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Fig. 1 Sampling sites for sediments in Huachang Bay
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Tab.1 Reference values and toxicity coefficient
of heavy metals

SIEITHR c,' T

Cu 15.00 x 10 ~° 5.00

Pb 20.00 x 10 ¢ 5.00

Zn 65.00 x 10 ~° 1.00

GE
SIRITHE o T,
Cr 61.00 x10 ¢ 2.00
Cd 0.07 x10°° 30.00
Hg 0.03x10°° 40.00
As 7.70 x10 ¢ 10. 00

2 R 51N
2.1 HERENRYSEEESE

X EETURY 48 & e, Cu & 5
TE 8.41 ~51.45 mg/kg Z[6], ¥{H M 28. 19 mg/kg,
I AICME HE BRAE H6 o, HAH D 8. 41 mg/kg, d5 i {
PTE H2 %, HfE ok 51.45 mg/kg; Pb & 57F 5. 96 ~
30.73 mg/kg Z (0], ¥J{E Ny 18. 35 mg/kg, A fIG{E
AE H6 ufi, HAE N 5. 96 mg/kg, fie i {H ) BLAE H3
Sl B K 30. 73 me/ke; Zn G EETE 16. 87 ~99. 15
mg/kg Z[A], $4{E N 50. 48 me/ kg, I fIL{E H AL H4e
i, HAB N 16. 87 mg/kg, fe B 1 BLAE HI13 3, H:
{t799.15 mg/ke; Cd & H7E 0. 12 ~0.76 meg/kg =
], Y9{E R 0. 32 mg/ ke, F AR AA HHIUAE HS 3, HAH N
0.12 mg/kg, i & (E W H BLAE HIL 3, HAE K 0. 76
mg/kg; Cr S 7E 18. 60 ~57. 80 mg/kg 2 [i], ¥I{H K
35.75 mg/kg, AR A S B AE HIO 3, JfH K 18. 60
me/ kg, Fc e (L BUAE HO 3, HAE K 57. 80 mg/kg; Hg
SrE 0.02 ~0.07 mg/kg 0], BI{H Jy 0. 05 me/kg,
HARME H BUAE H4 J H6 3l HAE M 0. 02 mg/kg, 55
{EH B H2 (H3 K HI1 34, HAE A 0. 07 mg/ke; As
EETE6.02 ~17.56 mg/kg Z [A], ot {H A 12. 71
me/ ke , e AIAE H PAE H8 3l , HofH ol 6. 02 mg/kg, B
e (BN BUAE HI3 3, HAH Ol 17.56 me/kg(5£2).
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x2 HERERRYMPESESE

Tab.2 Contents of heavy metals in surface sediments of Huachang Bay

DI E 4R &/ mg - kg ™!

v f
Cu Ph Zn Cr cd He As

H1 45.05 16.47 42.89 48.00 0.76 0.04 14.57

H2 51.45 22.87 59.46 29.10 0.44 0.07 14.14

H3 35.09 30.73 68.57 29.80 0.34 0.07 15.53

H4 29.23 7.36 16.87 31.70 0.40 0.02 15.87

H5 21.12 14.51 38.14 53.60 0.48 0.03 11.48

H6 8.41 5.96 26.78 20.00 0.19 0.02 11.73

H7 16.72 13.31 40.24 30.30 0.21 0.06 12.86

HS8 19.77 19.62 49.00 30.60 0.12 0.05 6.02

H9 11.91 12.56 28.08 57.80 0.29 0.05 9.46

H10 35.49 13.76 24.27 18. 60 0.34 0.03 7.85

HI11 24.62 24.57 66. 87 31.30 0.19 0.07 13.09

H12 31.33 25.13 80.53 32.70 0.36 0.06 15.12

H13 19.82 26.63 99.15 57.10 0.19 0.04 17.56

H14 44.59 23.42 65.92 29.90 0.21 0.05 12.69
SE{E 28.19 18.35 50.48 35.75 0.32 0.05 12.71

®3 BHEENMNEHNBRENRYESERIETHENL
Tab.3 Comparison of average heavy metal contents in sediments of Xiaohai, Xincun lagoon and Huachang Bay
4 JE i T/ mg - kg ™!
AR
Cu Ph Zn Cr cd Hg As

