29 9 Vol.29 No.9
2008 9 ENVIRONMENTAL SCIENCE Sep. 2008
1 1 2 1 2 1 *
1. 116023 2. 116001
7 Ni Cu Cr Pb Cd As Hg
1998
.7 Ni 26.5 mg kg™' Cu 37.9 mg kg™ Cr 90.3 mg kg”' Pb 32.9 mg kg™' Cd 0.49
mg kg' As12.3 mg kg”' Hg0.14 mg kg™'. Ni  As Cu Cr Pb
Cd Hg Cd> Hg> Cu> Cr>Pb> As > Ni.
2 58.74% 17.18% 3
X131 X142 A 0250-3301 2008 09-2413-06

Distribution and Pollution Character of Heavy Metals in the Surface Sediments of

Liao River
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Abstract The concentrations of 7 heavy metals Ni Cu Cr Pb Cd As Hg and organic maiters in the surface sediments of Liao River were
determined by atomic absorption spectrometry AAS and atomic fluorescence spectrometry AFS  and sediments pollution assessment was
carried out using geoaccumulation index. Moreover the sources of heavy metal contamination were estimated with the principal component
analysis PCA . The results demonstrate that the heavy metal concentrations of Liao River are markedly higher than that of Liao River in 1998
and lay at medium level compared with other rivers in China. The average concentrations mg/kg obtained were Ni26.5 mg kg™' Cu37.9
mg kg™' Cr90.3mg kg™' Pb32.9mg kg' Cd0.49 mg kg™' As12.3mg kg™' Hg0.14 mg kg™' . The results of geoaccumulation
index reveal that sediments of Liao River are uncontaminated with Ni As lightly contaminated with Cu Cr Pb and moderately contaminated
with Cd Hg. The order of the analyzed heavy metals arranged from the highest to lowest pollution degree is as follows Cd > Hg> Cu> Cr>
Pb> As> Ni. By estimating the sources of heavy metal contamination with the Principal component analysis PCA it was found that the first
two components account for 58.74% and 17.18% of the total variance respectively. The industrial and living wastewater ~degradation of
organic matter atmospheric precipitation and geochemical changes are the main sources of heavy metal contamination.
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Table 1 Concentrations of heavy metals in surface sediments of DaLiao River/mg kg~ '
Ni Cu Cr Ph Cd Fe As Hg
S1 34.9 45.4 129.7 32.6 0.29 8.90 11.9 0.17
S2 54.3 47.1 171.1 20.1 0.32 10.9 8.9 0.18
S3 37.4 162.3 247.3 40.9 4.81 8.76 27.8 0.46
4 24.8 50.3 150.5 26.3 0.65 9.61 11.3 0.21
S5 30.6 23.3 76.7 25.9 0.16 5.61 32.1 0.23
S6 29.8 28.8 82.3 27.9 0.18 15.2 32.4 0.13
S7 27.7 30.0 91.4 29.9 0.19 10.4 5.3 0.18
S8 23.9 29.1 98.1 29.2 0.17 9.08 11.8 0.09
S9 33.2 65.6 91.1 37.3 0.63 4.65 10.4 0.21
S10 29.1 107.4 144.9 50.4 1.01 7.36 13.4 0.21
S11 34.8 42.2 100.5 100.5 0.58 14.6 4.8 0.08
S12 15.4 62.8 117.3 88.5 0.71 13.6 5.1 0.08
S13 19.5 18.2 48.0 44.5 0.31 3.59 4.1 0.08
S14 24.9 20.8 56.6 47.1 0.30 4.15 16.7 0.11
S15 12.7 30.1 87.4 32.6 0.54 6.35 23.2 0.12
28.9 50.9 112.9 42.2 0.72 8.85 14.6 0.17
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Table 2 Concentrations of heavy metals in surface sediments of Liao River/mg kg™!

Ni Cu Cr Pb Cd Fe As Hg
S16 12.2 11.2 35.7 15.4 0.05 3.08 2.1 0.10
S17 12.8 8.8 28.7 14.4 0.04 2.61 3.6 0.11
S18 12.4 10.4 37.6 16.0 0.04 3.23 3.8 0.11
S19 25.1 9.9 33.2 15.1 0.04 2.80 3.4 0.11
S20 20.4 18.3 56.2 18.3 0.20 4.23 11.6 0.13
S21 27.4 15.3 48.7 16.3 0.06 3.61 10.1 0.13
S22 23.7 23.1 70.6 20.9 0.16 5.87 13.4 0.00
S23 37.1 27.5 91.3 17.6 0.08 6.66 14.5 0.03
S24 32.2 21.5 71.0 22.2 0.31 5.56 13.8 0.03
22.6 16.2 52.6 17.4 0.11 4.18 8.5 0.08
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Fig.2  Variation of heavy metal concentrations in the surface sediments of Liao River
3 /mg kg™!
Table 3 Concentrations of heavy metals in different
1998 sediments in China/mg kg™!
3 - Ni Cu Cr Ph Cd  As Hg
Ni Cu Cr Pb Cd As - 2 3 >S5 — = -
— 55.8 100.7 39.4 — — —
1998 -Cd — 22.8 56.1 19.4 — — —
-1
0.49 mg kg 1998 9 33.9 385 733 28.4 0.19 11.7  0.19
2 X — 39 56.4 59.4 1.4 5.24 1.4
- 26.5 37.9  90.3 329 0.49 12.3 0.14
Cr 90.3 mg kg™'
1998 2.6 . Pb
32.9 mg ke 1998 2.2
. Cu 37.9 mg kg~'
12
1998 4.6 . As Lo
12.3 mg kg™' 1998 2 Muller 1979

