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Abstract : There is a serious problem of heavy metal compound pollution in lead-zinc mining areas. Hyperspectral remote sensing
technology can be used to extract heavy metals absorption characteristic spectra from soil spectral information and achieve
inversion of heavy metal contents in the soil of mining areas. Based on hyperspectral data, the heavy metals contents in soil,
such as Cd, Pb, As and Hg, were retrieved from the soil of the Silongduo lead-zinc mining area in Xizang. The hyperspectral
data from soil samples was collected and various spectral transformations were performed, including first differential (FD),
second differential (SD) . logarithm of the reciprocal (AT), first differential of logarithm of the reciprocal (AFD) . and second
differential of logarithm of the reciprocal ( ASD). The characteristic bands that are strongly correlated with the measured
content of heavy metal were selected and finally four inversion models were established, including stepwise multiple linear
regression (SMLR), support vector machine (SVM), artificial neural network (ANN), and random forest (RF). The
coefficient of determination (R*) and root mean square error (RMSE) were selected to evaluate the accuracy of the models and
the optimal inversion model for each heavy metal was obtained. The research results show that the dimensionality reduction
effect and feature band selection interval of different spectral transformation methods are different. Among the five
transformations, SD transformation has the best effect and can effectively distinguish feature bands, followed by ASD and AFD

transformations. The RF model has the best inversion effect, with a better applicability and inversion accuracy than SMLR,
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ANN, and SVM. The best inversion model for As is the AT-RF model, the best inversion model for Cd is the SD-RF model,
the best inversion model for Pb is the ASD-RF model, and the best inversion model for Hg is the ASD-SMLR model. The

average assessment values of Cd, Pb, As, Hg content models of soil exceeded the background value of Xizang soil by 124.2,

89.8, 0.70, 1.24 times, indicating that Cd and Pb were the main pollution factors of the soil in the mine concentration area,

accompanied by the combined pollution of As and Hg.
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Fig.1 Original reflection spectral curves of sample
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Table 1 Statistical analysis of the measured content of

soil heavy metals in the study area

TR
pygE] Cd/ Pb/ As/ Hg/
(mg « kg™ 1) % (mg kg ') (mge-kg D)

EEE 9.779 70 0.169 10 14.070 40 0.029 78
/N 0.268 00 0.003 00 0.770 00 0.004 00
R &E 49.200 00 1.480 00 47.500 00 0.220 00

it £ 1.648 44 3.012 33 1.122 88 3.476 94
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Fig.2 Correlation coefficients of reflectance of different transform spectra
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Table 2 Numbers and distribution intervals of characteristic band of different transform spectra

TE RHRI R B R AE G 43 A A % B X ]/ nm
Cd FD 19 519,527.530,533~542,546~548,1406.2376,2492,

SD 57 378,430,485~486,517,570,592~593, 605,623~ 624,654,665,670,697,724~ 725,745,756, 798,
963,977,980, 1176, 1216, 1224 1235 ~ 1236, 1393 ~ 1395, 1468, 1493, 1554 ~ 1555, 1560 ~ 1562,
1615.1709.1711~1713,1917~1920,2110,2122~2123,2167.2175~2176,2353~2354,2486, 2495,

AT 111 404~405,408~410,412~462.464.,466~469.472~474,476~477.479~523.527,

AFD 37 458~460.463~464,518~520,522~530,534~550,2375~2376,2380.,

ASD 37 371,378,430,485,486,517,534,592~593,625,654,657,671,697,724,794~795,798,1224, 1235~
1236.1553~1554,1559~1561.1615,1665,1711,1713,1719.1918~1920,1975.2122,2123,

pbFD 14 531~532,590,591,601,604,998~1003.2197, 2474, T

SD 27 429.456,485,493.575~581.592~596,604~605.619~620,1002~ 1006 . 1246 , 2220,

AT 58 1810.1814~1817,1819~1871,

AFD 17 461~464,466.487.496,499,502,530.998,999~1003,2273.

ASD o 429,441,455~ 458, 466,483 ~ 485,493, 576 ~ 581, 593~ 596, 598 ~ 599, 616 , 768, 844, 870, 995 ~
1006.1247.1589.1826~1836.1920,2218~2220,

As FD 2 2416,2417,

SD 19 939,945, 982, 987 ~ 988, 1488, 1654, 1656, 1794, 1797 ~ 1798, 1803 ~ 1805, 1971, 2413 ~ 2414,
2419,2420.

AT 150 1522~1671,

AFD 0 —

ASD 19 470,637,651,982,1490,1492, 1656 ~1657,1749,1794,1797,1804 ~ 1805, 1811, 2108, 2413 ~ 2414,

2419,2420,
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Fig.3 Taylor diagrams of heavy metal element inversion model
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Fig.4 Scatter plot diagrams of measured and predicted values of the elements content
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