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Fig.1 Distribution of sampling stations for three cruises
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®1 BERARYRERED

Table 1 Marine sediment quality standard™'®

F RV E & R AR bR bR/ < 107°

W AT

Hg Cu Pb Cd Cr Zn As
% <0.20 <35.0 <60.0 <0.50 <80.0 <150.0 <20.0
ok <0.50 <100.0 <130.0 <1.50 <150.0 <350.0 <65.0

1.2.2 W ERILEE

i B8 $0 (geo-accumulation index) H A #% )12 W FH T /K AR TR Y vb 5 42 )8 75 YL A BFEAR 1020, %
J5 15 e fE R WOK AR TR Y A R s deR L . i REA S

I..=log,[C./(RC) ], (2)

K L i RBEEHGC, RS ¢ R &8 WSS E C, R e MRS R RS % H, L
VTR A R IR T S RRPUAE A SO 52 % E, 48 Hg, Cu,Pb,Cd,Cr. Zn fl As ()7
S5 0.05X10 °,25.86X10 °,16.63X10 °,0.136X10 °,60X 10 °,75X10 *F1 13X 10 ° ;& N
FHFRIE K3y 5 22 S 00 Bl H 1.5, M BBES [, SESEIS GO ILE 2,

x2 MEREHISEESETRELEN

Table 2 The geo-accumulation index I, and the pollution grades of heavy metals

I geo 15 YL R B £/ T geo 15 YL AR % 5
1 4eo <0 NERE 0 3 geo=u4 i T 4
0<Igo<1 B 1 41 4o <5 o 5
1<l 02 I v 2 2 405 &S 6
2 0o <3 R 3

1.2.3 #HEABZREIEHK®

Hakanson W75 4= 25 KUK #5502 1h B 022 3% Hakanson 2 $52 AR B30 A0 vh 1 42 8 09 BR i BE 1 AR )
BE RO B 255 40T A AR A AON S RE EE R . RO AR A S KU R Bk iz i TR R DU Y
& JE B AR PP et R AR S RS R O T A K

E.=T. XC,=T. xC'/C,, (3)

K ED S E AR WS REG T, RS E S RN R TR E 48
F5MEACE A 00 15 Ye W1 Y BUBCRE B, B4 )8 Hg, Cu, Pb.Cd,Cr,Zn F1 As B9 EE M 25040 91 40,5,5,30,
2,1 1 10;CY MR ESE WG RRYGC AR ESE ( WSEWREC, MM ESE R
Z%H.,

i=1

LRI RGBS B TS R ERA W AE R AR 8, b H 48 75 5 C) HA R0 XU, iR 5 m
A 25 AU 46 B, 42 B Hkanson ™ 42 H 19— M LA 4 BR TAL AR ARG UTRY h 8 48 & i b S (EAE N S I 2
0 T 35 R R IR R B i 25 o DRk AR SCATS SR iV Y Sk O RR ) v o 4 Ja8 R B S fE L BREY

J3 4 ARG Hakanson'** 32 1 1 76 28 245 XU 8 200, FE W00 5T H 40 45 8 191, PCB(Z &I %) . Hg, Cu,
Pb,Cd,Cr,Zn Fl As, 1A SCEEX H A1y 7 Fp i 4 08 JE47 48 28 K PF M, BC7 224 Hakanson' ™ #2 H 9
RI JEFEIHEAT AR, PAE R E, RS RT 8 TR R 035 G PN S 9000 40 L3k 3.



