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Retrieval and analysis of heavy metal content in soil based on measured spectra
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Abstract: The Jinding giant Zn-Pb polymetallic deposit, located in Lanping County, western Yunnan Province is one
of the most important mining areas of lead and zinc resource in China. The continuous active mining has induced
increasing heavy soil pollution in and around this area since the 1980s, and is an ideal region to analyze the min-
ing environmental problems. Based on the field work and sample collection, the authors measured the content of
four heavy metals of zinc, lead, arsenic, cadmium in 77 soil samples and analyzed the sensitive bands of these
heavy metals and their occurrences within soil clay minerals, iron-manganese oxides and carbonates. On such a
basis, the Multiple Linear Regression Models (MVLR) was constructed between these four kinds of heavy met-
als and their measured spectra of the soil. Some results have been obtained: @ the values of the four kinds of
heavy metals in this area all exceed the standard values, and show significant correlations; @ the values of these
heavy metals have a high correlation with the soil spectral reflectance, the first-order differential equation of the
reflectance and the continuum removed variables; @ the accuracies (R?) of the fitting models are higher than

0.816, which proves that the predicting heavy metal content based on the measured spectra is feasible
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and reliable. So, the results can provide a technical support for retrieving the heavy metal content of soil by hy-

perspectral remote sensing technology and for mapping soil heavy metal pollution on large scale by satellite or

aerial remote sensing technology.
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Fig. 1 Sampling locations in the vicinity of the

Jinding Zn-Pb mining area
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Table 1 Measurement and validation results of the heavy metal content

GETETRS Zn Pb As Cd EETE TR Zn Pb As Cd
L16-01 77 816 3440 0 852 L16-40 112€108. 4> 56(54) 0 0
L16-02 44 445 3294 0 425 L16-41 5000527.3) 162(162) 0 0
L16-03 36211 4414 0 464 L16-42 53(73.35) 0024 0 0
L16-04 1 610C1 600 39304200 0 0 L16-43 142C134. 1 63(56) 0 0
L16-05 1 565(2 000> 404(480) 0 0 L16-44 177(146. 1) 78(67) 0 0
L16-06 93(152. 1) 27(43) 0 0 L16-45 67(80. 11> 34(39) 28 0
L16-07 206€200. 4> 89(75) 0 0 L16-46 206(243.6) 70(86) 51 0
L16-08 97(95.14) 48(39) 0 0 L16-47 110C111.3) 56(38) 0 0
L16-09 211(248.3) 247(261) 96 0 L16-48 70(68.78> 27Q27) 0 0
L16-10 142(174.2> 158(184) 0 0 L16-49 38 486 3486 632 409
L16-11 158(150.7> 206(164) 0 L16-50 9372 1297 0 196
L16-12 116(155. 1> 106(98) 47 0 L16-51 14 206 2514 0 230
L16-13 476(505.2) 314(298> 115 0 L16-52 9132 1261 0 162
L16-14 829(752.2) 6 505(6 700) 0 0 L16-53 326 37 43 0
L16-15 7747 5527 0 0 L16-54 43 0 0 0
L16-16 898(857) 2 783(2900) 0 0 L16-55 9193 1658 0 202
L16-17 186(233.1) 69(101) 0 0 L16-56 2 348 519 0 0
L16-18 210(256.9> 86(115) 0 0 L16-57 1961 725 0 0
L16-19 1460 725 0 0 L16-58 1931 402 0 0
L16-20 176(191.5) 49(59) 31 0 L.16-59 1754 257 0 0
L16-21 266(329.5) 76(73) 73 0 1.16-60 2361 538 0 108
L16-22 398(451.3) 136(147) 57 0 L16-61 2648 814 0 0
L16-23 287(273) 1600147 173 0 L16-62 1063 249 0 0
L16-24 217(206.2) 146(120) 124 0 L16-63 1525 393 0 0
L16-25 244 2382 0 0 L16-64 773 492 0 0
L16-26 64(57.68) 68(74) 233 0 L16-65 675 131 0 0
L16-27 132C11D 80(75) 138 0 L16-66 15191 4432 0 212
L16-28 211€196.7) 49(59) 97 0 L16-67 332 107 0 0
L16-29 61067.24) 41(36) 54 0 L16-68 4204 988 0 134
L16-30 6905 1455 0 154 L16-69 96 47 0 0
L16-31 2322 741 0 0 L16-70 85 0 24 0
L16-32 2163 614 0 L16-71 194 87 57 0
L16-33 269(240.5) 103C111) 55 0 L16-72 178 89 51 0
L16-34 287(289.2) 105(96) 42 0 L16-73 461 144 194 0
L16-35 384(375) 107¢104) 46 0 L16-74 304 148 290 0
L16-36 330(335. 1) 144(121) 0 0 L16-75 88 0 26 0
L16-37 126€124.9) 4137 0 L16-76 500 140 49 0
L.16-38 104(113.8> 42037 0 0 L16-77 665 253 0 0
L16-39 77(77.65) 81(53) 0 0
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Table 2  Statistical results of the heavy metal content in soil samples from the Jinding mining area
JLE EfiE) = IN[: R/ME Y75 7% e J5E it FEA AR A R o
Zn 4039 77 816 43 11718 23.17 4.54 77 2.90 66.98
Pb 295 1658 27 385 3.97 2.1 77 1.30 54.98
As 77 233 24 57 2.09 1.6 77 0.74 27.94
Cd 296 852 108 213 3.69 1.84 77 0.72 1.7

x3 ETWRIRESESSHECREER
Table 3 Correlation coefficient matrix of the heavy

metal content in soil samples from the Jinding mining area

Zn Pb As Cd
Zn 1.00
Pb 0.583"" 1.00
As 0.829" " 0.622"" 1.00
Cd 0.981"" 0.728"" 1.00" " 1.00
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Fig. 2 Spectral curve of soil samples(a) and that of and typical minerals(h)

