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HEAT 43 BT AR BUR R G355 B 485 A CARS 5534 56 %) T 4k
TR J A D RS AT I A AR B B A PLS 433l o
Herp g L R AT R . O T PP AS B A Y R AL . —
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H.IGIF 3 J5 #R 4% 2% (root mean square error of cross valida-
tion, RMSECV) | I i ] 5 J5 # % 2% (root mean square er-
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SPA il MC-UVE 4728 8 6 % 52 3 T 8 57 1) % 8 5 46 00
1T H#e.
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1.1 #RE5MEE

FEALE . TS-XH4000 #1448 20 X S 28 2ok S i 4%,
WiTL 7R FOMAFE BE VR R B A IS W] 5 SDD 4585 . AE it 2 BE %
H9 125 eV, £ Amptek 28 7] 5 BRI, VL5 E 2% T &0 iR
Pk & A RAE: R CRLHK) » R5FA @3 em X1 cm,
BATF I, Ay [ R A S E I, R R 3.6 pm, i
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1.2 TEHEMRE
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AN CIT PGB ) . 5340 59 Ay [ & 4 AR i kL & (GSD
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JREFR#E ) (GB15618—2018) Y £ AR BLTE $0 47, ¥ R 4 21 /Y
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35 keV, HL 40 pA FHBFA] 90 s T, SRAE 1458 X JFERFE0
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WP AR R b i Bt . JLARIBURE S 7 0~45 keV 3§ B P 3k
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Fig. 1 Noise and baseline correction results for
the spectra of soil samples
(a): Raw spectra of 139 soil samples;

(b) : Denoising and baseline corrected spectra of 139 soil samples
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1Fis . Be)a > AL FLS A X 528 2 5 56 1% B o8 47 R AE
e P
2.2 REESWIEEHIS

F* H Kennard-Stone(K-S) &3 %t 139 4> - ke A k47
KRS IIEAE MR 4y o K-S BB R (DIFEREAPIN
Z 18] (Y BE S SRR AR [ B 8 d 0 S R O 3k P I 4R B R
A, Hp A REPESGHAR; (O X FRRHEAR, 45001
FH SR A FEA Z ) A FE BT 5 (3D 4R 5 8 9 d S B
55 T e A 22 T) AR X i A 8 B B X L AR A R BT R AR
s (DFF ARG, H BT A A B T Z 80 2 1%
L AN 10 AN EE 20 A ARSI BRI FEAR AR IELE, 24
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R2016b #1458 1 o
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Table 1 Descriptive statistics of measured soil

Lead and Arsenic content

_ . . N I/ e/
LR FEALR FEA KL (mg-kg D) (mg- kg )

Ph T IE 4 97 10. 2~2 690. 2 400. 9

Toum) 4 42 13. 4~636. 3 359. 6

A R IE% 97 1.7~706.9 274. 4

° O 42 4 4—416.7 235. 8

2.3 HF{ERKIERE
2.3.1 X3 PAnaFiEgk Kk

FE LI X GTER YOG RE 2 FT ) 2 048 Uk H s MR N B 5
X4, R CARS B3 0 i HE A G 1% i 5 40 40 OC /Y 6 35 i 1
A, GRS R AN 2 BrR . B 2, FRATE FIE R
WA S i BT Bl A SR AR YRR 1S I v b, B AR e G
S, WIS RIS A T 1 — A MM Y R B AR S AT R
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Fig. 2 Plots of CARS variable selection for Lead in soil
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Fig. 3 Plots of CARS variable selection for Arsenic in soil

CARS #I RMSECV i 55 /NI A% LR X B A 35 10 R
BE ORI f5 (R 22 1~ 4 P A 3 O R A o 2k 2 P .

F2 LTHEPHEMEE RMSECY E& /A3 R B R
REREREETEEANTETH
Sampling frequency and variable number in optimal

variables subset of Pb and As when RMSECYV value is

Table 2

lowest in soil samples

JTLH R UL S
Pb 26 60
As 34 19

2.4 PLSHREMEISWIE

2 R CARS 373k X I iR ol 316 1547 500K i U2 48 2 O
. JF 5RO AR B (MC-UVE) #1 £4 1 2E L5
R (SPA) i ik B AT LU SR 40 3 R JT1 A #se /s — 3R (PLS)
J7 kA SE A v B AR B A T AR A B L T A BT A A
A REBEROR . CARS R ik 5 i » & T 54 R 2 (MO R X
I R 5 BRE OB B R 50 Ik, AT 2 AT I de K
Ko gXF SPA ASHBERETT i, A A 1) 8 B8R A B, fE
A S BRI 2 R SR AL, i A /N B R R
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B, MK Al Al 58 R E A S B, SRR B R A
BNTIRFER M AR A, RARSGHEARKE . MC-UVE & &
RIS T PLS MUH R 0 5L, HE N IR, B3 N
A 181 2R BCZH AR R SRR D T fie 4 PLS B o fir 4, 27
A e R L B Y S B R AR E MRS B ks . o SPA A
MC-UVE 45 3% £ J5 1 09 204 i 2 80 25 B 0 Sk 10-12]