7N 6.63 31.55 65.41 31.55 0.115 0.05 6.24
R 22.10 13.41 37.64 9.10 0.225 0.13 0.48
s 28.19 18.35 50.48 35.75 0.320 0.05 12.71
U A RER G R R R S S ks (r=0.663) Bl IE B AHSE. dittnl WL, Cu Pb Zn,

(I 2a ~g) . BRI AT L, Cu As (Hg & i £ %
TEFI R B ) 23 A R e, 2 v (L XL TR T80
Hl X (] 2a f g ) 3 DI 22y 70 X R A
s Ph 5 Zn {1 F s (E DX U 32207 T s N A
(K 2b c) ,IZ XN FR5E X A ATIE X AT 1
Cd 5 Cr & S (i DX 322207 T3 PN S v T 2
(K 2d.e) , A & B, AL 15 T 7 00 A AR 2 57 5E
WRE, I, Cd B Cr Z 5 R AR IR i A 22
FARME A R R W], Cu 5 PO (KRB r =
0.711) Zn(r=0.699) BtRIE R FEM K, 5 Cd(r =
0.641) BB FEIEAHE;Pb 5 Zn(r=0.629) Hg(r =
0.538) M # IEAI 5K 3Zn 5 Hg(r =0. 663 ) ik 1E
BEMSK, 5 Cr(r=0.571) B2 3% IEAHR; Cr 55 Hg

Hg (Cr J Cd HAMRT5IIH (£ 4).

BRI A B, AL 15 AR SR AR R TR
W 2 L HErp S AT B AE G5 22 8] 5 R i 3
At B i, 637 7 B B AT 4 25 ROKAR I i A
(K1) AElFER S RIZDURY E & R RBR &
J& EARIEINAT S, AT BB S T Al A AR 35 HE
152 WA (1987 ) BFFE L1 T 1 3 2 DL
B 0 SR U, 25 S UL P E R T
Mo MBS B SRR FH 23 B, I A 3L i A XS Pb Zn
1 SRR S, AN HERCN Pb Zn 2R S K X
Cu . Cr UMK Z X4 Je 46 (2015) BF 5 S 125
FIZVIBW P EEEAT, I Pb Heg £ R Z IR
T AR B S RS G A TG HE TS L ARO HE R R
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Fig.2  Scatter distribution of RI, and contents of heavy metals in the surface sediments of Huachang Bay

AR EAEAN T WU AR (2010) ST I TPUIE MR b I 4R Y L AT RS S B R BN
WY 4R AR S B B, DN Cd > Zn > Cu > Pb > Cr, it It D Cd e T R 1
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ok,
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Cu Pb Zn He Cr J% Cd AT T5 4, 1% 52 51
AR FL Cu As T He &5 REAEANE I (K

B, Al REZ BN s ST M R AR Pb 5 Zn
R R X R B A X, 32 20 e TS e i
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Tab.4  Correlation analysis of the contents of 7 heavy metal in the surface sediments of Huachang Bay

A5 Cu Pb Zn Cr Cd Hg As
Cu 1.000
Pb 0.711** 1.000
Zn 0.699 "~ 0.629 " 1.000
Cr 0.516 0. 460 0.571" 1.000
Cd 0.641" 0.444 0.337 0.430 1.000
Hg 0.396 0.538 " 0.663 " 0.663" " 0.396 1.000
As 0.093 0.308 0.015 -0.390 -0.292 -0.040 1.000

TE:“ 7T 7FOR p< 0.00 B AR AR 7 " FIK p< 0.05 i, BEAK

2.3 EEREBEESREEN

SR B U A S H  EE, b
S ER 71,43 % O SR A A AE T, 4L
1) 21.43% ; i R B faF, o B 5y 7. 14%
(265.6) 5 RI i B 3 0 B A A3 F A6 35 75 1 10 o o
(& 2h).

