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Location of the study area and distribution of soil sampling sites
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K H Savitzky Golay X Ji 4f 06 3 % 48 #F 17 7 ¥ Ab 22
(smoothness reflectivity, R)Jii . X} 5 #E47 1% £2 48 25 [4 (continu-
um removed, CR), — [k 43 (first derivative, FD), — Byl 4>
(second derivative, SD), 8] % 7% ## (reciprocal transformation,
RT). 18 %t % % 2% #t (reciprocal logarithmic transformation,
AT) ., BB B— B #43 (first derivative of reciprocal logarith-
mic, AFD) . 855 5 — ¥ ¥ 23 (second derivative of reciprocal
logarithmic, ASD)&E¥24 84, M98 A SIS (H B .

2.2 RiEER

[ AL A AR (random forests, RF) J&Hi Leo Breiman # H (1
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1A 1| HL (support vector machines, SVM), &3 T4
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M % /N — 3 Al I3 ( partial least squares regression,



512 30

3875

PLSR) . o —M B R . 32T i S U AE
i A R /NG R 22 5 AN, AR UL X G RE 5 R 1
e SUNERTPUE S
2.3 EEBRIW

R R PE T E R4 R A R/ SR AG B . RS 7 Y
JE 07 ik 22 RMSE SR A3 . R® B . RMSE ), il
H PR RE B AT
3 AR5
3.1 EEEHRRAEELARESN
WEFEIX 97 A A A KA 23 S U1 2 A A 0 0 4 45 AR 7 441
78 AN UNGRFEA T T S A B AL, 19 A AR A T 7 A 2
Wik, iR 1 AIOL, BFSE X 4 4 G R B 0T & BETE 60. 73
~400 mg « kg ' Z ], TR G EBMEER K, ZRREN
529« BATHEE A A5 ) 57 B . )0 2R A I URE R T Z Rl o
B P (AR v 25 R A — B, I ZRAR A BT s ST A B

R B B 47 i 3 T IR AR AR . 97 DMREA A A 58 48 1 [
F—RARME FARFFAENE (GB 15618—1995) , 2 B J5 2 ] I 15}
b S i I R ST g 0h AR

3.2 ESEBHAEXLHERIEH®

M 2Ca) AT DL H 4 )8 B o0 # IR 1R 6 h 4 1 TR IR
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4 B 0 E A X BB R R A ) A T &
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Table 1 Statistics of soil heavy metal zinc content
= = / S (1 / g
Bk (ORI Wb P e 2] VeI il
P ZrbEA 78 400 65.91 130. 31 69. 68 0.53 4. 64 1.70
3 A A 19 223 80. 3 136. 88 66. 38 0.48 4.12 1. 55
JEREN 97 400 60. 73 139. 84 69. 09 0.52 4.16 1.98
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Fig. 2 Spectra obtained after different transformations
K2 EcBEHCESEAERAXVSHIERKEREXEL
Table 2 Correlation coefficients between absorption bands and heavy metal zinc content
AP 2 R AL e BN I Y AR O 2R L
R —0.08, —0.07, —0.27*, —0.30"*, 0.35" ", 0.32"*,0.31""
CR —0.32**,0.50"*, —0.32*, —0.41**, —0.38"*, —0.40**, —0.27, —0.183
FD 0.31**,0.34**,0.19, 0.34**, —0.28",0.33**, —0.38**, —0.46"*, —0.33**, —0.27"
SD —0.33**,0.04, —0.15, —0.42**, 0.37**, —0.35"*, 0.18, —0.14, 0.41"*, 0.42**, 0.46" ", —0.47"*
RT —0.12, 0.24, 0.38"*,0.32" %, 0.32"*, 0.34"*
AT —0.10, 0.29, 0.30%, 0.36"*, 0.33**, 0.38"~*
AFD —0.34**,0.31"*,0.43"*,0.25, 0.27, 0.35"*, 0.41**, 0.46"*, 0.39"*, 0.40™"~
ASD 0.34**,0.01, 0.25, 0.42**, —0.40**, 0.36"*, —0.15, 0.15, —0.31**, —0.26, —0.37"*, 0.47"

e ox % RIR 0,01 KFERE; R 0.05 KPRBE; HRNAHE.

