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Abstract: The distribution characteristics of the content of As, Cr, Cu, Hg, Pb, Zn, and Cd were researched based on the
geochemical analysis of 159 surface sediment samples in Haikou Bay, Puqian Bay, Dongzhai Harbor, and Mulan Bay Mathematical
statistics methods were used to interpret the sources of heavy metals, and the main controlling factors for heavy metal distribution were
confirmed, having been analyzed qualitatively and semi-quantitatively. The results showed that the average contents of As, Cd, Cr,
Cu, Hg, Pb, and Zn were 8.40, 0. 06, 32.50, 8.32, 0.02, 18. 77, and 35. 87 ug-g™", respectively. High contents of Cr, Cu, Hg,
Pb, and Zn are mainly distributed in estuaries and harbors. The content of As increased gradually from south to north in the research
area, while Cd gathered mainly in Haikou Bay. The source of Cu, Zn, Hg, Pb, Cr, and Cd in sediment was terrestrial input, which
was controlled by anthropogenic pollution and migration of weathered products from mother rock. The source of As could be overseas
material input. The grain size of sediment was the main factor controlling the contents of Cu, Zn, Hg, Pb, and Cr, and it was found
that sediments with a finer grain size have more heavy metals adsorbed. The high As content was controlled mainly by the natural

geological background factor, while the content of Cd reflected the difference in regional pollution caused by differing development in
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cities. Three surface sediment samples were evaluated as class Il of the National Marine Sediment Standard due to the content of As,

while six surface sediment samples were evaluated as class I due to the content of Cr, of which the pollution degree was moderate.

The concentrations of Cd, Cu, Hg, Pb, and Zn in all of the 159 sediment samples fall in the 1 class, of which the pollution degree is

low. The degree of pollution for seven heavy metals were arranged in the following order: As > Cr > Pb >Zn > Cu > Cd > Hg.

The

potential ecological risk assessment results indicated that all heavy metals in surface sediment caused low levels of pollution generally,

and that each heavy metal element was at a low ecological risk level. The order for the ecological risk of the seven heavy metals was:

As >Hg>Cd >Pb >Cu>Cr>Zn; therefore, As was the main ecological risk factor. In general, the potential ecological risk for heavy

metals was low, which illustrated that the marine environment in the study area was excellent.

Key words : Hainan Island; north bay; heavy metal; source; distribution; controlling factors; ecological risk assessment
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Location of study areas
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0.06 pg-g ' ,ERRECH0.78. T.IX Cd & &40 Fi
Bk R VR AR B R X BB AR TR
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N i ¥ . I DX 3 434 Tl i T -
AR AR EVE X RARIEBNFRL & 2(b) 1.

Cr, Cu, Hg, Pb fil Zn A% AL 2 ()
~2(g)], H Cr & & B 7E 3.60 ~ 106.00
wgeg ™ CFIIME 32.50 pg-g™, B REN 0.67;
Cu FHJLEIAE0.02 ~35.00 wg-g ', FH{H 8. 32
pgeg !l RN 0.87; Hg & 53U F 0. 001 7
~0.15 pgrg " FH(H 0.02 png-g™', B FREN
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FHOH 0. 81/ 1R TOF St m X E 2 T
VETLIRIT AR 75 ek PN B RV ] A
1 AT A B | RS s A 2 TG
{1 DX 435 TR S 3, AR X 20 T T B
T VS 7 VS oA

