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FRE AR
o ENR 4 H R R AT PR IRAT SR, AL AT, 101300

NBRE: HIEHE 485 Yo%t A B ARG AT ™ B A o P e e il o i 3 e 4 R & i
FikZ—, FotiE R R IR E SR & R ITR RS R R R A SCUAME LB X PR AR MBI ST X, £ T
A 25 AU o K LV e R I ) A A W ) B 4 TR AR, T R R T U 9 . R SR 1 426 4 HEAE TR 242 X
T I AR S AR AR A i, R SVC A T OGSO AR 350 ~ 2500 nm i DG, R Savitzky—
Golay BRI NG ATGISREME TR, PR/ A R0 25 5 7T e & S BN FERA IS,
SR T SRR GTE 25 S RDGEE BRI A AR E IE S AR B AR B (SNV) L — B34 (FD) L B 343 (SD) . £ Tk
SREIE (MSC) 55025 4, I AR B 5 i 5 Cd & i A e, AR SO H — Ff 4 AR Bl L AR 57 i—Kennard—
Stone H—1hm/D I MITRY T, EF X285 BOOGISEE RN Cd S 4E 55— 25 R F F AL S 2 % —Kennard—Stone ¥
FEREASE S T0% I ZRSETN 30% SriiF S , A A 50t 1 0T 4370 39 51 9178 35 AR AR 23 [ 5 5 28 Rl v e /N 3f [l )
TR A A NP E ST [ JHRERD | P R R B MR 2% RMSE W22 Lo (B RPD IR 2575 [l LU (B RER 52 50T JE A
RIPEAN, MR A TR B BRI 3058 — 20 SRR B 8, H 2R8I IscR . 45 5R R0, & M B R i E
SRR EAR TR FD AR , AWk U N RM—KS FEAS BB PLS i e /N — 9% ik 8] ) e 57 A A
HIUFLE A RO B, B A B0 11 A4, 8058 R 8 R 35 5] 0. 909, RMSE 4 0. 604, RPD A 2. 696, RER ik K

15.516, AR AT AR S Pk ot iy 38 48 Cd & I BRIt R S0
KR HIEE S B IS YL I AN RM—KS A e /N —F 015 5 Btk

- b VR R N R DA A I R AR [ R R R
(RAKEE,2015), BEE SR TR LR, T
v Ak A Mr A R T BT RS A Tl 5 G Fn Ak
T RE A 245 18 BT Yo ok B ™ =, R R AR T
Pk 2 i AR R Rl I Y
LR S TR AN WO & 5%, 24 A
KGR Ay, HiL, TR ESE
W BRI AR R Y, DU A R AT A FH b = 1 X
B A, AT AR B H R
TP SR B — B2 N M S I X A TR TR
L, J I 85 B 2 ) T B A 5T 40 4k 2 — ( Pkasads,
1995 ; B B 1HSE, 2005 ; B2 IR 56,2014 ) . 2ER Tl
L RBCR WA B PR R A Y rh, Hor
BRI TR, MRS R VHY I BRI AE XS R
BE W E SR (Lasat et al. , 1998) , 7t £

50 a B, 23K E 4@ B A E] T 22 kt Cd 939 kt
Cu.783 kt Pb F1 1350 kt Zn ( Singh et al. ,2003),
2014 454 FE 35 YR B A A A A5 R R, FRIE
H b A 3 PR 5% 0 e SO, B b A A7 A Rk
19. 4% , FHELIGR B8 5 i R S EARIS TN
F2, P (Cd) V5 Yt T B ASA AR A 7. 0%
(SRR 0 A £ B U556, 2014 ), Ak H 44 Cd
FERBF N RRUIRE B EIEME AL Aut/ &
2 TG N A (BEAR DRSS ) %5 N A H A+
Herp Cd AR A B L8 0. 725/ (hm® - a), 1]
Jb8 A ARG A GE B A E] 2. 153 ¢/ (hm® - a), N
e[ FH -4 Cd ARSI AGE 5 2. 97 £5 (BRI S
4,2019) , AR E N AMR 2 FE X I E AR
T Qe AR GURRL R 647 T 5T, il 0t 22 H bR b Bk Ak
SEWAT RG M HEEE 4 JE IS Y RRAE, SR A

o ARIOh T ERG 4B BRI EH BETI H (45 CMGB202001) , B A S & TR H (455 : 2016 YFC0600210) Fl1E FK H $X L2 3

S VRN (405 41272366) FI LA .

