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Fig.1 Map of sampling stations of heavy metals in surface sediments from the Liaodong Bay
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Tab.1 Detection limits of heavy metals analysis( unit:pg/g)
JLH Cu Pb Zn Cr Ni cd As Hg
At BR 0.50 1.00 0.50 1.00 0.50 0.04 2.00 0.002
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Tab.2 The potential ecological risk index of heavy metals
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Tab.3 Pollution grades of heavy metal of sediments and its I,

ol <0 0~1 1~2 2~3 3~4 4~5 =5
PE 0 1 2 3 4 5 6
T5 YR i ¥ T— i o — 5 iR 5 — B e
3 sk Ni SR & A 5 Cu LR & A R W AL 2
A

3.1 EERGSENTH

(1 Cu R G &AM

Cu TR X M & A8 b i Bl Ry 5.8 ~49.3
pg/g(F 4 &R 21.6 pg/g BT RECH 0.30,
Cu TG R & 540 A S LR V8 5 3 & i AR
AR RSB S (R 2), Cu t R EE AKX
A3 RSN T R I U s D R I L AR AR A
VR 53RN 7S JBETRT VAT A i o) 95 0 T 5 VR IX. F2 243 A
TERTFE X 2R T F8 S AR 3 g Tl R 7S IR T ¥ 11 AR /)
I, Cu.Zn,Cr.Ni %570 % [F 3 - AU B 41 4
TURY) 5L A TE A 56 (36 5) L BITRR R AR M/, X 8
JUR Fr i AR S R S TT R W AR AR A Y
EVAR VN~ T w2 LA

(2) Cr TR |10

Cr TTRTEMF I I & AR Ol 6.4~74.7
pg/g(Ff &) &R 45.4 pg/g B F R BN 0.27,
Cr JCE & & 2 A6 H6 & L AR, U 3l b 2R B s 5 L
R EFE 8L 2), Cr JCER & i 8 X E 2501 76
TFF 5T DX i s 2 00 50 VA 3 LA R 7 05 LA AR B3 43
V3 VAL DX T2 B0 A7 ZE T 5 X109 7R B 05 B 7R ¥ 16 35
FZS BT L LAAR /N r iR, Cr TR EEX S5 A
BLTT W AR T Bk 0 (B H 2150 A R (R D).

(3) Zn TTEF BN

Zn LR TEHESE X0 & & 2415 Bl o 18.4 ~
200.0 pg/g(F O, FHE TR 72.2 pg/g. B H R
0.35, Zn JUER O hL 43 A 5 AL ER R PY E I R T B
AR TR A AR (R 2) . Zn TR FREEAX
T B A AR 5T DM s 2 P U R DA R
DR (18358 4308 R 2 5% LA A R B s R ¥ 11 X
B, ARAE X 3 ZE A A0 AT DX 7R T S R e S U
Zn JUE S X5 A WU AR A SR (R 5)

(41 Ni TR A0

Ni JCEALE W X Y & 28 Ak [ ok 5.6 ~39.4
pg/g(FF 4 EE RN 21.6 pg/g /B R RECH 0.27,

PSR VH T S ey o R AR AR R A B AR
MRS 2>, NiJoER & & & E X 32200 A 7E BF 5
DX At 0 2 0 0 0 YA duk L R B 7 I LA AR A 3 43 g
VR 7 85 LA R U B 8 7S B Tl 1 7R e S B o v L fIK
1B DX 253 A0 TE B9 DX AR A 8 2 0 1 % 7S JBE T
T 11 RAAR ZNER o3V 35

(5) As TR EF MM

As TTRTEHE XA & A2 LI F o 3.63~24.50
peg/g(F ) FEEEN 9.00 pg/g. AR RECN 0.40,
As JCE F i 4347 28 B R VG 3 F PG B B S AR AR
A EBAR A o3 A R S v A X2 BRAR L BEAR 43 A1 A B 5T
DX PG i 3505 7 PR TS Y] 10 AR e 0 Al LA B G 30 e
VOGRS N s 22 2 5 i 3, A E 10 pe/g UL L
JREB AT Ik 24 pg/g UL L (& 2), ARAH X 32245 A 7E A
FEX AR 3B ARG M AR . As o 5 HA
JCE FTTAU S AIAR M55 (£ 5).,

