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1. INTRODUCTION 
 
The content of soil heavy metal elements is strongly affected by human actives. When the content of heavy metal elements is 
higher than the threshold, side effect will act on crop and human [12, 15]. Laboratory studies have already shown successful 
application of soil reflectance in the visible-near-infrared (VNIR) region for the prediction of soil characteristics like organic 
matter and clay content [1-3, 6, 8, and 13]. It is very difficult to extract heavy metal content of soil from reflectance spectra 
directly because the content is very little and the soil reflectance is slightly affected by them. However, the content of heavy 
metal can indirectly detect from soil reflectance through the content of organic matter, iron and manganese oxides, and clay 
[4, 5, 11, and 14]. This paper analyzes the possibility of reflectance spectra obtained under laboratory conditions for the 
assessment of plumbum (Pb), cadmium (Cd) and hydrargyrum (Hg) content in soil quickly. 
 

2. MATERIALS AND METHODS 
 
2.1. Data Source 
 
The heavy metal content of some experiment area was over proof [16]. Fifty one topsoil samples were collected from the 
topsoil of experiment area. After pretreated, each sample was split into two subsamples. One was analyzed for total Cd, Hg, 
and Pb content, and the other was used for spectral measurements (from 400nm to 2480nm, at 2 nm increments). 
 
2.2. Model Construction 
 
Parabola correction and Hamming window was adopted to pre-precess the measured reflectance curve. Besides original 
spectra (R), several spectral indices were also calculated: first derivative reflectance spectra (FDR) [7, 10], inverse-log 
spectra (Log (1/R)) and band depth (BD) [9]. The measured reflectance spectra were resampled to VNIR bands of multi-
spectral sensors (TM and ASTER) according to their reflectance response functions. The shapes of simulated spectra were 
consistent with the measured one except for the absorption band of oxide (Fe) and water or hydroxyl. Partial least square 
regression (PLSR) was used to develop calibrations between spectral indices data, simulated spectra data (TM and ASTER), 
and content of soil elements. To verify the prediction capability of model, a one-out cross-validation procedure was adopted. 
Coefficient of determination (R) and root-mean-square error (RMSE) were used as criteria for best model. 

 
3. RESULTS 

 
The results showed that 1) Log (1/R) is the best index for estimate soil heavy metal content, especially for Cd (R=0.8221) 
and Pb (R=0.8612); 2) The coefficient of the models showed that heavy metal has a better effect on visible and near infrared 
(VIS-NIR) band than on shortwave infrared band (SWIR); 3) There are three wavelength regions relevant closely to soil 



 

 

heavy metal content. They are 500nm-1000nm which is absorption band of ferric oxide and the prominent area of organic 
matter to soil reflectance, 1750nm-1900nm which contains the character of 1870nm brought by vibration of carbonate ions, 
and band near 2200nm which is the absorption band of hydroxyl of dioctahedral clay mineral; 4) The mechanism for 
estimate soil heavy metal element content by VIS-NIR-SWIR spectra is the absorption function of organic matter, iron-
manganese oxide, and clay minerals; 5) Simulated multi-spectral data have the good ability to estimate soil heavy metal 
elements content, although the coefficient is slightly less than original reflectance. The third band of TM and the second, 
forth, and fifth band of ASTER are optimum selection for the prediction of soil heavy metal content. While satisfactory 
results are obtained by laboratory spectra, there are many more factors should be considered when using field data even 
satellite data. 
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