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Summary

In recent years public attention has been focused increasingly on
heavy metal pollution and its effect on man and other creatures. Heavy
metals in urban soils have been shown to very useful tracers of
environmental pollution because urban soils are the “recipients” of
large amount of heavy metals from a variety of sources including
industrial waste, vehicle emissions, coal bumning waste and other
activities.

Starting with the investigation of sediments in the 1980s, the
research area of environmental magnetism has grown steadily in the last
two decades. The main advantages of magnetic measurements in the
field are their simplicity, speed and low costs. Large data-sets can be
acquired in short time and repeated measurements easily performed.
Presently, one of the main topics is the use of magnetic measurements as
a proxy in heavy metal pollution studies. Up to now, the relationship
between heavy metals and magnetic parameters has been exhaustively
studied. Nevertheless, the relationships between magnetic particles and
pollutants (heavy metals) are complex and they are different for each
industrial process. In cement production, for example, additives turned
out to influence the amount of magnetically susceptible material in the
dusts. The complexities of the relations between pollutants and magnetic
particles, and the fact that have a common source but are usually
separate particles make it impossible to derive a single function to
calculate pollutant concentrations from one of the magnetic parameters.

Xuzhou (China) is an important centre of modern day heavily
industrial activities where thick coal measures provided the fuel for



manufacture. The city also has abundant industrial activities including a
coal-fired power plant and companies that produced organic and
inorganic chemicals. The main wind direction is from the northwest,
although in general, wind velocities are low, even approaching zero at
times. This enhances the deposition of particulates within the city.
Around the world a great many studies have evaluated the heavy metal
concentrations in urban soils. Nevertheless, in Xuzhou, such studies are
non-existent to date. For this reason, this study was aimed at providing a
contribution to a database on the heavy metal status in the city as a basis
for a wide variety of environmental applications as well as an approach
to assess the relationship between geochemistry and the health of
ecosystems. In this study, some innovative achievements have been
acquired as follows:

1. The main geochemical characteristics of heavy metals in
Xuzhou urban soils

Concentrations of Sn, Li, Ga, Ba, Fe, Mn, Co, Be, Ti, Al
Hg, Cr, Sb, As, Bi, Pd, Pt, Au, Ni, Cd, Br, Zn, Cu, S, Pb,
Se, Mo, Sc, V and Ag were measured on 21 topsoil samples collected
from the city of Xuzhou in order to: assess the distribution of these
elements in the urban environment ; discriminate natural and
anthropogenic contributions; and identify possible sources of pollution.
Mineralogy, physico- chemical parameters and major element contents
of the soils were also determined to highlight the influence of
“ natural ”  features on the heavy metal concentrations and their
distribution.

Medians of Ag, Se, Pb, Cu, Zn, Cd, Hg and Sb concentrations
of the investigated urban soils are 0.28, 0.42, 36, 32, 102, 042, 0.18
and 3.46 mg/kg, respectively. These values are higher, in some case by
different order of size, than those of unpolluted soils in China that
average 0.13, 0.29, 26, 22.6, 72.4, 0.097, 0.065 and 1.21 mg/kg. An



ensemble of basic and multivariate statistical analysis (cluster analysis
and factor analysis) was performed to reduce the multidimensional
space of variables, thus defining three sets of heavy metals as tracers of
natural and anthropogenic influences. Results show that Sn, Li, Ga,
Ba, Fe, Mn, Co, Be, Tiand Al are interpreted to be mainly inherited
from parent materials, whereas Hg, Cr, Sb, As, Bi can be inferred to
be tracers of anthropogenic pollution associated with coal burning and
Pd, Pt, Au, Ni, Cd, Br, Zn, Cu, S, Pb, Se, Mo, Scand Ag can
be inferred to be tracers of anthropogenic pollution linked with traffic
transport. Maps of heavy metal distributions were constructed for the
whole urban area pointing to vehicle traffic as the main source of diffuse
pollution and also showing the contribution of point sources of pollution
to urban topsoils. The core (located from near iron-steel plant)
displayed a systematic drop in concentrations of heavy metals (Ag, Bi,
Pb, Cd, Zn, etc) at depths of 0-30 cm, indicating anthropogenic
inputs, whereas concentrations of Al, Ti, Sc, Ga, V, Crand Mn are
almost consistent at depths of 0-50 ¢cm.

