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SRR R IRE N E S FRIERT
H¥ERITE P RN E

oEN E AR OBRRIED GERIAET MR KA HT gkAE T
LIRS T 92005 | i 330045)
(UL S R AT B R e 2 DRI G ., i 330045)

B E HOLESEEO6E (Laser induced breakdown spectroscopy, LIBS) JtE G &R LR ES, N
BRITAS I 7 i) LIBS S WAL A 520, ARBFSE LASE I EE Ph 15 YA A SE S MR FE X 4, SREE KRG
FEIZE 400.45 ~410.98 nm (19 LIBS #EZR A5 2., 43 F FHAE 482 ( Adjacent averaging) | Savitzky-Golay ( S-G) &
Peds P {d FLI- 2536 ( Fast Fourier transformation, FFT) X§ R4 LIBS Y6l AT E- 1 20t H45EWEh—
Feik (PLS) fE AT BN S A BRSO HEA T IR . S5 RFB W, S-C PSR, X S-G IEI AR 1 B8
15, WA 3 B, PLS F B AVSUR AR, HIG IR I )7 i34 22 (RMSEP) 2 0. 26 - 34 A X 15 22
(ARE) R 3.7% , S5HFRM, EEIE G IR A B FHEE LIBS S50t i LR AR B (RS BE

KR BT, Y JEIALEE, OIS S ot
1 5§

B N B A iz —, B Tl SR BRI [R) 20 K e, 638 32 B[R] R 1Y B
GrlETs g, Hohn SEEE 7 A TS Y L S AT AR R R T B S 4 S etk
5T & B3 P & it = AR 1.6 £%, Cr Sribife s lids 1.2 5, MRZLAISE % 25 P e E 4 Ja i
I RAESE BREL NAOT AR SR T Ph OCR B ERR 1 ~ 15 £, BFR3RIK 100% . AEGeHil s S i f 4
JB& T A T ROGTE 2 (AAS) HUBHE G 45 B TR BTk (ICP-MS) 45, AR S5 VARG I RS 2
i, (AR AT R B, IR 2R A5 g I, KRR Fpak (8, TCi5 YL iRl )y s A B
FBLIIE

o6 S5 61 (Laser induced breakdown spectroscopy, LIBS) ) F 51 BE & ik 06 58 45 T4 5
R AEEE T, RBEER MG R, XS AT 7 7 308 7 J2 09 20 B, 2 A0l 4 57 (4 1
5 RAE R . LIBS SRS HAGE ToH R AL 2 TT R IR S R R e A I A
TP 22—, IFREE (AR AP & &, LIBS HR B2 Wi A A 7 R i
ARG AU

LIBS 7E0GIE(FE BARBGE rh, l TALAS M A AN SR R i T8, BRSO EE &6
BZWHEHLEREF S, AR BT, B ORE IR ras Rii 22 . PIEE XDEIEE B8 b
PR, REARNE RS SR EMR I SIS R . EAT, TEDCIE B b TR TOAL 385 s A PR i — Ak /i
Mg 2, WA ER SR B IR IR LAY LIBS Sl Sk N i B, S5 A AT
P22 4% ( Artificial neural network , ANN) A5 &R 5] T 44 5 AN SN Y A2 . Ahmed 2161 ) FHEL
PRI — AL FEAR LIBS Al 45 4 Y BARRN , H—A05 By & i ZeAf 5C R EEA 3 0. 99, 7E LIBS & &4
Hrh, BF5E 3 5 22 G R Wl ik 2 ot S Mok B s 7 200 AR A B LIBS i i 4y
IR

T, ARWFFEE A LB A 4B (Adjacent averaging, AAv) | Savitzky-Golay ( S-G ) I % % S P
EE B A5 4 (Fast Fourier transformation, FFT)3 F-F-3 77 kX LIBS JGi-F iR R 052, LA PLS &
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AR Y S8 SRR T AR ER 22 (RMSECV ) B b S 1 5 iR 22 (RMSEP ) K Bk 8- F- XX 4% 2% (ARE)
VEREI LS BN BR

2 XIgERS

2.1 =5

Nd : YAG EMABOEES (Vilte-200, i %K 1064 nm, k5% 8 ns, TE I 2 Hz, JL5T Beamtech 24
R VEREOEIR, BOGZ 45° RO I ELE L ZF AL AT AR IE O 100 mm (9P BE , BREELERE S R,
FEE T SC300 —4Efiee V& (JUat sSr DUGAR]) 5 ARSI A2 045 B IR SR OG 48 45° 97 AL U B
YEFRAEFREE S 200 mm BFIiESE, RAE T IR I, JLeridE g5 SR-750 B3 {)CF DH320T-
18U # ICCD ( ¥ [ Andortm 23 7] ) #E4% ; DG645 FEIR 2% ( Stanford research systems, USA) A#OGHs 5 61E%
ICERAERT FPRE B ], e B R LR 1

