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Abstract; Sampling, analyzing, and assessing soil heavy metal pollution requires significant manpower
and resources. Access to easily obtainable environmental covariate information is crucial for enhancing the
efficiency of soil heavy metal pollution monitoring. The spectra from proximal soil sensing are a
comprehensive response of soil properties, and they have great potential to reveal heavy metal
concentrations in soil. Near-infrared spectral characteristics of heavy metals in the surface soil of 109
samples were analyzed, and spectral information closely linked to soil Ni was extracted. This data was
then utilized as auxiliary information to develop a co-Kriging model. Subsequently, co-Kriging models
were constructed by using soil mechanical composition, and its combination with spectral information as
auxiliary variables to compare the accuracy of spatial prediction mapping of Ni concentrations in the soil.

The results indicated that the model incorporating silt concentrations in addition to the absorbance at
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2 380 nm as auxiliary variables outperformed the model by using only silt concentrations. The cross-

validated coefficient of determination R, was increased from 0. 49 to 0. 68, while the cross-validated root

mean squared error (RMSECV) was decreased from 11. 3 mg/kg to 9. 5 mg/kg. These findings suggested

that NIR spectra, as readily accessible auxiliary information, can be used with soil mechanical

composition to develop spatial prediction models and further enhance the precision of regional soil heavy

metal surveys. The research result can offer a cost-effective solution for the spatial prediction of heavy

metals in soil.

Key words: soil heavy metal; proximal sensing; soil spectra; near-infrared; co-Kriging; auxiliary

variable
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Tab.1 Statistics of key soil properties in study region
IR

BH OME K bR
B/ %

Ni 5/ (mg-kg™') 26.50 90.60 53.40 13.70  25.66

TN #f/(g-kg™') 0.02  2.54 0.76  0.41  53.58
OC &Ht/(gkg™') 1.33 3527 7.8 507 64.36
AP &ft/(g-kg™') 2.28 158.42 22.80 25.80 113.17
pH i 7.07  9.09  8.42  0.33  3.88
Bk % 5.71  64.96 44.33  10.05 22.71
WYL /% 12.84  56.60 37.93  9.63  25.65
BB/ % 0.26 68.54 17.74 14.62 82.53
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Fig.4  Spatial distributions of Ni content in soil
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