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Fig.1 Sampling sites of sediments in the typical bays of the Bohai Sea
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2,1 TERZEEZES T

X} 2010—2014 4F10 7R VA TR ITO AR W) B 6 J o s vk FE iE AT g h (3R D . Hidh Hg, Cu, Pb, Cd, Cr, Zn 1 As 1Y
SEEME A 0.11,18.4,21.94,0.76,40.61,69.28 Fil 8.58 mg/ L, {38 7 FEl 43 % & 0.001 9~2.720 0,0.24 ~
58.50,1.13~66.10,0.024 5~38.800 0,0.049~188.000,11.40~251.04 1 0.72~40.40 mg/L,& T Cr A4},
TL ARV DURR ) B 4 Ja 1 Y470 350 368 ok vl 560 Vg 3l 1) ~F 4060 5 AL KT 2003 4F 80 g Vg Sl D0 AR ) 5 4 0@ 19 7 39 {E L, P,
Cd F1 As 735l R T HAI R 4916 . Horp, Hg 1 Cd AR ™ 5, S RAA S 935 5] 2.72 F1 38.8 mg/L, S5HkE &
gAY — 8. UARSRZVIRYE S E 0 RRE  He &5 (8 X o0 7 768 2 5 VLR I 17 S8 NS DL AR
Vg 3k | T N T R ARG Y R VA 5 Coun v B DX, T M 0 8 £ BRI RO T8 B P s X7 T NS DA
KU 1 LAY ¥l s Cd s {8 DX T80 7 5 7 28 DK i T)) 1 RT3 v L 0 5 O R R 3 B 3 1 35 Cr i (B IX A2
TR w2 MV 10 B ST VB 5 I R A 2 g R B R DA R R R T s Zn R DXL T R
IR 22 V2 B S VA 5 As o (B XS, T4 M B 2 L i P I b B AR Vg BRI 24 5 G Y R AR T Sk (&1 2)

x1 RNYEAREBEERRYVESELERERE (mg- L")

Table 1  Statistics of heavy metal contents in surface sediments in the typical bays of the Bohai Sea(mg « L™ ')

[ o & Hg Cu Pb Cd Cr Zn As
IEPN: ] 2.720 0 58.50 66.10 38.800 0 188.000 251.04 40.40
B/ MA 0.001 9 0.24 1.13 0.024 5 0.049 11.40 0.72
A 0.110 0 18.40 21.94 0.760 0 40.610 69.28 8.58
TR )
b i 2= 0.240 0 9.49 18.64 2.960 0 29.110 43.38 5.42
ik 0.060 0 90.08 347.55 8.780 0 847.150 1.881.43 29.33
A SR 2.150 0 0.52 0.85 3.950 0 0.720 0.63 0.63
SN (: ] 1.030 00 93.40 44.10 0.450 0 109.000 0 102.30 39.00
/M 0.001 08 2.56 2.51 0.013 4 0.069 4 8.47 1.38
Rk 0.034 40 23.30 18.79 0.170 0 49.950 0 63.40 5.95
R B
T i 25 0.035 40 7.86 4.74 0.082 1 19.290 0 14.50 3.56
5% 0.001 30 61.79 22.49 0.006 7 372.020 0 224.89 12.69
5 Z A 1.030 00 0.34 0.25 0.490 0 0.390 0 0.24 0.60
R MH 0.250 0 31.50 48.200 5.950 0 50.20 117.46 17.70
f/IME 0.003 5 0.68 1.140 0.011 0 12.50 13.60 1.37
S FHME 0.052 0 14.30 15.510 0.220 0 26.01 45.35 7.29
’ PR 22 0.056 6 16.97 13.130 0.190 0 6.79 23.93 3.17
W% 0.003 2 287.95 172.360 0.034 5 46.17 572.44 10.09
s 5 2B 1.090 0 1.19 0.850 0.850 0 0.26 0.53 0.44
o [ v daf 11 1 0.025 15 20 0.065 60 65 7.7
2003 4F i it i 4 10 S 0.57 27.21 17.34 0.12 — 98.92 6.66

