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(1. P EKF=RIZEB T B KT I T AL b 3 i el T R JR T N SR ==
IR ol IR ARSI E  H 2660715 2. PEVGEER T HE 266100)

3

|/

WE A THNEFHERNBEITELBNTERN, T 2013 £ 8 ARXET il ¥ HiEH
34 43k AR BV, BT Pb, Cd. Hg, Cu, Znf As6 HEAEWLE, 2477 Pb. Cd.
CufiZn4 HEALBWZEEQMAE, RAGTEEREMBELEASRNRIINEGEXEN RO ES
B3 RAHATIFN . ERET, AETHERXRENPRVELECERK, FABENRYE
(GB 18668-2002) I £ AR E K .k BN E 4 B 1 = B oA AR 2 I 3T 7 i P8 3 R K B
#H, Cu, Zn PO AEZHENMEBURAL, FNAELTERELELES, BFEBMIRT,
E4BAERHER, Cd ¢ EEFNHANEERRST, ZI 85 HE X 0K E H L ERR D #
B, BANHEWNELBEL A TR LEERE, BFEHFHERABEIEKXNNRF N Pob>Cu>
In>As>Cd>Hg; E42BHEAF R BA/NT S, RAARFLAKF, v 1 G350k Hg 2 H F#E
AR ZB Y 54.44 248, Hfsk ik BVR 4 Heg, As, Cu, Zn, Pb fr Cd W H FBEA L
A % % E /N 40, SEE 4 0.39~38.80, N7 Z b & 2K # K & Hg. Cd. As. Pb, Cu F¢ Zn;
HE AW A A NG R BNT 150, JEE K 16.39~79.57, R, 1 S 4 8A £ AN R H &
Bk E 79.57, HRENH, LEHETHREELESNRAT, NREZFEX BIAEELAFATC
L

XKEBIR O HETH; RBENRY; ELR; 2 HELE; BELSKNRITH

FESES S912  XEARIREE A XEHRS  2095-9869(2019)05-0052-10

FEJR BB 4 gem® 5 5 g/em’ U 14 YIAEAL 30 S, DR % A B d e . KA A= 77
J&, EZE4HE Hg, Zn. Cd. Pb. Cu. Ni Z5(H 41 DI S A S 1 A K AEE, B Rk 2 0V 2R
45.2005), W T E4E BA MR . B I REE BEln e . NZEH %A =g sh K H AR A A AL |

AR AR A I ¥ A A R BT W WA (13-Q52201302) A1 Hh e g% 2\ 35 M BB B BT 3 A BB L 45 2% 4 0
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20U 4 A B IR . MK A E AR B T 4K
fitt . BREE. WCRM . DURRSE SRR A M B TE TR |
[, BfF & e DR A4 1 4 i T e 25 i 7
BIRHE AR, IR M VeI . PR, TR
ANASUR TV v 4 R A A o RN a5, 2V
AR RO . ISR, IS Y 4 1)
KRR, TS IE WS LR, TR R Y
mY, [ 20 el 60 FATFLG, ENAM E 48 B
FEBE PR ORI ST R 5 A
21 gl )a, WY 32 B ) v OB 6 R 1
EAT, PR ILRE A b M DA 2 M IX AR R B 7 el o,
G PERT T H B T R

e, ERRZ ORI AL, R E R R B N,
R E A AL R = T AT S
{SGE A B 1) i g e 5 B AR . A 1995 4F R IR
ACWE G B AR , I8 VS Vi Y S 22 R AR N i
3193 MM HTE " . “7-16 K fim e E g ES
W Ao TRIEE, 3 30 41 ok A ih i Bl 20 0 1) PRk &
W O s e S AW . o, R VRS G
Yok TS S (A AE, 2003), 15 YRR B
T T i) v o TR DX TR AR (R HE S5, 2010), 3
Ok, TEMNR RIS S5 VIR h A8 Bl A A
UG K5 YN S Ty R T R R TAE, (A2
HIBRFFEEE AESEMN TS GRS IR AT, 2015) ., #IEIES (R IH
4, 2012; JAWREE, 2013; BRF5S, 2017) . LR TS (FMVERCHS
45, 2015), W Bein] F1(E /NS, 2015, BIBE4E, 2017)
SHLIX, T S SR TR 4 R ST
XS B (EARSE, 2013; XIBISE, 2016), AAFFEMHR
i 2013 4F 8 H s okl 08T TIixiBsy IR Y & 4
J& B ARG, I X 4 R TS Y IR R AT
W, AT A R A SR R R A 2