JZ 51485 Mirror
2.2 LHEREHE — 1 w
STURE o H B IR SR (U B /NS, Four NYAG Bk
Pulse laser 4L 3 Mirvor

seasons cabbage) , FESuIE A VLIG A KA H T,
K BRI, B LIBS A AR 2 T, K
FESE TR AERG Y, ZEBRAE A Ko, BEARE iR i
EAT0C, T2 K, WEEEZ 6 h B R —
W, HEMSEE L, HETACH B 584 KRk
gy, SEERRY], G SR N 95.43% , 1
FBRAK I HIRE SO T AT S50 % Ph {5 JeAb 3L, &

FELTF fiber

1M 3
Plane-convex lens

ICCD

&AL Spectrograph g
@

AMRBERBIEFRIN 10 g BARER BB IR LA, £ 35 T et
FRULTH ARSIy 0.5, 1.0, 1.5, 2.0, 2.5, gy g afes it i
3.0, eeee ,15 pg/mL BYF Ph 20 mL, $iEHE 8 ~ Fig. 1  Schematic diagram of laser induced breakdown

10 min, ffi Pb Y25 MTFERE M, B IEFRILE T spectroscopy (LIBS)

B, TR 40°C, PR TEeEE

JEHUE S g A RS BB R RS Ph S €, = (CV) /M, b ¢, M BEH) Ph AR, V R BT EL
Pb IERARFR (20 mL) , M. HFRBUBS ARAE SR (10 g) . &83HE, FEM Pb &5 1.0, 2.0, 3.0, 4.0,
5.0, e , 30 mg/kg, 30 MRBERLEE , V594 S IR ARE S T30 A AILLL 10 MPa & J7 i B30 mm
MIBIDRIR , BN EE RIS RIE 3 AN, BANE R 03 Ik LIBS SN, 45 RBCF1E.,

3 ERSITHR

3.1 LIBS XiLREUKR Figfsbi2

SRARBUE A AR ISR, SCIRT S XS S BT O, DEAb s i 5256 254 . S5 R 4 JE 38 15 i)
1.3 ws; PARPKIPEIFEI ] 40 ns; ICCD (7982 ps, SEgodfirh, WOLYEM 2 RERE—RDERE, &1
FESLRAE 50 RIDEIEE S . B 2A WAL T #9 15 0 kE M 7E 400. 45 ~410. 98 nm i [l 4 A9 15 £ 5000
K1 2B ~2D 7390 AAv, S-G iE&s G FFT I8 &G G ISR, FInE DR 5 pts,

Tl 2 AT, TS LB SR LIBS Stk A 2 M (55, LIS BRI R 2 Bl AAv b3S
AOGTEF- W R B A B B i s, AR OIS FEE R, SRR EEA TREIL, (REEAN T S-G
5 FFT Z 8] ; S-G P AbBE IS0 A sl , (B8R A & AAv Bl 5F0kaE 2 E B —2, &
HE R K, FRT PO, K& TIREOGE T —28E R, REE R/,

3.2 ERBURFNSH

TEGIE A v, 38 R DTS G B RN B e ot IS I OR , BT R A —Fh B
K E TR - W RO AT R AT . ARG AL B S GRS A IS Ak T R O SS A, B R R
GIHTRERY ) FEXTHEEA TN . AR SE G SR A fie /N 3k (PLS) #EAT IR VA E A, PRI AU AR MR
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500 350

A #9 Polluted B 5 pts AAv smooth of #9
300} =
400k- PYRTE I- Mnd04.13 —> |3 Fe
% 2 250- ‘
£ 300- 2 200
< = 5
g Z 150} S
£ 200 £ 1% 22
E § 100 § :o; =
E 100t E 50 £ T v
0 i 1 1 1 | 0 I 1 1 1 1 1
400 402 404 406 408 410 400 402 404 406 408 410
A (nm) A (nm)
500 300
C —5 pts SG smooth of #9 250_D ——5 pts AAv smooth of #9
400} 32 Fed07.66 Mn404.13 —>
E Mnd04.13 —> fé\ 200
S 300¢ e
g g 150F -
Z = 5
*g 200 *; 100F & 2 §
Z 100F Z 501 Z< |
o v
0 [ 1 | ) | 1 1 1 1 1 1
400 402 404 406 408 410 412 400 402 404 406 408 410
A (nm) A (nm)

