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Evaluation of heavy-metal pollution in Shenzhen coastal sediments

DAI Ji-cui' %, GAO Xiao-wei', NI Jin-ren', YIN Kui-hao®

(1. Shenzhen Gradate School, Peking University, Shenzhen 518055, China; 2. Harbin Institute of Technology at Weihai, Weihai
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Abstract: Based on the field data of Shenzhen coastal surface sediments from 2000-2007, methods of geo-accumulation index
and potential ecological risk index are employed to evaluate heavy-metal pollution status in the area. Results show that
Shenzhen coastal sediments have been polluted by heavy metals. The quality degree of most coastal sediments are Class II
except for the Gushu Coast. The severity of heavy-metal pollution is: the Gushu Coast, the middle of the Shenzhen Bay, the
mouth of the Shenzhen Bay, followed by the mouth of the Shatoujiao Bay that is least polluted. Among heavy metals found in
the sediments, Cu and Zn are the two most seriously-polluting elements. The average contents of Cu and Zn in Gushu coastal
sediments are 128.96mgkg ' and 199.40mg-kg ', belonging to Class III; other coastal areas of Shenzhen belong to Class II.
The results also reveal that there are no potential ecological risks for Shenzhen coastal sediments. The order of potential eco-
logical risks is, Hg Cd Cu As Pb Cr Zn.
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Tab.1 Levels of contaminants in Shenzhen coastal sediments (2000—2007) (units: mg-kg_l)

6.17—14.5
5.81—18.2
8.20—19.0
7.40—24.3

10.22
12.93
12.57
19.94

0.002—0.293
0.053—0.342
0.002—0.379
0.045—0.715

0.09
0.17
0.13
0.23

35.8—61.6 50.31 0.11—0.39 0.17
43.9—69.6 59.74 0.11—0.24  0.18
31.0—47.0 39.26 0.06—0.16 0.10
43.9—79.0 63.48 0.20—0.59 0.38

18.1—63.4
50.6—93.9
27.1—61.2

95.8—185

74.4—142 118.40
151—218 185.75

80—130 101.56
186—234 199.40

42.4—98
28.2—75.6
77.2—104

27.9—113.4

54.21
68.75
53.54
91.00

#F2 RUNEBRIEYHPEEETESEHRZE A Pearson 6% (n=32, p<0.05)
Tab. 2 Pearson correlationship between organic matter and heavy metals in Shenzhen coastal sediments (n=32, p<0.05)
TOC As Hg Pb Cd Cu Zn Cr
TOC 1
As 0.29 1
Hg 0.38 0.42 1
Pb 0.25 0.18 0.05 1
Cd 0.39 -0.21 0.23 0.15 1
Cu 0.26 0.68 0.42 0.47 —-0.01 1
Zn 0.37 0.33 0.41 0.32 0.16 0.77 1
Cr 0.45 0.17 0.34 0.12 -0.01 0.55 0.52 1
0.52 0.21 0.28 0.27 0.61 0.02 0.10 0.16
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*3 BEEEWERSREGN: mgkg)

Tab.3 Background reference values of heavy metals (units: mg-kg ")

