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Fig. 1

Absorption curves of samples
(a): Absorption curves of lead before and after entering soil;

(b): Absorption curves after pretreatment
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Table 1 The PLS modeling and prediction

results of full spectrum

s ER RMSEC/ R RMSEP/

KA TR (mg * kg 1) " (mg-kg D
pH5.5 11 0.6889 133.53 0.6043 164.88  1.25
pH7.0 6 0.9459  69.07 0.9531  72.78  3.30
pHS8. 5 8 0.9913 27.51  0.9839  33.35 6. 85
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SRR, 0.075~2.0 THz 1Y% 3% £ 88 B % ok H. 4k
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B2 TEEANBERESGE
(a): pH8.5; (b): pH7.0; (c): pH 5.5

Fig. 2 Distribution of variables selected plot by SPA
(a): pH8.5; (b): pH7.0; (c): pH 5.5
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Table 2 The modeling and prediction results based on sensitive frequencies
FE T HEAR )y SRR R. RMSEC/(mg * kg™ D) R, RMSEP/(mg + kg™ 1) RPD
SPA-PLS FHEFH=10 0.980 0 42.58 0.890 3 96. 79 2.19
pH 5.5 SPA-SVM c=886.02, g=14.00  0.9855 32. 86 0.946 2 61. 69 3. 09
SPA-BPNN Nodes=10 0.968 7 48. 83 0.974 4 55.03 4. 44
SPA-PLS FHFH=38 0.9819 39. 85 0.980 2 48. 84 5.05
pH 7.0 SPA-SVM ¢=995.90, g=13.92  0.996 2 20. 25 0.975 7 33. 04 4.56
SPA-BPNN Nodes=12 0.995 7 20. 64 0.9317 47. 82 2.75
SPA-PLS FHFEH=10 0.997 7 14.52 0.994 6 22.70 9.63
pH 8.5 SPA-SVM c=746.64, g=17.40 0.990 2 28.03 0.978 4 43. 70 4. 83
SPA-BPNN Nodes=15 0.992 5 23. 94 0.986 8 35. 40 6.17

3 =MpHEHTHANREEETNE
(a): pH8.5; (b): pH7.0; (¢): pH5.5
Fig. 3 The best prediction results
(a): pH8.5; (b): pH7.0; (¢): pH 5.5

1 SPA-BPNN [y fiill #5 1 , Horp SPA-PLS 1y & i 32 W 74
#, SPA-SVM IR ¢ #1 g, SPA-BPNN B i [ & B
AL R =R R N 25 R 3k 2 fros. wRLEW, 4
1f SPA SRR AL A5 3 )5 1 R AL 3 LY 4 0 1k AR AT
X R B SPA BB 1 1 5 AE AT 36 AN A A G S 1 A AR
{5 B RBACR IR IR G s AT A B, AT FLU > T B . ik F)
A P 0 5 32 g S A ARG R DA R AR PE Y H Y. Hoep, pH
8.5 MR AL TN 45 R, BOR B 7 192 SPA-PLS 571,
R.. R,. RMSEC, RMSEP #1 RPD 4} 3|34 0. 997 7, 0. 994 6,
14.52 mg * kg™ ', 22.70 mg « kg ' F1 9. 63, pH 7.0 AL 5
RO T 25 S A 4 ik A T AR KR T, K BUR B A A
SPA-SVM #i#, R., R,, RMSEC, RMSEP fil RPD 4 7| &
0.996 2, 0.975 7, 20.25 mg * kg ', 33.04 mg « kg ' fll
4.56; pH 5.5 F i SPA-PLS #27 o (%) 1000 2% SR A tE F 420k
B T, B RMSEP {7548 & T4 & 486 B 50 mg -
kg ', ULH pH 5.5 & T BAE S EUR R IE S 2K BT PLS 19
R TIBLR , A 7E AR M B AL R SPA-SVM 1 SPA-
BPNN v, 45 8] 7 AN A9 F000 8088 H: o 30000 280 55 47 1) 2
SPA-BPNN #i#!, R., R,. RMSEC, RMSEP #1 RPD 4} i}
0.968 7, 0.974 4, 48.83 mg + kg ', 55.03 mg + kg ' Al
444, T W —FhRIAME LA, BT LAAS 3 Fp pH & F
VA b 1 T 202K AR HE )Y K Y pHL 8. 5>pH 7. 0> pH
5.5, WfEEH THEH#H AWM LIES, BAS 5 LE™ 4
A RN T G TR R 2% 06 M R i fb = 45 A A TR
JEWRF IR A5 50 52 W R AR 22000 R W, BRI A E R, A
TG et oE . Horh = Fl pH G5 N FE i due A3 455 78 103000 [ 4n
Kl 3 B

