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Abstract This study investigated the distribution of six
pollutant elements (Cr, Cu, Pb, Zn, Cd, and As), and their
relationship to soil organic carbon (SOC) in five soil pro-
files in the Puding area. Results show SOC content
decreased exponentially to the depth of soil profiles; the
vertical distribution patterns of SOC in soil profiles were
partially controlled by land use. The concentrations of
these pollutant elements in most soils were lower than
background values, indicating that the local soil was less
likely to be contaminated by foreign inputs. Geo-accumu-
lation index values of these elements in most soil samples
were less than 1, suggesting that the soil of this area may
not be polluted. The concentrations of Cr, Cu, As, and Zn
in soils from all land use types were significantly nega-
tively correlated with SOC contents. Geochemical
approaches confirmed that the soil of this area was less
influenced by pollutant elements.
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1 Introduction

Anthropogenic heavy metal contamination in soil envi-
ronments is a globally important issue (Acosta et al.
2011). Agricultural fertilization causes enrichment of
some heavy metals, such as Zn, Cu, and Cd (Nicholson
et al. 2003). Among numerous soil pollutants, heavy
metals (Cd, Cu, Pb, Zn, Cr, and As; though Arsenic is not
a heavy metal, it shares many toxic characteristics with
heavy metals and undergoes similar environmental pro-
cesses) are especially dangerous due to their toxicity
(Facchinelli et al. 2001; Staszewski et al. 2012). The
distribution of heavy metals under different land man-
agement has been widely explored (Oleszek et al. 2003;
Qishlaqi et al. 2009).

Karst ecosystems are highly fragile environments that
suffer from progressive degradation (Parise et al. 2009).
Soil degradation is a serious ecological problem in the
subtropical karst regions of Southwest China (Yuan
1997). Variable land use and land cover create an envi-
ronmental gradient of soil organic carbon (SOC) content
that reflects the effects of soil organic matter (SOM) on
vertical transporting processes of heavy metals (Han et al.
2015; Zeng et al. 2011). This study explored the distri-
bution patterns of SOC, Cr, Cu, Pb, Zn, As, and Cd in
soil profiles under different land use types in a karst
catchment in Puding, Southwest China. Geochemical
approaches such as correlation analysis, principal com-
ponent analysis, and geo-accumulation index were used to
explore the relationship between heavy metals and soil
properties (pH and SOM) (Pardo et al. 2013; Qishlaqi
et al. 2009).
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2 Materials and methods
2.1 Study area

Puding is a typical karst area located in the west of Guiz-
hou Province, southwestern China (Fig. 1), at longitude
105°46.201'E to 105° 47.038'E, latitude 26°15.079'N to
26°16.238'N, and with an altitude of 1042-1846 m. The
area is controlled by a warm-humid subtropical monsoon
climate; the mean annual precipitation is approximately
1400 mm and the mean annual temperature is 15.1 °C (Wu
et al. 2012). Puding is dominated by Permian and Triassic
carbonate rocks with highly fragile environments. Karst
rocky desertification areas account for 21.5% of the Puding
jurisdiction.

2.2 Sampling and analysis method

The sampling sites were chosen under different land uses
for a small enclosed karst basin in 2012 (Fig. 1). The five
soil profiles sampled were in a virgin forested site (ZJT), a
secondary forest (DJS), shrubbery (YPG), grassland

1

Virgin forestland Secondary forestland ~ Shrub land
T DJS YPG

[ ] [

Grassland Farmland Sampling sites
cQC YMD

0 200 400m
| S E—

Fig. 1 The distribution of various land use types and sampling sites

(CQC), and farmland (YMD). Forty-six soil samples were
collected at intervals of 10 cm to the boundary of rock and
soil at each site. Soil samples were air-dried, ground into
powder, and sieved (mesh size: 75 pm). After removal of
carbonates with 6 mol/L. HCI, SOC content was analyzed
by an elemental analyzer (PE2400, Perkin Elmer, USA).
Soil pH was determined with a soil and distilled water ratio
of 1:2.5. Similar digesting methods (Roy and Smykatz-
Kloss 2007; Tang and Han 2015) were used to digest the
soil sample powder; heavy metal concentrations (Cd, Cu,
Pb, Zn, Cr, and As) were tested by an Agilent 7500a ICP-
MS at Institute of Geochemistry, Chinese Academy of
Sciences.