1 M5
11 AEEE

TR b DX 7R YT PP M 48 (118.98°~120.83° E,,
38.21°~39.01°N), F:i& & Wil 47 41 A~(F 1),

12 HmiESLE

K J 4% [ HYDRO-BIOS 23 7] Van Veen #3202k
Yeds, REL 34 NUURRPIFES,, HOITBRPIERZE 0~2 cm
JIEUERE A PE SEARMS R URIRAFE o DTRIRE 5 5 M R
BRI, ZIFHT SOCHAR h UL, KM FE &
WAL 160 H FR G (BURE SR i b 24 5 2 v fiff T A

Yo ik ab ), E4JE@Pb. Cd. Cu. Zn. Hg
FAS) 8 3 41 71 24k il e U R ) (GB17378-
2007) il B ARE T %34T, Cd. Cu. Pb #l Zn ¥
R F W B, Hh Cu, Pb #l Zn 2k
MG E , Cd FIA S ElE ; As Fl Hg &
2 AR B -2 G A T I

N
40.5°} ‘
LR
40.0° - Liaodong Bay
39.5°+
39.0°r 8512021:21.531.642
¥ 3 e o o i e o ° Ls
ﬁjﬁ% 1617 18 I 202122 2:3 2
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L) [ e O o o o o
34 3536 37 383940 41
38.0
37.5

118.0° 118.5° 119.0° 119.3° 120.0° 120.5° 121.0° 121.5° 122.0° E

P19 e g R

Fig.1 Investigation sea area and survey sites

1.3 MARYBEESKEITN A *

BT, T DU 4 A= 28 XU B9 AN 7 s R E0mT
PLar Am K. N FHEBUL 56 k. W
Hakanson (1980)i 7F/E B EFEE . BHEREUL.
M SRR Bk AR N B AR BOTAN Tk, MM 4
B BOMIEC I L NSRRI SR A TS AR B0 SOkt R 2k
8 T 288 VAN 5 ik (B8NP 4, 2015, XIR A6 4%,
2015). Hakanson #7E/E S FRR LA 1 AR
DAMMUHE EHE SR E i, 0 H % R E S E B EE AL
I DA R RS AR A SR R R, DN T R A8 A - b DA BF
G S %) 4 R S Qe AR B (RN PR, 2015, XIE AR
85, 2015; HAZEAE, 2017). AWFFREAHZITEAR 1
A 2R rh IR Z TR T E AR B
F 15 G RECRZE G5 Q45 5, IR AR A= 28 KU
PP X 12 B U RR ) o 4 1 Y B B iR AT R 2T
@ 1.

n . n ) ) n Ti Ci
Er :ZE?:Z@'XC*):Z{%J (1

qzzq (2)
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X, Ep WEABEASKBREG E RN
FUWAEE RIS RBG T ST 4 I HE e ] 3R
B 2); CONAERTAALHT TR h 42 Jm 1975 5%

{8, AWF5E R ] Hakanson 15 5{H (% 2); CLAMTTH
Hh i SRR SEERIE AR A CL AR TG Y
FEH Cy MERATS YIRS, N C 2 AL,

TMERSSRAREMEEESRERZENXR

The relation between evaluation indices and the contamination degree and potential ecological risk

*1
Tab.1
. AR TG YRR CRATS YR
Ci Single factor Cy Comprehensive

pollution degree pollution degree

L NS B 0 PN N LR TR R S AR
Degree classification = Degree classification of

of ecological risk for
single heavy metal

the comprehensive
potential ecological risk

<1 & Low <5 & Low <40 i Low <150 & Low
1~3 1 Moderate 5~10 1 Moderate 40~80 1 Moderate 150~300 1 Moderate
3-6 & High 10~20 % High 80~160 & High 300~600 2 High
=6 J“H Serious =20 J T Serious 160~320 JHi Serious =600 J=H Serious

*2 EZRAEERERESHENARY
Tab.2 Background reference values and toxicity response
coefficient of heavy metals