B2 #9 F5YREAl LIBS JELRAEE : (A)#9 BiSEREN7E 400. 45 ~410.98 nm I LIBS JiUAGH%; (B)
AAv REBRS B (C)S-G ABBRIS BDGHE s (D) FFT ALHUS B
Fig.2 LIBS spectra information of polluted #9 sample: (A) #9 spectra at range of 400.45-410.98 nm wave-
length; (B) spectra of adjacent average ( AAv) wave filtering; (C) spectra of Savitzky-Golay (S-G) wave
filtering; (D) spectra of fast Fourier transform ( FFT) wave filtering
CL8 R TR FO LR 2 P bR B SURIER I AR R 22 (RMSECV ) S8tk 4E 3407 iR
%25 (RMSEP) B £E 2R 12 2% (ARE) .

15 o
RMSEP = Nzl(xi -p;) ARE —NEI | (x; = p,)/x; | (1)

Hr N REIEEREAR L, «,, p, S BIWBIEEE ( AFES Pb 25 & 55 | AR B TR
RMSEP 5 ARE B /)N 56 B AR RS Aff Bk v
3.3 ZERSILEE

il 25 1 30 NFEA VAT 2 AT 45 SRR I, Hodo 2 ANRR S TR 28 KA AT R, RO AR
BB ARHAR , RHOKE 2 A SRR SIBR, FIFRIATE) 28 A Ph 15 YL Ab FEEE & ST A4S, REA Y N E A
LWL, 28 DEALIEK 4, 43R 4y, HrhSE 1 2 M4 (AERERE, @ tisisy ) ebnde
A R F KA 5 e/ ML 3 O VE W IR 4R | T AG S A5 AL 1 R 54 ol B AR [R]SF- ¥ 32 F Il )1 A
TITCAPERERTRER , RF I DS %1 RREPEEIELEDEEH E PLS BRI
BN 5 W, 4B #S LIBS O Table | Results of PLS model with different smooth method
AT I (8 0 U (AAV) . 41 2ty EFREE Calibration set WHIFAE Validation set

ST - ST - ST AEL
B(S-G) . PeHE ML EOF S ok Y Swoohmehod SRS ;5’%? R ;5%*)
HATRES  H -G 1 s ° ©
gﬂ‘FT) ﬁﬁ‘ﬁ%\’ AT S-G {)‘i&ﬁﬁﬁ JF A Original 5.054 4.4 2.387 19.7
“kEnmi, gERmEE 1 PR, FIABEIE AAv 5.261 46.8 2.953 26.1
M 1AM, A AAv 5 FFT LA S-G 5.008 39.1 2.209 16.9
LhEE S PLS BRI 45 AR L T e AR FFT 5.451 51.1 3.407 30.0

RMSECV ; Root mean square error of cross validation; RMSEP; Root mean square error of

}Eﬁa j\lﬁﬁg s *ﬁ LFE )I%: E T IK% s ﬁﬁ }Té JEH prediction; ARE; Average relative error; PLS, partial least square.
S-G Ak H 5 1) PLS AR #4285 LY J5L 4
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HREWI AR . Z5A K1 38T, S-G AL BRJE SG i i RO R R =, (R Y R LR R
M4 AAv 5 FFT 2B 5 P ROR B, HISL(E B E 8, MBR B G, [IHBIARLRS BT R
P R PEIE & T LIBS SGIE T uE N vk, ARWFIT I EE S-G JEIEARVE I I ik, HE— 2 HR5E S-G 1
WA S BRI 25 R 52
3.4 S-GiREBRESHIERE

S-G U AR A H A6 T B, 16 S-G IEIE AR L& B vk 5 1 58 B e 6 5T 04— 1K
P, WAFEE XG2S S-G IR AR BLE MR 5% 0 S B T IR &R, HIF RIS H
FAIOGE R P, B, ARG R IE N 5 =, WHSEERENS, 7,9, 11,
13 F115, X2 AEAE T D 24K, I —ABREIEE R S-G IR AR LA Bk 5% H S, &2
H S-G UV AR S BRI R

M2 AT, S-G UM AR Y T H R E 15, WG P 3 i), PLS & AR e, H
RMSECV 4 0.555, RMSEP 4 0.26 ~FAIXHRZE N 3.7% , [RIBF, 46 O 5e AR, —kEmity
“REIAAA MR ES BERAME, AP AR DA R, k20 E =ik
T A A2 SR 0 B, VR S R 405. 49 ~405. 89 nm Y 14 JEK 5, AT IS =%
LS E, PIA SR ILE 3,
#2 S-GUEERSHMIG