As . Ni 26.5
mg kg™ . Hg 0.14 mg kg™’
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Table 4 1,,, and pollution level of heavy metals in the surface sediments of Liao River
Loy Ni Iy, Cu Iy, Cr I, Cd Iy, Pb lyeo As Iy, Hg
1 0.06 1 0.73 1 0.71 1 1.09 2 0.10 1 -0.05 0 1.93 2
2 -0.03 0 0.79 1 1.11 2 1.23 2 -0.60 0 -0.47 0 2.01 3
3 0.61 1 2.57 3 1.65 2 5.14 6 0.43 1 1.18 2 3.36 4
4 0.07 1 0.88 1 0.93 1 2.25 3 -0.21 0 -0.12 0 2.23 3
5 -0.53 0 -0.22 0 -0.04 0 0.23 1 -0.23 0 1.38 2 2.36 3
6 -0.22 0 0.08 1 0.06 1 0.40 1 -0.13 0 1.39 2 1.54 2
7 -0.26 0 0.14 1 0.21 1 0.48 1 -0.03 0 -1.21 0 2.01 3
8 -0.37 0 0.09 1 0.31 1 0.32 1 -0.06 0 -0.06 0 1.01 2
9 -0.58 0 1.26 2 0.20 1 2.21 3 0.29 1 -0.24 0 2.23 3
10 -0.10 0 1.98 2 0.87 1 2.89 3 0.73 1 0.12 1 2.23 3
11 -0.29 0 0.63 1 0.35 1 2.09 3 1.72 2 -1.36 0 0.84 1
12 -0.04 0 1.20 2 0.57 1 2.38 3 1.54 2 -1.27 0 0.84 1
13 -1.21 0 -0.58 0 -0.72 0 1.18 2 0.55 1 -1.58 0 0.84 1
14 -0.87 0 -0.39 0 -0.48 0 1.14 2 0.63 1 0.44 1 1.30 2
15 -0.51 0 0.14 1 0.14 1 1.98 2 0.10 1 0.92 1 1.42 2
16 -1.49 0 -1.29 0 -1.15 0 -1.44 0 -0.98 0 -2.55 0 1.16 2
17 -1.55 0 -1.63 0 -1.46 0 -1.77 0 -1.08 0 -1.77 0 1.30 2
18 -1.48 0 -1.39 0 -1.07 0 -1.77 0 -0.93 0 -1.69 0 1.30 2
19 -1.53 0 -1.46 0 -1.25 0 -1.77 0 -1.01 0 -1.86 0 1.30 2
20 -0.51 0 -0.58 0 -0.49 0 0.55 1 -0.73 0 -0.08 0 1.54 2
21 -0.81 0 -0.84 0 -0.70 0 -1.19 0 -0.90 0 -0.28 0 1.54 2
22 -0.38 0 -0.24 0 -0.16 0 0.23 1 -0.54 0 0.12 1 0.42 1
23 -0.15 0 0.01 1 0.21 1 -0.77 0 -0.79 0 0.24 1 0.65 1
24 -0.59 0 -0.34 0 -0.15 0 1.18 1 -0.46 0 0.17 1 0.65 1
4 Cd>Hg>Cu>Cr>Pb> As
> Ni.
3 2.3
1 5
Cd Hg 2 . 2
75.92% 58.74%
6 4 17.18% 5.287 1.546 2
1
Cu Cr 3.
3 3 2 1 64.77%
- 1 Cu Ni Cr
Pb As 0~2 Cu Ni Cr
Ni 0.795 Cu-Ni 0.927 Cr-Ni
1 .Ni Cr
Hg Cu
. Cu Ni Cr 1
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Table 5 Pearson correlation coefficients of heavy metals and LOI in the surface sediments of Liao River
Cu Ni Cr Pb Cd As Hg Fe LOI
Cu 1.000
Ni 0.795 1.000
Cr 0.877 0.927 1.000
Pb 0.382 0.313 0.298 1.000
Cd 0.888 0.686 0.759 0.251 1.000
As 0.325 0.455 0.355 -0.078 0.373 1.000
Hg 0.785 0.625 0.730 -0.029 0.812 0.464 1.000
Fe 0.365 0.659 0.562 0.584 0.199 0.242 0.108 1.000
LOI 0.618 0.744 0.664 0.449 0.491 0.477 0.479 0.477 1.000
Fe
’ Pb
1 J.
) 2006 10 660-662.
2 Ghrefat H Yusuf N. Assessing Mn Fe Cu Zn and Cd pollution
in bottom sediments of Wadi Al-Arab Dam  Jordan ]
3 Chemosphere 2006 6 1-8.
3 LiXD Onyx WH L YS e al. Heavy metal distribution in
1 sediment profiles of the Pearl River estuary South China J .
1998 Applied Geochemistry 2000 15 567-581.
4 Santos ] C Beltran R Gomez J L. Spatial variations of heavy metals
contamination in sediments from Odiel river Southwest Spain ] .
2 Environment International 2003 29 69-77.
Cd Hg Cu Pb Ni 5 Bertolotto R M Tortarolo B Frignani M e al. Heavy metals in
Cd > Hg > Cu > Cr surficial coastal sediments of the Ligurian Sea J . Marine Pollution
>Pb> As> Ni. 3 Bulletin 2005 50 344-359.
6 Adamo P Arienzo M Imperato M et al. Distribution and partition
3 of heavy metals in surface and sub-surface sediments of Naples city
port J . Chemosphere 2005 61 800-809.
2 1 7 Marchand C  Verges L Baltzer F et al. Heavy metals distribution
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2 Pb  Fe J . Marine Chemistry 2006 98 1-17.
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