IR H 151:2021-03-09 5 25 8] H 14 :2021-07-02 ; 9144 5 % :2021-07-20 ; 52414t . ZFI/E, Doi: 10. 16509/]. georeview. 2021. 07. 035
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LG Yeaa g B B M R RR R A
A6 T A ORI R XU, DA S 3 of 4 38 o Jo 5 4
FRIE TEAE A= 25 XU R 5 XRG4 47 PPl (A7 e 45
2008 ; FE T 77 45, 2014 5 5K 3K 5% 45, 20205 FEH AF,
2021) . SR, 1% 48 1 F I A 358 o 4 @ B i NS (]
I3 AT R T SR SR P T A SR A R 2 I 199 S5 16 5 )
Br, X BA B SR 5 FER AT G T4 (515 3] 45
e (Leenaers et al., 1990; Kemper and Sommer,
2002) o St & — bR JE 5 R AEA [A) A1 R
B /77 ( Ben-Dor et al. ,1994, 2009; Clark, 1999) .
BEE o G R AR I & e HUREE sk e &)
BRI R O S S I B A ) S, T L
MR LT A3 M 7 V5 ARAR N A Bl T DRk 1 4%
%’%fﬁ%ﬂf@@ﬁjﬁﬁ( Ben-Dor and Banin, 1994) ., 4J&
FEILLAM XSS WSCRRAE (B AT B A TR SR AT
AL A I AR A an S AR Bk
Yy BRTR AR B AR A AR DGR , Bk LA DG ORI
B9 %5 W i (Malley and Williams, 1997 ), Kemper
GRET HHOLE S EER B CR, RHZ T
AL [ A RN T 28 0 248 7 3 7 S A AR g
KRR U 7 X+ 3% As Fe Hg . Pb .S Sb %5
i (Kemper and Sommer,2002) , Kooistra 55 % F
it F5c /> — 30 (81 U= R0 S ST N7 1 30 14 i i 4k - 43¢
PRYER RS A TN AR Y (Kooistra et al. |, 2001)
Sun Wei 55 1 52 SR 58 285 23 A1 A8 TE Fl i die /N — 3 ik
AEEW X H 4 8 Cu W (Sun Wei et al. , 2019)
Wu Yunzhao 25 I R SFHOGIEENT T T 40+ 3 vh
FR 8T e, i 3 b TR B %) D' 33 5CHRe A T A R AF
G, KIGRA L 733 5 BH R HORG + 78 496 nm Al
2210 nm Ab B9 WU AE AH OC ( Wu Yunzhao et al. |
2005) , Chen Wei 55| HI 5¢ 5h—0] UL/ 5 560 1 45
FARAMT BEFE T SOM 5 Ph™ HiI Cd™ AHEAE i
FEFP AT 25 #2516 ( Chen Wei et al. , 2020) ., AX
ZFFEE A 2 FOGIE AR 40 22 JTTHIUH RLE
— B B S S R RR A T BRI U
AR T BB B 1/ BOGTE e 48 B, AR5 R 25 Ao
LM/ AR LA B 43 B 7 B AN A0 Z2 e P 1A A B
/N 3R R DA T 225 0 2 S5 DA Sk 6 AR H8 I DG TR
FEFI 1 38 7 4 J& % it (Liu Meiling et al. ,2012;
Wang Fenghe et al. ,2018; Riedel et al. , 2018 ; 4Bz
4 .2019) o B 2 ou Lt BH J7 B2 R LA Ry
T BEHEAT AR H R AR I BOBOAS BE R THREAKL, T
SR TS B v ) LSRR B BOS TGS &
FEIDOCEF B WM HAR, HEZEF LSRR