P—EE RIS E RN R(EKST)
T —EE R EESEEREE SN Cd
L5 Hg, Hirp Cd A5 X LA AE S 0 3, Bl
B 57.14% s ORI AE S A8 F , RS A8

35.72% 5 PR Ry v AE AR S G, o Bl A B0
7. 14% . BF5EIX Hg L AR 5% 0 3, 5 Bz
011 50.00% 5 HR Ry o A= A A 3, o Bl £ 41
35.71% ; YOS R SR BUE HRR I, 5 S A 80
14.29% . H4x As . Pb . Zn Cr ¢ Cu Hpj¥ab7e 4 745
BE.

WG £ B E /AT L, 1635 7 38 2 VTR
Cd WA IR, Hg IR Z , Zn AU fie/)N , &4 J& JT
RIAE A RS K /IMKIR A : Cd > Hg > As > Cu > Pb
> Cr >Zn.

RS5 HBHEREARNTE-—EEREBEEETEERYESHESRNEBEEELESREEN

Tab.5 Potential ecological risk coefficient of Single heavy metals and potential ecological risk coefficient of various

heavy metals in the surface sediments of Huachang Bay

E,

Ui fir RI
Cu b Zn Cr Cd Hg As

HI 15.02 4.12 0.66 1.57 350.77 57.60 18.92 448.66
H2 17.15 5.72 0.91 0.95 203.08 112.00 18.36 358.18
H3 11.70 7.68 1.05 0.98 156.92 116.80 20.17 315.30
H4 9.74 1.84 0.26 1.04 184.62 32.00 20.61 250.11
Hs 7.04 3.63 0.59 1.76 221.54 49.60 14.91 299.06
H6 2.80 1.49 0.41 0.66 87.69 36.80 15.23 145.09
H7 5.57 3.33 0.62 0.99 96.92 92.80 16.70 216.94
H8 6.59 4.91 0.75 1.00 55.38 78.40 7.82 154.85
H9 3.97 3.14 0.43 1.90 133.85 72.00 12.29 227.57
H10 11.83 3.44 0.37 0.61 156.92 40.00 10.19 223.37




- 90 - MABFEFER 37 &
gk s
Eg
piA RI
Cu Pb Zn Cr Cd Hg As
H11 8.21 6.14 1.03 1.03 87.69 112.00 17.00 233.10
HI12 10. 44 6.28 1.24 1.07 166.15 91.20 19. 64 296.03
HI3 6.61 6.66 1.53 1.87 87.69 64.00 22.81 191.16
H14 14. 86 5.86 1.01 0.98 96.92 75.20 16.48 211.32
SEHIH 9.40 4.59 0.78 1.17 149.01 73.60 16.51 255.05

R6 EHEREARMPESHESEEERERNSI

Tab. 6 Percentage of potential ecological risk coefficient for various heavy metals in the surface sediments of Huachang Bay

RI FREER 43 i hi /%
<150.00 RIS E H6 7.14
150. 00 ~300. 00 sk 2 H4, H5, H7 ~ H14 71.43
300. 00 ~600. 00 A A E H1 ~ H3 21.43
>600. 00 AR5 A A e - 0.00

T RR R R

R7 HHEREARYPE-—ESENEBEESEERYALL

Tab.7 Percentage of potential ecological risk coefficient of single heavy metal in the surface sediments of Huachang Bay