(6) Cd TTE & =AM

Cd JTRTEMFFEIX 1Y % &2 A2 A oy 0.05~0.88
pg/g(F O EE &R 0.20 pg/g. R RN 0.78,
R K, Cd JTBER & &0 2 &R
AR AN = R AR R R (B 2), Cd TR S i
L DX 52 PR o 43 A7 AR F 92 DX 0 b N s =
P VS R K LA P TR s R G R 3 S TR T Ak
TR /N B B B AE 0,40 pg/g P b R AT 3K 0.80
pe/g VLB 2) ARAA X 32255 A 76 0 55 XA 2R 35
FIE #B

(7) Pb G R A 1R

Pb JCR ARG X 1 % AL ol 12.8~56.5
pg/g(F O ERHR 27.3 pg/g. B 55 RECHN 0.24,
TR X BN, Pb JGER & i A 2 A L R
IR A 350 e A BB AR A 43 A RS (BT 2) s i { X 22
G375 VR BB S BT 1 A0S P LR L LR T
B, AR X 3 A A ARG DX 2R T A AR S vl A
ZS T 1 DL /N X 3k . Ph T 3R 5 A AL AT
TR RIAA M55 (R 5) .
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(8) Hg JCER & o1

Hg JC % 76 iF 58 X 1 % i A2 fk Y Bl Ry 0.003 ~
0.38 pg/g(F O, FHEHN 0.05 pg/g. B 5 REH
ik 1.00, & AL R, He TR # R Cd ot
B, SV AR AR AL S R L e A Y
RSB 2), R (E X A FROIR 32 40 A AR A AT X A P

x4

0 PN s 2 VA W 5 L R O SR 7
F 7S AT I0] 11 A8 43 /NS, 5 5 AE 0.10 pg/g BAE
JRE ATk 0.30 pg/g LB 2), fRAEIX 3255 Fi 78
R XA AR M., Hg ot RS Zn.Cd 2 W] W IE
KR (r=>0.82,P<<0.01, % 5).
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Tab.4 Statistical characteristics of contents of heavy metals in surface sediments from the Liaodong Bay

i H Cu Pb Zn Cr Ni cd As Hg
Fe/Mi/pg » g 5.8 12.8 18.4 6.4 5.6 0.05 3.63 0.003
KA/ pg s 2! 49.3 56.5 200. 0 74.7 39.4 0.88 24,50 0.38
XM g e g 21.6 27.3 72.2 45.4 21.6 0.20 9.00 0.05

PR 2%/ pg g ! 6.53 6.63 25.3 12.4 5.93 0.16 3.66 0.05
A5 R 0.30 0.24 0.35 0.27 0.27 0.78 0.40 1.00

PL 3 #r 28] Cu.Cr.Ni Zn % 8 4 )8 0 & 74
A RN AF 5 DXV 3 0 VP T O J i T R O X AR
R AR (J&] 2) 5Cu . Cr Ni Zn %0 & [R 4k iT
FR) S 200 0F AH G, BT AR R A% B 4, W) 3 6 o0 3%
S (AR R R X S T K R B AR AR A A A
W B EAS T (ES, Cd 5 He S EEHEX

FE VAL, At D3 B i AR AR (L 2) , 5 LR % it
AV ZRAI R IEM (K 5. Pb 5 As LR GTEN
e (L DX H BLAE A58 IX 1) PG i 3508 Ot i S8 O AR X5 T AR Ik
FRFNAR HR B P As & 3R (& 2), 5 H AL T E M
DURRI A M358 (3R 5) .