As Hg Pb Cd Cu Zn Cr

tn 10 0.2 25 0.5 30 80 60

x4 FEEBARYMPES B RRIES

Tab. 4 Geoacummulation index, |y, of heavy metals in Shenzhen coastal sediments

2000 —-0.33 —2.71 0.37 - -1.31 —-0.69 -1.57
2001 -1.28 —1.58 0.29 - —-0.39 0.05 —0.63
2002 —0.98 —-0.03 0.61 —2.64 0.08 0.48 —0.68
2003 —0.80 -1.42 0.72 -2.77 —-0.65 —-0.22 -1.21
2004 —-0.51 -2.32 0.37 —2.64 —-0.27 —-0.07 -1.25
2005 —-0.21 —2.02 0.53 —2.14 —0.34 —-0.33 -1.69
2006 —0.66 -7.23 0.43 —0.94 —0.04 0.08 —-0.35
2007 —0.05 -2.10 —-0.07 -2.53 0.49 0.24 0.33
2000 —0.13 —0.45 0.56 - 0.43 0.33 —0.43
2001 -1.37 —-0.91 0.84 - 0.49 0.71 0.12
2002 —0.98 0.19 0.70 —2.30 0.17 0.76 —-0.01
2003 —-0.33 -1.29 0.70 —2.23 0.19 0.26 —-1.09
2004 0.07 —-1.20 0.74 -2.77 0.87 0.77 —-0.53
2005 0.16 —0.87 0.62 -1.91 0.44 0.48 —-0.76
2006 0.28 —2.50 0.89 —1.64 1.06 0.74 —0.45
2007 —-0.13 -1.01 0.23 —1.64 0.81 0.86 —-0.31
2000 —0.63 0.34 0.13 - —-0.06 —-0.18 -0.25
2001 —-0.17 -1.37 0.05 - —0.69 —0.21 —-0.36
2002 —0.87 —-0.21 0.33 -2.25 —0.38 —0.14 —0.65
2003 —0.56 -1.94 0.17 -2.91 —-0.75 —-0.57 -1.67
2004 —-0.17 —2.21 0.00 —3.64 —-0.20 —-0.19 -1.15
2005 —-0.26 -1.75 —-0.27 -3.23 —0.64 —-0.51 —-1.50
2006 0.34 -7.23 0.17 -3.23 —-0.73 —-0.37 —-0.76
2007 —0.06 —1.82 —0.13 -291 0.44 0.11 —-0.33
2002 —-1.02 1.25 0.91 —0.36 1.24 0.96 0.17
2003 0.65 -1.63 1.08 —0.40 1.62 0.70 —-0.22
2004 0.59 -1.27 0.70 —-1.53 1.41 0.59 -0.22
2006 0.70 —2.74 0.75 -1.42 2.04 0.74 0.21
2007 0.54 —-0.76 0.23 -1.91 1.09 0.63 0.09

x5 WREREHESREEIRHXR

Tab.5 Geoacummulation index of heavy metals in sediments and grading of pollution levels

leeo lgeo O 0=lye, 1 1=lgo 2 2=lge, 3 3=ly, 4 4=lye, 5
0 1 2 3 4 5
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[13], Hg Cd
B Pb b
[14-13] Hakanson!'® Zn Cu Cr As
Ni Hg Cu
Cr Zn As Pb Cd 7
n no . i
RIS E — ST Cc @) 7 Hg Cd As Pb Cu
r r i
= i1 G, Cr Zn 40 30 10 5 5 2
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Tab. 6 Index of potential risk and single factor pollution parameter at each sampling site
As Hg Pb Cd Cu Zn Cr RI
2002 3.8 58.6 4.8 7.2 6.8 1.1 1.4 82.3
2003 4.3 22.4 5.1 6.6 4.1 0.7 1 43
2004 53 12 4.1 7.2 53 0.8 0.9 35
2005 6.5 14.8 4.5 10.2 5.1 0.6 0.7 42
2006 4.8 0.4 4.2 23.4 6.3 0.8 1.8 40
2007 7.3 14 3 7.8 9.1 0.9 2.8 42
2002 3.8 68.4 5.1 9.1 7.2 1.4 2.2 95
2003 6 24.6 5.1 9.6 7.3 1 1.1 54
2004 7.9 26.2 5.2 6.6 11.7 1.4 1.6 59
2005 8.4 32.8 4.8 12 8.7 1.1 1.3 68
2006 9.1 10.6 5.8 14.4 13.4 1.3 1.6 55
2007 6.9 29.8 3.7 14.4 11.3 1.5 1.8 68
2002 4.1 52 3.9 9.5 4.9 0.7 1.4 75
2003 5.1 15.6 3.5 6 3.8 0.5 0.7 35
2004 6.7 13 3.1 3.6 5.6 0.7 1 33
2005 6.3 17.8 2.6 4.8 4.1 0.6 0.8 36
2006 9.5 0.4 3.5 4.8 3.9 0.6 1.3 23
2007 7.2 17 2.9 6 8.7 0.9 1.8 43
2002 3.7 143 5.9 35 15.1 1.6 2.5 204
2003 11.8 19.4 6.6 34.2 19.7 1.3 1.9 93
2004 11.3 24.8 5.1 15.6 17.1 1.2 1.9 75
2006 12.2 9 53 16.8 26.4 1.3 2.6 71
2007 10.9 35.4 3.7 12 13.7 1.2 2.4 77
£7 E/MRI EEMMMSLEEUREEESRERE E, RI
Tab. 7 Corresponding pollution degree and potential
risk degree of E;' and RI
E/ RI , 2002 RI
E' 40 Rl 150
" (R1'=204), RI 150,
40=<E,' 80 150=RI 300
80=E, 160 300=RI 600 ’
160<E," 320 RI=600 ’
E/'=320 )
s Hg 2002 40

40,
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