KA E RECR L 38 H 56 UE ) 7 1% 22 (RMSECV) |
T ¥ 7 M 25 (RMSEP) 15 51 4 X 100 %% 22 (RPD) 4§ 4
ANBHOR M PLS B PERE , b, R® (M0 T 1, #
PG B AR S R 4T s RMSECV #1 RMSEP {H # /)y, 45874
T R ) BRGR ; RPD i 45 F R AR 1 25 5 38 5 IR IR 25 10 1
{6, R RPD=3, ARy BT g7 A B UM AR R4 A R
I FAA(E s IR 2. 25<SRPD<C3, WA 2y Jr 4t 57 Ay 455 700 5
WIRCR BT, B B 9B i I R 1. 75<<RPD<C
2.25, WA CHRERITT Y, A5 AL X A A BB 17 R 0 S Al 5 G 2R
RPD<C1. 75, 7T Ak SR 25 . Joik B REAS

2.4.1 I3 P46 PLS BEA 04 5 5 1hix

% CARS, SPA J; MC-UVE 2 & ffi ¥ )5, SR PLS
Pl R S R A T, A R LR 3,
RIWLFH, 43 CARS i ik J5 . CARS-PLS £ B 4% (1) )%
KAFEHN 2 048 1 5] 60 4, BIAI B, B A5 A AR 1Y
R?, RMSECV, RMSEP #l RPD 43 %k 0. 997 3, 2.610 1,
3.322 1 1 9.351 8, Hi4:fy R*. RMSECV, RMSEP #
RPD 4357 0. 995 5, 2.598 6, 3.228 1 9. 401 1; 5 CARS-
PLS #RIAHLL . B4R SPA-PLS fil MC-UVE-PLS R #2452 (1
PR AR R A, (R B4R AU 4E 19 R, RMSECV, RM-
SEP #l RPD ¥4, T CARS-PLS #i/, %4k, W& 3 Bk,
540 Br PLS BRI A e, SPA-PLS £ % (i i i £ R*, RM-
SECV, RMSEP HI RPD 4> 51| 0. 980 5, 3.549 5, 5.344 5
8. 611 4, 47 F & Br PLS BRI, BIM Y53 % 1% A i PLS,
MC-UVE-PLS il CARS-PLS i #!,

x3I IHPEEERNH PLSEEER

Table 3 PLS modeling results of quantitative determination of Lead in soil samples
" KIS o 4
Jiik AR AE m— . ‘ R .
R? RMSECV RMSEP RPD R? RMSECV RMSEP RPD
PLS 2 048 0.987 8 3.621 2 5.381 2 8.123 2 0. 983 5 3.533 2 5.290 8 8.690 8
CARS-PLS 60 0.997 3 2.610 1 3.322 1 9.351 8 0.995 5 2.598 6 3.228 0 9.401 1
SPA-PLS 27 0.989 8 3.643 9 5.391 8 8.177 4 0. 980 5 3.549 5 5.344 5 8.611 14
MC-UVE-PLS 49 0.995 5 3.153 1 3.553 2 8.997 8 0.995 7 3.058 5 3.6850 9.036 6
2.4.2  EE P AR PLS A GG 4 5 55 i iE AR F B0 4R iy R?, RMSECV, RMSEP #il RPD # 45 T

% CARS, SPA Jx MC-UVE 74 & fifi i J5 » & A PLS J5
RS R A A R E AT AL, BRI R 4.
AP RUA s il CARS-PLS A P A2 B A 2 048 4>
W F 19 4, 454 Bf PLS, SPA-PLS fil MC-UVE-PLS #
TR LG . Al CARS-PLS #2458 45 F1 310 45 9 R* ., RM-
SECV. RMSEP il RPD {H ¥ £ 0L . B sl i BACR foe o . 5
s = AR . BAR SPA-PLS BRI A K A8 B e /b, HAR