(Lee et al. ,2004; X 5a55,2012) , BCFE 40 B H 75 R
LA IS EEP i 4 €S S U R 6 2 e TR
FelliE A R O AEAE S 2| DL e i B
A SRILL AR OGP 25 ) R R B0 (Wold et al. |
2001) ,

PRI AR SC e 22 XV B AR SR X, X
TR AR 25 XU e R LY 1 fie i O o WA I WA )
EJRH CA(RE % 2020) PR P EAE)E Cd
185 e S (8] A BT i SR 22 ROl it 28
505 IR R SRR R 4 i AR R DGR RAE
HEEJE® Cd & i Z A B AH M, R )5 32 —Fh
A R FEHLAE F—Kennard—Stone — 1 B /N 3 1] 15
( Random Mutation — Kennard—Stone — Partial
Least Squares, RM—KS—PLS) B J7 ¥, /A Wi i 4 1%
RIEPE G IEFEA N ZR e IR LE | (A FEAS BB 5)
B B RE T AS (8] ST WO AL I T JRAS B X L
WFFT, PRFZE A S5 DI S T 4 g 1 5 1) 00 A8
A

1 B X5 528 o i

1.1 HREHR

HFF 5 DX AN T bl 2 DX P T o, A7 B X Kl A T
L B AR & I SR E & | SR R IR AT 2
IABS Bty P 2 0 > 5 (RVTAE,2017) . X
NASIE T E ], A A 331 4418 (336 [ %558 18
BTE %X A X3 M S S b RR i S
3T 3 o w2 2 5 0 oS0y W w3 9 T A 2
BEFOR 32, B2 | Kbt SRR L
BRI AT K, ARk 327 F oK NS RR
RAEY . XEH A GOS8 ES Tk =l &k, 7F
— BRI N AEE B DL BRI R N SR 1 2 4 R iR
) TR A e, KAUTRE BRIk L Rk
WESBREAEA EY R LEPER, &R
B BEH RS Cd Cu . Zn Pb FHEHILE A
) P AR (FETR 45, 20145 5K R 5645, 2020 ; ¥ &
1B% 2021) ,
1.2 HmXE

SR R EAER ST X AR B A BO7E S50 M
MRS B (K 1), FEWFFRXCREE 0~20 em #HE
2 RS, OB AR AR M TE A SRR N
50 m i [l R FHABAETE AR AOE AT 5 b RAE A,
LR e REARAEZR 0T, SR 5 R U 43 ik 6
—MMRAHE R E R AT 1 ke, FEALEEAER LS
A IR EL WGS84 Ak bR RGN GPS 46 i i



ISR 4 . JL T BENLAY 5 —Kennard—Stone e/ 3k nY + 3 R 4@ 5 & B S 1523

B 2
Sy 23
oA, ¥

» e

5

L »
N4

dRlns
P sampling point

/ v ! : 5 km
- - I—

."

LN “". ol 5N
’. 2_?%;“},.#

P12 57 XY e 0 T < i SR A

Fig. 1 Distribution of soil heavy metal sampling sites in southwest of Xiong” an new district

PrAAR , [RIES, S Hl R A AR A E 5% T SR AE A 135
1.3 #Hmilik

FE R IR A Fh b VA 4 b PR A R st ek B
B BE O S B, FE ST I P R 28R
T B b (200 H ) SRS SR T USG5 B T
JFi A NexIoN 350x I 5 8 4 J@ 1) & &, MR 45 [
FARUE CRERR B A A A= 2 BT 7 1 5 30 ¥ 4. 44
AITCERIEY (GB/T 14506. 30-2010) I & 1 + 3¢
HEJE Cd W&, P E 5 RE Cd A 0.097
e/ g (R EIFREE W A, 1990) | 35 o JE Y Rl
Cd 7 0. 152 pe/g( SR E 5%, 2020) , 5T IX Y 1 4
pH “FEHEZ) R 8.0, I B 14, Rl b JHE A 1+ ey e
Wi BE(E Cd 4 0. 6 pg/g, BAEMEN 4 pe/g(LEZS
IREE RN K i B A LB R, 2018)