3 Results and discussion
3.1 Basic statistics of heavy element contents

Most of the soils were slightly alkaline with pH in the
range of 6.0-7.9. SOC content ranged from 0.48% to
7.92%, and decreased exponentially to the depth of soil
profiles. This trend appears to be consistent with previous
reports on the soils of Guizhou Province (Han et al. 2015).
In different land use sites, the SOC of YPG (shrub) and
CQC (grassland) was significantly higher and more vari-
able with depth than that in forest (ZJT, DJS) and farmland
(YMD), due to high C4 plant input. Due to harvesting,
profile YMD showed the lowest SOC concentrations.

The heavy metal contents of soil samples varied. The
mean  concentrations of Cr and Cd  were
66.3-80.0 mg-kg~" and 0.18-0.30 mg-kg ™', respectively,
across all five profiles, both lower than background values
(BV) of Guizhou Soil (CEMS 1990). Zn was lower than
BV except in ZJT, while the mean concentrations of As
(21.2-36.0 mg'kg™") were higher than BV. The mean
concentrations of Cu and Pb were close to BV, thus the soil
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Fig. 2 The distribution patterns of heavy metals in soils under different land use
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Fig. 3 Distribution of /., of heavy metals in different land use areas

of Puding may not be contaminated by heavy metals. The
mean concentrations of Cr, Cu, and Pb in YMD were
higher than those in other profiles, and the mean concen-
trations of Zn and As in ZJT were higher than those of
other profiles. The concentrations of some heavy metals
had similar distribution trends across the different soil
profiles: concentrations of Cr, Cu, Zn, and As generally
increased with soil depth, while concentrations of Pb and
Cd decreased with depth (Fig. 2). The different distribution
patterns of heavy metals in soil indicate that the sources
and migration characteristics of these two groups were
different.

3.2 Correlation analysis

Correlation between heavy metals in soils can provide
some information on the sources and pathways (Rodriguez
et al. 2008). Positive correlations between Cr and Cu and
As, SOC and Cd, and Pb and Zn clearly reflect that these
elements have the same sources in Puding soils. There was
a negative relationship between SOC and Cu, and between
SOC and Cr, indicating that the spatial distribution of the
heavy metals is influenced by organic matter input; the
input of SOC might “dilute” the content of heavy metals in
the soil. The correlation between pH values and heavy
metal concentrations was not significant in most soil pro-
files. This might be due to the minimal variation of soil pH
values The correlations between heavy metals were gen-
erally stronger in ZJT and DJS than in other soil profiles.

3.3 Geo-accumulation index

The geo-accumulation index (Ige,) introduced by Muller
(Muller 1969) was used to assess metal pollution. /g, for
soil samples was calculated as Iy, = log&™1-9B™ " where
Cn is the measured concentration of a given element in the
soil, Bn is the geochemical background value of this ele-
ment, and 1.5 is the factor used for lithological variations
of trace metals.

Results of Iy, calculated for the heavy metal of soils
returned values for As > Cu > Pb > Cd ~ Cu > Zn. The

Ioeo values of the six heavy metals in most soil samples

Cr Cu Zn As Cd Pb

Cr Cu Zn As Cd Pb Cr Cu Zn As Cd Pb

were less than 0, except for As (Fig. 3), suggesting that the
soil of this area may not be artificially polluted by heavy
metals. Though the two forest soil profiles (ZJT and DJS)
showed slight accumulation of As at all depths, I, values
of As were greater than O but less than 1, indicating that the
local soil may not be polluted by arsenic; rather, there may
be weathering of some arsenic-rich minerals in bedrock.
The Iy, values in farmland soils (YMD) were similar
across depths, indicating that cultivation has promoted the
migration of heavy metals at different soil depths.

4 Conclusions

A database for heavy metals (Cr, Cu, As, Pb, Zn, Cd) in
different soils of Puding County has been created. SOC
content decreased exponentially with depth; land use pat-
terns and dominant species types had significant effects on
the vertical distribution of SOC in soil profiles. Heavy
metal contents in most soils were lower than BV, indicat-
ing that the local soil was unlikely to have been contami-
nated by foreign inputs.

The distribution patterns of heavy metals in soil showed
that the source and migration characteristics were different,
and were related to SOC content and to the physical
characteristics of soil profiles. /., values of heavy metals
in most soil samples were less than 1, suggesting that the
soil of this area may not be polluted, and that heavy metals
present were more likely from the weathering of local
bedrock. Iy, values in farmland soils were invariable with
depth, suggesting that thorough cultivation has promoted
the migration of heavy metals in soil layers.
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