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Abstract: Objective  To learn the state of heavy metals pollution in seawater and soils around a coastal industrial area
and put forward a comprehesive proposal to reduce environmental pollution, in order to provide scientific basis for establishing
prevention and control measures. Methods  The sea offshores in a ore dock, coal dock, oil dock and bulk cargo dock were
selected as water monitoring points. A sea offshore in a pre-developing spare area was selected as control.Water samples in shallow
and deep were collected in monitoring points and the control area. An iron and steel industrial, power plant, ore dock, coal dock
and oil dock were selected as soil monitoring points. A pre-developing spare area was selected as control. Surface soil was collected
in the monitoring points and the control area.The concentrations of As, Cu, Hg, Zn, Cr, Cd, Ni, Pb were determined by inductively
coupled plasma mass spectrometry ICP-MS .The contamination situation of the monitoring points were evaluated by calculating
single factor pollution index PI and integrated pollution index IPI . Results In shallow water, the single factor pollution
index of Cu in all monitoring points and Hg in ore dock were higher than 1. In deep water, the single factor pollution index of both
Cu and Hg were higher than 1. It indicated that the seawater was mainly polluted by Cu and Hg.The assessment of integrated
environmental quality index showed that all the monitoring points of seawater were slightly polluted.The integrated environmental
index of shallow water in oil dock was 1.40, and it was higher than the others. The integrated environmental index of deep water
in ore dock was 1.45, and it was higer than the others. The integrated environmental index of deep water in control plot was 1.10,
and it was lower than others.The single factor pollution index of soil was lower than 1 suggesting that the concentrations of 8 heavy
metals in all monitoring points were lower than the standards. The soils of the iron and steel industrial, power plant and coal docks
were lightly polluted and the integrated environmental index were 1.52, 1.46 and 1.44 respectively. The soils of oil docks were not
polluted and the integrated environmental index was 0.92. The soils of ore dock and the control plot were clean.  Conclusion
The seawater of monitoring points were polluted slightly.The soils of monitoring points were not polluted.
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2 60%~110% 2.5%
Table 2 The Nemerow pollution index for seawater 12
Level Nemerow pollution index Pollution level 95% 70%
P 1 Clean
1< P 2 Light pollution 2.2
2< P 3 Moderate pollution 2.2.1
3< P 5 Severe pollution 3 Cu Hg
P> 5 Malignant pollution Cu 0.096 mg/L
2 4
2.1 Cu Hg Cu Hg
0.098 0.0009 mg/L 0.075
0.0006 mg/L
3 mg/L n=12
Table 3 Heavy metals in shallow water of monitoring points
As Cu Hg Zn
Monitoring points
Min Max Mean Min Max Mean Min Max Mean Min Max Mean
Coal dock 0.008 0.014 0.011 0.079 0.086 0.084 0.0004 0.0006 0.0005 0.01 0.08 0.04
QOil dock 0.009 0.018 0.013 0.090 0.098 0.096 0.0002 0.0005 0.0004 0.02 0.06 0.04
Ore dock 0.010 0.015 0.013 0.079 0.083 0.081 0.0002 0.0007 0.0006 0.01 0.08 0.04
Bulk cargo dock 0.006 0.009 0.008 0.083 0.085 0.084 0.0003 0.0006 0.0004 0.01 0.06 0.03
Control point 0.008 0.016 0.012 0.071 0.078 0.076 0.0001 0.0006 0.0004 0.03 0.05 0.04
Standand — — 0.050 — — 0.050 — — 0.0005 — — 0.50
Cr Cd Ni Pb
Monitoring points ) . . :
Min Max Mean Min Max Mean Min Max Mean Min Max Mean
Coal dock 0.01 0.04 0.03 0.001 0.004 0.002 0.013 0.019 0.017 0.003 0.007 0.005
Oil dock 0.01 0.05 0.03 0.001 0.003 0.002 0.012 0.017 0.015 0.001 0.006 0.003
Ore dock 0.01 0.04 0.02 0.001 0.003 0.002 0.012 0.019 0.016 0.002 0.006 0.003
Bulk cargo dock 0.02 0.05 0.03 0.001 0.003 0.002 0.013 0.018 0.016 0.001 0.006 0.003
Control point 0.01 0.05 0.03 0.001 0.001 0.001 0.011 0.019 0.016 0.002 0.005 0.003
