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1.1 HE@mXE

2016-08 F) M X RAEARE 124 0~10 em BIERZUTEYIFE S, RAE WA S IR 1, P, AR R 9
AR (LL“H? IR R X 3 el (LD k). M T E 4B RIS S TR &,
M AL FVRL Ak 420 (00RO ot €5 B B8 v o T A R 7 [ BN T 9 R TP D S B R AT AT
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Fig.1 Sampling stations of surface sediments in Huizhou offshore area

1.2 HEmOHFEELLE

BN T ¥ R AR P 280 2 2 B CMA B85 (194 S50 I8 450 18 b S2 36 28, 3 6 2 VTR RE b 7
o 5 4 J 0 R AT HLRK B AL A 4 BRI AR R B R R 26 5 BB 43T ) (GB 17378.5—2007) Y F
AT AL A3 A I, o

1) Cu,Pb,Cd,Cr A7 897 5 1 WL I AE s Zn FH KA JE - WOOL U € , BT XS 2 HITACHI J-2000,
Kt BRM 0.01~1.0 pg/kgs Hg. As R F 2600 22 , BT FAXES 4 - db s 75 R AFS930, 4 i BR R 0.001~
0.01 pg/kg.

2) A MUK FH 5 % R B0 4R AL — 30 D 25 5 vk D A it Ak 4 Ao 1200 7

e 5 4 J@ A3 BT R v SR P UCRR A s o it 2R A 7 2ok R o it s o] L 7 T 3R A DN {3 7 T SRR o BT I e R
VO Z P TC R B 0.002~3.1 pg/ke; FATHESORE % BE/NT 10260, SCE 5 st L o BT 4 SR ml 5 .

FIH IBM SPSS Statistics 22 #FA7H#APEGE 173 7 Fl Pearson #HC 4347

1.3 FMAE
1.3.1 ¥R EIBIE
i [/ 2f % Miller T 1969 442 H A FH A BA850E (T O E A BTG YR, kgL
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B DR B AR A R AR DR ) SRR TR R
I =log, [C,/(1.5B)] , (1)
K. CoAVBEYHESE  WWEE; B, MiZE SR BRI RE . S BICHk15-17 18 N2 AR F
SEM T AR T T R RE ,Cu, Zn, Pb,Cd, Cr, Hg, As 43 %I/ 17.0,47.3,36.0,0.056,50.5,0.078,
8.9 mg/kg;1.5 N B ENBUAVE T A I 5 REL
1.3.2 #HAEABZKNE I X
i L2225 Héakanson T 1980 =42 A1) FH ¥ 78 A= S XU 98 2072 (Risk Index, RD X ULARY) & 4 J8 #1714
AN PEAG B E Bz BT W E KU AR SR EC(RD B A
R1=Z”)E;=§”]T;, X C! =Z"]T§l ><€d
XPE, WESR MBEESKEREGT, hESE WEEWNREGC, VELSR MR RGO
R P E AR IEE;CL NN ELE i S HE. HEWSCER17].
S E N EH W BRSO AR BESR ) AR R C R S ET T AE NS E C L Cu, Zn,
Pb,Cd.Cr,Hg., As FTXF 0 B9 3 P b 2248 T0 43500 5.1.5,30,2,40 i1 10,

(2

2 LR 518

21 MRYHEESENRE

EOM T 3 T B DR h A R R I A5 SR N3 1 iR, Cul Zn, Pb,Cd, Cr, Hg, As 19 J5 2 ¥ 5 43 1
N 2.93~28.4,21.1~159.3,5.74~39.5,0.24~1.26,3.51~6.33,0.01~0.08,2.64~25.4 mg/kg., Z M1
N S 0 ] 9 AU B R ) (GB 18668—2002) %, Cu, Zn . Pb,Cd, Cr, Hg, As L Fl 7 % B — 25 br o R {8
43314 35.0,150.0,60.0,0.50,80.0,0.20,20.0 mg/kg, — Z 4% 1 BE &8 {85 4> %~ 100.0,350.0,130.0,1.50,
150.0,0.50,65.0 mg/kg. FF 1 0] %1, BH UL 5 R ITY H Cu, Pb, Cr, He TUFP T &R & 25 1 2 br
Zn.As A 1 AubALRE 2 28hRE 4y By HS HD) , HiAY s 7 % 1 2545k 8t Cd JC K i 5 . H4, HS,
H9.D2 PUAS S0 R 55 1 Jbrifl Ay 8 A ubi i M e 2 K45k, M E LB IC R E AT 50 GE 1), BN T 26
TR T R R Horp DU T Cd 56 2 284m ik, Hoflh 6 RhOT 2 B N EE 1 ehRifE.

