
ORIGINAL ARTICLE

Characteristics of heavy metals in soils under different land use
in a typical karst area, Southwest China

Yang Tang1
• Guilin Han2

Received: 7 February 2017 / Revised: 11 April 2017 / Accepted: 16 August 2017 / Published online: 23 August 2017

� Science Press, Institute of Geochemistry, CAS and Springer-Verlag GmbH Germany 2017

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�46.2010E to 105� 47.0380E, latitude 26�15.0790N to

26�16.2380N, 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

(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 lm). After removal of

carbonates with 6 mol/L HCl, 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-1 and 0.18–0.30 mg�kg-1, 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-1) were higher than BV. The mean

concentrations of Cu and Pb were close to BV, thus the soilFig. 1 The distribution of various land use types and sampling sites

Fig. 2 The distribution patterns of heavy metals in soils under different land use
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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 (Igeo) introduced by Muller

(Muller 1969) was used to assess metal pollution. Igeo for

soil samples was calculated as Igeo = log2
(Cn/1.5Bn), 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 Igeo calculated for the heavy metal of soils

returned values for As [ Cu [ Pb [ Cd & Cu [ Zn. The

Igeo values of the six heavy metals in most soil samples

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, Igeo values

of As were greater than 0 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 Igeo 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. Igeo 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. Igeo values in farmland soils were invariable with

depth, suggesting that thorough cultivation has promoted

the migration of heavy metals in soil layers.

Acknowledgements This work was jointly supported by the National

Natural Science Foundation of China (Grant Nos. 41325010;

41403109), National Key Basic Research Program of China (Grant

No. 2013CB956703).

References

Acosta JA, Faz A, Martinez M et al (2011) Multivariate statistical and

GIS-based approach to evaluate heavy metals behavior in mine

sites for future reclamation. J Geochem Explor 109(1–3):8–17

Fig. 3 Distribution of Igeo of heavy metals in different land use areas

Acta Geochim (2017) 36(3):515–518 517

123



Chinese Environmental Monitoring Station (CEMS) (1990) Element

background values of China’s soil. Chinese Environmental

Science Press, Beijing

Facchinelli A, Sacchi E, Mallen L (2001) Multivariate statistical and

GIS-based approach to identify heavy metal sources in soils.

Environ Pollut 114(3):313–324

Han G, Li F, Tang Y (2015) Variations in soil organic carbon contents

and isotopic compositions under different land uses in a typical

karst area in Southwest China. Geochem J 49(1):63–71

Muller G (1969) Index of geoaccumulation in sediments of the Rhine

River. Geochem J 2:108–118

Nicholson FA, Smith SR, Alloway BJ et al (2003) An inventory of

heavy metals inputs to agricultural soils in England and Wales.

Sci Total Environ 311(1–3):205–219

Oleszek W, Terelak H, Maliszewska-Kordybach B et al (2003) Soil,

food and agroproduct contamination monitoring in Poland. Pol J

Environ Stud 12(3):261–268

Pardo R, Vega M, Barrado E et al (2013) Three-way principal

component analysis as a tool to evaluate the chemical stability of

metal bearing residues from wastewater treatment by the ferrite

process. J Hazard Mater 262:71–82

Parise M, De Waele J, Gutierrez F (2009) Current perspectives on the

environmental impacts and hazards in karst. Environ Geol

58(2):235–237

Qishlaqi A, Moore F, Forghani G (2009) Characterization of metal

pollution in soils under two landuse patterns in the Angouran

region, NW Iran; a study based on multivariate data analysis.

J Hazard Mater 172(1):374–384

Rodriguez JA, Nanos N, Grau JM et al (2008) Multiscale analysis of

heavy metal contents in Spanish agricultural topsoils. Chemo-

sphere 70(6):1085–1096

Roy PD, Smykatz-Kloss W (2007) REE geochemistry of the recent

playa sediments from the Thar Desert, India: an implication to

playa sediment provenance. Chemie Der Erde-Geochemistry

67(1):55–68

Staszewski T, Lukasik W, Kubiesa P (2012) Contamination of Polish

national parks with heavy metals. Environ Monit Assess

184(7):4597–4608

Tang Y, Han G (2015) Characteristics of major elements and heavy

metals in atmospheric dust in Beijing, China. J Geochem Explor.

doi:10.1016/j.gexplo.2015.12.002

Wu Q, Han G, Tao F et al (2012) Chemical composition of rainwater

in a karstic agricultural area, Southwest China: the impact of

urbanization. Atmos Res 111:71–78

Yuan DX (1997) Sensitivity of karst process to environmental change

along the Pep II transect. Quatern Int 37:105–113

Zeng F, Ali S, Zhang H et al (2011) The influence of pH and organic

matter content in paddy soil on heavy metal availability and their

uptake by rice plants. Environ Pollut 159(1):84–91

518 Acta Geochim (2017) 36(3):515–518

123



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2250
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


		2017-10-24T09:56:43+0530
	Preflight Ticket Signature