SR
Cu Zn Pb Cd Hg As
Parameters
C! (mg/kg) 30 80 25 0.5 02 15
T, 5 1 5 30 40 10

2 ZRE5{TR
21 REMBEYHELESEMZEN%H

TR b H 4 8 1 20 A A2 Bl 55 4 )
i ASZw, T H 5Ky PR A K SRR G, T
AF Az KRR . pH B . R B DL R DR i A BL
o DB I (5K T S, 2014), DLW
4 1 AT RE 8 I Wi X S 4 1975 YLK
SV T 43 A BR O BE A ISR DX 8k 1 B 4 S R R, Ik
— ARG YOG B . R, WS
T 3 U RR ) v R 4 S T A R LA A R I RE 8 e ik
IR 4R TS IR

&3 T i h e XCRE VIR T 4 R R4
&SRR RSN . R 3 M 2 nT L, Cu & 8AE
6.67~34.64 mg/kg Z[1], V3 20.27 mg/kg. FEITH)
VRV A7 R Cu R (B IX, S I ol i v s v e Ao 1 ik
JEEAR, RERAmPEEYYEE; Cu SEREEE
8 Fulifir, FEIL W AL AN, B 20 Suhfr,
FE A IR O E . Zn F iR 28.77~61.19 mg/kg
2, P4k 46.55 mg/kg; Zn B E XA TR
FIBEE, SEIL AR B o BV AR, 2l AR ) v 3
B AT BN O 8 SuhAL Zn S B,

22 Sulif Zn FEERAR, HA T A X AR JLER,
SET IS PR ML . P ARl 8.79~32.29 mg/kg
ZIa], V35 18.08 mg/kg; Pb ({8 X 7 Ty
PGl , SR AR S0 B AWK, SR m v
A A T RIS D8 8 Sl Zn S,
20 SN Zn FERARAR, AT KR o KO
F4E Cd S RIEHEHN 0.06~0.22 mg/kg, FH &N
0.15 mg/kg; Cd A 2 ME{EX, —Am H XA T
T IARES, SEATE R R IE X, B —A S E XA
TN E . 2 S0 Cd Sk, SR
WEOLE, BAREN 30 S, Bk 4 R ESR & RIS
T DR R ) (GB18668-2002) I 2451,

ABEFE A UTAR Y v 4 JE S R I(E S iie O
b DX 355 ) B 43 5 i P I AR R (R 4RI, HAE
J& Pb. Zn FHEEACTRME . BEE . LREN
PifE; Cu E@EBEANTIRIMNE . Wi, i Fir
ARERIHME 15.8 mg/kg; Cd & HE TR |
LRV, AR TE TS . 5 X145 (2012) 2006 4597 24X
P, ARWIHAEEEE 4R Pb. Cd. Cu il Zn %
P& i YA IR, Ul rh e R Y 4
15 YR IEAE B

22 wWEERESESHNER

T 4 SR A A A RN R 2 AN Jr
o 150, B4R R UR A AN [R5 m H o A FRAE 220
AN Kz —; Hak, MoK 3h 7078 A 40 i R
Ye v 15 YLy () i3z T ) R 5 1 5 4 IR 1) 40 AT (DR 75
4, 2017), 3X 2 B2 R R AEA 5T s SR AY L3R
B4 o Cu. Pb I Zn @ {E XA T K 10 A 1 B} 30T 767
B, REHWANREGER. B, KRG SHIERK
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wIEVD ISR A, S35, A E T
e RS R G, 2 s I B AE A LT, /IR
U VD b H 4 JE B FTRE , T i)
4 R SRS A L ST 1 DX g | A R A
HCERE, 2011); HWK, A fE 2R A0 Py T
U, 1R FHRILREVERTT, S =M A2 2 5
AT IR RS T B < A PR AR YY) , B 2K S 3 1) e
N, AT 8 R <5 R A T T P E R AT )
Foo Cd i EIXAL Tl il P I X, 3 2 o

T TR R VD % R B ) S5 Yo T30 iRk
BH, SIS 1 F5 0T AU JE VD FE I DX S8 300 e B 3 P A
MF, BB A B AL Beab i, Hoxh s o R TR Y
P —E M STER (LA, 2013)0 AR TS ARG HRE
HRE XU, Pb, Cu. Cd FIl Zn 5 B3,
FE T X — XIRGOR R AR B AL & =S
W B AT S A R BRI A, 2012). [RIRY, %
DX 3 5 ik 149 7K 3 77 VB A 4 i T 4 J8 DL 7E L AR
R, HIMZ XA 4 P48 & i RN BARKF .

