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;. Eb , 160= E}, <320, ; C
El, <40, . 40= E} <80, ) T i ,
, 80= E}, <160, ,
k1 ELESBRE (C) MEEREH (T)
Tab.1 Reference values (C!) and toxicity coefficients (7 ) of heavy metals
Cu Pb Zn Cr Cd Hg As
C,‘;(XIO’G) 15.00 20.00 65.00 61.00 0.07 0.03 7.70
T! 5.00 5.00 1.00 2.00 30.00 40.00 10.00
2 %%5 _ﬁ_%& (r=-0.840), As (r=-0.535); Hg
As (r=0.659); Cu Pb Zn Hg
20 REBREABRMELEBLSERIA A " ( 2a~ 2c, 2f~ 2g),
AR i ,
Cu Pb Zn Cr Cd ,
Hg As 17.90~71.11 7.27~33.33 ; , Pb As ¥
35.92~128.26  28.50~43.00 0.08~0.70 0.02~0.07 ( 2b), * s
3.35~17.23 mg/kg, 4223 17.15 Pb As, ¥
76.58 36.24 0.33 0.040 9.26 mg/kg ,Pb  As ; Cd
Cu . W *
, ) ( 2e),
; Pb , B % ,
) s Cd
; Zn , B ; Cr =
;. Cr , IR ,
) ; , 2016
Cd . W , %
; Hg , i , ,
, ; As , , Hg
V] R R , Cu Pb As
( 2a~ 2h) ,Cr Cd Zn
) , Cu Pb Zn Hg As
s Pb As Cd ,Cr
[19-21] ’ ’
VS ( 2), Cu ,
Zn (r=0.706),  Hg , ¥ ,
(r=0.648); Pb Hg (r=0.731), 50%, R
As (r=0.737);  Zn 28.57%, s
(r=0.587); Zn Hg (r=0.730), As 21.43%( 3 4); RI
(r=0.599); Cr Cd VS ( 2g
126 /2018 /42 /2



N o
aies - Jim
= ARTICLE
a \ - / N b A\ / N
oNv s B / F\\ / A S // K\ W
18°26'35 \ ;o N\ i A N\ PN {
\ N / b
) / \ S } N\ S
/) /// . . /// * * ) /
/ 4 / . \ /
/20 P T 2 /
18°2537"| / / 1 . &
(J 4?7 * N . | / /// v N .
SRR N
{ SN / ) /f |
/’ /"/ L] / //éfi ok
{
) \\ * * / Cu/a'\fx/(m g/kg) // 6\ * A 4\ / Pbﬁﬁ/(mg/kg)
18°24'38" ¢ \ ® >65.00 ¢ 8 < ® >30.00
~ 4 . * 55.00~65.00 A * 25.00~30.00
e ) « 45.00~55.00 S f{j 3 « 20.00~25.00
/ * 35.00~45.00 N * 15.00~20.00
/005 11 420003500 /0 05 114 i000-1500
\ . / km 4 <2000 . / km 4 <10.00
N L / N d S N
18°26'35" N ) N\ | w&ﬁa 0 \ J N W%E
\‘ // * ~ S / * AN / S
// // * . \ ///~-’/ L] + 1 /
/ < \
/ . * / / . . ¢ /
/ . /
18225377 ./ | W, /
/ * . * / 1 A * *
7 N )/ { RPN /
{ e / / | N /
) R % Z/ / ) Rz |
/ . . Zni/(mg/ke) / \ * 4 Crérit/(mg/ke)
18°24'38" - \\ “/\ / ©>120.00 _/ \\ RN / : >4O_g(1) €
e NEDY, * 100.00~120.00 e . * 38.00~40.00
S () + 80.00~100.00 T ‘/”E ) + 36.00~38.00
7 « 60.00~80.00 /N * 33.00~36.00
/0 0.5 1] 44000~60.00 0 05 + 30,00~33.00
/T m | a<40.00 . km + <3000
\ N Y / N
18°26'35" ¢ \ TN / \ f \ SN [ \
L \\ /,/ \ / W ~ E| /) \ / W E
? // ¢ \ S / / * A / S
/ // A A S . . \ /
/ e k ’ / e \ /
// d A / // J
/ t N ° * l / // . . * \ /
182537 L / // L . ) /
S e . * / " * .
<) ,/J ¢ / / /:? A /
/) — " RzE | / " B LM /
492438 / \ . 4 { / Cd7rit/(mgke)| | / , ¥ B ( / Hg 7 iit/(mg/kg)
mQn )/ . ® >0.55 4 S .
1 N )Z * 045-055 e :f\w / . 0052006
et el
0 05 1 e Jo 05 1o
| ‘ km A <015 . km 4 <0.02
e — R — N
N\ Jooor N / £ A Soor N / $
/ ,,/’/ * * \L / } . «// . B \\ [
/ § \ / /g \ /
/ A . / . * >
1822537 { | -/ g /
(7 % ’ . * / / Y S * . *
/ ha hp) / / \\’VH\U /
\) /J . /7 / ,/J M /
) —w i ] // / — TR L /
. A / . A {
18°24'38" \ S Asaritimgke)| |/ \ ) [E
- * « ) * >1150 * a0 *>450.00
R Za( ¢ 950~11.50 ™ — () + 350.00~450.00
Y 750 + 250.00~350.00,
/0 05 1 N Z;i&?;ig /0 0.5 + 150.00~250.00,
‘ 1 // km lA <5.50 | km A TIS0.00
110°1'30" 110°3'0" 110°4'30" 110°1'30" 110°3'0" 110°4'30"E
2 RI

