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MR T S R, B AR R, HIE P AR MERAR L 40 A, WIETRET X 86 4 BRI Y bEA
T ) R 2 s v AR i 2 S i /N R BT H (PLSRO 8 i S AR AL, $2 I Pb Y6 il S ST RRAE B B . SRS+
FRAE P BE AT X SR V5 Ye AR AR 1 46 Ph g ik o] I @R ASE, X L 4 il B g A B L 3G UE R AE I B A k. 5
gk R . (DAY = e AR AT T W1 P bR v b B B B R —3UOkisE &, FAt Pb &
AR TR R AR A ME— IR S R IESE T H3E T 48 Ph RIS B fF S AR (O M F BAMA
% R A A AR E AR AR B 3E SR T 13 P S BERMG SRR ) . P REU(RYD Hy 0. 85, AHXT A BT R 2
(RPD)2. 30, 4 ZCHERR H AW L 43 %5 FOL ik @A iy T40 ., BB kgE R 47 (A A RBEE R HRRVIPD) S
PLSR £ 542 By 28 5 i AL AR S A B By 82 v 7E 970~1 000, 1 700~2 080 1 2 220~2 400 nm [X[i]; (3) 5
LB L, BT ARE R B X AR5 Y A A PLSR @45 R, R 1 0.32 2 F % 0.55, RPD |y
120 $2FF & 1. 44, R UIRAAE Dl B B 08 047 3R AE Ph (IR N5 5 . I B4R IBCH Bl 2 UM 75 . el 20 B8 U Ak vl
45 725 TR S SRS BE . B M B T S hR v AR SRR AE D B S A R HEREAR Ph AR, A AR U AR REAR AR
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JE T SE, MELUTS B AR E I R B RO T Hok, R 2
T, MAFEES R SA VLR . B i R
HAETEZE S, T 4 R o6 % L AL AT R PR AT [ AT
F A L A5 A3 ] 4 S 2 R BUR] R 4 R 7R R A M X
4 6T i 8 22 5T R LB 9T A9 50 00 I 4 O 1 4 AE B B
# 5, W0 Cheng %7718 i Pb 45 fiF i Bt 7£ 580 ~ 660 il
2 020~2 400 nm., Tfi Liu Z™ 30k Pb 6% 45 4E 72 300~ 500
F1900~2 000 nm P Br. O A =& 225 A A8 & 5
B0 L R IR bR 56 R B0 BT T 4 0 U YRR B 5 O 3 o A
KK AR BB X AR A ] A R AR S RO BR T . R S
T AT I SFRUEALAE T ER 5 1 T 4 ) o' 1 i B
FRAE, LEAX T I 5 N BN [F] 7 & Pb bR oE R
i AR B A5 B AR WAL B — B B SRR HE AL RE R U
R B B R B AR5 Y R A SRR A

1 Lk

1.1 HRXE5LEEEDH

W X AL F 1 8 B R0 X % X1 D s AR AT
R A €45 s ] 2% T 5L b Ak 30 e 58 P VL 0, R DA
. RHEETORAIE DTSR ATIE S AR R BT I A
KAV EHEBH . WY B A LR, BIRAS T
B R K N =Y (9

R AR A E BAREAAE O R LR R X Y5 U
HERHME, 5 IR0 XM P 3 34 R v Y U5 43 A o BORT X g T
b TF) — i SRR A L, SREERZIEH (0~20 em) N
WYy 50 kg, IRAIHE AL % 3 BB B4 O 26 B o AL A
B R B R XA IS k. b R R 2SR Ry
B HCR R A BORAE AL SR T URE R SRR AE A0 10 m® S [
WX 5 Y 3R 2 1M 86 A, 38 A% 8 B DR [, fi
FHE20 GPS #UT7ic 5¢ WGS84 HEJE T SR AF 21 & 45 Ak AR
ArE A 1R . BrA R A % Y B il KA KT B BR
A HWEE S, B, o 100 H R T, 'S rak . T
WX 5 Y 4, g HNO,-HE-HCIO, 84 8243, s
BB R TS (USEPA 6010C: 2007) 42 + & 4 )8
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Fig. 1

1.2 EFRAEL P SHRIBEHRFERNE

T URUE AR AL AR AR . R AN oT R, K
KB LA 5 T L RS, B A& 100 g 8
B4k + Pb & L. E 40 NHREESY. JLHER 50~8 000
mg + kg™, A ) BE 4 A A e U T AR A S BR O0 ELWE 2
0. 05 B F/KFT W IES A Hi o Jbr AL AR 15 5t £ RNR
gy gEangR 1R . AW 1000 pg « mL ' I EYAR R
W (GSBG62071-—90(8201)) , MR 45 7 F2 ik &, 4 BUAH N 7 it
PIPRUER W, AR, o ¥ M BV MRS N & 100 g 35 5 1
e, B E, FHEREMTHERBEE S L8, FARRKTE
THROCHE S L IR AT . ARMEMHE & Pb & & E 5 B 2R05 Y ke
AT IR A BRAHE .

