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Fig.1 Sampling locations for investigating heavy metals in the surface sediments
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Cu,Pb,Zn Fil Cd ¥ 5l R4 AR A )8 AR AL PR 34 Fie BE v A8 N RS 36 R [ ) 58 b o O 0 B0 000 39 3 )0
(GB 17378.5—2007) #47 . R KGR F W W43 Y66 2 %€ Cu, Pb, Zn B & 434K
Bl PR OC AR ME I GBW (E) 080122, 28k [m I L A AR E (TAE O & T 2 . A =a +bx (a=0.015 725.b=
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0.000 002 5, r=0.999 1)

R IC R R MER I GBW (E) 080129, Z& A M AL & AR i (LA M &K A =a +bx (a=0.279 0, b=
0.000 79,7=0.996 3);

BEFRIT R PR MER I GBW (E) 080549, &Mk MIHBL G AR HECTAO MK I 2 :A=a +bx (a=0.110 0, b=
0.005 3, r=0.999 0),

SR FH TG KU T - WS 43 516 0 B v D - Cd 5 2t 50, DU 43288 o I WS 43 D' 0 BE A CH 37 Z-2000 Y
Z AT S8 00 1 JR) T 100U R BE W R0 3 5E Cr, Hgy As TR0 80, T 2 A 2% 8 AFS-933 J5 1 2¢ 6%
JEAX .

Cr FRITRARUER W GBW (E) 080257, Z& M M IH M G Ar M CTAEO M & 5 #2: A = bx +a (a=—0.008 8,
b=15.587 0, r=0.998 8);

Cd TR ARMER I GBW(E) 080119, 2k mIH S AR HECTAR &L T : A =a +bx (a=0.043 5, b=
0.008 52, r=0.997 7);

Hg Bt EARIEW I GBW (E)080124, &M LA AR CT A & T B : A =a +bax (a =14.669 5,
b=537.441 4,r=0.998 8);

As BT EFRMER I GBW(E)080117 , &M MIH LA FRE (T & T : A =a +b2 (e =10.252 9.6 =
126.512 4, r=0.999 9),
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Table 1 Index for potential ecological harm

WA 1R AN & Ik

Ci N T 4 & ¥R B 921 { (Measured values of heavy

H— 4 & 15 Y« R B (Single heavy metals’ ) C o
Cip = — metals’ concentrations) ; C, N5 4x & & B 5 i (Abun-
pollution coefficient) C¥ Ci,
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heavy metal element i) ;
efficient) E}

ZFE 4 B 0 AE R 35 8 48 B (Various
heavy metals’ potential ecological harm co- RI = ZEk = 27‘5, .
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Table 2 Reference values and toxicity coefficients of heavy metals

W H
Cu Pb Zn Cr Cd Hg As
S Ek /X<10°¢ 10.60 25.36 54.55 50.05 0.051 0.023 10.09
TR ER 5.00 5.00 1.00 2.00 30.00 40.00 10.00

2 ZER 55

21 REBRENMBYREESES D

REBFRENFRYWESE Cu T 050 (8.85~39.72) mg/kg, {8 13.34 mg/ke, T (K7 D8, 8.85
mg/kg, wELE D10,39.72 mg/kg; Pb JEHE 4r 80 M (2.64~5.25) mg/kg, ¥J1H 3.93 mg/kg, i IK7E DS, 2.64
mg/ kg, F & 7E D6,5.25 mg/kg; Zn T4 (12.68~52.45)mg/ kg, ¥l 20.61 mg/kg, K 7E D8,12.68
mg/kg, fx fAE D10,52.45 mg/kg; Cr i /080N (8.30~23.60) mg/kg. ¥J{H 15.26 mg/kg. HAELE D9, 8.30
mg/kg, J & 7E D1,23.60 mg/kg; Cd Jii & 4350 H (0.06 ~0.32) mg/kg, ¥ 1f 0.20 mg/kg, f K 7 DS, 0.06
mg/kg, i H7E D1.D3 5 D12,3%4 0.32 mg/kg; Hg i 43400 (0.019~0.049) mg/kg, ¥I{H 0.030 mg/kg.,
BAKTE D8 5 D11,0.019 mg/kg. fi @ £ D10,0.049 mg/kg; As it 4350k (2.70~13.58) mg/kg, ¥I{H 5.72
mg/kg, BALTE D3,2.70 mg/kg, i & 7E D10,13.58 mg/kg(FE 3), #WiEX E4E Cu,Pb,Zn,Cd,Cr,Hg &
As B E B A B R R ZE W RIZ TR & E 48 & (5 S 2 FRE . 0 &R (& 2)

