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Fig.1 Location of the study area and distribution of sampling sites
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FIH ASD Al i1l 15 i FieldSpecd A5t
PSCRBE - HEAE i = G U R AR . SRAERDIE
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P4 1.4 nm, JGIE 4 B4 3 nm; 7E 1000 ~
2500 nm 78 N FSRAERIBE R 2 nm, Gk HER
10 nm; Zaf[MFRA | nm GG ERAE, PR
SEBECK 2151, O TRERANFCL TR, B
T WRAE IS 45 F T R AE 10k . b 35 9 3
FEAE B4R 15 em, ¥ 2 om A5 B BEES LN B,
D B AT 1000 WY 1 RATVE MG, DB TE &
BE 20 em, KI0ff 30°, #E#F SO MR 1 B 1458
FT ELFERE S BEZY 10 em AL REGIERIE ., B
R CRAE 5 UOGIEEE, RE SR R ECT Y
(ELVE Ry -3 it ) SR S 3 it (151 2)

e
w

RS
Reflectance

IS

[ ]

o
=

400 700 1000 1200 1600 1900 2200 2500
W BE (nm)
Wavelength

B2 HIRERLIER SRR
Fig.2 Spectral reflectance curve of soil samples
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JEAHDCHGIEF R, XIS EHE ( Reflectance
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o B B — B ooy
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Table 1 Statistical analysis of soil Ni content
TR FEAEL BRME (mgkg) F/ME (mgkg™) FHE (mgkg™) P2 (mgkg™) TR (%)
Element  Sample number Maximum Minimum Mean STD (6\%
Ni 74 85.3 33.9 53.08 10.87 21

TR 12540 Be R AT B2 JR #% ( Pearson ) #HE4>
Mr, IHEERIR R SR Ni TR S 5% R
FRIMCREANE 3 s, S EEAKTE (P<0.01)
FRAF 56 22 850 LB o +£0.298, XN A9 L #HEE g 72,
JR iR e i S RS A R T R S A A e R 2
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1.0

. |@r
5 o06f
=
BE 2N v«
W ©
=
2E 02}
w8
g
5 0.6
@]
-1.0 - . - g
400 900 1400 1900 2400
HeiE P BE (nm)
Wavelength
1.0
- (c) SD
3
2
W o
K 8
Junn g ey
B
j
=)
=}
O
-1.0 - . - )
400 900 1400 1900 2400
FeIEP BE (nm)
Wavelength
1.0 ¢
- (e) AT
5 06}
=
=
= 9 -
w8 0.2
KE
EEOQRfA/ﬂH\EEﬂ_pMWN
o}
506}
O
-1.0 - . - )
400 900 1400 1900 2400
JEIE I B (nm)
Wavelength

FE: EI LR AOR 0.01 REKT T IR R LRI E: +0.298,

SIRICE GRS TRRIRE MR, B3
MR BB AR BB . Hp, —Bisr 28
B KA SE R EGE 0.7, BETEIBGE 11584, 4%
A5 T 0] DD B B 2T AN B . T DL, i AR e
AbBRRRAS AT R AT S T, R mOGIE SRS
FELRICER Fr i Z A

_ [wrm
5 o6}
=2
FH2 02
W o
=
iﬁ 2 -02}
<8
g
8 —0.6
@]
_1'0 1 1 1 )
400 900 1400 1900 2400
eI BE (nm)
Wavelength
1.0
- (d) CR
5 06
=
o) _
;16 S 0.2
=
ﬁé 2 -02}
<8
o}
5 ~0.6 |
_1.0 1 1 1 )
400 900 1400 1900 2400
T B (nm)
Wavelength
1.0 -
B (f) ATFD
5 06}
=
)
ﬁ 2 02
=}
2E-n
=3
&
5 —0.6
@]
0 : : : ;
400 900 1400 1900 2400
S B (nm)
Wavelength

3 HENi RRLESHIERFREATIROBEXRK

Fig.3 Correlation coefficient between soil Ni content and spectral radiance and its transformation
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Table 2 Primary feature bands and correlation coefficient
S 11
SR P BRI HE R ()0
Transformed . . .
Primary feature bands and correlation coefficient
spectrum
R 1691 (0.30) , 1815 (0.30) , 1895 (0.30)
FD 434 (0.51) , 510 (0.56) , 1139 (0.54) , 1249 (0.66) , 1303 (0.65) , 1461 (0.56) , 1555 (0.54) , 1598 (0.54) ,
1913 (-0.51) , 2249 (—-0.62) , 2297 (—0.66)
SD 546 (—0.67) , 618 (0.56) , 985 (0.50) , 1037 (-0.53) , 1396 (0.6) , 1441 (0.55) , 1475 (0.52) , 1849 (0.59) ,
1922 (0.59) , 2126 (0.6) , 2162 (0.52) , 2259 (-0.55) , 2299 (0.66)
CR 1078 (-0.55) , 1604 (0.57) , 1767 (0.40) , 2223 (0.47)
AT 545 (-0.46) , 1379 (-0.41) , 1412 (-0.42) , 1693 (-0.50) , 1744 (-0.50) , 2204 (-0.49)
ATFD 588 (0.53) , 879 (0.50) , 1094 (—0.51) , 1139 (—-0.57) , 1250 (—0.67) , 1300 (—0.64) , 1461 (-0.57) ,

1555 (=0.55) , 1593 (-0.56) , 2249 (0.65) , 2297 (0.68)

E: ObRREE, Hifinm; HRFKI50.01RFACT AL REUE.

