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AL TR AHBOLE S F ORI (LIBS) HR 408 I 18 1 Pb & & 1 2 o0 2 M [8] V3 8 & 43 B 15 AL
& A F#E A Ca 1T 393.37 nm 5 Ca 11 396.84 nm ' fiF 3% 28 3% £ 2 A1 Pb T 405.78 nm 4§ {iF i £ 58 J& . 75
405.03—405.96 nm . FH A Pb JG &R IS LA B SR N B R, B3] 7 BECEE, @iy Z a0 EH 5
THIRAE T ORI P PTAT . 45 SRR B, 22 T2 [m] VAR 280 T A 5 iR - R AL ' T v A U L 2 1] (0 AR 0% 22 Bt
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15 =

BWotiE SH g6 (LIBS) HAR & — il i 45
D 55 B8 TR A5 5 SR SR I A% 20 5k FE 11 '
TEA BT A, 123 AR Bk Eos 88 7= L 1 = Th
FRPOG AR AR BIRE R T P AR 55 B Ak, JREADE
2F 1S OB B S B AR ORI R T BT R S Ok
38 IR U K 1 43 B AT SR AR AR R BT
TCEME NGBS E, #Em e UL R 1T 58
PEEE BT . LIBS HoAR KA PR ki 4 5
B F A 2 02 L TS, B8
T2 B s e 28] KRy g 0] ke 161
He S S Easg. TR AL R T IFRE
HUIR AR % 7K ik 2 42 LIBS #E47 1 52 &40 4T
WEFT, 15 H Pb & &M Cu & 2 1V B AR bR e 22
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1.6765% F11.2478%. #4272 100 KM £ 6 ik
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JELR A 2 AR 7 I A A 4 Min L Si B i, R
$Em T LIBS & &M (W E S YERTHERR . XS bR
2 1 JEF N T A2 W% 16 LIBS H A+ 8
&) Cr & AT R 20 B, B F0I0 7149 AE T A 74 i
22 FUAH o 5 22 000 F R A% G 10 7 b it 2692243 3
4k . Wang 25 121 R F 5 fm fc /N — 3 (PLS) 72
MAELR M 2 A8 5 5 IR R AR N SR A S AT 4
AT, T AR v 22 FbR AR 1R 22 43 00N 1.97% F11.05%,
FIZERBTIEH] 0.999. FEEESE ISR Z 0/ IE
M T IEX R B G F HEAT T LIBS E E AT, 4
SR B ] A Y T A 5 B S 2 ) PR X 1R 22
fE5% LA, 3RS Y SR FH PLS V256 BB A it o
1 Cd LR BAT 7@ 40T, SEIRER I 12 /M
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R EFRFEE, 5H NEFTL TS KE TR
gy, RS NATI 5% . i I = TV 0 44 35 v 3
X, 2R E 2R KR, 25 8a AR ]
M. SRMBEE TN R R, T 3RS R KE
BIHER, R — e E S E N E AR RN+
HE KA 0GB B, T 25 N SRR i R e 35
H A AR 7= i H A s 2R I A 32 N R R IR
JEiE (AAS) % D01l PR & 25 B PR R 7 R SOk
Ty 100 25 B AR e b S 0 vk AT R I BRATG . R A
R S A, (ERE ol TR AL B 5 FE A 2 BB, FER FE
77, ANRESLILAE L LRI, BRIk, A T B ks e
P IR GRS E N TIT S, O IR e AT R
TR A KR L.

Ak B AT Pt R NI RN R, 1
HH R] ) SIE6 25 A TR 6 e B A gk AT LIBS 5258, K
H 22 0 7k, @2 7 &M T LIBS HoAR K
) 2 et AR SEEl T /KSR R e &R
LIBS i e 25317