74 w7 R T R 37 %

x3 E. I RIEXMAESXKREE
Table 3 The ecological risk degree corresponding to and RI

E; i BRI A 25 KR RI 5l S T AR A AU R

Ei<<40 ik RI<(130 i
40<<Ei <80 L 130<<RI<260 h
80<XE{<C160 L 260<<RI<520 B
160<<E: <320 [ RIZ=520 =

Ei>=320 =

2 #RHTHE

21 BMARENRYHEEESE

Xof A e BRI S 3 AR R Z TR Y G 8 T i AT 40T (R 4),2008—2015 AF B 5Y i BT R
&4 )8 Hg,Cu.Pb,Cd,Cr,Zn Il As Y 5T i 43 %5728 Ak 38 B 43 53] 28 (0,006 ~0.053) X 107", (5.4~36.5) X
107°,(7.5~18.3) X 10 °,(0.010~0.218) X 10 °,(13.2~52.5) X 10 °,(15.5~39.7) X 10 *H1(3.5~12.2) X
10 %3 ALK I £ 5 4 @ 22 4F S 2 i 4 B0 i o 0,030 <10 °,17.4 X 10 ,12.8 X 10 °,0.120 X 10 ¢,
30.8X 10 °,24.3X10 °H1 7.8 X 10 ° , AW 5T A A g 3 3% 2 DU P 3 4 R B i AR AL TRAKOKOE . HARR
GITAEREW, 53R 1 455 — KR ME A L ADFFE R 2008 4EA 1 A ub ALy Cu M 25— hrifE( 4h, L
by R A 3 7 1) A S P i BT A B — AR AR 1 Cu B A A A I R DR I AR A

R4 20082015 FARBEHERENBYESERES KT

Table 4 Statistics of heavy metal contents in the surface sediments of the study area from 2008 to 2015

iE SLitE Hg Cu Phb Cd Cr Zn As
KA/ X100 0.053 36.5 17.3 0.158 47.1 39.7 12.2

F/ME /X108 0.006 5.4 7.5 0.089 20.9 22.0 8.8

2008 P/ X106 0.020 16.8 12.0 0.134 33.7 30.1 10.5
AR/ % 0 9 0 0 0 0 0

KA/ X106 0.052 23.2 18.3 0.213 52.5 30.6 5.5

/M /<1078 0.019 12.8 9.3 0.010 24.0 15.5 3.5

wor Y/ X106 0.040 17.7 13.7 0.100 40.5 21.9 4.6
bR/ % 0 0 0 0 0 0 0

B/ X106 0.046 22.0 17.7 0.218 26.8 30.8 11.7

) /M /X106 0.020 11.6 8.7 0.076 13.2 16.3 7.4
2010 P/ X 1076 0.035 17.3 12.4 0.143 19.4 23.5 9.5
bR/ % 0 0 0 0 0 0 0

ZAEFH /X106 0.030 17.4 12.8 0.120 30.8 24.3 7.8

FAZEAE AT T 20062015 AF 4 230t 4 AT TR A R LU 7R 5 B O v SR 3R 2 DT AR W) 4 R A A RRAE
ST AS R R U], R 1L AR R R 4 DR R Z O Th 4 8 Hg, Cu,Pb,Cd,Cr,Zn Fl As B Z 4513
{H43 %4 0.056X10 %,17.3X10 °,16.2X10 ©,0.134X10 *,21.6 X 10 ©,22.2X10 *F1 7.6 X10 °, A 3
MR ES R G2, & BT R &7 KB T —BEPKF Hp Cu.Zn Fl As T EEAMY,
Hg,Pb f1 Cd & &4 FrBEAC, 1 Cr &4 Uris K, B2 AW 58 76 o 4d fa) BT g S0 R Z TR b &R
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B V2 % SR 0 BE 2 A L 7R B Y R i 2 4% SRk T IR — KT
22 FREMBMGELESROERDT LT 0.60r
20082015 4EB 58 1 38 J2 00 LY 7 42 U A 050
SERCEFR LIS S LI 2. N T G—ki i, A B9 L
CHEPE UL R B )™ 45— bR W1l 5 25 4 1 X 45
FLUC 7 i EE 4 T 2 HEAT O DA T AR S BOT M. A
Pl 2 AT 7 R 4 R R AR RS AL A R TR
i Cu, Ph il Zn = Fi a4 & & AR A B R E L3 A
FL U A 4 AT AR Cr 1o BN % 0.10
R B RSB Cd Ml As 195 =R 5k