22 BHBEESES BRI

W 75 H 4 )8 Hg,Cu,Pb,Cd.Cr.Zn fl As F3{E 5 51~ 0.034 4,23.3,18.79,0.17,49.95,63.4, f1 5.95
mg/ L, (E 38T Fl 435 0.001 08~1.030 00,2.56~93.40,2.51~44.10,0.013 4~0.450 0,0.069 4~109.000 0,



3

VE AR ER T SRRV O ) B JR R R AT 5 TS ST

431

8.47~102.30 F1 1.38~39.00 mg/L, % & 4 8 Hg, Cu Fl Cd {8 8 1k v B I 5 Y - 218 ; A % 2003
AR I8 U I BT AR ) 1 4 8 1 SF- A4 Pb A Cd 4350 K T AR R i (8 . b, Hg R Cd AR X A5 ™ 5, e K
E 535 %) 1.03 A1 0.45 mg/L(FK 1), BTS2 )2 VTR H 48 40 A R 1F - He @ (8 X A7 F 5 AR R LA PY
T30 Cu v {8 XL T ¥ 4 ) AR VR 35 P 5 (8 DXCA2 T 8 e ) LA VS (%) T 6 0 B0 0 VAl 388 0K i P 3 9 B LA %
T P TS R A VA 38K 5 Cd A S VAV 0 3 AU 5 Cor o {1 XA 88 0k 7l P 3T Vi 385 Zn 3 L IX 2 240 A5 7E ol 1d )
2P R BRI T L VA T e VA DL RV M AR R R U s Als o (B XL T R R B DA R A S I B O AR
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Fig.2 Distribution of heavy metal contents in surface sediments of the Bohai Sea
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M HE 4 )8 Hg,Cu,Pb,Cd,Cr,Zn fil As 09 F¥{H 73524 0.052,14.3,15.51,0.22,26.01,45.35 Fl
7.29 mg/ L, {H 878 B 43 514 0.003 5~0.250 0,0.68~31.50,1.140~48.200,0.011 0~5.950 0,12.50~50.20,
13.60~117.46H1 1.37~17.70 mg/L,3EMIEE 4@ Hg fl Cd 18 4 1 v [ ¥ 8 A S 2408 5 55 2003 4E )
VR V0 S T AR ) T 4 I 1) S (B A L, Cd AT As 40 0 R T HAH R A 3E (& D . o, Cd AHXHE AR ™ 5, e K
HiKF15.95 mg/L. 3MERIZVORRY E 48 500 FEAE - Hg {5 AH X  H Al S B8 Cu AUE R B T 1
BRI 2 0 A VT 5 48 5 Ph i B 20 A 76 43 B U i L 10 28 3 300 2 M 5 Cd v 1 X 0 A A A 8 T 0 2 T
TS VS 4 by X RIS N T 3 e 8 R S Vg 3 5 Cr o 1 43 A 6 AR 35 TR R b IXC 5 Zn o {80 40 A 76 AR 8 U R AT e g A
AU I 5 As = (E 53 A0 76 AR 5 LAAR 2 30N v X (1B 2)