Rl EREAHERESIEPOAERITHAR(mg- kg™')
Table 1 Designed scheme of Pb content in the background

soil of near standard samples

G5 G @5 aR @5 GR | W9 AR
1 50. 0 11 2825.0| 21 3975.0 31 5 300. 0
2 450. 0 12 2975.0| 22 4 050.0 32 5 400.0
3 900. 0 13 3100.0| 23 4175.0 33 5725.0
4 1200.0| 14 3275.0| 24 4325.0 34 6 050. 0
5 1450.0| 15 3475.0| 25 4475.0 35 6 400. 0
6 1750.0) 16 3 600.0| 26 4 600.0 36 6 600.0
7 1950.0| 17 3 675.0| 27 4725.0 37 6 800. 0
8 2200.0( 18 3775.0 28 4875.0 38 7 000. 0
9 2 450.0( 19 3850.0f 29 5025.0 39 7 600.0
10 2650.0f 20 3900.0| 30 5150.0 40 8 000.0

1.3 XiEMESmALE

fdi J§ PSR-3500 {8 4% 3 3tb ) 56 35 40 & 86 >4 X KE A<
Fl 40 A S5 UEALAT: % A A2 B (350~2 500 nm) g [l /2 44
R, eREArHEFR N 1.5 nm(350~1 000 nm) , 3. 8 nm(1 000~
1 900 nm)» 2.5 nm(1 900~2 500 nm) ; YEIEAH 1 000 W
AT, 5T A . DGR BRI 1R 5 2R R R 15T AR s B IR
FE S 30 cm, RLBEE 5 om, JF U5 I & AT K B BB 5 AN FE AR
BEAT FUBAR B e bR . D REAR T I E 10 1k, O R
SR i B S B

RIS 5 L A AR OC B A0 T AR AE . T BR R T
fEE, BEATOGIE e . P38 OB I o . o, KB Wk
LT MK 350 G AR A5 M b X ] . 350~399 A 2 400~2 500 nm,
Wep AV MR 75 [ B R o T B ROR 5 B % Savitzky-Golay 45 BUF
ik, BE = 22U, BEE K EE 11 #E T 2 0AiR/N
Fe 45 il 22 0 U & I (multiplicative scatter correction,
MISC) {1 R A o [ HICE 7 Ol B0 S 2R B RS 5500 19 5 DG AR AIE
L4 FERREFSKRAET

i % 7> —. 3¢ [9] I (partial least squares regression, PLSR)
VB —Fh 22 L 2 T 48 T 43 17 45 B 8 408 A 2800t B 3k % o L 2R
[, AE A 78 & A7 AE 2 TG I 00 R AT i A, JE L
FAJE P Ry o6 il A AT g 7 KUY, 908 3k F Matlab
R2018a, {48 I 8152 LRI J7 VA A I A B M B T T E &
R . 5 5 22 (RMSE) R AR 43 15 22 (RPD) BF- 4 £
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5540 &

RSB, R* MK, RMSE i/, RBIBIADE & s, 468
MERCR B o 2 1. 4<<RPD<C2 I, BB AT XA A A g 151
fli s 24 RPD>>2 I, #5185 T FE A A 5 4 i 7000 fig

75 1o 7 B 4% 5 45 AR (variable importance in projection,
VIP) & PLSR 5 5Y f) — Rl & il B A8 Sk #5071, DHoE R WI4S
4 VIP il PLSR &% (Bl b-coefficient) ff 4% HF 5 ¥k J7 1 e %
A RO A R O B R AE U B B R e i i R HL S . VIP
AR BRI E BT AN w F R, AR
HEEENEE, XD R,

h h
VIP, = N/‘ZJZ(SS(/&@,)(UJ}&/ I 1%/ >SS (bt
k=1 k=1

(O
o, SS(huty) = bithe, s FoRES b ARSI TR, w
SERUEHEFE, b &t PLSR 5550 b i) 1 7 48 Bt A~ %k, VIP
547 B B8 B BB 1, b-coefficient P BIE 2 I SR H 5
HARAEZE . W VIP>1 H. b-coefficient J T 8 bR 1l 22 1438
B R U B o