0.40

0.30

B PR TR A

WA S B a3, Cd Il As B7E 2012 4F W 8 4 000 e Cu  Pb Cd  Cr  Zn  As
/N 2008 4L 2015 4F: 1 (B 2 A 15 5 F 4 "2008% w2012% w2015%
J& Hg B2 i 2 B So 8 R s 0K 19 B2 3K EZ TR E 4R

M2 LR 8 a RIS SR R X N 2RI RS 5
It RGIEZEHERZNEYIPIELESELEFMN, Fig.2 The inter-annual variations of the standard
WO, XA A E FiZERERNBEY P ESE N indices of heavy metals in the surface sediments
SBZ FIPIIE AL RUE )% 2R R B TR collected during the three cruises

AT LADCRRAE 6 % R = DO b, ST DL 2o i e 5

TR VR A5 AR T A KA, s 58 o A W B 0 T A R R R R A I [ R B %
T3 = DU v B 2 A9 AR P A2 AL AN S 3%

2.3 REARYEERETZTRITEMN

2.3.1 EFA&EBXZRIBIEN
20082015 4F 3 MUK A HE 48 T R 1Y L MAE A2 (2)  TH 5 H 8 4 A=) B 30 15 36k 3% )2 TR 1) Hb
BRUFEEL 1., AR R 2 I 5 G ) AT 45 SR WL 5.
£S5 20082015 EFHARBHRENBAYEELEN [ RETLEH

Table 5 The I,., and pollution grades of heavy metals in the surface sediments of the study area from 2008 to 2015

T oo S5 G4 251
i SiitE
Hg Cu Pb Cd Cr Zn As
N -] —0.50,0 —0.09,0 —0.53.0 —0.37.0 —0.93,0 —1.18.0 —2.88,0
2008 /IME —3.64,0 —2.84,0 —1.73.0 —1.20,0 —2.11,0 —2.03,0 —3.35.0
¥ —1.91,0 —1.21,0 —1.06,0 —0.61,0 —1.42,0 —1.58,0 —3.10,0
IO -] —0.53.0 —0.74,0 —0.45,0 0.06,1 —0.78.0 —1.56,0 —4.03,0
2012 /MY —1.98.0 —1.60,0 —1.42,0 —4.35.0 —1.91,0 —2.54,0 —4.68.0
¥iE —0.91,0 —1.13,0 —0.86.,0 —1.03,0 —1.15.0 —2.04,0 —4.29.,0
PN —0.71.0 —0.82.,0 —0.50,0 0.10,1 —1.75,0 —1.55.,0 —2.94,0
2015 e /IME —1.91,0 —1.74,0 —1.52,0 —1.42,0 —2.77,0 —2.47,0 —3.60,0
¥iA —1.10,0 —1.16,0 —1.01,0 —0.51,0 —2.21,0 —1.94,0 —3.24,0

FHH —1.15.0 —1.16,0 —0.96,0 —0.72,0 —1.55,0 —1.89,0 —3.53,0




76 w7 R T R 37 %

H 5 AT, BRE 4 )8 Cd 4, T A Btk 9 He, Cu,Pb,Cr.Zn Fl As [ I, ¥ 0 (8, )8 T35 i 9, &
W £ M R 2 B3k 6 FhEE R Ou R iYi5 e, 2012 4R M 2015 4R 0 5 A 1 A3 Cd o 0T, <<1.3% 2
s TG QR GUR TR G IGO0 . WA 3 MRS TSR 1 39 (E3 <70, HARBR AL AL 35 5 Hotm
HERS B A7 PR A A 34— 2L

B WS Z IR R L R E SR ICE Y Cd, e Phs A EERWILR N [ 24 FHE
HE 9 Cd=>Pb>Hg™>Cu=>Cr>7Zn>> As; Cd 1 T, e K, 2 W 40 ) B ST 6 3030 2 DT AR 1) 2 295 Qe IR 1
2.3.2 EEBBAELESRGFN