Cu Pb Zn Cr As Cd Hg
k e e u=a e 4 e FH u=a
R . R 5 s 5 - HEH - S - i H s 5 - 5
o v YL WL WL L VL VL
/% /% /% /% /% /% /%
<40.00 %f%  Hl~ 100.00 HI~ 100.00 HI~  100.00 100.00  HI ~  100.00 - 0.00 H4 ,H6 14.29
4 HI4 H14 H14 H14
faE
40.00 ~  HiZ - 0.00 0.00 0.00 0.00 0.00 H8 7.14 HI1,H5, 50.00
80.00 AR H8 ~H10,
fok HI13,H14
80.00 ~  BRA: - 0.00 0.00 0.00 0.00 0.00 H3,H6, 57.14  H2 H3, 35.71
160.00  #&fa H7,H9 ~ H7,H11,
= H11,H13, H12
H14
160.00 ~  fR3& - 0.00 0.00 0.00 0.00 0.00 HI,H2, 35.72 0.00
320.00 AR H4,H5,
faE H12

R
2.4 itig

TR A7 I I A 52 M VS W OO AR D R B 1 2
B HR  AE T IR A XU | SR A8 i
FSEARITEE 4 ZRK/NTTEA, H 5 M AT 5t
A AR AN S AR U — 2R W DUE. I, 1%
DB AR £ RIS Z — | Y s 22/,
VRIS RE S T B, TR & AR AR e
TN SUE DT T 5T B0, i 7 TR A% 47 AE A

55, PAREUIN, PEVPMELL A TR 3l , I b 17 K i
LN W R RE 7 E P 1 AR s

1 TR RE 1 A5k, R EE TS 1T i
A TURR Y G J 5 B LU PN A DX, 4 Ca
As [ Hg & BAERM 05 DT A ESS , Pb 55 Zn
B E AL TN HUE , X 5SS E SR
i i R A2 L TE B A A S SAAT

TR AT A HE Ak AR AR i ) 2 1
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RIZVIBY E 4B T Yok 22— Hg . Cd K As
Tk A AKTES Y, Cd Cr Cu Pb il Zn E 3K
H Rl IR A, As 32 258 2V R 1 AR DT
2 Cd FESR Tk is g™ Cu Fl Cr FER A
WIRFRAE . B Cu As J Hg & BEFE IR ol
KT 1o AR iy, i DX 3 3 2 A it HE R 8 DXL 46
FRE X I DA ST e MR HES |, 32 A2 FR 515 KR
Pb 5 Zn i @A X 2T NAE , %244 8
TACIE L Rt HE SR 58 X 0, 3 28 32 W iy B SR 5 5 7K
M Cd 5 Cr i mE X EEAL TS N IRAL, 3%
TR ARGE SRR W, 31X 5 A6 T IR I DU P o 4
J& Cu Pb Zn Cd .Cr Hg & As Z [BIAHIEPES BT 4518
FHAF.

MR RA B RGN RIZE S8 AR & 5
EJNR B, 2 A T i B R K AR R 5 AR B v iy
Cu Pb Cd il Zn & —M He (R . 63518 g i v%
U5 228 D v 848 75 ( Halophila beccarii) (5P £h
¥ ( Halophila ovalis ) J 3 — 245 %5 ( Halodule pinifo-
lia)3 FE o, AR FP /D, SR 34 R - IR U P
K T RAZFRR & 1K 1 UL 8 B b R SRl A
At i S AP, 2 55 B ik 3 50. 00% ~95.00% ,
T S o] A SR BRI v G ELA AR R Y
W RRHAE .

BUAN, 463578 FR 113 A 2L AR, %) 22 2 DT 1)
HoE WA —EWRHHEH. X 54 AR
G e O S L VR PO B TR A R
S ZI AR A XARAF (BT 1) .

RS FE R BT 85 R R U], W XN LA
RSN F, ROy AR A F 5SRUMAS
f& % RI @ AR AN FAE TS IR . B4 8 T
TEfEH REFEE RS 1 Cd 5 He, b 7Eiz

Sk

AERAEE. XAR KR EE L 53800 DGE SOk A 1
SCHRARSG , B T AR KR VD RE 1 BUIR, S BUR W)
P 5 D e G s s R W I R 0 A A AL
BRI R it 0] B 4 Jos SO — € 1 e AR SRR A
AR R DU 45 R & R U AR T AE MR
.

