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1 : >0,
(60 Cr <0.3, ,
), 0.2000g , >0.3,
(CEM-MARSS5) (Tania et al,
(GBW07302) 2003) Cr , , ;
(GBW07314) , Cu Pb Zn Cr Hg ,
Fe Hg As 109% 106% 102% 103% (GB18668-2002),

108% 98% Cu Pb Zn Cr Fe

(Thermo-M6)(GB17378-

105%

2007) As Hg
(AFS-920)(GB17378-2007) <5%
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Fig.1 Distribution of sampling points and zones

2.1

>

(Olivares-Rieumont et al, 2005),
1

x1 ETRAIEERRRMFEE

Tab.1 Overall representative eigenvalue of heavy metals

content
/107 /107
Cu 18.8—63.4 345 0.34 0.71
Pb 7.96—52.7 25.4 0.43 0.64
Zn 66.4—514 253 0.51 0.53
Cr 33.4—63.2 50.8 0.17 0.26
Hg 0.18—2.80 1.17 0.65 0.48
As 12.7—59.9 29.4 0.45 1.04

Cr Pb (<
80mg/kg, <60mg/kg), Cu As
(<100mg/kg, <65mg/kg), Zn

(<600mg/kg), 50%
Hg
(=1.0mg/kg),
2.2
(2 )
Cr ,
(2008) ,
9.241 5.126 52.45mg/kg
(2006) ,
Zn Cu Pb 10446.5 619.0 1650.0mg/kg,
( , 1994), )
> ( B
2003) J14 ,
2
( 2):Hg Zn Cu Pb As
(P<0.01),
Cr ,
Fe , Fe ,

Cr
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Fig.2 Distribution of heavy metals in surface sediments

®2 EERTTRER Fe XD 2.3

Tab.2 Correlation analysis among heavy metals and Fe in sur- Q 20
face sediments

Cu Pb Zn Cr Fe Hg As

Cu 1 2.3.1

Pb  0.940” 1

Zn 09317 0.950™ 1

Cr 0373 0168  0.079 1

Fe 0.525° 0.331 0.253 0.919™ 1 >

Hg 0.918: 0.952"  0.958" 0.135 0250 1** t=ci/cl
As 09477 09177 0966 0.149  0.323 00911 1