M P B 4 T ) T A 2 2 KU, i B0 X 25 LR JZ DURR Y T 6 T A v A A S KB E AT P (3R 6) . i 3R
6 FIHN,2008—2015 4R £ ifF il 3 AT 7 M 4 Jm B AR BT AE A S R R A E L B/ T 40, REE TS R AT
AR oy (G2 3) 8 TARAE S XK. 2008 4R IR & i SA 1 U2 19 Hg f998 7E A2 25 KU 2 90 24 ik 7
H A IR A 6 B A T A AR A KU SR AL TARK 52012 4RI A A 2 ANl Hg #3462 9
Cd AP AR 25 KBS A G AE T AR K7, HAtl 5 ol o <5 T 9 195 A A 285 XU S5 Ak TR /K 5 2015 4 18] £ i 3
A5 A UERLEY Cd AP AR AR 25 KU S5 G AL T A8 K7 AL 6 e < A9 T A 2R 25 KUBR S5 Ak TIROKF

F6 20082015 FRARBEHRENFENESREEESRBITNER
Table 6 The Assessment of potential ecological risk of heavy metals in the surface sediments

of the study area from 2008 to 2015

® B it © RI
Hg Cu Pb Cd Cr Zn As
PN 42.40 7.06 5.20 34.85 1.57 0.53 9.38 91.33
2008 Fe/ME 4.94 1.03 2.26 19.61 0.70 0.29 6.75 45.92
A 15.62 3.26 3.61 29.58 1.12 0.40 8.05 61.65
KA 41.92 4.49 5.50 46.99 0.94 0.41 4.21 94,92
2012 Fe/MHE 15.52 2.47 2.78 2.21 0.43 0.21 2.71 34.03
e 31.60 3.43 4.13 22.14 0.71 0.29 3.55 65.85
BRME 37.44 4.25 5.32 48.09 0.89 0.41 9.00 94.06
2015 Fe/MHE 16.08 2.24 2.60 16.76 0.44 0.22 5.69 56.36
¥ifa 27.68 3.34 3.74 31.54 0.65 0.31 7.31 74.52
T E 26.62 3.36 3.86 27.43 0.77 0.32 6.00 68.34

20082015 AERFFEIGIR 3 MR 7 FhEE 4@ 1 Z 4R W A S S R A E, Yl Cd>Hg™ As
>Pb>Cu>>Cr>Zn, Htp Cd W Z 4V G TE A B XS RECEL S KRy 27.43 , 2 8 40 ) B o du 32 22 1 v
FEAE 25 KU R F O Hg WIXIME N 26,62, 5 7 Fh i 4 )8 24 F 3 & & K/NHE R AR L L W 7E 2R S R &R
BOED W HE R A R HES s A R AT BE R Cd Al Hg 5T K EE TR N 280 T ek, Has k- LA
Tt AR R A

20082015 4F- B 5% 1 Sl 25 6 W AE XU 45 20 RT AR BRAS AL 6l oy 34.03~94.92,F-¥{H ly 68.34, MG
3 Y ZE A T AR A 25 XUBG R B 0 G AR AR b ke 36 9 88 A o 100 5 4 I A A 2 KU T T A1 A 2 XU 7K SF 5 He v
Cd Fl Hg FE L5 A W 704 25 AU H8 250 195735 STk R 35 1) 80 %0, BEHH Cd Ml Hg J& 1% i A 16 380 78 1) A 5 K
BT, IWAEFRAE (L 34K F 2008 4E A1 2012 AR A A ALK A9 RI BI(EAH 2, 2015 4F 0 25 Tk 19 RT ¥ i w%
Ko A3AT IR B R 2015 AR R AR BT 2 WK, HLA JLAS R A i 7 29 i U 3 L T B A7 A0 ) B VR R 4
o A A S ) A A5 B R B LA B AL RT B R R, T 2015 4F R 2 ALk i RT A B {H5EHT 2 RIS K,

H B 4 R 1 58 AR B0 s 1 A 25 KU 8 B0k W P 25 SR B 3R B Cd 2l ) B I T 3R 2 DU &
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B A T, A SRR Rk
3 45

