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Fig.1 Location of sampling stations in the coastal area of Caofeidian
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Table 1 Classification of heavy metal enrichment degree in sediments based on enrichment factor™'"™

WA g EF 14
P 0 <1
£33 3 1 1~2
rh 2 2~5
fwi 3 5~20
0 4 20~40
& 5 =40

1.3.3 42 BLESREFH % S R 48 HOk

FIFH Hi 8124 3 Hakanson T 1980 442 H (14 1 78 4= &5 KUK 48 5074 (Potential Ecological Risk Index, PE-
RDY RV 8 4 Ja AR A5 AU o 38 2o 75 70 A 25 AU 48 B50nT DA 25 S et AR b o 4 J 1 T e B B L S
R DA B o U P AR A R R s v e A O

Ci = Cy/Cy, (3)
Ei=Ti.Ci, 4
RI=>,Ti+Ci/Cj, (5)

K. CooNs i R G RICR TSR R G E, N 0 P & Jm ou R e AR S KSR 2. T S8 st R 5 C
A R ISE (me/ke) . CL NE &R T 5 H (me/ke) .RT A EEJRLE S WAL ES KR
SRV T oll Ak T A T 4 R T 3 1 T R B 2 R0 O 3% 207, Hakanson W 7E AR 75 KUK 43 41
PRUESR J3 Il 35,
®2 ARYTESREMNSEENFERY
s[22]

Table 2 Reference values and toxicity coefficient of heavy metals in sediments

o H Cu Pb Zn Cd Cr Hg As

Ci/(mg+ kg™") 26 22.4 73.6 0.15 60 0.065 15.3
T 5 5 1 30 2 40 10
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Table 3 Grading standards for potential ecological risk™'™
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Table 4 The contents and background values of heavy metals in the surface sediments in the

coastal area of Caofeidian (mg * kg ')

ZiitE Cu Pb Zn Cd Hg As Cr

5PN} 18.70 21.80 89.40 0.35 0.088 8.87 41.50
I /IME 12.30 13.70 47.50 0.19 0.038 6.75 25.30
T E 15.93 17.19 57.65 0.25 0.058 7.82 32.41

TRl 26.00 22.40 73.60 0.15 0.065 15.30 60.00
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Fig.2 Horizontal distributions of the heavy metal contents in the surface sediments in the coastal area of Caofeidian
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1) B 175 YL 45 %1
FHZE 5 AT, B 0 f) 3 RV R Z VO 7 FhE &R F S E W R TR R — R A E S
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Table 5 The single factor pollution indexes of heavy metal elements in the surface sediments in the coastal area of Caofeidian

W H Cu Pb Zn Cd Hg As Cr
BRI 0.53 0.36 0.60 0.70 0.44 0.44 0.53
GiE e/ ME 0.35 0.23 0.32 0.38 0.19 0.34 0.32
I {E 0.46 0.29 0.38 0.50 0.30 0.39 0.41
WG PEDURR Y i — 2 bR v/
<0.20 <35.0 <60.0 <150.0 <0.50 <80.0 <20.0
(mg * kg™ 1)
2) & B R

W T A R IR Z VTR E AR U E W e R R K AR R TN I shiE
JEok H ST DTk . SR FENE TS T AL AT SUE ST B R R BT, RSO RS SR TR E %
RBUEGERILFK 6.

H % 6 AJ1,Cu.Pb.Zn,Hg, As Fl Cr R RECFME/NT 1, HEEGRBE B LG H:Cd WEER
BRTF 1T 2,8 TR w4005 e, 5 805 Y A 3 50 e DX 3 2 28 48 v 78 W 4 ) Tl DX 320968 X RO e e
24 10 Sulifi (EF =2.33) , &FE &R ITR B EBRE R/NIF : Cd>Hg>Zn>Pb>Cu>Cr>As,

xo6 BELRAEEBEHRARYEESEEESERY

Table 6 The enrichment factor indexes of heavy metals in the surface sediments in the coastal area of Caofeidian

Bt {H Cu Pb Zn Cd Hg As Cr
ISYN 0.72 0.97 1.21 2.33 1.35 0.58 0.69
e /ME 0.47 0.61 0.65 1.27 0.58 0.44 0.42
SEH {5 0.61 0.77 0.78 1.67 0.90 0.51 0.54