®1 BEMNERSBSEHRARYESE MUY (mg/kg) MBNKR(%)EE

Table 1 Contents of heavy metals. organic carbon and sulfides in the sediments of Huizhou offshore area

v L Cu Zn Pb Cd Cr Hg As EERIR S ALY
H1 10.3 74.5 22.8 0.84 5.56 0.05 25.4 0.16 35.7
H2 3.06 21.1 5.74 0.53 4.66 0.01 3.87 0.02 26.9
H3 2.93 26.9 6.06 0.63 4.36 0.01 4.07 0.06 17.7
H4 5.27 38.5 11.8 0.24 4.31 0.02 7.17 0.01 42.0
H5 12.2 94.4 39.5 0.53 6.31 0.08 17.0 0.54 13.1
H6 7.14 56.4 13.4 0.89 3.51 0.02 5.93 0.12 39.6
H7 7.62 78.1 15.2 1.26 3.70 0.04 2.64 0.03 41.1
H38 14.0 159.3 27.5 0.44 6.33 0.03 11.6 0.37 38.0
H9 15.9 88.5 20.6 0.46 4.97 0.03 6.46 0.37 46.2
D1 18.3 74.3 18.5 0.53 6.16 0.03 14.3 0.23 32.3
D2 16.2 102.5 24.5 0.41 6.02 0.03 17.1 0.54 31.0
D3 28.4 114.7 30.2 0.74 5.98 0.04 6.46 0.92 30.0

-1 11.8 77.4 19.6 0.63 5.16 0.03 10.1 0.28 32.8
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5 AR U OB ) G (B R L BN T R SR LR Cd 5 e R s B AR L 1~ 8 A
Hob AR M E A A HT B2, DU Cd e fs 0™ 5, X n] A2 i TN AR I L HEHR & )8 Cd
PRIE 2 A5 - SRR 3 AL R T 22 WK R RS A TS ELRAY Cd AR

2.2 MR RIBHEN

DI ARAE P E SRS S E NS W % B (D 75 BN R B i B 7 Rl 4R Y b B B4R B
(£ 2):Cd BFH T, 0 2.8,33.4 %0 BYRAE 50 FE 5 G4, 58.3 6 1Y SRAE s A v BE TS Gy o LA A i v B2 05 e
Zn (R34 T 00 9 —0.1,8.3 % FRISRAE 5 R M o B35 G, 58.3 %0 SR Ak S N BET5 4, 33.4% N JET5 4% 5 Cu, As
G LSl RAT DR IS g 4 KB T5 44 s P, Cr, Hg =M K% M Bi5 4, MG AR 248 B0
(% 2),7 FESEICERTGYBEE N Cd>Zn>As>Cu>Pb>Hg>Cr,

®2 BEMNEREBHRAERMESBHRBEHTNER

Table 2 I, evaluation results of heavy metals in the sediments of Huizhou offshore area

15 Y T o5 e/ %
I geo bR 3352
£+ Cu Zn Pb cd Cr Hg As
1 40050 0 P REES 91.7 33.4 100 0 100 100 66.6
0<Ig0=<1 1 BTG Y 8.3 58.3 0 0 0 0 33.4
1< oo =<2 2 g BE 75 e 0 8.3 0 8.3 0 0 0
2T geo<3 3 v RE VG Y 0 0 0 58.3 0 0
3T goo<4 4 (CEREE 0 0 0 33.4 0 0
41 4o =<5 5 5 0 0 0 0 0 0 0
1o >5 6 JEEE S Y 0 0 0 0 0 0 0
T3 1 geo —1.4 —0.1 —1.7 2.8 —3.9 —2.2 —0.7

2.3 BEESKREREBITEN

EH I 5 R S ORI o R OV T A A XS R A A 25 KU 48 8 RT BT 25 2R 036 3 o, Cd WY E)
{ELIR R HIF R Hg™ As™Cu™>Pb>>7Zn>>Cr(3& 3) s R 1 AR A U R BAF 9kl 4370 (3R 4) . Cd HA R
A 2SR TTTH AR 6 TP 4@ e R HUR R M E S . W20 B2 HS B2 Hg JCR BAT th a5 AR 2B XU .

x3 ENMNEESBHNRMESEEEESNEREL

Table 3 Potential ecological risk indexes of heavy metals in the sediments of Huizhou offshore area