1.4 HmXLNE

R FE 2 AEWE 5T AR ) A, 2 1 Sk
FH S50 3 I FHERASE  AEA Y A, P 21 52 B
s e Y R TR 1 B v, AR SO SR B A
BETF AR S, 3R OGS R F B 4t K
T W BE A At 6 (200 H ) 8RS B 22 E sve
Hr1024 fH#5 b 1 G AT I &, o R ATVE G
T O R, O 3 R FE & 350 ~ 2500 nm
(VNIR) , 3t 1024 4~ Bt , Hip 350 ~ 1000 nm i Fil
GRS HE28 K 3.5 nm, 1000 ~ 1850 nm 3 [ /4G
REZMHERF 9.5 nm, 1850 ~ 2500 nm 74 FBl (4 6 1%
BN 6.5 nm, WIS % 004 HE , &
ASFESIGEL 5 KRR O AR T BIME 2 B0
Wi, /NF- 400 nm £8 ARG 14 M RS A BRI G 2 R /N
F 400 nm P B, H 2K 400 ~ 2500 nm 38 [ 59O
i 4t 924 kB,



1524 Mo R

it I 2021 4F

1.5 SikghiE

T o e AEAR KRR S b MRk T B 'tk 9 kb
P BRI T (Kemper and Sommer,2002) & [
JEIE AT AEEMR RS | Sy T A RO I BR G TE R | [
IR B G35 R B A A 15 B, R Savitzky—Golay
GBECFIE T2 (S—G,5 DR #E 76351 i b
B2y ot — PP I N 3 T R S 2 i A/
T L& W BE I J5 725 ( Savitzky and Golay, 1964) . 75
S TR KNS A 2 o3 22 5 ) B 2 S B
LA, PR Sy T b ST T AR B AR LA 3
M CREAE RO i 2B AR (Mackin et al. ,1991) , K¢
BRI TPRIEIE S A 5 (SNV) \— Mo (FD) | —
Bristsr (SD) (ZICHULIE (MSC) S8 #t

PREIESAS £ (Standard Normal Variate, SNV)
A — T I 17 ) A8 48 30 o %) g S5O R T A
HH R TEOR T 5 PR T A B0RE R /)N | 3R TET IS MO
ARG B IS B RO, SNV il ISR A 120615
BRI BT, Bl X AT dEME «,
S /NG i e

x, — Mean(X)

Xp,sNv = SDev(X) (1)
Horhx, g BRFARE A, Mean (X)) KRBHE X 1T
A1, SDev (X)) FonBHE X A7 RObRIEZ

53 ( Differential ) J& 3 W FH o 732 fif FH 9 —
M2 R AL G Y BEZ 00, LATH BRAIE
AR I SRR AR AR IR AY . — Bl — iy
AEFRIS B A6 P Y — L8 F BT BE B S ) 1
N G ) — B i3 ( First Differential, FD) HJ&
TG M ATE G FRPRE — D EE R, thZeny R
ANZZ T v Al B e B 1 W) AL O — B S 4
RE e/ MU SR OGTE 1978 5 T PRI ZR I AL J2 TH R
B % 1 R 5 A S I ik, B 43 (Second
Differential ,SD ) J& M2t R AR &, Br T LB
4 fnPER RS Ab B 32 B0l vhn] BEAETE AT AT 4 1
AL B FEA , PRI A 2 R B e B AR
RHEE AR T, Z W o A BT o BRI Y
WA VB AL TR AT, (E X M s B R

— Bl A0y

(=D 2o )
y' (i) FRMBL i AR —Br i,y (i + 1) AT —1%
FEB B BN Ay (0 = 1) & b — R B X
SEAR Ay R AL

Bl A8

won ¥ G+ =y (G- 1)
V(i) = s (3)
y" (i) FRPLE i AR By y (i 1) AR AR
R B — By " (0 = 1) J& b — SRR B
— By, Ay R RFERIFE