®2 RiREAER

Table 2 Measured values of background soil components

2 #ZiR5ihe
2.1 TEPhbEEHRESITHHT

KA ALAE T 5 LI, 07X 86 N E ARG A P
WA RANEE 2. % 3 PR, IR M 5t 4 b BE AL Hb
BT RE AL A . TR R 45 3 R Pb, As il Cd H 4R
BRI SR R PR T R R b R 3 g XU A P AR U D
GRX47) (GB15618—2018)M XU K& 4 il {f . Pb ¥ ¥ {8 36.8
mg- kg ', HHEpH A, HHLE. 28 RELE 2R C.
R T S5 A 19 QAR E AL A O BB B R I
TR G R AR fb 0] T 4 JE O R T s AR R
FP—H4AE Pb W ALK AE T RAFI S, 07 X T 4
J& Pb -1 5 ok XU R E — £ DL b, A K fH 10 054. 00
mg + kg™', RS HIER 25 £, FEAUBAR %R 37,206, &
&lE e EEAS F, BT XARRMERT R, 7k
HEAE 5, B3 Ph ARiE 22 IR 5 RBUE K, 7 K N 4 @ ik
Ay SRR, RIRMIES A0, S0 B e & .

ERtEASNE

.~ { 2/ i 5
L5 pH (fﬁlig}j}:/l) (mgé-%kg’1 ) (mg %-ﬁlig’1 ) (mg T-Efalig’l ) (mg lfmlig’l )
H—H 4.11 33.2 21.1 35. 8 15.1 0.108
oot | 4. 07 32.3 23.3 36. 3 17.2 0. 061
= 4.07 33.3 21.8 36. 6 15.0 0. 061
Y 4H 4. 05 33.3 22.0 40. 4 15.0 0. 099
HHAH 4. 09 29.4 21.5 34.9 14.0 0. 066
M 4.08 32.30 21. 94 36. 80 15. 26 0. 080
TR 4 4 {2+ — — — 400 200 1.5
TE o RV AR« S PRI U o Pt 3905 e KRS 8 s b ol ) A7) (GB15618—2018) JRU: 45 il fFf L1
Note: Risk intervent values for soil contamination of agricultural land in GB15618-—2018M!!
®3 FRIEPSEHBMESITEE
Table 3 Statistic of soil Pb content in Chenzhou mining area
JLR R/ME RRME afich o 1 22 S R i 0 2 TR E(E
Pb 54. 60 10 054. 00 753. 42 1522.85 2.02 4. 11 21.49 250

2.2 ERBEAERST X TEERRGHESHT

P 2 AR AL b . AR TS Y R 0 G D Ak T
MG TS M 2R I e R D B LA 2 Cad F0Ch) JRT 41, A (] 3l
X A4Sl 2k B R TE S AL, #E <7400 nm f1>>2 400 nm
BB X DG RE A LRI ZL, MR B K R 7E<<1 000 nm
D B ) i 35 A 1 0 S S S T, #E 1400, 1 900 1 2 200
nm {5 BB W] 0 K OB . RS RREAR . O AL #E
5L 2o (D IR, SG Uk ik 68 A %500 B ot 1 s
7. WAL PR S RIS A T, [ 2 T RO AR O — R
BIE T i IR E R LA . W 4500 A AR UM o 3% T 28 A ofe
A R TR 3T e R A AR U B, ST B AR FEAR +HE Pb X
TSR AL S

T, HR PSR OB g A T 2 bR E AL RE S
LB 2 F1(o) DEIgEM S — i, BRMEAREGEGEREHE
B, FETZEHES, BT L8O0ERES LA 5P
RS RAE R, 2 AR MR A AR b T B E SR EE
i = Gi—HFAE . MR AL s A B AR EALRE S . PD
T AR AR R OGS ST B AR AR ME— IR B R . AR REAR Y
TR 22 TR BRE T Pb G B i A7 AE . [R) B A 3 S
il BA B — B b MU Ay . R 3 T 2SR AR SR
F% G T WA R AR AE U B AR A T Rl AT
2.3 FEirELHES Pb &2 PLSR EHE RIS K BRI

3B R T RFREIL AR i Pb & A9 PLSR 2 B A5 AE
B EAE R, B 3(a) A1, PLSR B! R =0.98, R, =
0.85, RMSEp=843. 87, RPD=2. 30, Ki®lf &, 0T
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Fig. 2 Spectra of soil samples

(a), (c¢): The original and pretreatment spectra of near standard soil samples;

(b), (d): The original and pretreatment spectra of mining area soil samples
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Fig. 3 PLSR modeling results for near standard soil samples Pb contents

(a): Stem plots of modeling; (b): VIP scores

Bl 3(b)F W T IEXT KRl fbie @R B, 454 VIP
F1 b-coefficient £ | [i¥) Pb £ 400~ 2 400 nm [ )6 1% 45 AF
Bt VIP (N 1, b-coefficient Fr#fE 254 338. 581 6, Hi &l A

A EiEXT £ P & B ALY AR TS AR R Y ) R
VIP 5 b-coefficient 0 i il 2% 3% A 5l fl 6F BRAR &, £ 400 ~
940 F1'1 000~1 880 nm [X [A] iy Z8 A% fb -2 . A & S AK & B
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5540 &