WAEAE BN RECEL

o A RI
Cu Zn Pb Cd Cr Hg As
H1 3.02 1.58 3.16 450 0.22 23.4 28.5 510
H2 0.90 0.45 0.80 284 0.18 4.05 4.35 295
H3 0.86 0.57 0.84 338 0.17 3.64 4.57 348
H4 1.55 0.81 1.64 129 0.17 9.03 8.06 150
H5 3.59 1.99 5.48 284 0.25 42.4 19.1 357
H6 2.10 1.19 1.86 477 0.14 9.49 6.22 498
H7 2.24 1.65 2.11 675 0.15 22.2 2.96 706
H8 4.13 3.37 3.81 236 0.25 13.5 13.1 274
H9 4.68 1.87 2.85 246 0.20 12.7 7.26 276
D1 5.39 1.57 2.56 284 0.24 17.6 16.1 327
D2 4.75 2.17 3.40 220 0.24 15.1 19.1 265
D3 8.35 2.42 4.19 396 0.24 18.7 7.26 438

-1 3.46 1.64 2.73 335 0.20 16.0 11.4 370
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2 3 AT, BUMGE ISR TR b 7 M E S B TR A RI (AR 149.83~706.31, FH{A K 370.22 iR 4
4 ATV, BN AT R IR OB Y I 4 R B A A KU L Cd B BTk R o 90%6 . M 12 ANl A5 RT (B K
F.H7>H1>H6>D3>H5>H3>D1>H2>H9>H8>D2>H4; Hh, H7, H4 35 {7 50 5 MR 58 | v &5 2
A5 AU 5 50 %6 14 3 o7 J2 58 A2 2 XU, 33 06 118 3l v & o A AR S KU . BEUAR BL B AR R b 62 9 RI (E &5 TP 3 1{H .
17 KV X R 2

SO AT 3 ¥ B TO R ) B 4 R T e A S U TR B O 45 2R (R ) 5 RIBEOF MM 4 /R (R DA
[, FEXHITET Hg M Zn WFCER . Hg 7EDURRY) H 09 s SRR BE L Zn 1K, R 115 255 1 7K1 T K (A S50 Pk
W 2. 3% S i 1 AS 6] o V5 8 4 J@ oC R AR UUR ) b & B [ i, 2R 28 &l A Jor 25 Sl e @ ] i
H,

x4 NMRYVECEBEESAEER

Table 4 Potential ecological risk grades of heary metals in the sediments

E: RI TR TE A A XU R B

Ei<<40 RI<C150 B
10<<Ei<(80 150<<RI<300 4
80<CE1<(160 300<<RI<C600 [
160<<EL<320 RI=600 R

Ei=320 5

TE < 28 A TE K s

24 MBMESEREREZMEZE

M1 FIER 1T LUE S BN G R SR TR ) T 4R i ELA R R A R AR SR RRAE . A H3 v A
HOZR L 25 0 5 D3 o B AT TR ) L HLL Sl (o B8 e o 1T HL3 s 7 (0 B 4 R & B B AT HL 305 Rl AE L 58
VTR HT 3507 5 4R S A HS SRR, 1 Cd SRR 2., X5 AR A UURY) & 48 1 H Rk
R U5 VS Y R 2 R AT O 0 BRRT AR SCA AT T OB A R R TR B R e R R

2% H RO Y & 48 Z (MY Pearson A 2G4 #7 . LA T fff 55 43 J@ A R JEE 9 i 38 5 W%, Cu,
Zn,Pb,Cr PUFP T P 35 A0 5 (P<C0.05) , i H Pb F1 Hg, Cr Al As ¥ i 3 1E 41 3¢ (P <C0.05) , 3% Jz Mk
TURYESRZEEREY, REAFSAIC ., ARG FEDREX N E SRS SRR 25, i, H3
U AL T ER BN SR X, HS AT SCRIRIN B AR X, H6 . H7, H8 = A ufi i 4b F A AL HETS 11 Bz . D1 &b F
MEHE DX, D2 Ab T3S 11X 53X 5 by 27 35 56 R I v DX % ) 30V e 0 B e 4 SR A — B Y R T IR R T
M iz S5 A TS G W HE R BT RR ) A R A

DR E SR & a2 2B Z W E B gl T BN T el B R PR BT O A W H (LS K
WEE DU AR R R R K SCEh ) RS ML E D B4 T 2017-11 FFUR S0 (il R SE R . A XS B &
WA R SCAE S B 5T L A 5 BT AT ML RIBRE Ak 4 o U R ) 4 S A A RS2 IR . DORRAT LA BB AL 4
R 1R, P AR S RN 0.01%~0.92% , FXE N 0.28 % s Hifb ¥ & & K 13.1~46.2 mg/kg, F
¥ Hy 32.8 mg/kg.,

HHLEEE Cu,Pb,Zn,Cr B2 B & EM KL (P<C0.05, FEARRE n=12,3 5), X &l T 848 v L g i
BiE B2 38 e R B 5 SO 5 A HILB 25 50 BOF BIURR 2 5% e 0 FR ) 3 4 J 40 A i E B DT T Ak
Y5 7TMESEITEEARMIC(P=>0.05; % 5) % 52 CEMBIR LR RF, T W RY E 4815
A ] B8 A2 B Z Fh A 5% B R Can AR kA2 sk 22 [ R W) 1 FH 9 2
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x5 NMAYMESERZRZEARESENRK RALDBEXSH

