 1 755 46 176.1~563.3 SCHR[10]
EAW W7 LTSI 3.16~464.05 SCHR[11]
BURTIRTS: i 293.4~1937 SCHR[13]
HH R 36.4~68 799 SCHR[14]
7 B iRt 161.7~386.3 CHR[15]
TS R 341.61~4 703 SCHR[16]
Chao Phraya Estuary wetland, Thailand 6~8399 HR[17]
Anzali wetland, Iran 212~2 674 SCHR[18]
Canada River wetland, USA 16~12 000 SCHR[19]
Shadegen wetland, Iran 593~53 394 SCHR[20]
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Fig.3 Ratios and sources of PAHs in surface sediments of the Nandagang wetlands
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Table 3 The relationships of differient PAHs in surface sediments of the Nandagang wetlands

% % OZHE % ¥ OB O XE O KB B RIRO)RE RIRQRE K@ ZH IR hE EIR(ghidE BiIR(1,2,3-cd)i
ZEE 0.062
0481 0.629
(*) (%)
" 0478
£ 0.001 ~0.026 "
. 0.845
H 0092 0.108 0421 5
" 0.587
B 0254 0374 . 0254 0159
2 0.037 0.395 O&il)z 0256 0449 0.456
. 0.736
FIr@E 0296 0261 0342 0.032 —0.054 (rey 0035
I 0.006 0.085 0.123 -0.018 0.145 0.21 °<'5*0>9 0.229
KIHOEE 022 0374 0213 0.104 0361 0292 (i?) 0.123 Oﬁio
NP 0553 0478 0.648 0491 0.603 0.600 0482
KE 0. ) )
KI5 0003 0419 “T 0437 TN L ) ey ) ()
KIF@E  -0.24 0244 —0.022 0&17;‘ 0('19)4 -0.152 0.1 -0.191 0322 0235 0304
e 0.644 0.604 0.551
F (@ E -
FHa E 0021 0.103 0421 (k) (rey 04260265 0169 0101 0212 o 0399
FI(ghDIE -0.212 —0.182 —0.365 —0.236 —0.151 —0.334 0.003 —0.208 0&17)4 0.075 0.163 0.277 0.127
X ) 0478 0.857 0.909 0.551 0.492 0.782
1,2,3-cd)tt 0. . . . I } . -0.
Efigf(1,2,3-cd)i 0218 0.194 (6 (e (ax) 0318 0430005 0096 0387 o o (vt 0.145
- 0589 083 0.628 0.654 0.712 0.690 0.505 0.817 0.624 0.721
o 0208 (xx)y q(xx) (xx) (o) (xx) (o) 0416 03Ty () 0222 (*%) ~0.173 (*%)

T #* FoRE0.0UK T R B EMSR, *FoRFE0.05 K LR FE M %

VNI 1 R TR AR, EL B SR R 3K,
3 30 e 5 B s 11 SR A R B AR i B B
it —20 8 PAHs V5 QL iyl o[RBT, ROHs T H
SR XA 3 T R v, Ayt T T TR R A
xR s g R O 3 R TR
WP 2 BRI TS Y — AN . T LR U P Y
YURRH 5 Yo 5 FE 300 1 26 0% i PR B F % P46
B, PR, YR & SR L TR, 1N 54 % IR B
=, AR IR RE I 1 T 20 10 R, 16 R
DX 3ol 75 X400 220 5 019 2 ) i 7 1 A5 A7 U V4
RS

33 BAERLREARNG S FERESAR
W

R BV A T A 1Y 22 3R D5 SR N IR (1Y)
WTEEE, H 20 122 90 FAUTF R4 i AR A KU 1
MBS, 2201 T 20 ZAEMA R, CHIPTE AL
(PP Ty i, He rp a4 B A7 B R0 DX ARG 12 (Ef-
fects Range Low, ERL) FIZ b [X ] i 2 ( Effects
Range Median, ERM), B\ £ i N £ LI Z 8 T5 18
A SR, #)2Z T eskEREE b HE
UESE AT PR . AT e BR800 X TR . A (v

(ERL/ERM) #1732 5 LU, X re s I 3R )2 TR
W) 1) 22 A e A A A 2 XU A, DA A
EF PAHs 15 Y T e fa 1 -