3 4k

(D) AGERIZTIRY PR E SR Cu &R 1E
8.41 ~51.45 mg/kg Z [a], ¥ K 28. 19 mg/kg; Pb
EEE 5. 96 ~30. 73 mg/kg Z[A], ¥ {H K 18. 35
mg/kg;7Zn & ETE 16.87 ~99. 15 mg/kg Z (0], Y {H
A 50. 48 mg/keg; Cr & 1F 18. 60 ~57. 80 mg/kg 22
[a], ¥J{E K 35. 75 mg/kg; Cd & 5 7E 0. 12 ~ 0. 76
mg/kg Z [a],, #J{E M 0. 32 mg/ke; Hg & &7 0. 020
~0.073 mg/kg Z [A], ¥{H H 0. 050 mg/ke; As & i
1£6.02 ~17.56 mg/keg Z [0, ¥{H M 12. 71 mg/kg;
e Cu Cr Cd 5 As &t ¥y e T 07 7 /N ifg Kb
JKFRTHE , Pb 55 Zn & &S TR ACH A IR T 0T
/NEE, Heg & 508 T 07 77/ NBAR T B ACHT S 1

() WERIZ VIR E 48 Cu Pb . Zn Hg,
Cr [ Cd HARY5 YLIi , 2252 BIFRGE TS YL sz . 1
Hh,Cu As Hg i Z 1 5 W AR, Pb 5 Zn 52 i fiiy
B ENAALR, Cd 5 Cr 523 7 MR 9% 37 58 1 52 10
BOK.

(3) WX A LA b 85 AR 285 e O 32, R Oy o
A H SRMASEE R mEEARAL TES T
L. BRI HE R E KRN G 5
Hg,7 T 20BN H 4 T 100 V8 7 A 25 XU /MR
X} :Cd >Hg > As > Cu >Pb > Cr > Zn.
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Distribution characteristics of heavy metals and its evaluation in the
surface sediment of Huachang Bay, Hainan Province

CHEN Shi-quan', CAI Ze-fu', WU Zhong-jie' , LIN Guo-yao', MA Kun', XING Kou-min', WANG Dao-ru'
(1. Hainan Academy of Ocean and Fisheries Sciences, Haikou 570125, China;

2. Environment protection agency of taierzhuang, Zaozhuang 277400, China)

Abstract: Distribution characteristics, correlations and ecological risk of heavy metals in the surface sediments are
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studied with heavy metal data obtained from Huachang Bay of Hainan Province. Results show that the contents of
heavy metals Cu, Pb, Zn, Cr, Cd, Hg and As are 28. 19, 18. 35, 50.48, 35.75, 0.32, 0.05 and 12. 71
mg/kg, with ranges from 8.41 t0 51.45, 5.96 t0 30.73, 16.87 10 99.15, 18.60 t0 57.80, 0. 12 t0 0. 76, 0.020
to 0.073, 6.02 to 17.56 mg/kg. Results of correlation analysis showed that Cu, Pb, Zn, Hg, Cr and Cd has the
same source of impacts, mainly from the pollutants from mariculture. Besides, Cu, As and Hg is mostly effected by
tides. Pb and Zn is mostly impacted both by tides and fishing boats. Cd and Cr is mostly impacted by shrimp
ponds. Potential ecological risk assessment shows that high potential ecological risk coefficient ( RI) for multi-spe-
cies heavy metals is basically located in the central of Huachang Bay. The waters studied show a medium ecological
risk in genera, and the strong and slight ecological risk is minor. The potential hazard factors for Cd and Hg are
higher assessed by single metal and the potential risks decrease in orders from Cd to Hg, As, Cu, Pb, Cr and Zn.
Key words : marine chemistry; correlation; heavy metals; sediments; ecological risk assessment; Huachang Bay
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