RS5 TFRERENMRYESHINBEXXER
Tab.5 Correlation coefficients among the elements of surface sediments from the Liaodong Bay
Cu Pb Zn Cr Ni As Hg Corg i iz it

Cu 1.00

Pb 0.58 1.00

Zn 0.84 0.41 1.00

Cr 0.76 0.30 0.80 1.00

Ni 0.92 0.51 0.80 0.89 1.00

Cd 0.62 0.26 0.81 0.48 0.49 1.00

As 0.34 0.30 0.16 0.08 0.29 0.13 1.00

Hg 0.61 0.26 0.84 0.57 0.54 0.82 0.07 1.00

Corg 0.77 0.31 0.82 0.88 0.83 0.50 0.03 0.59 1.00

b —0.73 —0.25 —0.77 —0.90 —0.82 —0.48 —0.02 —0.54 —0.82 1.00
¥ ih 0.68 0.23 0.73 0.89 0.78 0.46 0.01 0.52 0.79 —0.98 1.00
it 0.69 0.21 0.72 0.87 0.80 0.42 —0.01 0.53 0.82 —0.92 0.87 1.00
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32 5irEnMELESE=XTIL

WL AR DR Y AR & 5 5 3R = U
Y 4 Jd & AT HL AR I LR AR X LR h 4R
TR KA T A K (R 6, IARE DU Y &
SR S 5 IR AT 0 R 2 TR by & A
T HH A CuPb.Zn Cr & 2 FIfE ) O BR VT 0 LA

Py IR I ARV URR ) SR S DX 4 R 7 G
BT LA N A T e b 6 R )
H)E TR EAT5 Rk BT X UL Y R
4 55 5 B TR LG i s 5 F S X B A B BR Cry
Hg SMNAHBR U 7 109 1 BR Pb.Cr, As SM 81

AR

*k6 KEREBILAYPELESE (ng/g) LbE&
Tab.6 Comparison of heavy metal concentrations(pg/g) in surface sediments along the coast of China
TR Cu Pb Zn Cr Ni Cd As Hg BRI
R IX 21.6 27.3 72.2 45.4 21.6 0.20 9.00 0.05 A3
S| 10.7 36.7 49.6 41.2 19.3 0.06 [20]
T 36.5 48.3 189 76.0 48.7 0.15 [20]
O 18.6 13.3 32.0 20.0 0.30 9.00 0.04 [24]
I VG 25.5 22.3 75.7 68.9 30.3 0.14 11.7 0.04 [25]
M 7 416.9 753.2 6419 60.6 248.1 396.5 [22]
SN 13.3 20.2 59.4 57.1 19.4 0.10 13.1 0.30 [26]
Kirm 23.4 19.3 72.0 0.13 9.87 0.06 [27]
B/ SANE] 38.6 44,0 100.7 81.1 0.20 22.9 0.17 [21]
i 18.8 17.6 56.1 32.5 0.13 0.02 [28]
IRt 13.0 22.2 68.7 146.2 0.06 0.12 [29]
i 34.0 24.1 108.0 57.9 0.25 6.58 0.06 [23]
4 it R BRL PR 175 Gl 48 B T e R B ol s IR HE R S Cd
Hg.Cu.Pb,As.Zn,Ni,Cr,Cd BI0 5 Je 45 $OR 5 5
41 BEETSRESSH Sl 7 o5 SR 96.9 %0, P B AL T o TS LR A GR 2,
4.1.1 DU E 4w T AR A S AR DA  7);Pb.Cu, Hg. As.Zn LI035 YL 15 5053 79l 1 5¢

LRSI R R TUR Y & Ea Jmou 5 &% Bty
B TS AR BRI B R LR 7,
i 7 R RS IX IR JZ DR 8 Fh e 6w

s A 5 B BAY 97.4%.89.7%.75.9%.55. 7%
55. 4 % S-S {E Ak F A A5G YRS 5 Cr Al NI T5 J9IR I
LI

RT IFRERENMRYVESCENREFSHREY
Tab.7 Single factor contamination index of heavy metals in the surface sediments from the Liaodong Bay
15 Y 4R 5L Cu Ph Zn Cr Ni Cd As Hg
e /MAE 0.39 0.64 0.28 0.16 0.23 0.62 0.47 0.13
e KAE 2.78 2.83 3.08 1.15 1.57 13.5 3.18 15.2
SEXIE 1.44 1.37 1.11 0.75 0.90 3.09 1.16 2.08
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Tab.8 Potential ecological risk indices of heavy metals in the surface sediments from the Liaodong Bay
Ei i
1 H RI 4
Cu Pb Zn Cr Ni Cd As Hg
fi/IME 1.93 4.00 0.28 0.32 1.17 18.4 4.7 5.28 41.00
jEoN | 12.7 11.1 3.08 2.45 8.21 406 31.8 608 1057
FHME 7.21 6.83 1.11 1.49 4.50 92.7 11.6 83.3 208.8