AR 4TS B 25 A R A AT
R AE A e AR S KR, S B 2k F
11.88 ng/g, 1 4 ™3l 5.5 F ERL, fH/NF ERM; 2%
B - 359 4 25 KU B i A B T3, AR S KUK AR
AN 8.29 ng/g, (AT ERL; HyUCh — 42U,
A SRS ARG KPP IME N 7.17 ng/g, A 3 D uli i
(A 25 KU AR K A B 25 T ERL, (HBA T
ERM 37 o X ULAABRZEE . 508 5IEX AR
BT B WA AR S AU, HiAy 13 Fh 2355 12 xt
HEBHIRIARNEESGE . ZIHIFIRIEAN 55 Y
Wi o IO AR —E MR AU, B AR
TGS FE PAHs AR . RAAEH ok #H EHiETS
Yl 33 00 M DX 38K, 3t AV 26 X s, PAHS 7 & o [
A R S W 2R 2 TR T 15 B2 IR 05 IR AN
TR MG 1, AR bt T REAFAE — 2 ROV E M6,
N IZ 5 S 2 A BT S, N, 7R R ) & R IR
V3 €0 2 1 () 22 B DX A Y VA Y b P A, o o
B BRI, 45 6 25 Tl A 2835 3h 15 G HE, f
PRI b, A R B
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Table 4 Concentration ranges and toxicity guidelines for PAHs in surface sediments of the Nandagang wetlands

EIRFHM SR/ (nglp) TR (ngle) LA AT
ERL ERM
%% ND-21.97 5.86 160 2100
—EUE ND-50.45 7.17 16 500
% ND-6.12 2.48 44 640
Bl ND-64.55 11.88 19 540
Jis) ND-2.82 0.70 240 1500
W ND-30.28 8.29 85.3 1100
[£3 ND-33.66 6.56 600 5100
F I (a) 0.21~17.76 2.64 665 2 600
J ND-13.95 4.93 261 1600
I (b) 9 B ND-8.47 3.41 384 2 800
ES ISP ND-3.48 1.37 - -
FIf ()t ND-9.96 2.15 - -
T hE ND-10.63 3.42 430 1 600
HH(ghi)iE ND-3.83 0.68 63.4 260
EfigF(1,2,3-cd)tE ND-7.69 1.49 - -
B 7.12~156.10 63.03 4022 44792
A BRI 1], ZRAREARRE, 2010, 38(3): 1263-1265.
4 4k (5] U, AL B TR IK BRI A0 A B SRR
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CHARACTERISTICS OF PAHS IN SURFACE SEDIMENTS AND ECOLOGIC-
AL RISK ASSESSMENT: A CASE FROM THE NANDAGANG WETLANDS

WU Qian', ZHANG Daolai’, YANG Peijie’, LI Meina’

(1 Research Institute of Safety and Environment Technology, China National Petroleum Corporation, Beijing 102206, China; 2 Qingdao Institute of
Marine Geology, China Geological Survey, Qingdao 266071, China; 3 Shandong Monitoring Center of Geo-Environment, Jinan 250014, China)

Abstract: With the progress in coastal zone development, massive human activities become stronger, which leads
to the pollution of marine wetlands. Taking the Nandagang wetlands as a case, the characteristics of 16 polycyclic
aromatic hydrocarbons (PAHs) from 19 surface sediments are studied and risk assessment carried out in this re-
search. The results show that the total concentration of 16 PAHs in surface sediments of the Nandagang wetlands
ranges from 7.12 to 156.10 ng/g with a mean around 63.03 ng/g, which remains on a relatively low level in com-
parison with other places in the world in terms of PAHs pollution. The PAHs of the study area are mainly coming
from a mixed source of petroleum leakage and oil combustion, based on the data acquired by means of selected
PAHs ratios, the two-tailed Pearson correlation and principal components analysis at different sites. The ecologic-
al risk assessment revealed by the effects range-low (ERL) and the effects range-median (ERM) suggests that neg-
ative effects of the PAHs are limited in the surface sediments from the Nandagang wetlands, except for acenaph-
thene and fluorene in a few sites which bears potential risk to the environment. The present work may provide
some basic data and scientific information for environment protection and management along the Bohai coast.

Key words: marine wetlands; PAHs; surface sediments; ecological risk assessment; Nandagang
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