Fig.2 Scatter distribution of heavy metals contents and R/

Marine Sciences / Vol. 42, No. 2 /2018

127



Bt

) H@ART/CLE

®2 REMBEVMEEEAIEEXMESH
Tab.2 Correlation analysis content of heavy metal in surface sediments
Cu Pb Zn Cr Cd Hg As
Cu 1
Pb 0.256 1
Zn 0.706%* 0.587+ 1
Cr —0.207 -0.205 —0.243 1
Cd 0.243 0.274 0.201 —0.840%** 1
Hg 0.648** 0.731%* 0.730%* —0.229 0.415 1
As 0.227 0.737#* 0.599+* —0.535* 0.491 0.659** 1
5 P<0.01, ; %, P<0.05,
*3 REMBRYHEERMBEETSEERY
Tab.3 Potential ecological risk coefficient of heavy metals in surface sediments
(Ey)
Cu Zn cd Cr Pb Hg As (RD)
L1 15.23 1.03 323.08 1.31 8.33 92.80 14.96 456.75
L2 6.77 1.40 36.92 1.02 7.43 64.00 18.06 135.61
L3 6.96 1.06 55.38 1.41 4.97 75.20 17.08 162.06
L4 23.70 1.36 230.77 0.98 2.90 52.80 6.26 318.78
L5 23.62 1.97 263.08 1.37 5.54 97.60 12.35 405.53
L6 12.24 0.81 124.62 1.30 2.77 70.40 4.35 216.48
L7 19.42 1.10 184.62 0.93 3.40 54.40 8.23 272.10
L8 14.54 1.51 87.69 1.27 4.68 67.20 13.82 190.72
L9 22.68 1.75 120.00 1.17 5.50 112.00 22.38 285.49
L10 10.73 1.38 110.77 0.94 4.05 44.80 12.42 185.09
L11 7.91 0.55 69.23 1.29 1.82 30.40 5.22 116.41
L12 19.01 1.27 207.69 1.17 4.33 84.80 12.53 330.80
L13 5.97 0.75 244.62 1.22 2.20 33.60 10.22 298.57
L14 8.27 0.56 83.08 1.23 2.12 28.80 10.48 134.54
14.08 1.18 152.97 1.19 4.29 64.91 12.03 250.64
*4 RENRYHEZHESCEBERLERAWRYBESLL
Tab. 4 Percentage of potential ecological risk coefficient of various heavy metals in surface sediments
/%
(<150) L2,L11,L14 21.43
(150~300) L3, L6~L10,L13 50.00
(300~600) L1,L4,L5,L12 28.57
(>600) — 0.00
(E;g) , 7.14%; Hg
( 3 5), , 57.14%,
Cd  Hg, cd : 21.43%,
, 21.43% Ej , Cd
42.86%, R 35.71%, , Zn , 7
R 14.29%, : Cd&>Hg>Cu> As>Pb>Cr>Zn
128 /2018 /42 2
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Tab.5 Percentage of potential ecological risk coefficient of single heavy metals in surface sediments