o v i R TRV TR ) R 4 R R MR T ST 45 R BoR , Hg, Cu, Cd AP B8 208 1 vb [ 96 38 1) S 2448,
HJE Hg Al Cd; 5 2003 4F )i 51 4 J@ V- B E i X EE A2 3R W L 0 3 AT Pb, Cd il As PP BIHE AR
] P2 B2 BG4 . Horp, Hg, Cu Bl Cd A9 e (B X 32 2843 A 70 5 M T R 378 V5 T 30 v Jal o 68 B R 4 ) L) R
BN RARE R, P R As 188 DX 32 8 G A 7R S M A 2 B 0 R B 9 T R A S, o A ) 2 e AR
RO 30 08 355, 5 T AR BN e 1 T B A A R A A X A MR R RR A R B R R R, AL AR
T ARG L KB ) e i 59 I R HE G AR . AL TETIREE A AL IR GRS .
OB o 4 Ja $ AL 1 SR U, 90 0, 30 V5 W ) ) 9 R e YT 0 Bl £ P B 3 R 227 CuL P, Zn 580, 45 3
B 30 96 355 U AR ) Hh R 7 4 T TR R R R T L AR T R L XA T AR R S A X N it v
DURBY) 4 i o e B — L T N AR R T A Tl X R R A KT O R O HES O L A R A
AR T W] 307 11 B 30 )5 IR K SR A A R T 0 B T 4 J 1% 41 UKL U VD i S SRR R S
TS TR T 4 S O et Ve B A G A 32 A2 A A KR A SRR RN TR Bl s e

3 B PEA

3.1 MRFIBHEE

Hiy B2 AR BOL T RIS K AR TR T 4 JE 5 Y VAN B — P R ik BRI A 1 VB ISR K IR B
DR 4 Ja 15 G () 8 A8 b B DU TR B & B 15 R RI 40 7 AR (R 2 IHRAR:

I, =log:[p,/(k X B,)], (D

K., EICE n FEVLEY A REIRE (me/L) s B, RTLERY P iZIc R =E. 452 Heg 0.05M,Cd

0.088"1,Pb 13.96"°,Zn 65.15""", Cu 22.1", Cr 60", As 151727k FIFKIE X 525, — K HUE

10.17.23
150007280
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Table 2 Pollution grades of heavy metals and their I, values

I geo 5 e AR £/ I geo Eg R % 5l
T eo=<0 Bk 0 3 o4 i T 2 4
0<Igo<1 [=Y: 5 1 4] g0 <35 Gy 5
1<Igo=2 g E 2 | &S 6
2] geo<<3 g 3

X T R T U AR T B R T MG BRI G IR 3. A B8 [ TR ZR WoR 3 it g R iy
BV E SR Cd 5 Y00 E R g KRR b E & R R R BTG, IR RO & 4R
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Hg.Pb,Cd Ml Zn H BTG e, Bl 5 2 1 1, Hop Cd I3 4 22 304 ok B 3 b 20 A5 08 e 1 B 34 L 31X 5 3 4F
L R DR R BT O AP B 3 1R 5RO A e B DDA G, A GBSO BT X I AR VS R B TS G Y SR B T —
V5K AT b S IE SR Al FURE FE 35 G IR BRI , OF AT RS W A B (A A T g i HE O B
B T ARV 4% T 4 JE T 3K U5 YRR B SR B 55 MR K N Cd>Hg™>Pb>>Zn>> Cu™> As>> Cr; ¥} if§ 15 X
Cd R Y, 25 H A BT R 15 Y B2 il o 3 55 KK Cd>Pb>Cu>>Zn>>Cr>Hg > As; M 15 14X
Cd B ET Y 45 H 4 8 o0 205 Yo 72 B s B 554K K Cd>Pb>Hg>7Zn>Cu>As>Cr,

R3 2010—2014 FHBEARBERBENELE L. M5LEEH
Table 3 Pollution level of heavy metals and their sediment I, values of typical bays in the Bohai Sea in 2010—2014

IR 1 geo /S

iE

Hg Cu Pb Cd Cr Zn As
2010 0.08/1 —0.93/0 0.44/1 2.48/1 —1.53/0 0.99/1 —1.10/0
2011 —0.12/0 —1.15/0 —0.75/0 1.39/1 —1.90/0 —0.93/0 —0.90/0
2012 —0.06/0 —1.30/0 —0.29/0 1.04/1 —1.51/0 —0.86/0 —1.34/0
2013 —0.34/0 —1.07/0 —0.02/0 1.12/1 —1.48/0 —0.74/0 —1.69/0
2014 —0.84/0 —1.00/0 —0.37/0 0.76/1 —1.73/0 —0.70/0 —1.69/0