ZICHUIL IE ( Multiplicative Scatter Correction,
MSC) J&—F F T MG R v sl ofe
RUNE Y AR 46 T7 1% | FH DR T R AR AAS (1] F14) B 24 ~F- % TS
BIAR  Hmoeis 22 e, B et A HEA Y-
B, SRR PGSR I br o6, 47—k
PEITHSR AR &GI8 AR T AR OG5 1 4 - 7% A
(03 ) AR B B (IR0 2R 8K | e AR RS
FE AR ST TP 2 R M B 1 (R R SR L 10T A &R
B AR RBIE RO SR EDGIE AR L, ZITHUK
IEAR:

A, b,
Ajuse) =~ (4)
m;
SOpA, JERER G m, B0 b, SYBIFR A R
T — TR S R T 7 2
Tk
1.6 RERIEMIIE

TE ARSI B, 5 B b 2 1 il 5 0 ith 4
ARG A B, TERTAURE JE T, FE A
IR E B (2R 8, 70% ) A6 IE 4 (03 4,
30%) . A A BE HL A 55 5l Kennard—Stone ¥
(RM—KS) #4712 T g ik 4R A A 1y Bk ik, w1 Bl
B O A B I 53 A1 18 1 S 1 O i B AR
zs[a], It 7 A W {5 B 15 2 . A ( Kennard and
Stone, 1969 ; Morais et al. ,2019b) ., KS AT
WOL B R T, B e IS g B R
B IREAS 4235 18 B0 T e e AU AT R (Y 4
A, HERBIIIIEAEARL, RI5TE KS 45 2R i ]
BEALAS 5 K F 10% , 8 DI R4 Hh 1) — SE R AR 75 3]
AR v R A T i — BEAE AL RS B SR v
P AL 5 0 10% 02— % T BE, H T
TEBEAL B F0AE T B 2 [8] 47 15 F i ( Morais et
al. ,2019a,b) .,

i B¢ /v — 3¢ [l I3 ( Partial Least Squares
Regression , PLSR) (Wold et al. ,2001) j&— i 1
LM Z T BB DB R X A Y SCHRE R 1Yy
Jrik RERIEXS X MY sEATEE, LIRS X e
T Y e e AR Y R B R 3 > T R
ML EA 2 X i, DL e X fE 2 A 58
ELRAROCPE M, HALOEMETE X 5 Y PRI
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MR 1 A w52 1 RN el BROAT HE R R i
118 ABER P A S5 R, LA 1 il wl 5940
LB RENG 1K B 5 K, W) 0 J80 0 6 5 5 A W B B2 ik
AR AHBL Y Ry, BB B BRI, 2R —1
TERTE A ] L3 ek AP T A% R g 7 2 e ) P
J17E cov (t,,u,) KA, AXAF .
max [eov ¢, ,u =
cov Xw,,Yc, (5)

a
[ Twill=1] [epll=1

HA g miE w, e, RN XYY’ X, Y’
XX'Y BRRE L, X0 Y R XY B FEE R
B, | w, | =1 208 w0, B9 1080, Rt R4 XHE )
U1, SF— WS E SR ¢ =Xw, . FIHED
TAeTEXS XY SEAT R4 . ARAE 32 a3 Il ) AR AT
PIFE X ALY 205X ST a5t Fla, #6471
L

Dy Xl—tlp*l+X , * (6)

=u,q ty, =Lty

Hrfp' ¢ r, BEHRE M E, X"y oy 25K
ZEHERE . A N7 Rk B IR B R W25 5, 5 I )
FH B REAS TR A AH DG 4 55 F PR SR LR B A OG
FEMEZ 22 RIBR 2206 0F X Ay " THAT — A~ F L4,
TR A R, A R R 1

AN RVE R A A s th & A JLE )
2 TANE B AL TR AR, PR E AT DA
I FE D /I 3 [ 01 2% P 35 > 0 0 4 e L O
HAEZ X AR R, DR G OCIE I 24 55
LB Cd & & A S A HERB RS R TR A HE AT
B UE DA 5 HC AR A 00 00 AR A A BF Y AR B — ol
RM—KS—PLS J77%, Fil Matlab #FFF & DR ER
AT WA B0 125 A DA R R A i OSSR, A7
LA 2,

2 RS

2.1 TEHAXAELE CdEIENWT
3 2 XA 5T X R AR AL A i, S o S M
B, WIBERE T 426 AT 43 R AL 31| 25 4 Fn

R A FHERE AL AT
1 ) |
A B LB LR R
| ) —
oo T
E HERAE Y > RM-KSFEA 1% $% -
' 1
OWIE, 1 :
) = ]
L i — TR :
e | .