W X TR Y h B4R RI B{E KT 150, 4%
DU A b Ak T AR A A KU AR 9 (R 2,3 8) . 8 Fil
43 ) A2 25 RV H e BRI CdL Hg . As,
Cu.Pb.Ni.Cr #1 Zn, I E4EE T Cd fl Hg BY2ES
DRI £ 1o - 359 A 25 UG 2 2k 38 i A 2 XU 25
(% 2) 5 Cd I sl o7 v 15 358 A 25 KUB: A5 40 DA B XU
FRREY 5 37.1 %0 3R 3 rp 85 AR 28 XU A b JXURS: 2 B 1Y
di 94.3%0 s Hg T A a7 v 1k 30 58 Az 28 XU S5 9 LA 1
AR R B 5 29.2 %6 38 31 Hh A A A8 XU DB XU 7
FEM 75.9% s W& Wi ik E,Cd JTRA 18 whifiiik
B T AR GRS A A 5 AW ALE R T R A
K s He JUEAT 21 ShALIAH) T AR 38 55 9 XU 7K

L 53 3 AR B TR AE K Cd FEE 4
Ja A A KBS v ) BT R R A e, T A AR Y
44.4% . CdAEBRE B S Cd i 4E Y M8 m Al
VAR B A . DRI X PE LA T T
M A KB B R M S B NS Cd Zn  As 55 42 )8
CL A BN 115 ok 8 AR s AR S KR . X i
B4R R Cd A5 5 4 8 E 3R B R i B R A+
FEEE . Cd oo R HAT B00R 0 A 1 R A B B
AR o et g Y 3 ) A K RN I (ke B R A
T FE AW, DR T 0 G R T SRR Cd
I T AT RES | R AR AL
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Fig.3 Distribution of the potential ecological risk (RI) of heavy metals in surface sediments from the Liaodong Bay
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Pollution characteristics and quality assessment of heavy metals
in surface sediments from the Liaodong Bay

Lan Xianhong'? , Meng Xiangjun'?,Mei Xi'**,Xu Yang'?, Huang Long'?,Chen Shanshan'*

(1.Key Laboratory of Marine Hydrocarbon Resource and Environmental Geology » Ministry of Land and Resources , Qingdao Insti-
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Marine Science and Technology s Qingdao 266071, China)

Abstract; The present study analyzed the distribution and pollution characteristic of heavy metals in surface sedi-
ments from the Liaodong Bay, and then evaluated the potential ecological risk caused by heavy metals to learn the
environment quality of sediments. Content distributions of heavy metals including As,Cu,Cd,Cr, Hg, Ni, Pb and
Zn in surface sediments from the Liaodong Bay were studied. Simultaneously,the potential ecological risks of these
heavy metals were analyzed by the index method on potential ecological risk and geoaccumulation index(I,.,) and
Environment quality in surface sediments from the Liaodong Bay was evaluated. The contents of As,Cu.Cd,Cr,
Hg,Ni,Pb and Zn in surface sediments appeared higher near the Huludao, southeast sea of the Liugu estuary in the
southwest part,near sea in the western. The results of pollution assessment by index of geoaccumulation and the
potential ecological risk index were almost the same. The order of ecological risk of these heavy metal is as follow:
Cd>Hg>Cu>Pb>As>7Zn>>Ni>Cr,with Cd, Hg and As being the potential risk elements for the ecological en-
vironment from the Liaodong Bay . The assessment result of ecological risk revealed this area belongs to moderate
potential ecological risk. The environmental quality assessment showed that the heavy metals in surface sediments
from the Liaodong Bay were not likely to cause harmful biological effects, but Cd and Hg were significantly en-
riched, therefore much attention should be paid to these areas.

Key words: Liaodong Bay; surface sediment;heavy metals;quality assessment