TS 1 oo/ B

iE

Hg Cu Pb Cd Cr Zn As
2010 —1.21/0 —0.63/0 —0.22/0 —0.09/0 —1.46/0 —1.19/0 —1.59/0
2011 —1.55/0 —0.59/0 —0.19/0 0.20/1 —0.52/0 —0.50/0 —1.69/0
2012 —1.22/0 —0.61/0 —0.10/0 0.35/1 —0.90/0 —0.62/0 —1.68/0
2013 —1.89/0 —0.79/0 —0.32/0 —0.08/0 —1.28/0 —0.83/0 —2.22/0
2014 —1.67/0 —0.51/0 —0.20/0 0.22/1 —1.35/0 —0.55/0 —2.11/0

M 1 geo/ HH

E

Hg Cu Pb Cd Cr Zn As
2010 —1.84/0 —1.72/0 —0.38/0 1.30/1 —1.92/0 —2.21/0 —1.67/0
2011 —0.91/0 —1.61/0 —0.67/0 0.91/1 —2.06/0 —1.86/0 —1.62/0
2012 —0.53/0 —1.54/0 —1.71/0 —1.51/0 —1.77/0 —1.38/0 —1.59/0
2013 —0.93/0 —1.87/0 —0.70/0 0.84/1 —1.59/0 —0.95/0 —2.22/0
2014 —0.80/0 —1.79/0 —0.75/0 0.33/1 —1.78/0 —0.82/0 —1.44/0

32 BEAESKAREHZE

Fip o7 Hakanson T° 1980 44 9 18 76 28 25 WU 48 BOE T T 288 SO W DURR W) v o 4 Js 15 e e I
X AR B 25 R 0 5 WAV 7 b T R [ N AN DR ST VA T N A R Tz T i 2 R R
0 E DU R il TR A B 4 S s e S AT I NS B T DU T SR iR e R R DU P
R AR DA B2 VP K A XSk o 4 Ja T e Y SO L 3 3 T R 4 J I K 2 2R S X T R R DLTE BR
DB S 50 . T AR rh B s 5 R AR F2 K- DU /N B AR AR -t 28 AR A

p=Cl/Cs (D
E, =T, XC}, (2)
RI=D"Ei=2"TixCi=>"Ti xéi, (3)

AL Cy NEGE M RARLGC NESE WIS EC, IEEE BN S A, JATU5R A # i
DURYIPE GRS E, N Em 0B A SR R LG T, A G R ¢ 007w N AR R SR 5 R 7
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PR K A= W %) T 4 R T Y B BUSR JE . EE 4 )8 He,Cu.Pb.Cd,Cr.Zn, As BYEEPE M N &5 B 40,5,5,
30,2,1, 1099 s RI Ry 2 8 43 Ja T e A 25 UG 18 35 45 200 5z e X a1 s 7 A 25 UGS fG 35 R T, BN
Py ESEESEERESHBEBRCRLE 4,

F4 E.HMRIEXMENSLEERABEESNREER

Table 4 Corresponding pollution degree and total potential ecological risk degree of E; and RI

Ei i BAANYE Y A S E R RI {5 REAE S ERE
Ei<40 B RI<C150 i
40<CE{ <80 B 150<<R1<300 4
80<LEL<C160 TR 300<<RI<C600 b
160<<EL<320 AR5t RIZ=600 R
Ei>=320 R i,