A ) e R PLS ALY

I ]
4 4 RCAA BB

[ 2 AL i e
Fig. 2 Flow of Modeling

IR, He IR KS Fk + LR 5 -3k A5 21 2R 48
FEAR 297 ANFIRAEREAS 129 A4, @it Fad i) 135
FE R AR RN S50 2 i A5 21 T ST X - R AR
HEJE Cd Tl HEARES I R 1, B4R
Cd FEFEHMEHM 1,31 wg/g & THRPEJRT 28
AR 387 Yo RS 7 356, [) Bof A 4k B PR V5 Y 4 4K
PR EE (SR 22845, 2020) X HE 4 8 Cd Eibis yeft
JESATEMY AN
Ci

P = 571 (5)
HpC, &5 YW sc e, S, 16 48 Cd 1 KU
R EARE R XS i A 8, p, F8T5 Y484 ,p, >1 &
A 32 25 e, SO 4w B A Yo R R
Hr 5 Q8 8E 1 ~3 RIS gY 3 ~6.7 AP EETS
Yo KT 6.7 HEEIGY, FEARGHIEER TR 198
AT Y RIS YA 158 N5 R A 35 5,
FREETGYA 35 DA (K 3), RIS X AAAE +
HES)E Cd gy, i HACR 5 T G I B E
1YY R BRI TR R Y B AR R g AR

R1ERFXABDLEEERE Cd 2ERITE

Table 1 Heavy metal Cd concentration ( Range, Average) of soil in southwestern Xiongan area

TR FBRAE He/IME ¥ FrifE2E LT 0 o R Sy A 7 e XU
T () (ng/s) (ng/s) (ng/g) (%) B EE (ng/g) (ng/g) i A (ne/g)
cd 12.48 0.01 1.31 2.0 1.53 0.097 0.152 0.6
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2.2 TEEARESH
20 AT 4 R BT (0 Fe> Fe™) My FiE A%
S FH H—0—H 0H™ ,CO% K Si—0 H#E5Afik
200 S T L0 21 S 27 S 1K 8 A —
FIN W ICRRAE , 3 $2 12 W ) W SR A O
o TEUHA A7) O BE JERE (Hunt, 1977, 1979
E Clark ,1999) , +3ERE S AY SVC b TG {0
100 HOGTE T2 (& 4) TR OG5 B A RRAE 5
A—5, HOEHF A 512 55 SEUUIPRT
50 25t RS BURRAE A A2 B R ) 2 Fe™ (Fe™
LB E TR T ERE R OH” L4 J8—O0H  H,0
" BT AR S AL 7 A B A SR A, 700 Al
s G gk ERSR 1000 nm BRI Fe* HIRISHT 450 860 F1 900
B nm FHE R Fe™ B9 W7, 1400 nm [} 3T 3% 80
OH ™ Mz sy 2200 F1 2300 nm Bt e 30 4 @ S04
3 LU Cd 35 el oy 2 ¥ ( Al—OH . Mg—OH . Fe—OH 45 ) W i 47,
Fig. 3 Soil Samples Cd Contamination classification 2300 nm £ 4L JE iR Eh ( _Cog‘ ) 1 i ,
1900 nm FHE 2B H,0 Wiy, A HLRAE 1150
' Ll L] Ll L] L] L] I L} Ll Ll T ' L} L] Ll
50 p— p—
- //\
Gt
L NN
- L3,
- v 2208
@ = :
S //‘ Z 1408 1914 )|
8 I A
<§ = ¥ 1000 —
= Y/ 900 —
20/ Y
% b A -
&= / 5 860
L 4 .
- // | 700 R
20 = .'/ —
1/
" / -
10 —
1450 i
I l A A A A A e A l A ' ' A l Y e i 5]
200 o WK wavelength (nm)ISOO 0K
& 4 4 HERER B SVC G Al £k 1A