*3 HREXEERSEMHEITHFE

Tab.3 The statistic characters of heavy metals concentrations in study area

i H Items Cu Zn Pb Cd
FAKME Minimum (mg/kg) 6.76 28.77 8.79 0.064
H¢7 {H Maximum (mg/kg) 34.64 61.19 32.29 0.219
¥J{H Average (mg/kg) 20.27 46.55 18.08 0.148
AR LA The over standard rate (%) 0 0 0 0
WU (1 /T
@Hé L . i ( ) . L 35/100 150/350 60/130 0.5/1.5
Marine sedimentary evaluation criterion (I /1T)
N N 2
WL - el i
Hebei Province AR Hebei Province Liaodong Bay
39.5°F Liaodong Bay 39.5°F

38.5°

363126211611 6
BT T T |

E b B ILb
37.5°F Laizhou Bay 37.5°F Laizhou Bay
1 1 1 1 1 1
118° 119° 120° 121° E 118° 119° 120° 121° E
N
N ¥
LT S E] i
- | Hebei Province . LR Hebei Province Liaodong Bay
39.5°F Liaodong Bay 39.5°

38.5°

353025201510 5
EENTT T 7

38.5¢°

60 55 50 45 40 35 30
BT T [ |

38.5° -

0220.180.14 0.1 006002

M M
37.5°FL Laizhou Bay 3750 Laizhou Bay
1 1 1 1 1 1
118° 119° 120° 121° E 118° 119° 120° 121° E

& 2

RIZVURYIE G )8 5 10 A (mg/kg)

Fig.2 The content of heavy metal elements in surface sediments (mg/kg)
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Tab.4 Heavy metals of surface sediment concentrations in Bohai area (mg/kg)

X1 Area Cu Zn Pb Cd k5 Resource
M Laizhou Bay 2196  60.44 2199  0.12 KA (2015)
#1775 Bohai Bay 23.18 8722 3800 0.3 JE 4 145(2015)
i %15 Liaodong Bay 15.8 57.8 20.4 0.10 BT #%(2010)
1 H 3 The central region of the Bohai Sea 26.75 7529  26.21 / XIHI4E(2012)
Hi H3#8 The central region of the Bohai Sea 2027 4655 18.08  0.15 AHF5E This research

B R IR 2 A1, AP i TR
AL A K OB IR 58 45t 5 ) 25 T 4 0 A i RN 4y
fii(Abdallah et al, 2014) . 1A TTFRY) H 220 AR 51 1)
AHY, HEaSUiBRYk ARSI, RN
S, BT, DURWRL SR A LY S R A
BLH T (MR 5, 2014), TEVETTR Y 0RLEE 73 A7 L B
THFTEY) SR UR | s RR R R AR NSRS
T 0L, ) Bt 5 ) 5 VAV B 4 R Y B e (e SCAE,
2004), TEVFZBIRT, DUk g o 5 H &
4 B WA i 2 A7 AR 25 35 15 R G B LA Rl B 4%
2012), RFLLRARA A X SR )Z TR Y h 4 8 i it
R, s SRR R EHCE, £
BAIAE Cu. Pb. Zn, Cr Fl As A& 5/MF 0.001 mm
ok er B WE A OG, X 4R B B R M HE
(ZEMISRAE, 2008), BRULZAL, WP ERELEEHLSS
HL A 23 R Ry R B RO K 48R3 T I R ) e A — i 1Y
Ak, DN 2 ) 0 AR A v R 4 0 Tk BE (5K TR AE,
2014), ZEA DL B R, AHESE 4 R R
P VAT AR R DX 3k 2 B0 ) A R X o I
MRLAE, X5 i R R R KRB R Zn. Cu AN
Pb 1) 3V 7R 1 I e i A1 U A AU P o 3 — B0 (O AR
4 2011),