IR ARAHOE R B0 00 R RIE I B AR 5 Ni o &
A AAELEA M, EIRAE T D BT X 57 Ni T
RO ROV DTk, R o D R
et — 25 0 B R ST R I B, VRN
SR AR A R I Bt o

W50 2 0 3 O R AE 0 BER A5 I A RN AR, I
HEAT ARG, 2Rk P<0.05 B, 5IAZBEEE
ZHERL, MR EE P> 0.1 0, WK HSIR, HE
M7 RN RE S | AR REAIBR I BA 12020, ek
W oTik B E R (P <0.05) 1E S5 8 4R E
PeBr. M 4R NiJoER & i R N AR RE I BOR
B (FR3), BROBULNEEBALT 500 ~ 600 nm 4,
HoA g B4 S rh 7 2L A B
3.4 HBEGES 595

W IEE SR Ni oR S RlE R R, e
FROED BE R A AR &, 4300 R 22 504t 1l A ik
P fre /N e 1] VA 3k ST 45 P e AR 400 X Y 3
AR ICE E OGS R AR AR5 o 52 WSHIE
fordg o ARV S PR FIRE FEAH OGS T W3R 4.

MRS E MR, LI B sy 224 (SD)
AR E MR, FIF MLR A1 PLSR Ay 3278

*®3 SS5ERNHERER
Table 3 Modeling feature bands

AR BB (nm)
Transformed spectrum Feature bands

R 1815

FD 2297, 2249

SD 546, 1849, 1396, 1475, 1441, 1037
CR 1078, 1604

AT 1379, 1412, 1693, 1744, 2204
ATFD 588, 2297

R 28 R2 Y5 0.7, ARLEA RUEFATRINGE
15 HUCHGEEIEOS 8 —Fr i s (ATFD ) #4K,
MLR #il PLSR Z AT E R4 R Yt 0.5, iRl
BEAA YR A0 Ge 77 5 HA 38 A2 5 0y 20
HRE RZBEY/NT 0.5, BRI BNGES, H R
ik (R) @fiie s, e 28 R BMEA
S 0.1,

AR TR B E, X A —Fp oGS AR s
30, MLR FI PLSR FF 75 i dA RS BEAH L, 52
RERDRS B 1) E B R R 20, DL MLR R,
itk B A BB (SD-MLR ) FUH ) MR iR 2 5
INK 4474, BEBDRS R e, AR SEINE S TR IS
B L (E4) v & HEIEREAR S EADHTE L 1 |

#&4 MLR 1 PLSR 5iA1T 3% Ni i RS EREBE ST
Table 4 Modeling accuracy statistics of Ni with MLR and PLSR

LR i

SeRes MLR PLSR

Transformed spectrum it B T R Pt B T R
R? RMSE R? RMSE

R 0.094 10.327 - -

FD 0.488 7.890 0.478 7.802

SD 0.842 4.474 0.819 4.559

CR 0.418 8.341 0.417 8.170

AT 0.475 8.094 0.475 7.759

ATFD 0.540 7.409 0.540 7.258
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Fig.4 Comparison of measured and estimated values of soil Ni modeling by MLR
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An Inversion of Soil Nickel Contents with Hyperspectral
in Iron Mine Area of Beijing

GUO Xue-fei!', CAO Ying'", JIAO Run-cheng!, NAN Yun', ZHU Yun-feng?, DING Xia?
(1. Beijing Institute of Geology, Beijing 100120, China; 2. Beijing Geological Engineering Design Institute, Beijing 101500, China)

Abstract: Inversion modeling of heavy metal nickel in soils of typical iron mine area in Beijing was carried out with
hyperspectral data, in order to explore the feasibility of hyperspectral remote sensing technology in rapid monitoring of
soil heavy metal pollution. The spectral reflectance data of soil samples in the study area were obtained by portable
spectrometer, and the original spectral data were mathematically transformed. Optimum feature bands were extracted
with Stepwise regression method. The inversion model of soil nickel content was established with Multiple Linear
Regression (SLR) and Partial Least Squares Regression (PLSR). The multiple linear regression model based on
spectral second derivative (SD-MLR) had the highest stability and accuracy (R*> = 0.842, RMSE = 4.474), which was
the best inverse of the nickel content in the soil of the study area. Spectral mathematical transformation can effectively
improve the correlation between spectral data and element content. The following relationship exists in the modeling
predictive power and accuracy of spectrum reflectance under different transformations: second derivative > absorbance
transformation first derivative > first derivative > absorbance transformation > continuum removed > original
spectra.The SD-MLR model could well predict the nickel content in the area and provide a technical reference for
rapid monitoring of soil heavy metal pollution.

Key words: Soil heavy metals; Hyper-spectral; Correlation; Inversion modeling
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