BEATAH G AT, ARG R B 4 W] 3. M wT LA
Fih 4 MESEICR S LEEREOGIENE S5 2R
JGIEAR 5 (AR G SRS R 5 T Pba As F Cd 3 it
FoaEh Lol P 5 58U E AR AR R A G
ﬁ 2 R 48 S v R H AR e Je v 4
e AT .
4.2 TESEERVIER SN
TR AR A JEAT I e, 50 B B T 5 8 & 5 v
FGE 22 B K I FE AR, A AR A A AR i B E S

02 Zn
00f—~=—
ﬁ—ﬂ.]
Wi
K 0.4
L
-0.6 [E Gl
— —Ms
-0.8 i EEHER
-0} . . ) ) ) ) )
350 650 950 1250 1550 1850 2150 2450

e /mm

0.7F e As

0.5F /_L“/—

0.3F

# 00f
s -oif
® _o3f : _
~05f y ' . [ERE e
-0.7F 3 / — —Krs
HEL S F b
-0.9 I L I I I I I I
350 650 950 1250 1550 1850 2150 2450

iHH/nm

3 hEES
Fig. 3

I3 WEEFPEE 43 J8 FEAC TP BEALAIEL 12 DM FEAAE
ﬂﬁﬁiﬂuﬁézls, FLRFEAR F R LA, SR SPSS 4 idk

172 6B A 3T Geih i AN AR & (O B 4
fﬁh&iiy DUk & K108 0,05 A1 0< VIF< 10,
SR AN 00 35 0 B, BN (1) 38 B A3 O B35 B
{rAE 2 Bz i, %):Xifﬁﬁﬁﬁé\%%ﬁ 5k

W EFAT AT ARYE DA RECR? e T
FEd /NG CF D) S R ), ﬁ%ﬁﬁmi%ﬁ/ﬁ
JaE i v T S 1) R AR [P AR Y
0.6
[ e - FRERJE
0.4F — —Hr s
sal. & . HEGES L
80—
e
K02
B
0.4}
0.6 "'_;“'—-—__ 5
i | | — — ,' ' '
350 650 950 1250 1550 1850 2150 2450
HEHmm
0.8F Cd
i e e L L
041
g 02
:’_‘é 0.0
-0z
i I ' T
-0.6F . — — MR
i it T kG kR )
350 650 950 1250 1550 1850 2150 2450
I /nm

FEE EHOE R B £

Curves of correlation coefficients between heavy metal content and spectra of soil




66 s oA oY k& %36 &

AL BT TR D' 05 O O 1% S S R RO e S 2R
M —B etk , L4 LA . T 4 ATRLE H, As
(1032 232 40 2 B AR 45 (1) e BBE AR B e, i RELCRD)
A 0.935, Cd~Zn A1 Ph 1) A5 35 AL A 4, S5 i 11
FIE RELCR?) 51514 0.929.0.868 F10.816, K14 Zn

%4

e s e s & BRI P B R AR, B
DIORIBIE IR ST & ARG S & AR
ol S5 L3 T 1, KR ) fiE AR A A
T PR SE AR R — B B A 8 48 25 R G
TEREAT A n] B2 A R ORGSO R B

TREERESEANRIEERSLY

Table 4 Spectral model parameters of stepwise regression for heavy metals in soil

HL R/ mgekg ! JGisAL B EVEES Q5] it (F) W5 % Pl
ST IES 0.868 48 4574 0.000

Zn B Aoy - - - -
HEEG LR 0.863 62 4 545 0.000
ST 0.76 23 200 0.000
Pb — sy 0.531 22 270 0.000
SRS PN N 0.816 27 178 0.000
2 S 0.677 18 34 0.000
As — Wi 0.776 29 25 0.000
USRS 0.935 105 34 0.000
2 [ 0.462 9 163 0.015
cd — sy 0.954 55 53 0.000
LG 0.929 35 34 0.000
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Table 5 Spectral model of stepwise regression for heavy metal in soil
T4)E/mgekg ! AR 5 EVEEY (Q&D) SR A
Rt 0.868 Y=-9101+2040 015 X455 — 1881 582 X496 — 837 017 X356 +2 297 592 Xgos —
’ 2 641399 Xggp + 743 061 Xjp5+ 1450731 X358 — 1 567 261 X 46
Zn — By - -
e e s Y =514 630+ 161 778 X355 — 159 166 X375+ 64 157 X557 — 1 740 320 Xg76 +
ﬁ‘_—@;gﬁ le//% 0 863 355 78 557 976
1032404 X111 — 399 396 X 1304 + 636 345 X101
S % 0.76 Y=1612+49610 X 35— 51 010 X375 — 92 559 X541 + 10 3701 X g7 — 13 258 X010
- — B sy 0.531 Y =1414+87 411 Xy303 — 86 489 X350
. Y =—203893-39011 X1 + 123 557 X151 — 842 49 X347 — 22 512 X5 +
% 4 A
B L 0.816 209552 Xoy5o + 17 280 Xay4my
ST 0.677 Y=-78+1918 X353+ 1918 X5
As — B sy 0.776 Y =34.485+1 118 Xyug — 381 Xgoo
LG LR 0.935 Y =37 321+ 533 Xy57 = 8697 X013 29 072 X158
TS 0.462 Y= —24+1491 X5
Cd — B isy 0.954 Y =133+3371 X5, +32922 X536 — 40 263 X4
LG E R 0.929 Y= —-3365127-4836 X155+ 3376 381 X335 —7 687 Xous

e Y AR RS B, X AR ¢ AR SN
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