23 REMBRYPELERXMESH

PRse SEQOIIIFFR Ny, 25 A — I TR AN
Ivi) B 4 22 () ELA e A A S, Dk S i 4 J T
Sl — A iE . SR SPSS 16.0 #4147 5 4 i 25 0] 4y
1B Pearson AR, 45K B/RGEE 5), Pb. Zn,
Cd il Cu Z [ EA W E AR, XRRINXIGERZDT
Y Cu, Pb., Zn F1 Cd AT HESR A MIRIAY TS5 YL,
24 HBEDPBRENBYMEEESTLEESM

R 6 B AT AR AT AR Y, i b e T
B Zn, Cd 1 As 3 FEE 4R 19 Cp P {E#R /N

T 1, RIS HIKF; 20 8. 10 F1 16 % Cu
PR FI5 Y RBORT 15 3. 8 F1 16 Sl Pb FLIA T
BYRBORT 15 1 S He B Fi5 g 250K
F 1o DL bl 854 JE o B v AR I PR B T S (A,
ULIIZ X SR B 2832 BTG YL . 15 G R BE K /NIUT A
Pb>Cu>Zn>As>Cd>Hg, H:H, Pb 75 Y% R EI(H i
K, DUPH Ay e A it v AR TR ) v i B (R IR B T
¥, HIEHR 0.72,

A DX A AS S A 1Y) 4 R 4 V5 YL 8 B0 /N
T 5, BRI YKFE . NEERTSYIREORE, )
T R A A XL A5 Y B34 (E 2,97, &b
TR 5 G K .

®5 REMRYPZITEHMHEXESH
Tab.5 Correlation analysis result of individual
elements in sediments

Cu Zn Pb cd
Cu 1 0.801"" 0.942" 0.782"
Zn 0.8017" 1 0.746" 0.724™
Pb 0.942" 0.746" 1 0.771"
Cd 0.782" 0.724" 0.7717" 1

**+FIRTE 0.01 /K | E A

** Means a significant corelation on 0.01 level

25 HEPBRENRYEESEEEESKEITN

#7088, B 1S He BN IR LK
W RECK 54.44 Z A8, A TE XY BTA 507 He
As. Cu. Zn . Pb Hl Cd 508 T 105 S XU R E)
BI/NF 40, X 6 FiE 48 B SR IR S KU R
BOE (YLl 0.58~10.50, MR E|I/NEI A He .
Cd. As. Pb. Cu Il Zn, K& ZREERKAITE
Hg, & 10.50, I, Heg izl 22 A EAS
R R 3k 5 4 i ¥ e A B BT 14 5 AT — 3K
# 58 n He 4 I 3 e B2 s2 R - Xy
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Tab.6 The results of single factor evalution on heavy metal pollution in sediment

sppa i

Sltlft{iin - Ca
Hg As Cu Zn Pb Cd

1 1.36 0.50 0.77 0.61 0.97 0.36 4.57
2 0.97 0.52 1.07 0.62 0.96 0.39 4.52
3 0.67 0.35 0.94 0.53 1.03 0.42 3.94
4 0.07 0.31 0.44 0.53 0.56 0.21 2.13
7 0.08 0.23 0.46 0.53 0.62 0.23 2.15
8 0.12 0.28 1.15 0.76 1.29 0.33 3.93
9 0.41 0.42 0.98 0.70 0.87 0.42 3.78
10 0.19 0.56 1.00 0.68 0.98 0.39 3.80
11 0.21 0.25 0.76 0.63 0.72 0.32 2.90
12 0.46 0.43 0.47 0.50 0.59 0.20 2.65
13 0.31 0.35 0.36 0.49 0.49 0.22 2.22
14 0.49 0.25 0.29 0.39 0.39 0.15 1.97
16 0.08 0.37 1.06 0.61 1.04 0.31 3.46
17 0.19 0.54 0.73 0.56 0.83 0.42 3.28
18 0.26 0.37 0.62 0.58 0.60 0.22 2.65
19 0.35 0.43 0.70 0.66 0.75 0.36 3.26
20 0.08 0.30 0.42 0.49 0.53 0.16 1.99
21 0.10 0.14 0.43 0.47 0.57 0.20 1.91
22 0.21 0.25 0.23 0.36 0.35 0.18 1.58
25 0.25 0.42 0.88 0.60 0.84 0.36 3.34
26 0.08 0.30 0.62 0.51 0.70 0.34 2.55
27 0.63 0.52 0.80 0.66 0.84 0.44 3.90
28 0.11 0.55 0.86 0.66 0.83 0.39 3.39
29 0.13 0.65 0.85 0.66 0.79 0.30 3.38
30 0.10 0.50 0.45 0.47 0.52 0.13 2.17
31 0.12 0.42 0.70 0.71 0.79 0.40 3.14
32 0.09 0.50 0.62 0.63 0.67 0.31 2.81
33 0.07 0.32 0.55 0.62 0.70 0.32 2.57
34 0.10 0.93 0.84 0.71 0.76 0.34 3.68
35 0.13 0.75 0.73 0.60 0.67 0.25 3.12
36 0.08 0.70 0.56 0.56 0.55 0.27 2.70
39 0.07 0.53 0.45 0.55 0.54 0.20 2.35
40 0.09 0.41 0.50 0.55 0.55 0.22 2.32
F-H{H Average 0.26 0.43 0.68 0.58 0.72 0.30 2.97