R LG R MR TR N BN
e 2 LAY , Vg e 2 AL 0 R 2 LR A v 7
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FAIAHIT , Cr, Cu. Pb Al Zn & &A% T B I A3
JNIFEFRIZ TR (2 3) . DA R &L v 3
JEUURRY b 4 J T F A LA R & 3L 2 LR 2
PRAB L, S 0 — e R
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Table 3 Statistics for heavy metal content in sediments/pg+g ™"
Giiti As cd Cr Cu Hg Ph Zn
e/ MA 0.14 0. 007 3.60 0.02 0.0017 2.44 0.31
S ONIER 48. 60 0.30 106. 00 35.00 0.153 56. 60 147. 00
S 8. 40 0. 06 32.50 8.32 0.02 18.77 35.87
(i 5.87 0.05 21.67 7.24 0. 02 10. 86 28.92
AT 0.37 0.78 0.67 0.87 0. 89 0.58 0.81
25/ 26900 156/3 159/0 153/6 159/0 159/0 159/0 159/0
op R IR 7.70 0.07 60. 00 15.00 0.03 20. 00 65. 00
R 5 TR TR 5.50 0.03 16. 05 4.48 0.012 16. 09 21.89
BN Mg TR 10. 09 0.05 50. 05 10. 60 0.02 25.36 54.55
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Table 4  Correlation of heavy metals, Al,0;, and median diameter

Al, 04 As cd Cr Cu Pb Hg Zn e kAR
AL O, 1
As 0.383 1
Cd 0. 604 0. 334 1
Cr 0. 858 0.383 0.473 1
Cu 0.953 0. 395 0. 554 0. 886 1
Pbh 0. 892 0. 584 0. 650 0.772 0. 895 1
Hg 0. 902 0. 360 0.595 0.778 0.912 0.828 1
Zn 0. 950 0. 405 0.593 0. 905 0. 963 0. 887 0. 885 1
rPERLAR 0.742 0. 058 0. 407 0. 540 0.702 0.574 0. 705 0. 688 1
Zn, Hg, Pb, Cr il Cd Z [ 2 W R IEAR, HIYS s8I0 A DTk, 18 B S0 A va iy B2 SR
AL O, 55 B IEAH G, A OC R i3k 0953, AIETURRI R A a6 57 MR, FRAE TS 7K

0.950. 0.902,0.892, 0.858 . 0.604. As {5 Pb &
IEAHR(FHEFRE0.584) , S HEKHEEBITE K
AL O, JCHI i AH G , MO R BAR T 0.41. R W]
Cu, Zn, Hg. Pb, Cr F1 Cd HA [RVEE: , HA Bk IR
TR IR T As D) EAT HABY) TR TE..

H R3S He, Cu, Zn 5 835 TEAHE, H
KFH 3 0.705, 0.702, 0.688, 5 Ph. Cr 0
Cd 8 — & F J IRA G, GES Y O SbY 0. 574~

0. 54081 0. 4078 H . Cu. Zn. Pb ., Gi Fil Cd%iﬁ”

%f$%ﬁﬁfﬁLE£EMﬁ?%fﬁﬁ%*
As DR 2 50N 0. osg,ﬁﬁ%ﬁiﬁf
SEBUBU R S ! BN
3.37 WA S L 2 “

%uﬁ
‘bﬁﬂ%ﬂ@ 4 15 F 4387, 00 LA Rk
KT 0.5 Hﬂ‘,ﬂ&%’ﬁl 3 4‘@!13?,%:5&%7(7?%7};@
B0l gy o0 iR S B 72.85%  11.32% I
6. 77% , ZFATTHR#EIK 90.93% (R 5).

Cu, Zn, Hg, Pb, Cr, Cd. Al,O, AU {ERIA27E
Wy 1 ERARGEEA (& 3) , ZESRITRAS
B X B T OIS T I  IR R A O
HEHE PN ER . EFIE VT T B TR T 1 K
AR VGEIEE. M 0T IR R S, K
HAEIRTEK . VTS AR Tl & 7K 43 ) 2 IR
F5 ot Tl HETS 1 i) Vg 101 5 T B HE L, s A A
WEERITRRE. MIELS = SORAR, Jbm A
SIS VAR B YD T T 5 K AL BT ARAR 7 ) A6
S AR AR 5 5 TN VD B R i DX A TR K HE
R A e RO} ) SN N A R TR
WE SRR FW, ks LA m K, #ibhe
Ty, N R Bl IR B W 5T R X R AR )

ﬁmmgéﬁxﬁ%ﬁﬁzrifxv'