3 4

IO FH R 2% 6 1 B AR XS AN [R] pHL A 48 v 45 25 4 19 e £ S
T WO R R AT AR B S, W& T 3 BORIE pH A B
TR R R AR 0 SRR 2% 06 5 O M AL B X AL B S
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RMSEC, RMSEP #I RPD 43 %]} 0.997 7, 0.994 6, 14.52
mg * kg™, 22. 70 mg « kg ' 1 9. 63; (3)pH 7.0 WAL R AE
T 4% Ay SPA-SVM, R., R,, RMSEC, RMSEP #il RPD
S350 0.996 2. 0.975 7, 20.25 mg + kg 's 33.04 mg -
kg ' F1 4.565 (4) pH 5.5 [ B g £E T A Tl SPA-
BPNN, R., R,, RMSEC, RMSEP i RPD 43 %} 0. 968 7,

BEACR B AR HEF RO pH 8. 5>pH 7.0>pH 5.5, A 5%
g AT pH S R A B BRI T — OB . (2
TR A X R BR . g E AR —, HREAR R
AR — PN . 7K R B BITIE AR o i — 20 S8 3 S Y
AR Z A PRE T IR o Y A B A B Gy A S
BT

0.974 4, 48.83 mg * kg ', 55.03 mg » kg ' fll 4. 44, (5)#
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Terahertz Spectrum Inversion Modeling of Lead Content in Different pH
Soils
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100097, China

3. Key Laboratory of Quantitative Remote Sensing in Agriculture, Ministry of Agriculture, Beijing
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2. Beijing Research Center for Information Technology in Agriculture, Beijing
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Abstract Aiming at the quantitative determination of heavy metal lead in soils, the optimal inversion prediction model of lead
content in soils at different pH was studied based on terahertz spectroscopy. Lead-containing soil samples with pH of 8.5, 7.0
and 5.5 were prepared. Terahertz time-domain spectroscopy system TERA K15 was used to collect the Terahertz spectra of the
samples, and multivariate scattering correction (MSC), baseline correction and Savoitzky-Golay smoothing were used to pre-
process the spectra. For the spectral data of pre-treatment, successive projection algorithm (SPA) was used to select the sensi-
tive frequencies of spectral data. Based on the selected sensitive frequencies, partial least squares (PLS), support vector machine
(SVM) and back propagation neural network (BPNN) was used to establish inversion prediction models of lead content in the
soil. The correlation coefficient of calibration (R.). root mean square error of calibration (RMSEC), the correlation coefficient

of prediction (R,), root mean square error of prediction (RMSEP) and residual predictive deviation (RPD) were used as model
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evaluation parameters to evaluate the performance of the model, and to determine the best prediction model of leadship in differ-
ent pH soils. The experimental results show that the modeling effect after SPA choosing sensitive frequencies is generally better
than that of full spectrum. Among them. the best prediction models for the samples with pH 8. 5 were SPA-PLS, R.. R,. RM-
SEC, RMSEP and RPD were 0. 997 7, 0. 994 6, 14.52 mg « kg ', 22.70 mg « kg™ ' and 9. 63, respectively; the best prediction
models for the samples with pH 7. 0 were SPA-SVM, R., R,, RMSEC, RMSEP and RPD were 0. 996 2, 0. 975 7, 20. 25 mg *
kg ', 33.04 mg * kg ' and 4. 56, respectively; and the samples with pH 5.5 were the best. The prediction models are SPA-
BPNN, R., R,, RMSEC, RMSEP and RPD are 0. 968 7, 0. 974 4, 48.83 mg *» kg' ', 55. 03 mg * kg ' and 4. 44, respectively.
The results provide a new idea for inversion prediction of lead content in different pH soils, and also provide theoretical methods

and technical support for other heavy metals inversion prediction models in different pH soils.

Keywords Soil; Lead; Terahertzspectrum; PLS; SVM; BPNN
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