Note; * * and * represent significant differences at 0. 01 level and 0. 05 level, respectively

% CRZZH J5 1 06 3 il 28 ¢ AE W W50 Be 4k 72 540, 810,
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2 180, 2 260 F1 2 350 nm[J& 2(d)]; RT 28 iy 5t 3% W2 Yie
BrfEvhfE 810, 1 410, 1 910, 2 200, 2 270, 2 430 mn[ [& 2
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Table 3 Characteristic bands selected by stepwise regression

A X AL 3% B /nm
R 1910, 2 220, 2 260
CR 810, 1 410, 1 910, 2 260
FD 580, 810, 1 410, 1 910, 2 160, 2 260, 2 350
SD 580, 1410, 2 160, 2 180, 2 260, 2 350
RT 2 200, 2 270, 2 430
AT 1910, 2 270, 2 430
AFD 580, 810, 1 410, 1 910, 2 160, 2 350, 2 430
ASD 580, 1220, 1410, 2 160, 2 260, 2 350

¥ 32 2 [ 5 7 o 1) T B R AE IR BE R AT RO s I
E HE 4 B A O R FRAE 6 3% A8 i O 580, 810, 1 410, 1 910,
2 160, 2 260, 2 270, 2 350 Fl 2 430 nm,
3.3 FREEETNEE F LB

W o 0 U o 00 T 4 B BT RARAE IS {5 B . A RF.

SVM #1 PLSR =F 5 ik AT B o0 R & & A6 53, JF 38 1 0 B2
OB I A SRR (3R 3D,

MOt R [l A8 4% 20 RE Sk 30 25 RO A . g A% J5 T
W FD G A8 40 i AR B2 o . L R =0. 94, RMSE=
18. 01, #MSRE B e AR 1 o RT 2B 46 )5 i #E B (R® = 0. 85,
RMSE=24. 63) ; Bk 5 M, T SD 75 i it 185 1 55 TF K5 BE 5
W BARM R ARSI L Ry BAR FD A5 4 5P o i
S KW R Al /N RMSE, {H H 56 30F 48 1) F e 18 ARG
JBEENZE AN AN SD AR T 3 A 7 (A B R . Bk T A R 50 I 45
FAPN SHON B R L3S, RE Bk, SD-RF BT 5 00 4
DAL,

SVM FykHh R 1 CR 48 2\ #E SVM gt i i vh B
e A 06 R BRI AR I 2 AR R 2%, (R L8 HiE 45 SR OF A
B, FREfFEER A, T EEMBIEERNGESH
R, AT 838 A R T £ Sr 09 B RS B 41K, SD AR #uJE 38
HET I SVM R B PR T At AR 4 2 ey i AR R

7E PLSR &k, i 4 SD F1 ASD JE 2045 6 78 22 455 Al
IS A FAR T H AR 6 Mot X . AR 58 B B
fgbr . RIENY PLSR #ERAE B i K, ASD 48 XX F 19
PLSR #i By R Al A8 40 B 20 F S AT

&4 RF/SVM/PLSRE (1T EFASEEMBIELER
Table 4 Modeling and verification results of soil zinc content by RF/SVM/PLSR algorithm

St RF 5 RF $3iE SVM # 4 SVM ik PLSR @ PLSR % iiF

R? RMSE Rp RMSEp R? RMSE R? RMSEp R? RMSE Rp RMSEp

R 0. 88 22.02 0.59 38.93 0. 84 15. 87 0. 49 52.4 0.61 43.21 0. 49 52.53
CR 0.91 21.59 0.69 37.27 0. 86 13.87 0.62 36. 48 0. 80 30. 38 0.76 36. 10
FD 0. 94 18.01 0. 75 29. 24 0.70 39. 82 0.73 31. 04 0. 80 30. 05 0.75 31. 64
SD 0. 94 18. 02 0.93 18. 49 0.83 20. 87 0. 80 25.48 0. 81 26. 30 0.78 30. 64
RT 0. 85 24.63 0.59 36. 85 0.70 37.16 0.71 36.67 0.65 36. 28 0.68 40. 64
AT 0.93 18. 90 0.72 32.27 0.72 37.98 0.59 51. 32 0.63 50. 79 0. 66 41.62
AFD 0.93 18. 60 0.73 31.27 0.78 36. 95 0.63 48. 21 0. 80 29.23 0.79 38. 64
ASD 0. 94 18. 84 0.92 21.59 0.83 16. 87 0.76 26.12 0. 81 27.38 0. 80 27.10

