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Table 1 The discharge amount of pollution from the two branches
/(t/a) /(t/a)
2002 2003 2004 /(t/a) 2002 2003 2004 /(t/a)
Cu 5.37 4.35 4.33 4.68 1.21 0.87 2.18 1.42
Pb 29.02 10. 88 28.1 22.67 0.36 0.68 0.7 0.58
Zn 152.44 57.56 187.9 132.63 35.00 8.63 39.4 27.68
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Fig.3 The speciation distribution character of heavy metal in the surface sediments from the branch
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g.4  Contribution rate of grain size fractions to heavy metal
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Table 2 Correlation between the contents of carbonate organic matter ferric oxide manganese dioxide

and speciation and total concentration of heavy metal

Fe( Fe, 05) Mn( MnO,)
Pearson Sig. Pearson Sig. Pearson Sig. Pearson Sig.
Correlation (2-tailed) Correlation ( 2-tailed) Correlation ( 2-tailed) Correlation ( 2+ailed)
Cu( 1) 0.894* 0.041 0.81 0.097 0.855 0.065 0.907* 0.034
Cu( I 0.985 * * 0.002 0.965 % * 0.008 0.505 0.385 0.986 % * 0.002
Cu( IV) 0.898* 0.038 0.816 0.092 0.795 0.108 0.905* 0.035
Pb( II) 0.957* 0.011 0.921%* 0.026 0.778 0.121 0.974 % * 0.005
Ph( 1) 0.971 % * 0.006 0.958%* 0.01 0.622 0.263 0.978 % * 0.004
Pb( IV) 0.963 * * 0.009 0.953* 0.012 0.452 0.445 0.966 % * 0.007
Zn( 1) 0.918* 0.028 0.966 * * 0.007 0.501 0.39 0.939* 0.018
Zn( III) 0.987 * * 0.002 0.952% 0.012 0.647 0.238 0.997 % * 0
Zn( V) 0.924%* 0.025 0.828 0.083 0.255 0.679 0.893* 0.042
* % . Correlation is significant at the 0.01 level (2-tailed) .

* . Correlation is significant at the 0. 05 level ( 2~ailed) .
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Species and Distribution of Heavy Metals in Different Size Fractions
of Sediments from the Baotou Section of the Yellow River
TIAN Huiduan' > HE Jiang' LU Chang-wei' FAN Qing-yun'
(1. College of Environment and Resources Inner Mongolia University Huhhot 010021; 2. Huaihai Institute of Technology
Lianyungang Jiangsu 222005; 3. Institute of Enviromental Geology Inner Mongalia. University Huhhot 010021)
Abstract The Yellow River contains large amounts of sands resulting in a peculiar hydraulic condition which is
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characterized by a magnificent interface between the particulates and water. In addition Baotou section of the Yellow
River suffers from severe heavy metal pollution receiving the industrial discharges from the Baotou city. Therefore
this study was carried out on Baotou section of the Yellow River based on its representativeness on the mechanism of
heavy metal adsorption on water-sediment interface and on the heavy metal spatial distribution mobilization trans—
formation and accumulation effects in sediments. Because of their persistence in the environment heavy metals often
pose threats to aquatic lives and plants in the environment. Based on the theories and methods of environmental geo—
chemistry biogeochemistry pollution ecology and modern sedimentology the speciation distribution characters of
heavy metals such as Cu Pb Zn in the different grain sizes sediments and the contribution of the different grain sizes
sediments on the concentrations of different heavy metals speciation were discussed in this work. The results indicated
that the bound to Fe-Mn oxide was the dominant form of non-steady-state of Cu Pb and Zn in different grain sizes
sediments from the Yellow River and there were the concentration order of the bound to Fe-Mn oxide > the bound to
carbonate > the bound to organic matter for Cu and Pb  while the bound to Fe-Mn oxide > the bound to organic mat—
ter > the bound to carbonate for Zn. The grain-size effects of the different species for the selected heavy metals were
observed in this work which was the results of particle size and active components such as organic matter carbonate
and Fe-Mn oxides in different grain sizes sediments from the studied section of the Yellow River. In all of the factors
the particle sizes played a key role in affecting the concentration of different species of the selected heavy metals.
Based on the experiments it was found that the bound to Fe-Mn oxides was the dominant form in different size frac—
tions of sediments from Baotou Section of the Yellow River and its concentration was mainly influenced by the content
of Fe oxide in different grain sizes sediments from the studied section of the Yellow River. The results also showed that
the concentrations of each species were ranked as Zn > Pb > Cu in the same size fraction sediments which was not
consistent with the background values of heavy metals in sediment from the midstream of the Yellow River. The differ—
ences found in this work indicated that there were exogenous heavy metals inputs from the industrial wastewater of the
Baotou City from another point of view. The dominant forms of Cu Pb and Zn are Fe-Mn oxides bound and bound to
organic matter in sediments from the tributaries of the Yellow River. From the comparison between the main stream
and the tributaries of the Baotou Section of the Yellow River it could be found that the concentration of each species
for the selected heavy metals in the tributaries were obviously high than those in the main stream which was also indi—
cated the exogenous heavy metals inputs from the industrial wastewater of the Baotou City. By the comparison of the
two tributaries the pollution superposition of Pb and Zn from the Kundulun River were higher than those from the Sid-
aosha River while the pollution superposition of Cu from the Sidaosha River was higher than those from the Kundulun
River. The correlation analysis indicated that there were negative correlation between the mean grain sizes and the
concentrations of organic matter carbonate Fe oxide and Mn oxide in the sediments with different grain sizes from the
main stream of the Yellow River. The results showed that there were significant negative correlation found between the
organic matter and the mean grain sizes with the correlation coefficient of —0.975 (p <0.005) ; and there were sig—
nificant negative correlation found between the carbonate and the mean grain sizes with the correlation coefficient of
—-0.944 (p <0.05) . The contribution of mass fraction for different size sediments to speciation distribution was dif-
ferent. The ordre of contribution rate for different grain sizes sediments was DS > D4 D2 > D3 > D1 at Site A; D4
> D3 D2 > D5 > DI at Site B; D3> D5 > D4 D2 >DI1 at Site C; D5>D4 > D3 >D2 > DI at Site D. Over-
all the contribution on heavy metal speciation in sediments from Baotou Section of the Yellow River was mainly
caused by the size fractions of D5 and D3. Thus the potential ecological risk caused by the different grain size sedi—
ments can not be ignored especially the size fractions of D5 and D3.

Key words Baotou section of Yellow River; size fraction of sediment; speciation of heavy metal; grain-size effect