Standand — — 0.50 — — 0.010 — — 0.050 — — 0.050
4 mg/L n=12
Table 4 Heavy metals in deep water of monitoring points
As Cu Hg Zn
Monitoring points
Min Max Mean Min Max Mean Min Max Mean Min Max Mean
Coal dock 0.004 0.009 0.007 0.081 0.090 0.088 0.0005 0.0008 0.0007 0.05 0.08 0.07
Oil dock 0.008 0.014 0.011 0.080 0.090 0.086 0.0004 0.0009 0.0008 0.03 0.08 0.06
Ore dock 0.009 0.014 0.012 0.091 0.100 0.098 0.0005 0.0011 0.0009 0.06 0.11 0.08
Bulk cargo dock 0.006 0.015 0.010 0.079 0.084 0.081 0.0003 0.0008 0.0006 0.05 0.12 0.09
Control point 0.009 0.012 0.010 0.069 0.079 0.075 0.0004 0.0007 0.0006 0.04 0.09 0.06
Standand — — 0.050 — — 0.050 — — 0.0005 — — 0.50
Cr Cd Ni Pb
Monitoring points
Min Max Mean Min Max Mean Min Max Mean Min Max Mean
Coal dock 0.01 0.04 0.02 0.001 0.004 0.002 0.01 0.04 0.02 0.002 0.005 0.003
Oil dock 0.01 0.03 0.02 0.001 0.001 0.001 0.01 0.04 0.02 0.001 0.005 0.003
Ore dock 0.01 0.03 0.02 0.001 0.003 0.002 0.01 0.05 0.02 0.001 0.007 0.004
Bulk cargo dock 0.01 0.05 0.02 0.001 0.005 0.002 0.01 0.05 0.02 0.001 0.004 0.003
Control point 0.01 0.01 0.01 0.001 0.001 0.001 0.01 0.01 0.01 0.002 0.006 0.004
Standand — — 0.50 — — 0.010 — — 0.05 — — 0.050
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2.2.2 6
Table 6 Single factor pollution index PI and integrated pollution index
5 6 IP1  of deep water in each monitoring point
PI
5 Cu Monitoringpoints As Ccu Hg zn Cr Cd Ni Pb IPI
Hg 1 0.14 176 1.40 0.14 0.04 0.20 0.42 0.06 1.30
Coal dock
h 022 1.72 160 0.12 0.04 0.10 0.34 0.06 1.27
1 2 1.40 Oil dock
1.11 Ore dock 024 196 180 0.16 0.04 0.20 0.46 0.08 1.45
6 Cu Hg Bulk cargo dock 020 1.62 1.20 0.18 0.04 0.20 0.38 0.06 1.20
1 1.96 1.80 . 0.20 150 1.20 0.12 0.02 0.10 0.20 0.08 1.10
Control point
1 2
145 1.10 2.3
2.3.1 8
> 7 7
Table 5 Single factor pollution index Pl and integrated pollution index
IP1 of shallow water in each monitoring point Cd Ni
PI 0.6 160mg/kg Hg Zn 0.92
Monitoring points  As  Cu Hg zn Cr Cd Ni Pb IPI 22 mg/kg Cu 243 mg/kg Cr
Coal dock 0.22 1.68 1.00 0.08 0.06 0.20 0.34 0.10 1.23 7 mg/kg Ph
e 026 1.92 080 008 006 020 030 006  1.40 Zn 14 22mglkg
0.26 1.62 120 0.08 0.04 0.20 0.32 0.06 1.19 2.3.2 8
Ore dock L
0.16 1.68 0.80 0.06 0.06 0.20 0.32 0.06 1.22
Bulk cargo dock 152 1.46 1.44
Control point 0.24 152 0.80 0.08 0.06 0.10 0.32 0.06 111 0.92
7 mg/L n=5
Table 7 Heavy metals in soils of monitoring points
As Cu Hg Zn
Monitoring points i i i i
Min Max Mean Min Max Mean Min Max Mean Min Max Mean
Ironand steel industrial <MLD <MLD <MLD 119 145 130 0.19 0.35 0.27 10 20 14
Power plant <MLD <MLD <MLD 166 219 193 0.79 1.02 0.92 15 30 22
Coal dock <MLD <MLD <MLD 219 257 243 0.25 0.46 0.36 9 19 13
Oil dock <MLD <MLD <MLD 120 160 138 0.13 0.25 0.19 13 27 18
Ore dock <MLD <MLD <MLD 22 40 34 0.04 0.09 0.06 8 17 12
Control point <MLD <MLD <MLD 60 88 73 0.14 0.26 0.19 17 27 22
Standand — — 30 — — 400 — — 1.5 — — 500
Cr Cd Ni Pb
Monitoring points . . . .
Min Max Mean Min Max Mean Min Max Mean Min Max Mean
Ironand steel industrial 2 6 4 0.3 0.8 0.6 145 171 160 4 9 7
Power plant 4 8 6 0.3 0.8 0.5 45 77 61 5 13 9
Coal dock 1 4 2 0.1 0.5 0.3 120 163 144 3 8 5
0Oil dock 5 9 7 0.1 0.5 0.3 62 99 83 7 10 8
Ore dock 5 9 7 0.1 0.4 0.2 15 38 25 6 13 9
Control point <MLD <MLD <MLD <MLD <MLD <MLD 27 48 38 12 17 14
Standand — — 400 — — 1.0 — — — 200 — 500
MLD MLD was the detection limit of the method which was used
8
Table 8 Single factor pollution index PI and integrated pollution index IPI of soils in each monitoring point
Pl
. . - IPI
Monitoring points As Hg Pb Cr cd Ni Cu Zn
Ironand steel industrial 0.00 0.18 0.01 0.01 0.63 0.80 0.33 0.03 1.52
Power plant 0.00 0.61 0.02 0.02 0.49 0.30 0.48 0.04 1.46
Coal dock 0.00 0.24 0.01 0.01 0.29 0.72 0.61 0.03 1.44
0Oil dock 0.00 0.13 0.02 0.02 0.28 0.41 0.35 0.04 0.92
Ore dock 0.00 0.04 0.02 0.02 0.21 0.13 0.09 0.02 0.40
Control point 0.00 0.12 0.03 0.00 0.00 0.19 0.18 0.04 0.42
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