TR A 3 AL I 4R A R MER . A
3 ol B 1 4 o o R TR R 2 Ay R AR R 4 R R 5 L R A
FEFRTT LB, B fE Al 50 A5 AL 3% f& P i SD-RF>SD-SVM >
ASD-PLSR. iz 25k 57 £ 78 #& {4 P & RT-RF >R-SVM > R-

PLSR, Jth, RF & 3 Fi 8k o 55000 8 07 foe 5 A RS 2 M e
B Hkoh SVM, £t 224 PLSR. [AIHF, M 3 g 3 0
B 22 Al MIASE AL (1 4 B SR U 2 D # 18] 3 W LU . Al
KRR BRI LB 3 (b d s D JFF7E — A L [ 45 4, BD XS F 0
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Fig. 3 The regression scatter plots of predictions for heavy metal zinc by the 3 best and the 3 worst models
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y=x 2. REAETE N A M BN E G B BT R A, I
SD-RF #5& S BF 5 X BE A7 4 38 5 3 J@ B 00 R 3 & A I 9 %
ERA, B E OGS E R S IR E SR TR &R
IR 0 e 55 56 AR

WA %6 % 28 & 580, 810, 1 410, 1 910, 2 160, 2 260,
2270, 2 350, 2 430 nm HEAY . AL K L0 WAL
B, R TR R R TR M X R A W TR
W IR

Wit R H RF. SVM A PLSR = F 87k, 4 il #5711 +
BESFIOUURTEMABN, ML RE LSBT RS
WM, Hop REF 2 3 R sh O BE S iy, HkCh
SVM, #Jih PLSR, REDGEZEHRIE XS E 4R & HUE
PR RN B, TG T B R TRk R 2, R W AT AL R
PLIk B i fb ot ik e 75 R 28 oG Bk A E M. 7 R ORI AR O
U 3T R 8 0 1 B AL AR PR BT R 57 0 S A R L AT
I 58 B THORG R TN B8 F7 0 Sy i TR M IXC R O B - S

:|: N
4 ?m e
T RO 5 A R AE AT 0 25 0 W A AR
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Prediction Soil Heavy Metal Zinc Based on Spectral Reflectance in Karst
Area
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4. School of Geographyical and Environmental Sciences, Guizhou Normal University, Guiyang 550001, China
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Abstract In order to solve the problem of inefficiency in measuring heavy metal zinc contentand soil samples collection difficultly
with traditional way in karst area, it is greatly essential to get zinc content in soil by effective measures. The institutional area is
a typical Karst region, soil zinc content as well as reflectance spectral of soil data were collected by inductively coupled plasma
mass and Spectrophotometer. The reflectance spectra of measurement were handed by these steps. Firstly, 7 kinds of mathemat-
ical transformations were used including continuum removed. first differential, second differential., reciprocal transformation,
absorbance transformation, first differential of absorbance, and second differential of absorbance. Secondly, spectral characteris-
tic variables were determined based on the characteristic absorption band of spectral absorption of heavy metals. And then, fur-
ther spectral characteristic variables were selected by correlation analysis. Finally, stepwise regression was used to determine the
effective modeling spectral bands. Mapping relationships between Spectral bands and heavy metal zinc content were revealed by
linear and nonlinear estimation algorithm, and the results aim to measure the heavy metal zinc in soil. It shows that the charac-
teristic bands of zinc are associated with iron oxide, organic matter and clay mineral absorption band. It’s focused on 580, 810,
1410, 1910, 2 160, 2 260, 2 270, 2 350, 2 430 nm, and these results reveal that the absorption characteristics of heavy metal
zinc possible were captured in karst area. The models were funded by Random Forests, Support Vector Machines, Partial Least
Squares Regression to precision evaluation by coefficient of determination and the root mean square error of prediction. The best
estimation model was obtained from spectrum transformation and model performance. The algorithm of Random forests for sec-
ond differential transformation has the highest accuracy and is chosen as the best model. The content of heavy metal zinc was es-
timated by spectral reflectance. It is a rapid, efficient method for indirect evaluation of zinc. It provides a technical support for

the dynamic monitoring of heavy metal content in karst areas.
Keywords Soil heavy metal zinc; Spectral reflectance; Characteristic bands
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