£

£ ok

* (P<0.05), ** (P<0.01) i )
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4
2.3.2
cl , (Hercules
n
c et al, 2001; Kentel et al, 2005),
d
“ 12 30, 20mg/L>”
6 (12, 20, 30)
Cy =2.Ci (2009) (2008)
i=1
6 i 6 . (
I Il
RI =) E =) T/Cy , 2001), +£2
i=1 i=1
R 5
. RI )
R RI
Ei s +10% ( , 2007),
r Cr As ( 06
: 2.3.3
7 b A b
s 3 . A:1
, 7 , 3 3
4
%3 EEESMWEEY ’ A=0.90
Tab.3 Heavy metal toxicity response coefficient ,
Pb Cu As Hg
T 5 5 10 40 7 8
7
SRR , ,
Tab.4 Evaluation criterion of Cif and RI
Hg>Zn>Cu>Pb>As>Cr, Hg Zn
Hg, Hg
<1 <70 s
. =1,<3 =70, <140 8
Ci RI ¢ 8
=3,<6 =140, <280
=6 =280
*5 WMTEXMRMELRE=AEME(ng/Ke)
Triangular fuzzy number of heavy metals in different district of Jinzhou Bay (mg/Kg)
Pb Cr Hg As
1 26.57—65.11 422.54—557.88 21.20—80.02 1.44—3.44 53.00—63.25
2 27.38—37.03 255.39—428.54 34.63—65.43 1.17—2.27 21.66—48.43
3 7.93—26.82 66.66—238.63 33.14—69.32 0.02—1.18 10.26—30.93
*6 WMMTHRYMEEZREYE RME(mg/Ke)
Tab.6 Background values of heavy metals in surface sediment of Jinzhou Bay (mg/Kg)
Pb Cr Hg As
( ,1992) ,1992) ,1994)  ( ,1992)  ( , 1990)
9.00 48.59 50 0.028 15
5.50—12.50 39.94—57.24 45—55 0.012—0.044 13.5—16.5
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R7 TRAEEAKETE—EERTHENSRELNXEE
Tab.7 Interval value of the factor of contamination in different confidence levels
Cu Pb
A=1 A=0.9 A=1 A=0.9
| 5.60 [5.48, 5.74] (4.80, 5.60, 8.80) 5.09 [5.08, 5.11] (4.83,5.09, 5.21)
5 4.07 [3.96, 4.19] (3.36, 4.07, 6.92) 3.58 [3.50, 3.67] (2.96, 3.58, 4.98)
3 2.67 [2.64, 2.70] (2.47,2.67, 3.46) 1.93 [1.96, 1.97] (1.44,1.93,2.15)
Zn Cr
X 10.09 [10.05, 10.13] (9.75, 10.09, 10.58) 1.01 [0.96, 1.06] (0.47,1.01, 1.45)
) 7.04 [6.98, 7.09] (6.39, 7.04, 7.49) 1.00 [0.98, 1.02] (0.77, 1.00, 1.19)
; 3.14 [3.02, 3.26] (1.67, 3.14, 4.17) 1.02 [1.00, 1.05] (0.74, 1.02, 1.26)
Hg As
X 87.21 [85.81, 88.64 ] (78.18, 87.21, 120.00) 3.88 [3.87, 3.88] (3.83, 3.88, 3.93)
5 61.52 [59.97, 63.07] (51.59, 61.52, 97.50) 2.34 [2.27, 2.40] (1.60, 2.34, 2.94)
3 20.66 [19.77,21.62] (~1.67, 20.66, 26.82) 1.37 [1.32, 1.43] (0.76, 1.37, 1.87)
®8 ARAMEEKFETBELESAKIENEXEE
Tab.8 Interval value of potential ecological risk of different station group in different confidence levels
A=1 A=0.9
1 (3228.32,3592.55,4918.91) 3592.55 [3536.26, 3650.38]
2 (2134.45,2531.55, 3983.44) 2531.55 [2469.08, 2593.68]
3 (35.25, 868.48, 1121.24) 868.48 [832.45, 907.50]
( , 2009) , Hg Zn Cu Pb As
3 Cu 0.865, 3.4
/n 0.725, Hg R
0.935, As
0.955, s 0.9 Hg>Zn>Cu>Pb>As>Cr, Hg Zn
; Hg
3
3.1 ,
Cr s ; Hg , s , 1994,
. , 14(1): 22—29
, ) , 2002.
3.2 ) . , 15(5): 33—37
Cr ., : , , 2007.
R . , 16(5): 1346—1352
> s , 1995.
,17(2): 78—85
, s , 1996.
3.3 Fe ,Cr Fe 15(4): 28—31
(P<0.01), 5 , , , 2008.

, Cr . ,36(3): 225—230
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HEAVY METAL POLLUTION IN SURFACE SEDIMENT OF JINZHOU BAY AND
ECOLOGICAL RISK ASSESSMENT BASED ON TRIANGULAR FUZZY NUMBER

WANG Yan, LIU Ru-Hai, YU Ping, XU Liao-Qi, WANG Jin-Yu
(Key Lab of Marine Environmental Science and Ecology, Ministry of Education, Ocean University of China, Qingdao, 266100)

Abstract

Twenty surface sediments were collected in Jinzhou Bay, and the contents of Pb, Cr, Zn, Cu, As, and Hg

were determined. Data analysis showed that the coefficient of variation of Hg was the largest, indicating that the Hg pollu-

tion was serious. The pollution level of heavy metals except of Cr decreased with distance to seashore, and the source of

sediments was an important factor for the distribution of heavy metals. The study area could be divided into three zones

based on cluster analysis, and the triangular fuzzy number was used to determine heavy metals contents. Ecological risk

assessment showed that the order of heavy metal pollution was Hg>Zn>Cu>Pb>As>Cr (Credibility A=0.90), and Hg and

Zn in three zones have reached a high degree of pollution. As Hg has high biological toxic, ecological risks were high in

local zone.

Key words Jinzhou bay;

heavy metals; triangular fuzzy number; ecological risk assessment