9{E5MRE; 1 900~2 400 nm Py VIP {H 5 b-coefficient 34 iiF
WY, JUH G & w2 (5 WA 5R VIP I b-coeffi-
cient [ I 43 3t BLAE 989 A 2 320 nm PHIT. & i P i
6 HY 1 R AE B BEE TP AE 970 ~ 1 000, 1 700 ~2 080 i K%
2 220~2 400 nm, fifi 1 45 5 & B0 H S B TR AE D B Y o6 I
AL 3 A N A Y ) TR A R AL e B A R GRS
HE P Y61 N A5 5 B AFAE - I B AR 0 28 bR oE AL R
et 1 i Pb & w2 IR b5 5 AL —
2.4 EFHBERBEMNTRLIESESHIERE

X H#RI5 Y+ 4 Pb Yy PLSR Sk A 25 R An &1 4 Jir
Ne F A R W B EBLR, RI=0.24, R, =0.32,

(a) i
RA=0.24 7
10 000 4 RMSEp=1 376.83 s
R*=0.32 7
RPD=1.2 e
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B e
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=%} " )/
01 7z
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RMSEp=1 376. 83, b ZArifb A BBLE R, AREAR
SRR BE R AR, SR 2R G IEAIRAE M Lb 2 52 i A R AR 1Y
FEEH . B 4D R RIE D B A A R 453k 4 nx R4
Bl AL, RBRAERRAE M B S A A A BE MR T, R b
0.32 #2% % 0.55, RPD [y 1.20 £ & % 1. 44, RMSEp
1 376. 83PEARE 1 207. 70, 45 i B 3k T 2 47 off fL A 42 X
[ R4 Ph Y ik R AE 3 B AE 0% B A RAETE 48 Pb 1Y e B 5
S WA B AR GG RS E 4 R R R 1R T iR
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Fig. 4 Scatter plots of PLSR modeling for Pb content in mining area

(a): Entire spectra band; (b): Characteristic spectra band

R4 FRIEPPEHREFERRERERILL
Table 4 Comparison of Pb content estimation model based on

entire spectra band and characteristic spectra band

TR B RMSEP R: RPD LVs
B 1 376. 83 0.32 1. 20 2
R AE 5 B 1 207. 69 0.55 1. 44 3
:I: N
3 én I/B

TEHCH B A A B X O S X, IAE LR S s Pb
FARUEACHE > 2T IEHR Ul AL AR bl BEAT Pb Sl 385 451 I Be 4k
B, BR0T Pb il e B AL s 68 b A T 4 I BRI R AE B B
B4 SR A i B /s 3 S TR U R RORG JEE M PR RE L 25 OR R
.

(OFEF A T REERLT . A6 L3 Pb F it
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Hyperspectral Modeling of Pb Content in Mining Area Based on Spectral
Feature Band Extracted from Near Standard Soil Samples

ZHOU Mo ?, ZOU Bin" ** , TU Yu-long" ?, XIA Ji-pin'**

1. The Key Laboratory of Metallogenic Prediction of Nonferrous Metals and Geological Environment Monitoring (Central South
University) » Ministry of Education, School of Geoscience and Info-Physics, Changsha 410083, China

2. School of Geosciences and Info-Physics, Central South University, Changsha 410083, China

Abstract Natural soil samples are the primary data source of heavy metal hyperspectral predicting models. However, their
spectra are often confounded by complex components, resulting in poor performance model and unclear explanation for heavy
metal spectral response mechanism. Near standard soil samples provide a promising method for the mechanism research. In this
paper, 86 natural soils samples and relatively clean background soil were collected in a lead-zinc mine in Hunan province, and 40
near standard samples were made by artificially adding heavy metals in background soil using control variable method. Feature
bands for soil Pb spectra were first selected based on near standard soil samples using partial least squares regressions(PLSR).
The feature bands were used to calibrate the prediction model with PLSR for natural soil samples. The existence of Pb absorption
features was confirmed by the overall consistent and change trend of near standard samples reflectance spectra. Near standard
samples provided acceptable estimation accuracies of Pb concentrations, with the determination coefficient (R%), and the ratio of
prediction to deviation (RPD) values of 0. 85 and 2. 30. When compared with the entire-band PLSR model, feature-band model
for natural soil samples increased the R} and the RPD from 0. 32 and 0. 20 to 1. 55 and 1. 44 by removing uninformative spectral
variables. The mechanism investigation strategy we proposed could effectively solve the problem of complex sample composition

and weak heavy metal spectral signal in previous research, and be applied in further soil heavy metal remote sensing monitoring.
Keywords Near standard samples; Soil heavy metal; Pb; Feature band; VIP; PLSR
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