S50 B K TS Y AR RO B AR R B A T A AL nT UL SFT 5 EF RSP 45 3R — 80 w9 XN Cd 19 & 4R
15 YRR BE Dy B s g 7 A0 ) Ml DX A DR I 8 Z A AR R RS e WRIHEES S F 5 W AC ) R B TR T
SR U 42 R B S M L AR ) Cd JT R AL T o BE B 35 Qe R Y R R RS R S g B, A
JEARAR STy 2 Tl — TR T A7 B IR XU R AR ol L R R 28 | e T 7K JBiE 5 46 a7 A B VF 22 00 TGS
U s 55— BRI T 32 75 e BT e AR 3 BB AR RN A T K HE I F 420 o AR IEC 2014 47 L 45 i 1 R 5T
MRBE2 RO 5 L xR 7 AR IR HETS AT A A 6 TS e D B AR S G
T2 pH AL AT A RIS RE . i B HER AT 5T X R Cd Jo & Rl BE AR N2 A 7™ AR 3% 16 3 i 52 i R AR
EL R

3 1o X < e 0 B i R DU AR W R AR 2 B0 ) B AR 5 a0 A, R L A ) I g J o0 K 2 8] A [R] IR
PERST SRR DR 4 7T 3R AT A [A) B9 A 247 S sSORA [) 9 ke I 1l T HC T Ak B BF 5 DX — B, B TR
ZIREA RFACHESY . R 7 AL, WAl R R Z VIR E &8 Cd 5 Pb, Zn Z W) 2 81 3 IEAH
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KAE(P<C0.05) , XRHUBATATRE R A MFE RS R, b THIRN EGRAKS EaFEN . ERESR
5y T AL DL O B A HLBT R AL # . DRI 4 J 2% i 32 B HLITS A i IR 4 0

N T A AT A R ROR IR HLE] AR RS A TOC 443, o8 TOC RERTTRY A LB R &
A HUSE S WSS SR SR A E R m R R, TOCHE R SAIR&FREELLER,
P TOC & & #9728 fb BE S WA HLST A9 78 4k, TOC J& o 4 8 ik B 1Y 24k, hi& 7 7T WL, Cd. Hg 5
TOC & M 35 EA A (P<<0.0D) , WK M i 8 4 J8 Cd. Hg 5 54 HL i i 2 1 W5 B L FH 28 1~ 5 4k
J 07 TS A SN T 14 Ja AT L4 W Tt DK A H 8% 1 I B T DR TTAR W IR TOC 5 4 2 45 il
RZEVIBWE G Cd He & 01 ORI B 2 %, gt — PR DU b g Cd EZORIUR A NT5 L.

7 ERAEREERENAYEELEREN TOC EEEMNBEXRHE
Table 7 The correlation coefficients between the heavy metals and the TOC concentrations in the

surface sediments in the coastal area of Caofeidian

A Cu Pb Zn Cd Hg As Cr TOC
Cu 1.000
Pb 0.104 1.000
Zn 0.382 0.419 1.000
Cd 0.032 0.549 " 0.605" 1.000
Hg 0.006 0.080 —0.141 —0.131 1.000
As 0.584 0.329 0.147 0.308 0.263 1.000
Cr 0.314 0.251 0.443 0.480 0.331 0.386 1.000

TOC —0.041 0.062 —0.191 0.630 " 0.749 ™ 0.322 0.322 1.000

W BEARBON 145 * TR KK P<C0.05; ** FR UM KK P<<0.01

2.2.2 E2BBHLELESRESH

2% 8 W1, 7 FhEE 4 @ o0 R OF- 34 B d 0 0 A AR A KU 8 BRI . Cd>Hg ™ As™>Pb>Cu>Cr>
Zn, i, Cd Mg e RSB FEE E; HR T 40 B/ T 80, HAE B KRS 559 C ik 8] “ 457 Cu, Pb.Zn, Hg,
Cr Fl As WA AE SRS EL E /N T 40 SR SR R BAR” . LA ES R E(RI =99.93)
/NF 150, %I £ 8 T R L5 A TR A S S S R RART A b 0 RT (B P Cd 1 5k 6 05 K, 32 2 I 2
RKIZVIEYp Cd & & T s, H Cd /Y75 Je B 5, R e, 0 o 4o ) 3 B2 i 3l 3R )2 DT B R i) Cd
JCEN T LLE A, FRHEES S 5T A0 ) O TR R X R DU I 4 R AR AR Cd A A S AU
TEBOR hE B RS FYORE A R GRS A R,