ARBEFEARIE 20082015 4F 3 AUk E 4c fa) BRI 51 A SR S A7 1) 28 2 DB 0 A B RL, A0 AT
TREZETEYH Heg,Cu,Pb,Cd.Cr,Zn M As L0 5 £ &8 1Y & & MAEFRAS L RRAE , I R BB AR R 50 11
AR = R 1B ¢ A e N W A RP S B g e 1 A N 0 O N T o

1)2008-—2015 4F 1 4c fa) B 3 i 45k 22 )2 DUAR Y v 7 b 4 R 1 A VAR AL T AR K OF L 3 Ak 3k i 51 A
P S A ACA 1 ALY Cu AR, At W A il 7 (19 4 8 & A A0 — ARt

2) W5 3 % E VTR vh 45 T 4 JE I AR B AR fb s A 25 5, Cu, Pb Al Zn 19 & s AH G HL AR 5 Cr 1Y 3
TN BAEFEARA EF s Cd R As 195 1 3R BUA S B AT S 38 Ay #4517 Hig 19 & 12 38 BE A S 3 K5 s IR
M, I 8 a SR Il Al fa) BTV R 2 DAY T A JE S AR PR AR AR B3

3) K FH b BRFRHOR IR AL ARG 7 M E SR TR [ ZEFHEHT B Cd>Pb>Hg>Cu>
Cr>7Zn>>As, BB 07 Cd 52 BV FE TS Y b, Hofth 6 Fh 5 4 @ V5 Yo R 38 v il . SR W 7E A2 28 KU TR A
WL 7 M E SR EL 2 HEHET N Cd>Hg™> As™>Pb>Cu>>Cr>>Zn, £ A I AE XU 48 B0 5%
PN ARSI IR . 45 A i RS B0 R0 AE Az 25 KOS 48 B0 1 Ah AN 7 1 45 B T &5 1 — 3L &5
FEH Cd 28 o ) B 3 I 328 2 DR v S R e AR S KU
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The Inter-annual Variations and Pollution Assessment of Heavy Metal
Contents in the Surface Sediments of the Sea Area Near Caofeidian

HU Qin, LI Qiang, ZHANG Min-xia, REN Xu-he
(China National Offshore Oil Corporation Research Institute Lid., Beijing 100028, China)

Abstract; Based on the investigations of surface sediments at 51 sampling stations of three cruises carried
out in the sea area near Caofeidian from 2008 to 2015, the contents and inter-annual variations of seven
heavy metals such as Hg, Cu, Pb, Cd, Cr, Zn and As in the surface sediments are analyzed, and the con-
tents of the heavy metals are evaluated by means of over-standard rate statistics, geo-accumulation index
and potential ecological risk index. The results show that the heavy metal contents in the surface sediments
of the study area are generally at a low level. At all but one sampling station of the three cruises the con-
tent of Cu is over standard, and at other stations the contents of the heavy metals are all in accord with the
first category of criteria. The inter-annual variations of the heavy metal contents in the surface sediments of
the study area are slightly different, of which the contents of Cu, Pb and Zn are relatively stable; the con-
tent of Cr tends to decrease year by year; the contents of Cd and As tend to decrease first and then in-
crease; and the content of Hg tends to increase first and then decrease slightly. In the last 8 years, the in-
ter-annual variations of the heavy metal contents in the surface sediments of the study area are generally
not significant. The evaluation by means of geo-accumulation index shows that the multi-year averages of
geo-accumulation indexes I, of the 7 heavy metals are in the order of Cd>>Pb>Hg>Cu>Cr>Zn> As.
Except for the slight pollution of Cd at some individual stations., the pollution levels of the other six heavy
metals are all clean. The assessment by means of potential ecological risk index shows that the multi-year
averages of potential ecological risk index of the 7 heavy metals in the study area are in the order of Cd>
Hg>As>Pb>Cu>>Cr>Zn and the comprehensive potential risk index grade belongs to a low ecological
risk level. All these results indicate that Cd is the main potential ecological risk factor in the surface sedi-
ments of the sea area near Caofeidian.
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Received: July 16, 2018