Table 2 Results of S-G filter parameters

Z R ZI0 Quadratic polynomial =R ZIA Cubic polynomial
7 H 0
Wiﬁjdowj wri:th WormiReE  BIEXIrRERE PR IR KoOriiRe  WIEXOrRERE  CFIMRRTRE
RMSECV RMSEP ARE (%) RMSECV RMSEP ARE (%)
5 5.098 2.209 16.9 3.667 1.70 20.7
7 1.798 1.902 9.8 1.796 1.90 9.8
9 1.274 0.993 9.7 1.274 0.99 9.7
11 0.690 0.681 5.7 0.678 0.67 5.2
13 0.430 0.953 8.9 0.423 0.95 9.3
15 0.551 0.307 4.2 0.555 0.26 3.7
17 0.802 0.555 4.0 0. 805 0.56 4.0
HIlE 3 g, 2 B 5 =Bl & s BUE A, 55
" - “ ISR = S-G smooth
HEE?@%[*E*H%Z:Z@O Hﬂlﬂﬁlﬁfﬁ S-G /E/BZ%‘&E/‘J@/I\ 50~ ‘S?Ic;r;d-d?g:ee model &Y
o N . . N . with 7 points A
UGEFEXS T LIBS SGIBEHE T sg mm /N, H 3% g 45y pdeee model 771 3
JH R LIBS BB G I 3R T sk s i A0 A, £ aof
ZAHE 2GR AR, F 350 N
AL S-G UEUEARE T LIBS iR i e, Hs- 2 sor | [
G IR AR TE 2 B W 75 1 (6] B 3 m] LA IR A5 5 B 251 l
AR TEREAE 0055 4056 4057 4058 4059

4 %t e

ENTEMPE BRSNS B (Bl i v i )
PREFES R E 48 Ph JUEAY LIBS A, XFREUW
& Pb FRAETEZR LIBS £ E1T AAv P | S-G UEUE#R-T- 1 (FFT JEUE 25 I T B, JF45 G LIBS & Al
BRI HT 3 P BAL By 2 6 i s, 25568, S-G BE LA -0 BEE HF LIBS ik B i s b
B, HMEERCS-G URBAR B D SEEE N 15 34T =B LA B, SIEAE Y AR 1% 2% (RMSEP) iy 0. 26, F-3
FIXFRZE R 3.7% , HLIRLG LIBS Y6 PLS A7 FU 4 i ( RMSEEP =2. 3865 5 ARE=19. 66% ) A
IR A FEARSLE  S-G BB AR B 15 X SRR R, A OO S 1 SR R i I
ENTE N

B3 AR S-G F- i s
Fig.3  Principle of S-G smoothing with different order
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Spectral Filtering Method for Improvement of Detection Accuracy
of Lead in Vegetables by Laser Induced Breakdown Spectroscopy

YANG Hui'?, HUANG Lin'?, CHEN Tian-Bing'”*, RAO Gang-Fu'”*, LIU Mu-Hua'?, CHEN Jin-Yin>, YAO Ming-Yin *'?
"(Key Laboratory of Optics-Electrics Application of Biomaterials of
Jiangxt Province Higher Education, Nanchang 330045, China)
*( Collaborative Innovation Center of Postharvest Key Technology and
uality Safety of Fruits and Vegetables in Jiangxi Province, Nanchan, , China
lity Safety of Frui d Vegetables in Jiangxi Provi Nanchang 330045, China)

Abstract There are many noise signals in original laser induced breakdown spectroscopy ( LIBS) spectra. To
explore the effect of spectral pretreatment on LIBS information by different filter methods, the LIBS spectra of
Pb-polluted cabbage in wavelength range of 400. 45-410. 98 nm was investigated and preprocessed by adjacent
averaging , Savitzky-Golay (S-G) and fast Fourier transformation ( FFT). Then partial least square ( PLS)
model was established for evaluating the spectral treatment effect. The result showed that the root mean square
error of prediction (RMSEP) and average relative error of S-G method were 0.26 and 3. 7% , suggesting a
superior smoothing effect than other methods. Experimental results indicated that an appropriate filtering
method could help to improve the spectral quality and raise the precision of model checkout.

Keywords Vegetable; Lead; Filtering processing; Laser induced breakdown spectroscopy
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