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RSk 2004 A HT BT B . R WA AR
X, SRAE K T Ak 38 75 vk UL SC RO ] A 5236 DA rb B BL d B 47
A BE, o 30 AT BRI, 534 17 A F T AR S A Y
RO TR R 57 o HEAT 4 X 9k e Y IR i, SR A T
14 & 51 6T (ICP) I 2 3 Pb & .
1.2 IR
ARS8 {25 B NITON A /] XLt920 %I F 4% 50 XRF
A0, SR P AMORY X IR 42 8 MO & R, TR B8 8 T R RE Y Si
PIN, #H (Peltier) H ¥, 43 BEZ Ry 220 eV, Al LU o P
22 FIOCREK(TD R 94 SO0 H 88 (Pw L FI AN 19 25 R EE AT
F, I AIAFAE 3 000 A M AcHE GiF X S 2O . AUERXT £
BrPhHEMEEKRHIRY 12.0 mg « kg ', EaHEN
40.0 mg » kg ',
1.3 kM=
BOAT BRI MBS &, R ERA 5 cm, HAY
7 em, RTAMG NP R B E THL TS 2 AT,
EBFH N 2 min, B4 HREE RN E 3K . Ba B
YE R - FE M X G580 i A
1.4 ERM-_FRENELRE
i Bre /N 9 5 (PLS) S — Fh £ Ju G 80 ¥ 0 M o i
T HEL A B 0 S5 B R 1T R Ak 2 i e i £
R IE . BHEZ UL MR E 58T JAA 5C 4 B R 3 R
ST R SEAR TR T — A7 BE A Ak M — M R/ e [l 13 43
M5 i G ik vk A 1) JBET0T . PLS A 1 728 b 0 19 R 0 AR AR
W o 48 IO /N T B s M R A 1 I 11 AR ) T
PRI R, W B B3 T SO 45 500 S vk R
JEO BFSE R, FE XA R A WS I 2T AN G A P
PLS J7 i i W00 25 AR O T — M o e AR, HL % T 3% 80k
A BB O T T A AT R 04k ek 45 A PLS
0t A A T [ A AT AE L T AR R A 56 R
Bk F] 0.957 85, THINI H MR 2R 0. 431, LR E . Wik
AN AR AN R
W n RS m DA BEIEREY = (v )nXm, FLE
MAE n AEER p DK SN X B LR RELMS X =
(x)n X p G5l AR ) 3t 108 =X
Y=UQ+F (D
X=1TP+E (2)
KU, T— 2350 n 15 d 31 (d g5 453 B0 19k B 157 4E 1
F BT X SR SR B RRAE R F AR B 5 Q—d X om B vk B 2%
PR s P—d X p O CHR BT R s Fy E— 43310 n X
my 0 X p BV B B 2 R VRN D Ol R 3 Ak 25 A R
i Fi /IS 3 1 (PLS) J2: MR 8 FFAE 17] 1 (1 40 56 Mk 43 Y
X, 7 n] I A
U= 1TB+Ed (3)
A Ed— BENLIR 2290 5 ; B—d 45 FA [0l U R 5000 B . X %
DA A SR AR IS ST B o x, WIREE y

y = x(UX)'BQ 4)
1.5 HELESERGE

RS2 06 2R B — 22 B 56 IE 3 (Leave-one-out) , 8 7 %) 7
N AE 7 LA D XoF 350 00 4R #) TOU (8 45 G D S {E A AH DG R s
T 2 )7 HR iR 22 (root mean square error of prediction, RM-
SEP) k4% . 4 v A AL i AR M AT SR, A AR o)
T FH 3k 28 & 1F (baseline correction, BC). Savitzky-Golay
L Z WU RIE (MSC) | A8 i AR #EVH — 4L (SNV) | Nomali-
ze FETAL IR J7 1 5 4 R F OG5 B0 @ AT L 3R . R A
0 ] — L Pk Il )3 F 2 T 4 Pk [0l 43 47 5 PLS [l 5 43 47 48
X,

A SRR X2 SO0 B 4 & A B AL B2 PLS &R
f# @ ¥ 78 Unscrambler 9.7 (CAMO ASA, Trondheim,
Norway) F528 . 5 PLS [a] 5434 % o i 4 42 4 [l 9 0 22
JC A AE Microsoft EXCEL 2003 Hr sz 3,
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2.1 fRE/MDIEREREFSH
2.1.1 mABERBEA IR MM LE