The total concentrations of heavy metals are not the most important
information for assessing heavy metal poliution of certain areas. The
determination of natural levels of these metals is of the same importance.
For the background levels of Xuzhou urban soils we have selected the
method used by Acero et al. (2003) . Our background values of Hg and
Cd are much higher than those of unpolluted soils of China while the
other values are insignificantly different.

2. Characteristics of accumulation and leaching of heavy metals
in Xuzhou urban soils

As 1s widely recognized in the literature there are a number of
physical and chemical properties of soils affecting metal mobilization
and immobilization processes. To analyze the relationship between these
soils parameters (pH, EC, CEC, TOC, TIC, major mineral and grain



size) and the heavy metal concentrations, a Pearson R correlation
analysis has been applied to the 21 soil samples. Results of the statistical
analysis have shown a large variety and complexity in these
relationships. Between the contents of Al and the other metal
concentrations there are significant correlations with Ti, Ga, Li, V,
Co, Be, Mn and Pt; between the Fe contents and the other metal
concentrations there are significant correlations with Se, Ba, Pb, Cu,
Zn, Cr, As, Sb, Li, Gaand V; between the Mn contents and the other
metal concentrations there are significant negative correlations with Ti,
Ga, Ba, Li, V, Co, Beand Sn.

Between the fulvic acid percentage and the metal concentrations
there are significant and positive correlations with Fe, Ag, Ba, Li, Pb,
Cu, Zn, Ni, Cr, As, Sb and Mo. Between the inorganic matter percentage
and the metal concentrations there are significant and negative
correlations with Ti, Li, V, Mn, and Be.

The relations of metal concentrations to grain size were aiso
determined to evaluate the influence that the surface area had on
controlling the metal concentrations. Totally speaking, clay and silt
percentages have a positive correlation while the sand percentages have
a negative relationship. For Pb, the mass loading is mainly contributed
from the grain size of 45-125 um while the contribution of Cu mass
loading is much different from the different samples.

Following the gross assessment of heavy metals in the urban
soils, leaching tests were performed on specific soils to elucidate heavy
metal associated mineral fractions and general leach-ability. Extraction
tests illustrated the low leachability of the soils. The Toxicity
Characteristic Leaching Procedure (TCLP) was performed on two
different soils and it was shown that all metal leachates analyzed were
below regulatory limits. Sequential extraction (BCR) was performed on
two soils. The leached acid-extractable fractions were low for the



analyzed metals. Also the importance of the iron-manganese
(reductive), organic-sulfide (oxidative) and residual fractions was
identified. Next, the distribution of Pb, Cu, Zn, Ni, Co, Cr, Asand
Mn in two contaminated soils were determined before and after treating
the soils with an 0.05 mol/L Na,EDTA solution. The proportions of
different metals accumulated in four fractions are very complex.

In order to estimate the human bioavailability quotients for heavy
metals (Pb, Cu, Zn, Ni, Co, Cr, As and Mn), the Simple Bioavailability
Extraction Test(SBET) was conducted on 12 soil samples. The leachate
concentrations were low for all analyzed metals and the results were
modeled using stepwise multiple regression analysis.

3. Magnetic properties and relationships between magnetic
parameters and heavy metals in Xuzhou urban soils

Magnetic measurements were increasingly used as a proxy for
heavy metal concentrations in soils influenced by industrial emissions in
recent years. The values of magnetic parameters (y, SIRM, SOFT,
ARM) were determined from the soil samples and the values of ¥z,
Xarm 0 Fao 0 Saeo 0 Zarv/y and- yaru/SIRM  were calculated.
Thermomagnetic analysis and SEM-EDX were used to identify
ferrimagneitc fractions. The results indicat the magnetic characteristics
are dominated by the multi-domain/pseudo-single domain ferri-
magnetic particles. Anti-ferro-magnetic minerals has a little contribution
to the magnetic properties of Xuzhou urban soils. The distributions of
values of different magnetic parameters in profiles also reveal that
anthropogenic magnetic minerals are at the depths of 0-30 cm.