£3 RERBRYPESERENH(mg « kg™')

Table 3 Contents of heavy metals in the surface sediments from the Dongzhai Harbor(mg * kg™')

ULRUY T & SRR 0 L/ mg » kg !

v A

Cu Zn Cd Cr Pb Hg As
D1 14.32 19.74 0.32 23.6 3.80 0.025 5.65
D2 10.81 19.01 0.11 11.5 3.90 0.023 4.85
D3 8.88 13.68 0.32 17.3 2.69 0.034 2.70
D4 9.48 16.13 0.12 14.2 3.33 0.027 3.99
D5 11.94 18.31 0.19 22.2 4.06 0.024 4.81
D6 11.89 20.62 0.23 12.0 5.25 0.038 5.27
D7 12.54 19.16 0.19 18.1 5.11 0.022 4.57
D8 8.85 12.68 0.06 12.4 2.64 0.019 4.20
D9 9.68 18.89 0.10 8.3 4.73 0.022 4.88
D10 39.72 52.45 0.19 12.1 3.85 0.049 13.58
D11 10.78 17.86 0.28 19.3 4.33 0.019 3.90
D12 11.21 18.74 0.32 12.1 3.42 0.020 4.81

S 13.34 20.61 0.20 15.26 3.93 0.030 5.72
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22 EERBKRESH

CAMEEY, BmE R EM LRSI E SR Z 0, — & B E AR & &, B A H
P

KA SPSS 19.0 X 4 8 s R JZ VIR h E 48 Cu.Pb.Zn.Cd.Cr,Cd,. Hg & As & &b f1 4811
FAHRNES AT (R O s R EAF Arc GIS 7.3, 3K B 42 & 7 AN [A) W D0 3 457 1) IX Bl et 43 A Rk (81 2) . A
KM BR.Cu s Zn B E B FMH K (r=0.989,P<<0.01) .5 Hg B IEBEHEG=0.751).5 As &
W E A 56 (r =0.980) ;Zn 5 Hg EMIE B EFMH KX (r=0.754) .5 As BWRIEREFMH K (=0.983);Hg 5
As B IEREMLG=0.717), EE&RES AR ER R XIBARZH Y ES RS &0 056
H:Cd 5 Cr FEIRM 1T LA KR W25 0108 23 A5 7 e o e (6 DI o) s 10 AT E1 RO () 2d ~ &1 2e) , 418 337 4
A, iz X B E R TR R TR AT O % X A R Y R A 2 HOY R AT B %5 Pb, Zn, He M As
B v A XA o A R TR ) A A (TR 2b~ 8] 2¢, IR 20~ ] 2g) , 1% X B 35 Bl 98 WA X LA B 3R X, Cu
ErEAE VR 3 AT LB SRR XA F H T ORI A (8] 2a) . AT DL, Cu, Zn, Hg & As H A A A5 e
TR R Z R e s L FRFE R . Pb.Cd 5 Cr M PE AR 35 RIREA 1% %2,

x4 THRERABVESERSHEXMEDIN

Table 4 Correlation analysis of contents of seven heavy metals in surface sediments

¥ Cu Pb Zn Cr Cd Hg As
Cu 1
Pb 0.071 1
Zn 0.989 " 0.163 1
Cr 0.043 —0.017 0.012 1
Cd —0.098 —0.030 —0.189 0.524 1
Hg 0.751"" 0.057 0.754"" 0.138 —0.168 1
As 0.980 " 0.124 0.983 " —0.061 —0.202 0.717 " 1

T P (& e 5K e 4 IR B A 36 i vl BE R, o8 P<<0.01, B 3 AH ¢ 5 © IR P<<0.05, WEFHM K