Pb LR X S LY IETE L Ko = 74. 96 keV, KB =
84.92 keV, La = 10.55 keV, LB = 12. 61 keV, MFE 1 1%
1% 4G A AL Ko FLKB AL B BE L R Z . o] Z 8 AN it
X HI La AL PIL . T X SR B ilis =
HU B, B o I A IR B R B DR M8 55 . 9 A AR A oA T
F XS Ph iy X I 42 52 0l fiF 2 2 4 o 2 el 55 19 1E 0
Lo F1 LR PR (56 I A Re AR P T A Pb 998G E =
SR, T LA AR Pb ) La KA1 LR RZ 50 —1~5 Pb AR
KM . MACES BR 19 B EUE BT UGB RR T La 42
LR 2Rk, 53 P % YA G096 1% 48 A M A, 451
H: 10.40 ~10.70 keV Fl 12.41 ~12.80 keV, 1L %% & I
0.025 keV R — W, —3 29 DRAE AL o 7R X WA I Bl
N As, Ga, Os, Ir, Ge, Bi, Se, Pt, Au JLUFt L E WG S
Pb 6i%AH EE . HXF Pb I s T3k .
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Fig. 1 X-ray fluorescence spectrogram
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Fig. 2 Influence of different factors

on the prediction precision

2.1.2 tiEWMAEFERILE
B GOMEAE AR S 21 00 % 25 A D de /DN 3 1 T A
HATAT S DE R 0 BIE Y v X G O 1S B8 AT & BT
(Savitzky-Golay) 1 — B T $e4b 2. 45 R B HA, FHE
SFEIAE KRR R 1 BT 4T A0 S e A2 i 1) R AE A R e i
FHEIRIETE s X0 ' 3 B4 R 4T — B S BRI A2 2 b ol AL Ak H1LR
R AR . RS EUR WAL B T IR £, A T A A
THBR— S E A AR ZR YR . A SCRLARLA (Slope) B iiEAH &
FECr), 22 H S UE Y U5 AR 22 (RMSEC) | % HiF £ i 22
(SEC) 4 DMSHAFE A BB AL L 2 8. 5 48R TR 1 B4 31 05
T 00 A5 AR T A B A S S5 IR 1.
Table 1 Influence of different pre-processing

methods on the precision of model

Pre-processing method  Slope r RMSEC SEC
NO* 0.981 2 0. 990 6 0.963 7 0.982 1
BC* 0.403 6 0.635 3 6.526 9 6.646 6
Savitzky-Golay * 0.696 9 0.834 5 3.874 9 3.945 0
MSC* 0.511 2 0.715 0 5.908 7 6.077 2
SNV~ 0.528 3 0.726 8 6.718 0 6.836 9
Nomalize 0.422 0 0.649 6 5.690 9 5.799 3

* NO: Raw X-ray fluorescence spectrum date; * BC: Baseline cor-
rection; * Savitzky-Golay: Savitzky-Golay smooth; * MSC. Multi-

plicative scatter correction ; * SNV Standard normalized variate

T AT, R X 08 S e B AT A
Xof 1 B TR AT 4 b T A B P AR SR B A S8 LSRR Y
J AR 2% (RMSEC) 1 46 E 45 #E 25 (SEC) &/, 4 41 R
0.963 7H10.982 1; 3¢ H.IGHEAH 3¢ R4 » T LAIAH] 0. 990 6,
T T 20 25 TAL SS9 AH G R B, s LR R, AT AR A 4
TR LR LLAM RS, X BHR YOGS AR 1% 4R L i
Hgf B2 808 A TR R .
2.1.3 A 89 M A TR

FH 30 4 BELE 10. 40~10. 70 keV Hl 12. 41~12. 80 keV
XA 35 3 P XS 2R B O 1% B LA 6 A R A 8K

HES7 PLS 470, It Ho 4y 17 A BE S A7 W00, 25 Rk 2
JR o FEXF 17 A RE R I rp, s X 15 25 1) 46 X (B 5 KN
1.633 mg =« kg ', f/NNK 0.01 mg « kg ', Py xtiR
0.732 mg » kg™ ' MR IR 24t KR 5.832%, E/NH
0.029%, FHAXFIR 2 H 2. 291 % 5 I H 246 X5 152 22 FAR X 1%
P2 NIE IR A Bt RE Pb & 5 i A I 1 R B R . BRI
T 5 )7 AR i 25 (RMSEP) 48+ 0. 873 2, TUMIME 5 L3 {H (1)
BB B F 0.9666 , Z5H A5 AWE.