Wil 6 FhE & JRLE A TEAE S REL Ex AW AT
L HZEA K R BN 150, RIS TR
REAE S K K. Hdr, 1 S ub g G SR
B 2B, A 79.57, HIKCH 2 Sl h 66.38,
20 SUN LR A T TEAE B KRS RBURIK, R 1639, H
WS BB 1 SR 1/5, 1, 2 Suifi irdbk

A ML, X — Xt/ Cu. Pb #l Zn &
MR (EL X 5 AU R B AR Y 20 5 3 (37 &b T 2 T 3
(R Fp R PR T X e B Bl M, A7 el VR T Y
BN, RIBSAS 5 52 i IR R R s, KA SE i g
55, FHCE S B MAL B AR AR, M4
DAV A, 22 B A AR AK T
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Tab.7 The potential ecological risk factors (Eg)) and risk indices (Eir) of heavy metals in surface sediments

i fir
. ERI
Station Hg As Cu Zn Pb Cd
1 54.44 5.00 3.86 0.61 4.85 10.81 79.57
2 38.80 5.22 5.33 0.62 4.82 11.59 66.38
3 26.77 3.51 4.70 0.53 5.14 12.46 53.11
4 2.97 3.07 2.20 0.53 2.82 6.44 18.03
7 3.24 2.32 2.31 0.53 3.08 7.02 18.49
8 4.60 2.75 5.77 0.76 6.46 9.90 30.26
9 16.33 4.17 4.88 0.70 4.34 12.47 42.89
10 7.61 5.58 4.99 0.68 4.92 11.59 35.37
11 8.54 2.54 3.80 0.63 3.61 9.72 28.84
12 18.25 4.27 2.36 0.50 2.93 6.13 34.44
13 12.32 3.48 1.82 0.49 2.43 6.50 27.03
14 19.50 2.54 1.44 0.39 1.95 4.63 30.44
16 3.26 3.66 5.30 0.61 5.20 9.17 27.20
17 7.79 5.40 3.65 0.56 4.13 12.69 34.22
18 10.40 3.72 3.10 0.58 2.99 6.68 27.46
19 14.14 4.30 3.51 0.66 3.73 10.81 37.16
20 3.18 3.02 2.11 0.49 2.64 4.95 16.39
21 4.00 1.39 2.16 0.47 2.83 5.90 16.76
22 8.43 2.52 1.13 0.36 1.76 5.45 19.65
25 10.00 4.15 4.41 0.60 4.18 10.80 34.15
26 3.34 2.97 3.09 0.51 3.51 10.24 23.67
27 25.34 5.18 4.01 0.66 422 13.15 52.56
28 427 5.52 4.28 0.66 4.15 11.57 30.45
29 5.26 6.51 4.26 0.66 3.93 9.02 29.63
30 3.93 5.00 2.26 0.47 2.61 3.82 18.09
31 4.71 4.16 3.52 0.71 3.95 11.96 29.01
32 3.54 5.01 3.10 0.63 3.33 9.31 24.92
33 2.72 3.15 2.76 0.62 3.51 9.63 22.38
34 3.92 9.33 4.19 0.71 3.80 10.27 32.22
35 5.33 7.50 3.63 0.60 3.34 7.44 27.82
36 3.16 6.95 2.78 0.56 2.73 8.00 24.18
39 2.71 5.34 2.27 0.55 2.72 6.05 19.64
40 3.54 4.12 2.50 0.55 2.76 6.62 20.09
SEHI{E Average 10.50 4.34 3.38 0.58 3.62 8.87 31.29