23 ESRBELESERETM

TURR W v 42 8 75 Y B W A0 AR 5 G FE P SR ] Lars Hakanson 48 5 42 & 75 YL 8 70 A48 B G e Hlosts
AF 5 DX A T i 7 S i B M Vi e, S TTC AR ) < B F AR SR T BN W i IR S BT R FE

R4l 08 A6 A 2 e F AR B AT W X B EE 4 Jm s e AR B DL b A AR A fE O £ (150<C RI <C300, (& Bk
B 66.67 %) e R UL B G (RI<T150, &7 B 3b 07 33.33%) . X sk o oR M PR3 A 25 16 3 el AR 38 4k 85 G
TR S MK 6) . RI B m Wb AL TR 283 1 T TR, X 02 75 32 BB HT KW it 52 e, B BT iE A 17 75 %5,
AR ZE WS T N AR A T R o e U e T A X R (A 2h)

WIEAEBEERBCE, )(F 5 XFE D WXL Cu,Pb,Zn.Cr & As E¥ M TEEBSRMAGEECE, <
40) :Cu,4.17< Ej <<18.74,.3J{H 6.29;Pb,0.52<T E} <<1.04,¥J{4 0.773;7Zn,0.23< E} <{0.96,¥J{H 0.38;Cr,
0.33<C Ex <<0.97,¥J{H 0.61;As,2.68<< E% <C13.46, F-H{H 5.22; WF5¢ X #{ Hg.33.04<< Ej <<85.22, ¥l
46,67, LA A5 2515 (40<< Eg <<80, 5 B ¥ 7 50.00%) J T, HR W AE BB MG E (Ey <40, & ML
41.67 %) ARG iR AR G E (80T Ef <C160, (5 Buifi28.33%) ;Cd,35.29<C Ej <(188.24, #J{f 119.12, BF 5T IX
B L5 AR A (80X Ef <<160, (5 237 33.33%0) MAR A= B % (160<< ER <320, i S i i 33.33%0) K
FLHR NP & B E GO E, <80, & MUkl 25.00%), K 4E B RIMAEE (EL <40, 5 B ub 07
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8.3320) s M4 E HME /NI I 4 I8 1Y 1 78 AR 25 XU K/MKI Sl Cd™>Hg™Cu™>As>Pb>Cr>Zn,

x5 RERRYPESENEBELESRERY(E,) EBERTIEH(RI)

Table 5 E% and RI of heavy metals in the surface sediments

Ex
oz RI
Cu Zn Cd Cr Pb Hg As

D1 6.75 0.36 188.24 0.94 0.75 43.48 5.60 246.12
D2 5.10 0.35 64.71 0.46 0.77 40.00 4.81 116.19
D3 4.19 0.25 188.24 0.69 0.53 59.13 2.68 255.70
D4 4.47 0.30 70.59 0.57 0.66 46.96 3.95 127.49
D5 5.63 0.34 111.76 0.89 0.80 41.74 4.77 165.93
D6 5.61 0.38 135.29 0.48 1.04 66.09 5.22 214.11
D7 5.92 0.35 111.76 0.72 1.01 38.26 4.53 162.55
D8 4.17 0.23 35.29 0.50 0.52 33.04 4.16 77.92
D9 4.57 0.35 58.82 0.33 0.93 38.26 4.84 108.10
D10 18.74 0.96 111.76 0.48 0.76 85.22 13.46 231.38
D11 5.08 0.33 164.71 0.77 0.85 33.04 3.87 208.65
D12 5.29 0.34 188.24 0.48 0.67 34.78 4.77 234.57

FHE 6.29 0.38 119.12 0.61 0.77 46.67 5.22 179.06

R6 REMRYPESRENEERTHE(RI)

Table 6 RI of heavy metals in the surface sediments

RI
oA R B S A A f R 5 f
(RI<<150) (150<<RI<C300) (300<<RI<C600) (Z=600)
P DA D2, D4, D8, DY D1, D3, D5.D6,D7, D10, D11, D12 / /
B/ % 33.33 66.67 / /

TE /7R AR

xT RERBYTESENEBEESRERY(EL)