Table 2 Statistical results predicted by PLS model

Predicted value ~ Measured value Absolute error Relative
/(mg « kg™ 1) /(mg « kg™ 1) /(mg « kg™ 1) error/ %
26. 367 28.0 —1.633 —5.832
31. 442 30.0 1.442 4. 807
31. 449 32.0 —0.551 —1.722
31.576 30. 0 1.576 5.253
31. 746 33.0 —1.254 —3. 800
31.914 33.0 —1.086 —3.291
32.042 31.0 1. 042 3. 361
32.573 33.0 —0.427 —1.294
33.217 33.0 0.217 0.658
33.492 33.0 0.492 1. 491
33.990 34.0 —0.010 —0.029
34. 166 34.0 0. 166 0. 488
36.592 36.0 0.592 1. 644
36.988 36.0 0.988 2.744
37.670 37.0 0.670 1. 811
39.018 39.0 0.018 0. 046
41. 279 41.0 0.279 0. 680
Mean 0.732* 2.291*

* The average of absolute value of absolute or relative errors

2.2 —n&MEENRSSTLER PN
AR L. A S T — U (81 0 22 S0 4k (|1 U 23
HEXT AT AT A RE R S T AR AR, — et A
AR B R HAY 1 e P vk B2 i3 K 55 H TCP 0 % R 48K 101 04 49
Mr. R ZITLE M IH A L X 280
Bodlih Pb Yy Lo 20 LR 221 58 2 BB 5 H ICP I 5E {8 k47
[BHR 7M. SR IL(6) 3.
y = 0.456 2x+13.34 »r = 0.680 5 (5
y = 237. 14921 4+ 162. 0952, —
0.470 6, r=0.730 2 (6)
Ay A HERES Pb i ICP 22 {H . « 4 NITON XLt920 %I
FPXRF 4% B4 LI PhyR 34, « & La LAY IR E
B, x J& LB RIS,
SERFWY, AL BT AR5 ROV BE B B0 S TCP I 5E fB 1 2k
P S YRR B 2% . FH SR R B 0.680 55 I Pb i La £
LB L3R BERUE 5 TCP B AL PR [0 )1 B9 BOR B4y H R
FETLIRR 5 F) 0. 730 2, (HM A KL AR T PLS A A R %K
0.966 6, [ 3 & =l [ 5 53 47 5 1 % B 48 v 17 AN RE Y
B 5 ICP By f s B, iy AT PLS i T80 1 7 i 3T
ICP {8 . HWRJE 2 JT & o 0] )9 B F00 {6, A% 12 Hfiv 28 ICP
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Z g ) 205 F SRR IR AT R LR IE . 2 WU R IE |
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Fig. 3 Scatter plot between measured and predicted

Pb value by three models
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Analysis of Lead in Soil with Partial Least Square Regression (PLS)
Method and Field Portable X-Ray Fluorescence (FPXRF) Analyzer

HUANG Qi-ting' , ZHOU Lian-qing'* , SHI Zhou', LI Zhen-yu’*, GU Qun®

1. College of Environmental and Resource Sciences, Zhejiang University, Hangzhou 310029, China
2. Zhejiang Environmental Monitoring Center, Hangzhou 310012, China

3. Zeal Quest Scientific Technology Co. , Ltd. Shanghai 200052, China

Abstract In the present study, soil samples were scanned by NITON XLt920 field portable X-ray fluorescence (FPXRF)analy-
zer, and the relationship between the X-ray fluorescence spectra and the concentration of Pb in soil was studied. For predicating
the Pb concentration in soil, a partial least square regression model (PLS)was established with 6 optimal factors and two closely
relevant electron volt ranges: 10. 40-10. 70 keV and 12. 41-12. 80 keV. After cross-calibration, the correlation coefficient of value
predicted by PLS model against that measured by ICP was 0. 966 6, and the root mean square error of prediction (RMSEP) was
0.873 2. Meanwhile, the univariate linear regression and multivariate linear regression models were also built with the correla-
tion coefficient of 0. 680 5 and 0. 730 2, respectively. Obviously, the PLS method was better than the other two methods for
predication. Comparing to the conventional approach of atomic absorption spectroscopy(AAS), FPXRF has the advantages of
rapidness, non-destruction and relatively low cost with the acceptable accuracy. It would be a powerful tool to decide which sam-

ple is needs for further analysis.
Keywords X-ray fluorescence(XRF)spectrum; Partial least square regression; Soil, Contamination by heavy metals
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