CARS-PLS fl MC-UVE-PLS # #, {¢ {i F 4 I B PLS
B,

ML 25 AT LA B, CARS-PLS KB 2 & 4 ) 4- 3¢
4 S FUR B £ T 45 I B PLS, SPA-PLS & MC-UVE-PLS #
A, RW] CARS JriE1E X FL P06 1E /Y I A8 = B 07 1
AR BMLHA, TR ELAEANEREELRIFLERS
ARV AR e ke B e A TR A o A R R E

F4 THPHMEESKRNA PLS BIRER

Table 4 PLS modeling results of quantitative determination of Arsenic in soil samples

Sk A ’ ‘1‘5?1?% , ‘Tﬁiﬂﬂ%
R? RMSECV RMSEP RPD R? RMSECV RMSEP RPD
PLS 2 048 0.9759 4.623 7 4.784 9 7.623 9 0.975 1 4.520 3 4.564 3 7.520 1
CARS-PLS 19 0.990 6 2.9237 2.9331 8.156 6 0.989 9 3.013 2 2.737 1 8.2116
SPA-PLS 9 0.984 3 4.317 1 4.358 4 7.643 3 0.988 1 4.334 5 4.288 5 7.593 0
MC-UVE-PLS 30 0.985 0 3.329 2 3.613 5 7.678 6 0.989 5 3.310 2 3.419 0 7.896 5

2.5 PLS &AM
P 4 SBon T PR R ) B RS A S DT R E
[ AR 56 % . CARS-PLS 8 BU 47t U0 (i 55 L 52 56 = 20

{Ea bR (B ey 0T AR sF . X B — P U] CARS 57
AT LA R0 e e I AR . LTS /D R i ST B A ) S E
TR
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Fig. 4 Comparison of measured values and predicted values of Lead and Arsenic corrected Set of each model
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Determination of Lead and Arsenic in Soil Samples by X Fluorescence
Spectrum Combined With CARS Variables Screening Method

JIANG Xiao-yu" ?, LI Fu-sheng?* , WANG Qing-ya' ?, LUO Jie’, HAO Jun" ?, XU Mu-qiang'* *

1. Engineering Research Center of Nuclear Technology Application, Ministry of Education, East China University of Technolo-
gy, Nanchang 330013, China

2. State Key Laboratory of Nuclear Resources and Environment, East China University of Technology, Nanchang
330013, China

3. Yangtze University, Wuhan 430000, China

Abstract As a quantitative analysis technique based on stoichiometry, X-ray fluorescence spectroscopy is very important to the
prediction accuracy of the results. The competitive adaptive reweighted algorithm (CARS) adopted adaptive reweighted sampling
technology and used interactive verification to select the lowest value square error (RMSECV) by interactive verification to find
out the optimal combination of variables. To further improving the interpretation and prediction ability of PLS models, the
competitive adaptive reweighted algorithm (CARS) was combined with X-ray fluorescence spectroscopy. A partial least square
(PLS) model was established after screening the characteristic wavelength variables of lead and arsenic in the soil. Firstly, the
CARS algorithm screened the wavelength variables closely related to lead content. When the sampling times were 26 times, 60
effective wavelength points were selected, and the wavelength variables closely related to arsenic content were screened. When
the sampling times were 34 times, 19 effective wavelength points were selected. Then used the PLS method to establish the
quantitative analysis model of lead and arsenic content in soil and compared it with the PLS model established by continuous
projection algorithm (SPA) and Monte Carlo method. The results showed that the prediction sets Determination Coefficient
(R*), Root Mean Square Error of Cross-Validation (RMSECV), Root Mean Square Error of Prediction (RMSEP) and Relative
Prediction Deviation (RPD) of the lead CARS-PLS model were 0. 995 5, 2.598 6, 3.228 and 9. 401 1, respectively. Moreover,
the prediction sets R*, RMSECV, RMSEP and RPD of arsenic CARS-PLS models were 0. 999, 3.013 2, 2.737 1 and 8. 211 6,
respectively. The CARS-PLS model performance of the two elements is better than that of full-band PLS, SPA-PLS and MC-
UVE-PLS model. The CARS-PLS algorithm based on the X fluorescence spectrum can effectively screen the characteristic

wavelength, simplify the complexity of modeling, and improve the accuracy and robustness of the model.

Keywords Competitive adaptive reweighted algorithm (CARS); Partial least squares (PLS); Wavelength variable selection;

X-ray fluorescence spectrum
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