Fig. 4 SVC Spectral Curve of Soil Samples
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Fig. 5 Correlation Coefficient between wavelength of FD, MSC, FD+MSC, SD, SNV transformed
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F1 1700 nm FFFTA WU ( Clark,1999) , H 4@ ILE
— e B B A TR LT R A kR LA &
TR EL A5 HAT W OB IE 1) 2 L e v,
4 I 5 0 e A 43 22 [] A A 5 O R A R g X
HAT R BT LI

SVC YGitk I bt R 40t S—G it e, >R H
FD MSC .FD+MSC . SD SNV . fh 7 i #4763k A8
e AFBIZERYE Cd SR, FD A8
JEtiE S Cd A CRE R B H W M ¢
A RN 0.48 7£ 1911 nm P4 (KWUL) , -0. 42 1
1721 nm P (AL ) , -0. 37 £E 2365 nm I
K (BRERER IR ,0. 34 7F 466 nm P (4 E b
W) s MSC Fl FD+MSC A8 J5 i 5 Cd & A6
REAHER R H B E A EAE 0.5~0.6 Z[H], ¢
570 (EALERWISRAE ) 2200 F1 2300 nm ( 6+ )
WSO AE ) 185 B RH O SNV T SD 28 )5 %% 5 Cd
A R AL AR B M ST 0. 4~0. 5
ZII(ES) . BEMCH R T EHEES cd &=
Z A R AR AR, 3B R LA AR K BT
N8
2.3 PLS #&E M

ARG 5 R, >R ] PLS EE A I IE
BB ZER IR 2 s, B H0E S 2E i =
FZAEIEAT A0 431, R FHBLE I (Goodness of
Fit) 3R [m1H EZ X ULIE i L5 FE B, B 4l
GIEMGE TR R e R R, AR o,
U], A0 1, U B 0] 5 0T SO A P 005 2
I RZWERZE, MEITREE AR R &
RAK, 2 EXTECES /A, MiAE N R i5 4L s ol B Al fig
Ko E A, 1 AR A A [ R TR T 1) e ARk
(Zhang and Selinus,1998) . I, 75 B8 5400
A LRI A A PP A5 NG B B34 O MR 22
RMSE ( #/N# i) A 22 Fb{ RPD ( Ratio of percent
deviation, W Z Z HirEE S
RMSE W) LAl , RPD> 1. 4 3R
B ) | vR 2236 Bl L {H RER

FE 1.4 F1 1. 8 Z [R5 2 i REFH TPl FAH G 43
BT AL/ TR0 s RPD {ELAE 1. 8 1 2. 0 Z [H] FR/m AR Y
K47, A AR T 515000 RPD {H>2. 0 Z AR x 3k
WY E SRR T ( Viscarra et al. ,2006)

5 PGS AR e BRI UE B &5 SR W2 2, F K
I P EER/NT 0,01, B A M, i FD
AP R R RO 11 4, BAE4E (Validation )
TIN5 3031 4R Ak 27 S 5 1 22 [H) A AH DG OC R E
FER? 1851 0. 909, Aax JLROGIEAS Iy kP iRk
B, RMSE F¢/NM 0. 604 ,RPD F¢ K H 2. 696 ,RER K
T 10 M 15.516(F£ 2, 6) , FIARIIER 4 H
AL EEPAE T o M6 FD+MSC A8 H J5 | AR
FRAECN 11 A4, B uF S N 5 A S E 2 A
HIHHE ZECR® N 0.858, RMSE N 0.622, RPD *H
2.298 ,RER KT 10 2N 21. 177 , B BB IF R - T2 JiF
2., SD RS Wik 4 TN 5 fh 2% S {E 2 A]
A E 2B R* S 0.831, RMSE / 0.593, RPD
2.080,RER N 12.350; MSC 784t , 56 UF £ T (.
5k S0MNE 2Z 18] /) i i R 4L R? 4 0. 775, RMSE
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Table 2 Calibration and Validation Results For RM—KS-PLS