Xl g i ML 7 i S TR T 4 R S e T AR AR A KR R A B ST LA 5. AR o v SR I U A 2
16 T MR e R TR 4 Ji o Cd, Hg IRZ, HoAy Pb,Cu. As, Cr, Zn 3X 5 Bl 4 Jm 249 8 IR A 508 F 55 90
4 T N 1L ARV U A S e T KU IR R Cd™> Hg™>Pb™> As™Cu™>Zn>>Cr, Cd A 316 BN
AR5 -58 L Hg A2 25 T R 8 O i - i 25 5 Wl g 8 Vg Il T 4 J 2B 2518 3 LB OB 29 Cd™> Hg > Pb>Cu™> As™>
Cr=>Zn, Horp Cd 25w 38 B2 3, Hg (9 2 285 £ 35 i 0 B 0o+ 26 s SR M 125 o < i 24 25 1 3 XU 4 I
J¥ 09 Cd>Hg>>Pb>As>Cu>>Cr>Zn, Hir Cd Az 25 3 F2 B O -1 - P 25 Hg 19 2R 2500 3 7 B O R il
A . BRI AR A6 LRI Cd Ml Hg A2 25 i 3 e J3 5 0 A7 R P R 380, 1530 A [ GO0 2L RV 28 35 JRe A X
FVER DR BE £ 90 A1 S it 2 DIAR OG5 B VS RIS M T Cd A= 25 fe T R BE AR AL B 35N B I, Hg AR 35 3 7 EE g
AR P R H 5 R T T S B T G R S n S B A SG

£S5 2010204 FHBARNBEARYESRSRNSBEEESNERY E]

Table 6 Potential ecological risk parameter E; of heavy metals in sediments of typical bays in the Bohai Sea in 2010—2014

LR E;

& h

Hg Cu Pb Cd Cr Zn As
2010 82.81 5.22 12.13 299.69 1.37 6.15 13.30
2011 74.47 4.13 6.08 239.12 1.59 0.95 10.07
2012 95.21 3.54 8.69 228.11 1.29 1.17 7.50
2013 53.71 4.17 9.20 131.18 1.30 1.09 5.59
2014 46.75 4.18 6.63 111.33 1.32 1.09 5.51

i EL

E

Hg Cu Pb Cd Cr Zn As
2010 30.07 5.08 6.64 43.58 1.27 0.75 4.87
2011 28.96 5.37 6.88 54.43 2.18 1.11 5.40
2012 40.95 5.32 7.19 61.86 1.68 1.01 6.18
2013 20.90 4.82 6.37 50.85 1.41 0.89 3.86
2014 21.47 5.61 6.70 56.96 1.57 1.04 4.19
L He M EL
K )

Hg Cu Pb Cd Cr Zn As
2010 21.86 3.71 9.59 150.19 0.81 0.34 5.19
2011 40.72 2.77 5.20 93.95 0.75 0.43 5.48
2012 59.52 3.96 3.50 29.60 0.93 0.62 5.38
2013 39.83 2.39 6.11 97.42 1.03 0.85 3.62

2014 45.34 2.96 5.44 68.75 0.91 0.92 5.80
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X i S R S U R R B AR S e F R MBS AT AR SR R A S E R
R X T L K B S P S I P S B < R T A A S A R AR R Y S s AR % R R BN R
B4 T <5 R BV A A S G T R R LA TP A Sy T V0 Ml DX A R 8 A s AR DR TR I R R 1 2 ) < R
RS S F AR LUR RO 2 . DI 1 G i 19 U A 25 18 3 15 R A O B, i e e 2 A Qe B Ik T g 0
7R B G R ST AE S HF R S, R X R G R R A S ERIE N RS, RN
G R A S A R B — B T U R M X < R T A S A R L DA b A O T SR T R T 0 M X
BT S F R B Y R X IR HUE S F FHON L,
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o TR
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Fig.3 Total potential ecological risk assessment for heavy metals in sediments of the typical bays in the Bohai Sea