REHET B F AT RAE W B, S BOL AR A
R RO RS RIR B %, 45 H

EEICE ML, T 1 TR AT ) oo
FORE T i PR A @?ﬁ/\?@ﬁlﬂ’ﬁﬂﬂaﬂﬂ:

P T T =/ ¢
#5 NHAVESEATFRIES =

Table 5 Factors in%ormatinn for heavy niétals ;.f'

R VHERI |, WF2 O HES
AL 0, [ FY ab.973 4§ -0.097 -0.042
As oh o T ose . —0g41 )
cd /L oleny 0.166 | 0.708 &
Cr & . -0.011 T 0. 242
Cu y 0.972 ~0.076 —0.427
Ph : " 0.933 0.203 0.016
He 0.930 ©_0.105 0. 005
Zn 0.972 ~0.052 ~0.090
e kAR 0.727 -0.500 0. 052
EX((:] 6.556 1.018 0. 609
Tk R/ % 72.85 11.32 6.77
ST % 72. 85 84. 16 90.93

Cu, Zn, Hg. Pb 1 Cr FARZEEENTA Ka R

. TERAS MR R 2(h) ] ARZEW S
KR AR 3 % 2 DU AR ks BE 4, (R AR
il 4.35 ~7. 07, IR ED BT | VAU BT R 3, Hirh AR %€
S CE i AN e WIE: S G R IO P S T =W
5, 75 S0 R, T VS T, s 1 P i 52 e /)
P SK R N (GRIRE]) . NEE (CH VR ) T 7R A
ﬁ'ﬁﬁ,ﬁk/ SIX KB 1 4555, 5 TIRER I A
Yy 2R BEVE FHAE RV 3R & AR UL E , (R B JR U
JUG I X B 42 Ja T 3R A R B 2R S ) 4 R
JCRME S, AL T 1 R e i B 0 FR W B X
Cu, Zn. Hg, Pb Hl Cr /34 ¥ HIAE A, 2RI R
AR I8 VG J5T R BREAE P, B TCRR P 3 et | G
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Fig. 3 Factor load of heavy metals
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3.4.1 HRPHEFIHYIEMN

YR PEDTRR Y i) (GB 18668-2002) , Xif
TSR 4 R S AT L S bR (R
3), S5 R IT DX T R A 159 sl R E DT
¥ Cd, Cu. Hg, Pb il Zn ﬁii’aﬂf&? I Ui
B, VEA R T 28008, As I Cr &0
156 , 153 ulifiiJ@ | U0, 15 AR BEAIR, vl
VRO KIS W AR X 2R S e A
SRARAP X MK FRFE X, WK 5 3, AR 4 1 Ak T

TEPF1 H As ZRATEN 0. 474, F Wik~
rfmm%ﬁmﬁ%ﬁ%Awﬁ@rm%%¢ﬁﬁ?d

‘%@JﬂﬁLﬁf

B s shal ikl X, 5 AN B HiEA LW
TAVHKX. As &)@ 0 2 EDIRYIA 3 ulif,
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WDV 6 whif, oA Tifg DS o g 7 | 750
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Erm e AL e 15 Y F Ok E?Iik%ﬂfﬁi %ﬁt
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Table 6  Pollution index of heavy metals
B C
A ER0 RN T
As 2.430 0.007 0. 420
Cd 0. 600 0.014 0.128
Cr 1.325 0. 045 0. 406
Cu 1. 000 0.001 0.238
Pb 0.943 0.041 0.313
Hg 0. 765 0. 009 0.118
Zn 0. 980 0.002 0.239
3.4.2 ARSI PP

K ESBITRBTEAEE N RE(E) BT
40( 18 5) ETEfaFH AR, DIRY) B &R T R I TE
H B SGEL MK As > Hg > Cd > Pb > Cu > Cr >
Zn, 5 5 QL5 e B R HE T A ROR 25 R R
JH G RITRBTEAES KR REBOTAZ & T E4)E
AR, RETE MED S I 5 X TS SR JZ A R
AN G E. B G RAEAES
RS VRN 25 2 SR As XISk PR 85 5 Y K V7R 5
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[ S NG 20
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