Wik 6 R T KB, HaE R A s R
W18 BOE 5 WA A S KU P 07 vk B s B B 45 21 L
B2, BB T g e B Ak 2 1 TR Y AE
AN TRICRR Y 28 A5 Xk i <5 T 14 5 P i o7 A 1 AR 7
A W08 A T B < S R A SRR 9 2501, A RE T 3t
5 78 DU b AN () T 4 Ja X T 5 96 dul 17 2 25 18 T 8K
I (HFEARAE, 2003)0 TV AE A A5 KU AN AL
JE T JE XA AR Y R TR R, i H AR T

SIBRAEVIRY P R AL, Hae S0t E
&)@ A S HEAT XS E, AT BB A B JCFE B b AT X
IR 22 5 K S RS Y R2 ), R TR BB N S IR TR
V5 YRR B A 5 VA B AT A A 0 M (R AR AR A,
2008).

3 &g

Y AR 34 SR Z UMY Cu. Zn, Pb
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M Cd 4 P &8 S EIETER QBFETTRY R
) bRE 1 ZRREE, BT B A 1
FEbRUEZLR it R S R 2 DU 4R 1 A (]
OYARFRAE o, HA i R R b 5 B 30 I e
W IXFRAR A #a . Cu. Zn F Pb F oS [ AR (L a3 EE
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Distribution Characteristics and Pollution Assessment of Heavy
Metalsin the Surface Sediments of the Central Region of the
Bohai Sea During the Summer

XU Yong'?, JIANG Tao', YANG Qian', CUI Zhengguo', ZHAO Jun', QU Kemingm’\‘

(1. Key Laboratory for Sustainable Development of Marine Fisheries, Ministry of Agriculture and Rural Affairs, Key Laboratory of
Fishery Resources and Eco-Environment, Shandong Province, Yellow Sea Fisheries Institute, Chinese Academy of Fishery Sciences,
Qingdao 266071; 2. College of Chemistry and Chemical Engineering, Ocean University of China, Qingdao 266100)

Abstract The Bohai Sea is a semi-enclosed bay with weak water exchange capacity and pollution
levels that are increasing with the development of modern industry and agriculture. Heavy metal pollution
has become an important factor, as it both directly and indirectly endangers human health. The release of
heavy metals from sediments might significantly impact on the water environment and the ecological
health of the sea. A survey of heavy metal content, distribution, enrichment, and pollution state of the
sediments was conducted in August 2013 to determine the seas characteristics. The contents of Cu, Pb, Zn,
and Cd in the surface sediment samples from 34 sites were measured, and the content and distribution
characteristics of these heavy metals were studied. Single factor standard indices and potential ecological
risk indices were used to evaluate the status of the heavy metal pollution and the degree of ecological risk.
The results indicated that the average heavy metal content was low, and that all individual element
contents were lower than the first class of GB 18668-2002. The spatial distribution of the heavy metals in
the sediments showed that their contents decreased between the offshore and central regions. The Cu, Pb,
and Zn surface sediment heavy metals, showed the most obvious changes with relation to their location;
their coastal content was higher and was gradually reduced in samples moving towards the offshore
region. The Cd content in the Yellow River estuary was high to the east and decreased along the western
sides. The individual single-factors for each of the heavy metals in the surface sediments was less than 5,
which indicated a low degree of pollution, and the descending order of the average single factors was Pb,
Cu, Zn, As, Cd, and Hg. The single potential ecological risk factor of the six heavy metals, except for the
Hg element at No. 1 (54.44) station, were less than 40 (0.9~38.80), which indicates a low level ecological
risk. The descending order of the potential ecological risk factors was Hg, As, Cu, Zn, Pb, and Cd, and
ranged from 0.58 to 10.50. The comprehensive potential ecological risk indices are all less than 150, and
ranged from 16.39 to 79.57, which indicated low level of ecological risks. The descending order was Hg,
Cd, As, Pb, Cu, and Zn. The Daqinghe River estuary had the highest risk values, and Hg was the main
potential ecological risk factor in the surveyed area.

Key words Central Region of the Bohai Sea; Surface sediment; Heavy metals; Distribution
characteristics; Potential ecological risk assessment
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