Cu Pb Zn Cr As Cd Hg
L1~L14 L1~L14 L1~L14 L1~L14 L1~L14 L2 L11,L13,
(<40) (100%) (100%) (100%) (100%) (100%) (7.14%) L14(21.43%)
. . . . . L3,L11 L2~L4, L6~L8,
(40~80) (14.29%) L10, L12(57.14%)
. . . o . L6, L8~L10, L14 L1,L5,L9
(80~160) (35.71%) (21.43%)
. . . . . L1,L4,L5,L7,L12, .
(160~320) L13 (42.86%)
% : ] : ;
, , Cd,
, (1 42.86%, Cd Hg,
(10 RI 35.71%  21.43%,
E} ( 6) Cu Pb Zn Cd Hg 14.29%  57.14%,
Cr Cd As , Hg ; ; As,
RI , 61.22%, Cd  As,
, = 71.43%  16.33%,
, , Hg Cd As, 18.37%
, 12.24%  14.29%, ( 6
F6 BRESHHBNRYESELE
Tab. 6 Comparison of sediments between Xincun and Li’an lagoon
Cu 22.1 42.23
Pb 13.41 17.15
Zn 37.64 76.58
/mg/kg) Cr 9.1 36.24
Cd 0.225 0.33
Hg 0.13 0.04
As 0.48 9.26
(<150) 16.32 21.43
R (150~300) 38.78 50.00
(300~600) 42.86 28.57
/%)
(>600) 2.04 —
i
(<40) Cu(100) Pb(100) Zn(100) Cr(100)  Cu(100) As(100) Pb(100) Cr(100)
£ Hg(81.63) Cd (16.33) As(8.16) Zn(100) Cd(7.14) Hg(21.43)
%) (40~80) Hg(18.37) Cd (12.24) As(14.29) Cd(14.29) Hg(57.14)
(80~160) Cd (71.43) As(16.33) Cd(35.71) Hg(21.43)
(160~320) As(61.22) Cd(42.86)
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, Cu Pb Zn Cr Cd As
) Hg
¥
22 REBREABYT ELBRBIH
*
[22], 7%
5.65x10° m’, 20~50 d,
[23]’ 7%
Cu Pb Zn Hg As &
, S * ;
,Pb Cd S )
; Cr ¥
[24]
Hg Cd As
'cd Cr Cu Pb  Zn ,
As 261 cd
271 Ccu Cr [28]
2016 , 110
17.57%, )
pinna rudis linnaeus Pinctada
sp. Ostrea sp. Panulirus sp.
Epinehelus sp. Lutjanus sp. Rachycentron
canadum Pampus argenteus
(6 mx22m) 100 ,
Cu Pb Zn Cd Cr Hg As
130 /2018

) H@ART/CLE

>

Cu Pb Cd Zn (291,
130311 9016 , B
0~95%,
37.80%; 0~1816 /m’ 626 /m?,
0~984.62 g/m?, 558.39 g/m’
, , RI
)
Cu Pb Zn Cr As , Cd
, Hg ,
=
3 & #®
(1) Cu Pb Zn
Cr Cd Hg As 17.90~71.11

7.27~33.33 35.92~128.26 28.50~43.00 0.08~0.70

0.018~0.070  3.35~17.23 mg/kg, 42.23
17.15 76.58 36.24 0.33 0.040 9.26 mg/kg,
¥
(2) Cu Pb Zn Hg As
5 , ,Pb As Cd
,Cr
3) ,

, RI
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Distribution characteristics and pollution evaluation of heavy
metals in the surface sediments of Li’an lagoon, Hainan province

CHEN Shi-quan’, WU Zhong-jie!, CAl Ze-fu!, XIANG Yun-yun?, XING Kong-min',
WANG Dao-ru’, LIN Guo-yao', TONG Yu-he'
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graphy, SOA, Hangzhou 310012, China)
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Abstract: This study investigates the distribution characteristics, correlation, and potential ecological risk of heavy
metals in the surface sediments of Li’an lagoon by determining their contents. The results show that the average
contents of Cu, Pb, Zn, Cr, Cd, Hg, and As in the surface sediments of Li’an lagoon are 42.23, 17.15, 76.58, 36.24,
0.33, 0.04, and 9.26 mg/kg, respectively, and they are mainly located in the farming area at the lagoon center and
the shrimp ponds along the coast. Furthermore, Cu, Pb, Zn, and Hg are the main sources of pollution that affect by
aquaculture activities, while Pb, As, and Cd mainly affect terrestrial shrimp ponds. This study also focuses on the
ecological risk indexes (RIs). Different regions had low, medium, or high RIs. The regions with high RIs are mainly
at the center of the lagoon. A descending order of the heavy metals with potential ecological risk is Cd>Hg>Cu>
As>Pb>Cr>Zn. The heavy metals distribution and potential ecological risk in Li’an lagoon differ from those in

Xincun lagoon. The Li'an lagoon mainly has a medium ecological risk; however, Cd presents a strong ecological risk.
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