Table 7 of heavy metals in the surface sediments

Ek
L2 RUMESBEE ot A W S RS S S
(ER<<40) (40<<E{ <<80) (80XE{<<160) (160<<E}% <(320)
Cu DI~DI14 (100%) / / /
Phb DI~HI14 (100%) / / /
Zn D1~D14 (100%) / / /
Cr DI~DI14 (100%) / / /
Cd DS (8.33%) D2,D4,D9(25.00%) D5,D6.,D7,D10(33.33%) D1,D2,D11,D12(33.33%)
Hg D7,D8.D9,D11,D12(41.67%) D1,D2,D3,D4,D5,D6(50.00%) D10(8.33%) /
As D1~D14 (100%) / / /

TE /7R R AR
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3.1 AEEBRENMBRUHPEESERERE

AR FEHR IR IR 2 by J8 MDY AR 38 P T T S A A R S U P I T DR R, AL
REAE 5 22 WIS T [V 55 30 52 AR X o LR 80 9 JEL 9 I A 7 ) 7 L 7 0 O e R U T K MR R U B R
e 5 b A U1 P 35 1 R O A I N D AR ZEHE IR Y 4 ZR IR AR RN | = VAT 8 R AR B
T PE D AR H R AR AR I R R R A B AR A AR T AL m® BIROK B AGS S B a & 2 AR 4 R
A B o3 A P S 4 AR TROK T 23 A S B TR 4 2% 3] 20 A 91 e T i A i (BR Cd A — VLT B I 488 i A0 4
LSRR ARG

AT L L AR 2 R 1 T < T 0 A S B 0 A SE IR I R R DR R T Bl W s s A TR
g T 3 D T OURR Y G R, & i T N ELIR W R R T I A

32 FEBREMBUTNEESESFESH

P SR TR0 T A U O S Sk DL AR B i ORI TR Z DU E e R s Yok R 2
Hg.Cd & As FE3k AR AL ,Cd,Cr,Cu, Pb Ml Zn 2K [ KA, As 55030 o 15 7 30 55
NHFPETTAR Y h ) Cd F%ok B Tk 15 07, Cu F1 Cr F 2ok Uy R IR 3R 00, REWERZTHY h
F 48 Cu,Cr K Cd 76 1T B AR 090 4 A5 Rl e o e VR F o 10 1] Ak =5 8 Sy UG 9 TR ARG KOATR It T 85 98 K
PR K2 3.80 km, iR HELR K2 1.90 km) (IAHEFRFE (60 A3 5%) AL IR (186 5%) LA K MR 3% (600 1 LA _F) HE
75,000, Cu,Cr & Cd FEZWHETRNFEIE W ;Pb,Zn, Hg & As S EEERX FEMTEM A, %X
Aib B2 B IR AT TE (325 FE M) LK G 4 B 3R A (143 52) , BI85 e 5 3R 0I5 Y B L X 5 AR HF ST Cu,
Pb,Zn,Cd,Cr,Hg & As Z [ # KMo r 858 147 .

AN B A BIFSE W R A B A 5t R Z VOB E 4 )8 Cu,Pb,Cd, Zn HA RN E EEM, — K
A T R R AR Z DU H Cu.Pb.Cd A Zn & B HCER™ . R 83 o9 V4380 9 P9 0 A A 1t AR 6
DUSE B 3h 7T SO NE 3R B Qi B B 36 40,2500 P B B 2 000 ind./m* ,F XA ¥ & 16.30 g/m*) , = VL]
i I A 0 90 o L i T AR PR 5% 4 A 5 A v 1 DL R R (U R S5 51,67 %6, ¥ E 22 140 ind./m”,
AR 61,18 g/m”) 3SR X 48 X I i 4 S e O IR R Rl 2 — 5 A L AR FE S R A A A R LR bR
BEUR LI B AR P28 33 F) WA 85 v B 4 J LA — i 1 A2 S B T S DA T S B8 £ AR 43 A R 30 X
I 4 A o R A X 5 AR YRR A TR DR ) R A R B s ) o A R B ]

UL, R FEWRZVOHYh E SR Cu.Zn, Hg & As BATHIRT5 YL IR, 35852 3030 5 75 e B 332 58 5 7K 3%
M, Pb,Cd 5 Cr M5 MEA B3, FIREA fF %52,

3.3 AEEBRENARYINESREBELESRE S

FURTZR FE s i e AR e 3 LU SR A5G 0 32 OO B A 2508 3 o KB 38 R 1 B8 A 251 7 sl AR
SRS ASSE T L RT B A 3l (8 FEAS (5 T A Z8 ot 10 T B3 T A A A KU KM Cd™> Hg ™ Cu™> As™>Pb>
Cr>Zn, H—&BEEESGERZEEM,Cu,Pb.Zn,Cr KL As ¥ RMAESGE,Cd ISR AESfEE
SRS E N T PEFEESEESESRMAE RME)S; He P EESEHE N ASRMAEES
SR AR A E T B HE .