(Ratio of error range, WTME et | 1 Calibration Validation
P EE S FFl 5 RMSE 1) HL(H, ik || g2 | RmsE | RPD | RER | R* | RMSE | RPD | RER
RER> 10 %R 1) ( Malley FD 11 | 0.807 | 0.933 | 2.278 [ 12.391 | 0.909 | 0.604 | 2.696 | 15.516
- SD 5 | 0.653 | 1.307 | 1.698 | 7.415 | 0.831 | 0.593 | 2.080 | 12.350
and Williams, 1997) 4%, RPD< o
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10 Fn Ao 22 MR, A MSC | 23 | 0.761 | 1.041 | 2.045 | 12.883 | 0.775 | 1.238 | 1.310 | 17.922
WAE HEfi1; RPD 7£ 1.0 F1 SNV | 20 | 0.737 | 1.079 | 1.950 | 11.939 | 0.680 | 1.114 | 1.549 | 12.566
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The lines are 1:1 relationships. Coefficients of determination
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in Table 2
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Retrieval of soil heavy metal Cadmium content based on Random

Mutation, Kennard—Stone and partial least squares method :

A case study of southwest of Xiong’ an New District

HUANG Zhaoqiang, NI Bin
Institute of Mineral Resources, China Metallurgical Geology Bureauw, Beijing, 101300

Abstract; Soil heavy metal pollution poses a serious threat to human health. As one of the fast, efficient and

non-destructive methods for monitoring and analyzing soil heavy metal concentration data, hyperspectral remote

sensing method is gradually developing. In this paper, the hyperspectral inversion study in the southwest of Xiong’

an New District was carried out for cadmium, which has the greatest potential ecological risk and the strongest
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activity and is easy to be absorbed by plants. 426 soil samples were collected for impurity removal, air drying and
sieving. The heavy metal content was measured in the laboratory, and the spectrum of 350 ~ 2500 nm was
measured by SVC portable ground spectrometer. Savitzky—Golay convolution smoothing method is used for spectral
denoising and smoothing. Because the baseline effect and drift phenomenon may be caused by the difference of
particle size rather than chemical composition, in order to enhance the spectral difference and the shape of spectral
curve, the data were transformed by several mathematical transformations such as Standard Normal Variable
Transformation (SNV) , First-Order Differential (FD) , Second-Order Differential (SD), Multiplicative Scattering
Correction (MSC). And the correlations between the transformed spectrum and Cd content were analyzed. In this
paper, a method of integrating Random Mutation ( RM) — Kennard—Stone ( KS) —Partial Least Squares
Regression ( PLSR) is proposed. For the transformed samples spectrum and Cd content set, the first step is to
divide the samples set into 70% training set and 30% verification set by using RM — KS method, so that the
number of samples is evenly distributed with the properties and covers the whole sample space; In the second step),
the PLSR method combined with cross validation is used to establish the regression model, and the parameters such
as determination coefficient R*, root mean square error (RMSE) , ratio of percent deviation ( RPD) , ratio of error
range ( RER) are used to carry out the model evaluation. If the expected situation is not achieved, return to the
first step and iterate until the optimal effect is achieved. The results show that the optimal method for retrieving
Cadmium concentration is the model established by using FD transformation, iterative integration of RM—KS
sample selection and PLS regression. The comprehensive verification effect is the best, with 11 principal
components, and the parameters R” of 0. 909, RMSE of 0. 604, RPD of 2.696 and RER of 15.516. The research
results can provide technical support for rapid and non-destructive retrieval of soil heavy metal Cd content in similar
areas.

Keywords: soil heavy metals contamination; Spectrum transformation; RM—KS Selection of sample sets;
Partial Least Squares Regression; hyperspectral
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