H L3 T LA ) 3 T B 2 2 U AR 1) 25 G W 1 A A AU 8 4805 ) 43 AT R AT 349 52 B o S
X 1R I B B IXAIG A A 34, 3 AT B2 55 8 A ) Tl DX Tl 3 B3 2 |l 5 T Y HE A B A oG .

*8 BERALESBERENRYVESCEBEESKNKIEH

Table 8 The potential ecological risk indexes of heavy metals in the surface sediments in the coastal area of Caofeidian

EifH
geitE RI {4
Cu Pb Zn cd Hg As Cr
O] 3.60 4.87 1.21 70.00 54.15 5.80 1.38 124.78
e /ME 2.37 3.06 0.65 38.00 23.38 4.41 0.84 78.97

FEME 3.06 3.84 0.78 50.14 35.91 5.11 1.08 99.93
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Fig.3 Horizontal distributions of comprehensive potential ecological risk indexes of the heavy

metals in the surface sediments in the coastal area of Caofeidian
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BRI A ERSEAEYHE T RRETAY T ES B AEYREREFEREZ —, Hh4AY
PR 5G4 PR E R W F R & EY- IR R 75 EAEY R RS E SR FEEE S H
FAb 2 DR AR AR 5 R Y A JE P E MEAED O L deR G 0 I DT AR i ) B A R R A RB S TR AR W IR
RERMHE T EAEY- AR ER T, 2 BSAF>2, ZRx M BFEER K 1<<BSAF <2, 1R EMZ;
BSAF <1, A MRS RIFSRER (R 10, EEJE Cd 78 2 FhopFe 2 024k iy BA 5Kk B
YERL S P63 500 1.66 F1 1,69, A MR N I & R TR E &8 & 510 6.64 £, HARFE &R TR 1E 2 F
X5e 8 DU A Wy R D9 349 B 7R AT B AR — T 5 28 DL 28 1 08 B 1 DL 288, Y 08 B A WL T A I JRE 1Y [
BF WS T T R W B B A R B T BT A R T R AR N B RS 5 — 1 B TR 28 D 2 HE
MELS BRI EY LR THALE S B, W B Cd 76 2 MR R AR N R R RIS,

A4 2 FOWGESE DUIERT 7 B 4 @ i AR - DR AR R IR 43 0 5 UCRR A v TOC iE 47 AH G M 43 b7 - 45
W 11, B 11 al AL, BAHAN Pb.Zn,Cd B BSAF -5 VLAY B TOC 5801 AH &M R IR
i TOC HE W% B4R Pb,Zn, Cd TEAYIRN M B R . Eimers %% 58 i A2 747 2 7m 250, §2
T R A BLE ARG L A JE AR A RE KR . T DUHEWT, B E 4R Pb.Zn, Cd MR
A 1458 1 A ) TR PR R AR AR A IR AR N 7 R EE 4 JE 1Y BSAF (5 DU H 19 TOC 2 8 M 5%
PE . U] T 4 Ja JE AR TS AR AT N S WIS R T o 4 s L AR W AR R AE IR .
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x9 BELRAEEBHREBEYVEESCESE (ng kg')

Table 9 Heavy metal contents in benthos in the coastal area of Caofeidian (mg * kg ')

S LT 4 Cu Pb Zn cd Hg As Cr
EELU) Arca subcrenata 3.99 0.04 5.84 0.41 0.04 0.45 0.26
JEH = IGAF Ruditapes philippinarum 4.34 0.04 5.86 0.41 0.03 0.43 0.25

R0 ERAEFREHESENEY-MRYRERT

Table 10  The biota-sediment accumulation factors of heavy metals in the coastal area of Caofeidian