ARFEUE H AT AR S G H AR AR KRR B2 b 519 BUE AT ¢ ZRZEHE A — 11 1138 3 15 A1 965 A E L 7K 1A A
A6 TR AT A Sk L A G T < T e AT — i A O D[R] I 987 72 Al B 3k v I K R/
T ) v R R R TR R BCR AT —E R BT R P e R R s AR AR Y A A R
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I ZL R bR B R, CL R T R HC R 3 AR W DR W T G R ELA B A A S AR A X S R
T 120 R ML T AR b B g 3 A DX e R S R AR S AT

4zt B

L 6] R AR ZE v R R DR I A TR T B A L A R A DG R B B O TR AR S E KU R A
SEBHE A3 BT BRT T 7R 28 s 3R R DURR ) B 4 R T A 43 PR 1 R A3 A R AR AN [R) 4 i e U LA B B — B
22 T 4 B AE TR v e A S KU IR B0 A BRI AT

D REWEHRIZVIRY E SR L 2@ W2 sh & W T 186E B, B0 TR Y BEE £ R i
A RIT AL 7 s = R = N E I B B R R i i B RIS

2) REBRZVIBYHESIE Cu.Zn, He & As H AT M [R5 Yo i, 32 8222 ) Wi i5 4 K 35 515 K 5%
i ; Ph.Cd 5 Cr AHICHEA B2 IR A R 542,

3) RIEWWAEAED e F LI ARG F I, RO RS H, XK ok B85 A 28 e 3 slAR
S AE S RT B 0 A7 S A T AR ZE W 11 1] BRI 0 AE 2R S KUBE KM IR - Cd>Hg ™ Cu™> As >
Pb>Cr>7Zn; i —4 @IS TEA S5 E R8P, Cu,Pb, Zn, Cr Ml As 234 M 4k 15 %, Cd DL A4 B8
FESRMAESEFERNE . HRETPEARAESEESRMAEF He U SESAEE N, HREAS KM
foE S ENfEE.
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Distribution Characteristics and Pollution Evaluation of Heavy Metals
in Surface Sediment of Dongzhai Harbor., Hainan Province

XING Kong-min', CHEN Shi-quan', CAI Ze-fu', XIANG Yun-yun®,
CHEN Xiao-hui' s, WANG Hai-xian' , WANG Dao-ru'
(1. Hainan Academy of Ocean and Fisheries Sciences, Haikou 570125, China;
2. The Second Institute of Oceanography . SOA . Hangzhou 310012, China)

Abstract: The study of distribution, pollutant source and potential risks of heavy metals in the surface sed-
iment is the basis of further studying their concentration change and environmental pollution, and can pro-
vide data for regional fishery production, marine environmental protection and sustainable development of
typical ecosystems. This study analyzed and evaluated the distributions, homologous correlations and eco-
logical damage degrees of heavy metals in the surface sediments of Dongzhai Harbor, Hainan province.
The results showed that the high values of heavy metals (Cu, Pb, Zn, Cd, Cr, Hg and As) were mainly
located in the harbor channel, harbor entrance and eastern tidal creek. Some heavy metals (e.g., Cu, Zn,
Hg and As) have a same pollutant source which is affected by fishing boats and cultivation. There is no
significant correlation between Pb, Cd and Cr. Potential ecological risk of heavy metals in the region were
dominated by medium ecological risk, and minor slight ecological risk, and there are no serious or very se-
rious ecological risks in the region. Some stations with higher RI (Potential ecological harm coefficient of
various heavy metals) were located in harbor entrance and eastern tidal creek, and the order of increasing
potential ecological risks was as follows, Cd>Hg>Cu>As>Pb>Cr>Zn.
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