Table 5 Correlation analysis among heavy metals, organic carbon and sulfides in the sediments

Cu Zn Pb Cd Cr Hg As EERiIR S Ak
Cu 1
Zn 0.705* 1
Pb 0.682" 0.790 % 1
Cd —0.077 —0.043 —0.092 1
Cr 0.672" 0.666 " 0.756*  —0.448 1
Hg 0.341 0.431 0.823 0.200 0.479 1
As 0.256 0.348 0.569 —0.174 0.662* 0.561 1
EERIR S 0.887 " 0.695" 0.801** —0.160 0.697 " 0.440 0.255 1
TRt} 0.070 0.161 —0.211 0.118 —0.342 —0.315 —0.169 —0.226 1

Hn=12; x J P<<0.05, »x jy P<C0.01;2 H A4 JEE 4

3 45 ®

AR SO BN T R SR TR 7 M E AR TR S R IR T T L M T A R T Y R AR RS A A
SRS S 3#E— 2 R T OB T 4 Ja R U8 e s R 22

D) B I 51 ST AR # 42 J8 Cu, Zn, Pb,Cd,Cr, Hg. As S HE M F 4> 5 H 11.8.77.4,19.6.0.63,
5.16,0.03,10.1 mg/kg,Cu,Pb,Cr, Hg VRN ST EAF & UIRY T i 55 — b e . Zn. Cd. As F L EF G H —.
TR IE

) MR RIGHOTN 45 R E W7 FhE AR T RIS PR Cd>Zn>As>Cu>Pb>Hg>Cr, fif
SR R R Cd V59 . Zn, As. Cu 75 Y A2 B 41K . Pb. Cr, Heg S5 ¥ Gi5 4L,

3V A 25 AU H8 BOPFE A s o BN RV I TR B A TR RIS HIME S 370,22, B AL F 5 A4 A KRS
RAE.CAd BREBEBMASTEIREF. BELESKE R E. B Cd>Hg>As>Cu>Pb>Zn>Cr.Cd B4 5%
A HAy 6 MRS B IR W R MAES K . BN T R 7 FhE 48 oo R AR U B R A AL
N AFTE 22 5 AEAS TG,

D YLFRY 7 FhE 4 8 ICZE AIAE 4 BT 22 W, Cus Zn, Pb, Cr B [FJEE . A HLEGE R E TR Y & 4R & &
M EE R ZE . XUURY E 4 JE R IR BT, 7 E— 2P 85 G BRI TS YL JR AR AT 255 40 T .
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Heavy Metal Pollution and Potential Ecological Risk in the Sediments
of Huizhou Offshore Area

YANG Yu-feng, LIANG Hao-liang, FAN Kai-wen, XIE Wen-qi, CHEN Bing-ling,
ZHONG Jin-ming
(Marine Technology Center of Huizhou, Huizhou 516000, China)

Abstract: To know the pollution characteristics of heavy metals in the sediments of Huizhou offshore area,
the contents of 7 heavy metals (i.e., Cu, Zn, Pb, Cd, Cr, Hg and As) in 12 surface sediment samples col-
lected from Huizhou offshore area in August, 2016 are determined, and then the pollution status and po-
tential ecological risks of the heavy metals are evaluated by means of geo-accumulation index (I,,) and po-
tential ecological risk index (E.) methods. The results show that according to the National Standard for
Marine Sediment Quality (GB 18668 —2002) , the quality of the marine sediments in Huizhou offshore area
is generally good and the contents of the 7 heavy metals in the sediments meet the first and second class
criteria. The evaluation by the two methods mentioned above shows that the pollution level of the 7 heavy
metals in the sediments of Huizhou offshore area follows the order of Cd > Zn > As > Cu > Pb > Hg
> Cr, of which Cd belongs to moderate pollution and above at all sampling stations, whereas Pb, Cr and
Hg belong to no pollution. The potential ecological risk index E’ of the 7 heavy metals in the sediments
follows, from high to low, the order of Cd > Hg > As > Cu > Pb > Zn > Cr, indicating that the heav-
y metals in the sediments are in a high potential ecological risk (their RI equals to 370.22), of which Cd
has extremely strong ecological risk and is the major contribution factor of ecological risk. Cu, Zn, Pb and
Cr in the sediments show a significant correlation, implying that they are homologous. The organic carbon
plays a significant role in the content and distribution of heavy metals in the sediments.

Key words: sediment; heavy metal; ecological risk; Huizhou

Received: November 23, 2017