To analyze the relationship between soil parameters and the 5
parameters (y, SIRM, SOFT, x4 ¥arm) Which indicate the contents
of magnetic mineral, a Pearson R correlation analysis was conducted to
21 soil samples. Between the Fe contents and the above magnetic

parameters there are significant and positive correlations with %,



SIRM, SOFT, and y.z\. Between the clay percentages and the magnetic
parameters there are significant and positive correlations with ¥, ¥arm/ ¥
and yan/SIRM, 1o significant correlations with y, SIRM, SOFT, Xipwm»
Fi000 Sig0- Between the silt percentages and the magnetic parameters
there are the same trends similar to that of clay in soils. Between the fine
sand percentages and the magnetic parameters there exist significant and
negative correlations with ¥, Yarw/¥ and Yarw/SIRM: no significant
correlations with 7> SIRM, SOFT; Yarm» Faos S.100- Between the organic
matter percentages and the parameters, there are significant and negative
correlations with , SIRM, SOFT, S.,0p: no significant correlations with
Zarme Foor 2/SIRM; significant and positive correlations with ,ry/¥ and
Xarm/SIRM.

The relationships between heavy metal concentrations and the
values of magnetic parameters were also performed. Between values of
7 and heavy metal concentrations there are significant and positive
correlations with Fe (0.486), Se (0.507), Sc (0.539), Mo (0.440),
and S (0.692) . Between values of j; and heavy metal concentrations
there are significant and positive correlations with Al (0.704), Ti
(0.669), Ga (0.612), Li (0.717>, V (0.731), Co (0.489), Mn
(0.575), and Be (0.696) . Between values of SOFT and the heavy metal
concentrations there are significant and positive correlations with Fe
(0.468), Se (0.624), Pb (0.561), Cu (0.440>, Mo (0.520), and
S (0.607) .

Between the values of gy and heavy metal concentrations there
are significant and positive correlations with Ag (0.465), Se (0.802),
Pb (0.847), Cu €0.810), Zn (0.749), Cr (0.609), Mo (0.692),
Br (0.556) . Between the values of SIRM and the heavy metal
concentrations there are significant and positive correlations with Fe
(0.594), Se (0.725), Pb (0.742), Cu (0.544), Zn (0.496), Cr
(0.527), and Mo (0.563). The correlation coefficients between the



magnetic parameters (¥, > SOFT, SIRM, y.zy) and PLI (Pollution
Load Index) are 0.784, 0.027, 0.438, 0.551 and 0.761, respectively.

Soils containing significantly elevated heavy metals were also
identified using two criteria: y (values > background values) and y
(values < 3%) .

Magnetic measurements and chemical elemental analysis were
conducted on soil core from near Xuzhou iron-steel plant. The relation
that vertical variations of values of some magnetic parameters ( y
Aarm» SOFT, SIRM) are in good agreement with that of concentrations
of heavy metals (Pb, Cu, Zn, Cd, Se, Fe, Mn, Hg) reveals magnetic
minerals and heavy metals in soils are due mainly to anthropogenic
inputs. Significant correlations between magnetic parameters and heavy
metals also show these magnetic parameters (y, Yarm» SOFT, SIRM)
could be used as proxies of concentrations of heavy metals at varying
depth. The relationship that there exists very significant correlation
between magnetic parameters and elevated concentrations of element S
indicates there is common source between these magnetic minerals and
S. According to the concentrations of S in the soil profile, the
concentrations of SO, in the air near Xuzhou iron-steel plant may be
assessed, but the relation whether the concentrations of SO, are
conjectured by determining the corresponding these values of magnetic
parameters is still discussed further. The biogeochemical cycles of Pb,
Cu, Zn, Cd, Se, Fe, Mn and Hg in the soils are associated with the
concentrations of Fe-Mn oxides to some extent.

Keywords: urban soils; heavy metals; environmental magnetism;

proxy; leaching; accumulation; Xuzhou
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