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Hyperspectral reflectance models for retrieving heavy metal content :
application in the archaeological soil
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Abstract; This paper, based on the rapid and nondestructive testing of hyperspectral reflectance compared with convention-
al methods, constructed hyperspectral models for retrieving soil heavy metal content in different historical period by correla-
tion analysis and multivariable statistical method. The result shows that the correlation between content of Cd, Cr, Cu, Ni,
Pb and hyperspectral reflectance of 400 ~550nm and 1000 ~2500nm is more distinguished than other bands, and that the
correlation enhanced remarkably after the original spectra derivate transformed. The first derivate stepwise linear regression
model is optimal for retrieving soil heavy metal content in different period, with a minimum determination coefficient of 0. 92
and maximum RMSE of 1. 83. The relationship of As with reflectance spectra was affected by ferriferous oxides, organic
matter and carbonate mineral; of Cd, Cu and Ni, by ferriferous oxides, clay mineral and organic matter, respectively; of
Cr, by many factors; and of Pb, by both ferriferous oxides and clay mineral.
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Table 1 Maximal correlation coefficient between heavy
metal content and the first derivate spectral re-
flectance of different sampling interval

L (nm)

TR 3 5 7 9 11
As 0.830 0.814 0.799 0.79 0.79%4
Cd -0.964 -0.952 -0.952 -0.952 -0.951
Cr -0.980 -0.975 -0.974 -0.973 -0.973
Cu 0.942  0.922  0.915 0.909 0.906
Ni -0.977 -0.969 -0.967 -0.967 -0.966
Pb -0.940 -0.879 -0.850 -0.851 -0.845
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Table 2 Statistical result of soil heavy metals (mg - kg™')
and organic matter content ( %) for soil samples
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Fig.1  (a) Soil reflectance spectral curves (b) characteristic
absorption bands
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Fig.2  Distribution of correlation coefficient of soil heavy met-
al with original, the first derivate and the second derivate
spectral reflectance
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Table 3 Stepwise linear regression prediction model of the first derivate of spectra

T 22 5 ( Formulae) HE FE() Y iidiR2E (RMSE)
As = 88157.09 X R'(Aspy) +246665.94 x R' (X159, ) +31632.25 X R'(Ay399) — 56.70 0.93 1.10
Cd =-208.14 X R'(A,1py) +0. 14 0.92 0. 004
Cr = -170967.85 x R'(Ayy) +75.03 0.95 1.83
Cu = 152731.22 x R'(Ay35) —41805.67 x R'(Asp) — 8.58 0.94 1.54
Ni == 175860.69 x R'(X5) +44.09 0.95 0.76
Pb = - 107688.38 X R'(Aus) —56279.91 x R'(Ayys) +66.79 0.93 1.19
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Table 4 Ratio prediction model of soil heavy metal

i 243K (Formulae ) HE ZH(?) IR % (RMSE)
Cd =0.25 x R(A626/A2160) - 0.03 0.86 0.01
Cr = -6.93 x R'(A2448/11272) +12.53 0.59 5.85
Cu = 98.64 x R'(11350/2493) +20.51 0.91 2.17
Ni = 4.76 x R'(A1001/11622) +46.38 0.57 2.33
Ph = - 111.68 x [R(A733/A518) ]> +440.93 x R(A733/A518) —406.35 0.71 2.71
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Table 5 Bow-curvature prediction model of soil heavy metal

———————
A 2 (Formulae) #uﬁf& * ﬁ(ﬁfiﬁ

As =-975.95 x C +5.41 0.53 3.55

Cd =-3.03xC+0.07 0.71 0.01

Cr=-2028.3 xC +34.84 0.74 4.69

Cu = 1403 x C +33.51 0.55 4.95

Ni =-803.82 x C +19.77 0.76 1.76

Pb = - 194344 x C* - 3483 x C +12.98 0. 69 2.79
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