2% Cu Pb Zn Cd Hg As Cr
E i 0.25 0.003 0.11 1.66 0.48 0.06 0.008
JE A G4 0.27 0.002 0.10 1.69 0.49 0.05 0.008

Fz 11 HBRHH TOC 5% # W FE X3 H BSAFs B Pearson 13X F £

Table 11  The Pearson correlation coefficients between the TOC in sediments and the BSAFs in two types of bivalves

Cu Pb Zn Cd Hg As Cr
T Bt Bt i Tt Bl Bl
LR ES LIRES s Af AT A LR ES LR ES
TOC —0.359 —0.045 0.016 —0.013 0.346 —0.343 0.034 —0.098 —0.412 —0.223 —0.359 —0.253 —0.198 —0.641"

T EATBE GO SN 0. 05 BFAH &1 B 2

3 45

AL A X 2014-06 A ) S DT AR RIS A= 4K 7 B 43 )8 (Cu. Pb,Zn,Cd. Cr, Hg, As) LA 75
PP E R R AR S T AR - DR BRI RO TEAG T O e IR R VIR E A R
15 G AR VB AE AR S AR K RN AE - DR R B R B RS A R MR A R E .

1) & G ) 30T 1 0 3R 2 DURR ) B 4 TR B o M T VR OB T R — bR, RN AR IR R Zn>>Cr
>Pb>Cu>As>Cd>Hg., 4825 1 /A |2 005 T W 4 fa) 0 X B3 & L o L X8l & =AY
FEE N

2) B ) 3 VR SRR 45 A R TS e R B R B Cd>Hg™>Zn>>Pbh>Cu>>Cr>As, H Cd
ARG YRR R PR S Y A A A TR KU A T . Cd I A A 2 AU 5 G Bk B H A U I ok g 3 2
YA TR Cd,

3) A ) 3 T SRS AR W AR IR B R T R S i K/MIUT A Zn>>Cu™>As™>Cd>Cr>Hg>Pb, # 4
J& Cd 7E 2 B X5E 2 DA Wik o B B i) R BWEA L AW RN & &2 VIRYE &8 & &1 6.64 5.
HAELBITEE 2 FIGE I DAY RN BoR&H B,
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Pollution Characteristics and Bioaccumulation of Heavy Metals
in Surface Sediments and Benthos in the Coastal Area of Caofeidian

LIANG Miao'?, LI De-peng'?, SUN Li-yan"?, ZHONG Hui-ying"?, JU Mao-wei'"?,
CHEN Zhao-lin""*, LU Bo'*
(1. National Marine Environmental Monitoring Centre , Dalian 116023, Chinaj;
2. Key Laboratory for Ecological Environment in Coastal Areas, SOA , Dalian 116023, China)

Abstract: By using single factor pollution index, enrichment factor, potential ecological risk factor and bio-
ta-sediment accumulation factor of 7 heavy metals (Cu, Pb, Zn, Cd, Cr, Hg and As) in the surface sedi-
ments and benthos collected from 14 sampling stations in the coastal area of Caofeidian in June of 2014, the
pollution status of heavy metals in the surface sediments, the potential ecological risk level and the biota-
sediment accumulation degree in the coastal area of Caofeidian are assessed. The results show that the con-
tents of heavy metals in the surface sediments of the study area are in the following order of Zn>>Cr>Pb>
Cu=>As>Cd>Hg, and the spatial distributions of the heavy metal contents show that the contents of
heavy metals tend to be higher near the Caofeidian reclamation area and lower far away from this area. The
pollution degrees of the heavy metals degree from high to low: Cd>Hg>7Zn>Pb>Cu>Cr>As, of which
the pollution degree of Cd belongs to slight pollution and others are all pollution-free. The comprehensive
potential ecological risk grades of the heavy metals in the coastal area of Caofeidian are at a low level, but
Cd could be the highest potential ecological risk factor. The contents of heavy metals in benthos are in the
following order of Zn > Cu > As > Cd > Cr > Hg > Pb, of which Cd shows a relatively higher
bioaccumulation in two types of bivalve shellfish organisms and all others show no significant bioaccumula-
tion.
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