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Fig.1 The sampling sites in Yangshan Port
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R1 REBEAKSRYRE R E 5750 H i R AR AT

Tab.1 The temporal distribution of contamination in surface sea water

and contrast with other sea areas and the standard pg/ L
A Cu Pb Cd Zn As Hg Cr AWz P
B SD ¥ SD @l SD HfH SD ¥ SD HyE SD HME SD  HyEH SD
VLIS VR
1A 39.8 2.2 25.7 21.2 1.4 1.3 1440359 51 2.4 051 0.62 3.3 0.9 652 59.4
2 A 47.6 26.6 2.6 159 1.2 0.8 9.0 4.2 3.7 1.4 0.64 0.43 47 1.3 9.0 28.5
3H 457 33.8 29.1 16.0 1.0 0.8 1041367 3.1 1.8 0.5 0.44 4.3 1.4 149 23.5
4 A 38.5 2.0 23.0 147 0.9 0.6 118.7 26.2 4.4 0.5 0.51 0.57 2.3 1.3 119.3 46.4
5H 127 3.7 158 43 0.8 0.3 108.0 4.0 4.4 20 0.48 0.43 3.4 1.5 4.6 51.9
6 H 45 32 160 61 0.1 0.1 108.4 49.2 1.8 1.3 0.24 0.18 2.5 1.1 97.1 64.7
7H 20 1.8 39 09 05 04 9.8 182 1.9 0.4 0.23 0.20 0.5 0.5 78.5 18.5
8 H 20 2.8 1.6 04 0.2 03 8.7 188 0.9 0.2 0.27 0.08 1.0 0.4 29.9 23.5
9H 1.8 1.4 05 0.1 02 02 489 140 3.3 1.1 0.14 0.11 1.4 0.7 67.5 57.4
10 A 24 07 1.3 0.6 0.0 00 46.6 21.8 1.4 0.2 021 0.26 1.0 2.2 1.7 7.0
11 A 21 1.6 1.4 1.1 03 03 69.4 27.8 1.2 03 020 0.04 1.6 1.7 12.9 9.8
12 A 1.8 1.3 09 0.8 0.5 04 4.8 2.9 0.4 03 0.14 0.03 1.0 0.5 39.6 13.0
Ko 7.7 0.5 0.11 7.1 3.8 0.06 ND ND [12]
&;{f@?ﬁ@f 1.0 0.68 0.08 7.6 ND ND 0.4 ND [13]
U AR 1.9 0.21 0.01 0.4 ND ND ND ND [1]
VLS ND ND ND 14.2 ND ND 26.5 ND [14]
Sl E 1.6 2.5 0.12 17.8 1.8 0.02 0.2 ND [15]
FHOLZKI 1MW ND ND ND ND ND ND ND 55 [3]
PR SR v 3.0 1.5 0.24 3.7 ND 0.01 1.2 ND [17]
AT 4 K U 0.58 2.07 <0.9 ND ND ND ND ND [18]
ﬁ’%ﬁﬁgﬂﬁ 50 50 10 500 50 0.5 500 500 [19]
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Fig.2 Pollution index of the spatial distribution of contamination in surface sea water
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Tab.2 Correlation analysis of the spatial distribution of contamination in surface sea water
Cu Pb Cd Zn As Hg Cr A
Cu 1
Pb 0.111 1
Cd 0.427 0.139 1
Zn 0.728** 0.031 -0.034 1
As 0.646 0.077 0.630 0.461 1
Hg 0.871** 0.254 0.398 0.773** 0.652 1
Cr 0.176 -0.492 0.374 0.144 0. 496 0.092 1
Al -0.027 -0.305 0.019 0.311 0.153 0.161 0.591 1
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Tab.3 The clustering coefficient of temporal distribution of surface sea water

RERY I 287K 287K B 27K VK Bt 45k
1A 0.66 0.09 0.30 0.09 I
2 A 0.58 0.19 0.45 0.06 I
3A 0.68 0.01 0.41 0.09 I
4 A 0.65 0.08 0.39 0.07 I
5A 0.68 0.07 0.13 0.13 I
6 A 0.77 0.16 0.13 0.03 I
7A 0.78 0.21 0.07 0.00 I
8 A 0.82 0.14 0.04 0.00 I
9A 0.86 0.16 0.00 0.00 I
10 A 0.83 0.20 0.00 0.00 I
11 A 0.82 0.19 0.02 0.00 I
12 A 0.88 0.14 0. 00 0.00 I
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REFRGEHILE T Z M AT HRE RN S,
TRAR T IR FY A g B B4y 32, FE K R4 AT o —
FEAEE TIN5 Jepe 0 A xR 2 B R
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I A IRABF ST Yo i 28 AL A . 1A T 98
ERY ARG EER R R RRBG RS R
mE 4 i,
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Tab.4 Development coefficient and accuracy grade of
fitting contamination by improved GM (1,1) model

HYYIR R RIEFRB HRLRR B2 45 %

Hg 0.161 s
Cr 0.187 o
cd 0.217 o
Pb 0.267 B
Cu 0.397 B
Zn - puni
As - NEH

Al - AEH

3 #he
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Annual monitoring and analysis of pollution characters of heavy metal and
petroleum hydrocarbon in surface seawater from Yangshan Port

LI Juan-ying, CUI Yu, FAN Qing-ping, LI Zhen-hua, SU Lei, XUE Jun-zeng
(Key Laboratory of Freshwater Fishery Germplasm Resources, Ministry of Agriculture, Shanghai Ocean University, Shanghai
201306, China)

Abstract: Based on the annual monitoring on the dissolved heavy metal and petroleum hydrocarbon in 2012,
the present pollution situation and features were analyzed to clarify the environmental impact caused by the
construction and operation of the Yangshan Port. The results indicated that the dominant heavy metal in
Yangshan Port was Hg, followed by Cu, Pb and Zn. It can be classified into two stages throughout the year of
2012, that is, the first stage was from January to May and the second stage was from June to December.
Contaminant levels were relatively high in the first stage which were mainly caused by construction and
drainage based on the time distribution and cluster analysis of pollutants. The results of spatial distribution
showed that areas of high concentration appear at the edge of Xiaoyangshan and the southeast region of
Dayangshan Island. For the Yangshan Port was in the special stage that construction and operation is
simultaneously underway, it was necessary to control the pollution of harbor. It is proposed to take the concept
of development coefficient by using the modified GM(1,1) model in order to evaluate the variation tendency
and pattern of contamination deeply. The results indicated that, of all heavy metals, Hg, Cr and Cd are
difficult to be eliminated in the investigated waters. Measures need to be strengthened to prevent and control
these pollutants.

Key words: Yangshan Port; heavy metals; petroleum hydrocarbon; temporal and spatial distribution; gray

clustering; development coefficient
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