47 8B

1) ¥y it ORDE VS OAR ) o 4 s Hg, Cd bR ™ F 55 1 X 32 2 40 A7 76 5 NV R 3% VA A 30 1A 3, g % B D
W hC ) DL I R MU BRI, i 3 S BRIV B S =T B Rl K B ) s e 55 L AT Tl 1 K HE
B JE IR R T W TS K HEBOS TR Y B & @ sg AR, O U RISV E & B Is P " 8. HR LU
& J AR SR A P IO 1) AT 5 St 0 ok L8 A DR TS DR A TR G . Hb B R B0 ) ) 1 B g
BESEGREBREENNERE RS VIRV ESE CAIBRERI™E. B TREG R . EAESE R KA
Yo, IR/ ES BT RIS YR E h R B 5Ky Cd>Hg>Pb>Zn>Cu>As>Cr; Bl S & H 4Rt R
15 YA 5 B AR O Cd>Pb>Cu>Zn>>Cr>Hg ™ As; 3N 15 2% 5 4 % 70 R 15 e 72 B2 1 9 3] 55 4K Ry
Cd>Pb>Hg>7Zn>Cu>As>Cr,

2) 1) 1 LR VB VAR ) TR 4 JE U5 U 0 A A AU R BOIE o A R A I i Vi A R0 T A S T KU I
KPR E 4SRN Cd. Hg 2 . HA Pb.Cu.As,Cr,Zn X 5 FhES B MR AESLEESS%., E4ET
0] AL AR VS 9 S A SR A U BRI S Cd™>Hg ™ Pb > As>>Cu™>Zn>>Cr; i 1 15 18 5 5 4 8 4 A i &
KBS 72k Cd™> Hg ™ Pb > Cu=> As > Cr>Zn; 3 M 15 5 4 J& A= 808 3 XU B9 5 i Cd>Hg>Pb>
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As>Cu>Cr>7Zn,

3) i AR S UL Y B R MR TE A S e H RO R R W] BT IR R T g A e E AR A
X T TR T A R R AR Y X0 A A % B B T R B AR N T R M R A A e R
JE — e D7 M T ARSI M T 11 9 DX A A A AR i 5 Wil Y R R S Y A A e E R M
Xof 5 0 o ST T A1 7 R R AR A vy 1 DX 3 A Al ) DA B B A T R B
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Distribution and Pollution Assessment of Heavy Metals in Sediments
From Typical Bays in the Bohai Sea

XU Yan, WANG Qiu-lu, LI Xiao, YANG Lu, HUANG Hai-yan, TAO Yi-jun
(National Marine Data and Information Service, Tianjin 300171,China)

Abstract: The study analyzed the contents of heavy metals in the surface sediments of the typical bays in
the Bohai Sea. Compared to the average contents of the China sea, the contents of Hg, Cd, and Cu are rel-
atively higher in the Bohai Sea. Of them, the contents of Cd and Hg reached a hazardous level, and the
high-value areas were mainly distributed in the areas around the Jinzhou Bay and Dalian Bay. waters south
of Nanpu Town and Caofeidian, and coastal areas of Dongying and Laizhou. The assessment by geoaccu-
mulation index indicates that the Cd is at the slightly polluted level and Hg, Pb, As, Cu, Cr, Zn are at the
unpolluted level. The assessment by the potential ecological risk index indicates that the potential
ecological risk of Cd is at the highest risk level, and that of Hg is at the higher risk level, and those of Pb,
As, Cu, Zn, Cr are at the low level. Heavy metals causing potential ecological risk in sequence is Cd>
Hg>Pb>As>Cu>Zn">Cr in Liaodong Bay, Cd>Hg>Pb >Cu>As>Cr>Zn in Bohai Bay, and Cd>
Hg>Pb> As>Cu>Cr>Zn in Laizhou Bay. Among the three studied bays, Liaodong Bay is the most
seriously polluted area with the high total potential ecological risk, e.g., some parts of the Changxing
Island, and the areas from Qinhuangdao to Jinzhou Bay. The risk level of coastal areas of Weifang is higher
than that of Laizhou Bay. The heavy metals in surface sediments of Bohai Bay are of light ecological risk.
Key words: sediment; heavy metal; distribution; pollution assessment; Liaodong Bay; Bohai Bay;
Laizhou Bay
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