2 XBEE

AL LIBS R4 S5 3 B 1 piR, B s i
mCE TR )T & LA EBES), DURUEFE
i U B3 S PE RN AR E M, SR B PO A FL AR
F= 1 SC300-1A B HL 8 & # 4 IR B i % 5. I
6 Y5 K F BeamTech 2 & 2E 7% ) Nimma-200 %4
W QWK M Nd : YAG O A%, B0k #f 0% B & i
10N 200 mJ, FiH KON 1064 nm, Bk oS8 BE N
8ns, MIF N2 Hz #OEH ML £ N100 mm
(1) 5% 45 32 B8 5K FE B FE o 3R T 7 AR R TR) o O AR
BTl FETRESHLSE R
PR3k G AR N\ I S 25 6 A AT 4 e AR
M. Aar 22 %2 73 38 B 2 \] AR 77 1) AvaSpec-2048 1Y
J\GH I8 6 £F 6 B A 2R IS B A 200—1050 nm,
7 i 1 200317 nm, 315—417 nm, 415—499 nm,
497565 nm, 563673 nm, 671750 nm, 748 —
931 nm, 929—1050 nm Jt i B, FHNL 73 HE o)
HIELF] T 0.09, 0.07, 0.06, 0.08, 0.08, 0.12, 0.13 A1l
0.11 nm, JEHEAL AR T 2048 B H M AT AR &
TR 2%, W AR B 7T R 48 | AR 77 1) DG535
TR SRRE IR ik R A 28 N B0 28 A TE A B 4t

FEHESM A5 5
S
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sk — B
Wik 5228 AL i
FEbh
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E1 LIBS ARG ErERE

3 FF & ot ]
3.1 HmblE

S0 A AR SR A T 85 R b XA B 5 e
B, TR R, B & Po E— >, AT
B AUE LIBS 3 Al 5t 48 b 5 4 J& Pb Jo 3 K RCR
JRTAT P, K e AT S50 wi5 Y b B p ok
8 AN AR K ANAH 4 1 e 85 9 2 5 A 1—FFE i 8,
P 2B FoKIE W HAR T LA L R 2R BT, PR 28 e 1
F3 MEIE T AR R A IC B 1 Pk B2 100, 200,
400, 600, 800, 1000, 1200, 1500 ug/mL 7B,
48 h JE ¥ H AU H B TR EE MR 31K, LUH
BRAE R T 7k B (O RS RV TR, FRAE S AR T S
BEAT LIBS K S2 56

3.2 LIBS#:30

N T e LIBS Aar il 0 A e PR FIRS R R, JRATT
XFHOE e AN AE IR B R) 55 S 50T TR, 15 3
RAEGERE LRI S8 T HOLREE N 110 mJ,
BHE MR N2 Hz, IEIBH A4 1.4 us, FR55 0 (8] K
2 ms. SCISHPIEIR TS GYJE (R B T Sl % 5
()i E V- & E kAT LIBS S286, LA 40 0 o 31 76
P it [ — s P A R ot 2 T T 5 350 50 08 % B
FETH D BE B AR, SEEG 15 F 7E 2001050 nm K
O A R A O S B R R RIS . AT
WNRZE, BEASFE AT 5 OGS &, &R
& Bt 40 AMkeid s — s, R 3¢ E E & b
115 BRI 70 e 2040 2 W] 0, Pb oot & () 4 32 2
Iy ATAE 280—410 nm Z 7], 0K 15l HE 1 7]

104213-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 63, No. 10 (2014) 104213

A1, Pb I 405.78 nm 1% 4 & 5 98 B2 e K. M 2 4
A PLA H, Pb I 405.78 nm HRAERE LR EL i M, H.
REBER S, B, A5 IERPD 1 405.78 nm 4F
TETE 2R o T4k

#1  PbaZMEERCHEL

B /nm KI5 E /arb.units
283.30 35000
357.27 35000
363.96 50000
367.15 20000
368.35 70000
373.99 25000
405.78 95000
. Ca Il 393.37 nm
12000
£ Ca 11 396.84 nm
E
e} =
E 800
% 600 [ Pb I 405.78 nm
400
200
0F
—200 L I L
395 400 405
P /nm

2 1 390—410 nm WG A FTE 5K LIBS Jhigk

3.3 ESLIREE

N T SRR R SR BT B SR BT L 2 g i
(LIBS T H4TAL), SR FH B ShR1HE A BRI V5 9 A
HEAT MR, RGN AAS VERHE MR I T
WO R S i ST AY S TAERRAE M 26, R Pb bRk
WHECHIFIREE R0, 1, 2, 4, 5 pug/mL AL R T
W G RE T AT SEE R v, ARHE Pb Ju & B
G BE RN BE ST U ] 3 B s I b 4 1 2.

FEAH A R 260, AR OCH A U VU3 AT AAS
SEEG, SRIGHE A 3K, W 3 N A5 R A I 15 2R
JEREEF YA, AR R B RIS v it 2 v DATS 2R
i Pb RS bR & &, SRy TR 2.

s y=0.01192+0.00165

0.06 f —— R2=0.99945

#

=

= 0.03 |

O -
1 1 1
0 2 4 6
W /ng-mL—1

3 PbIuERWOLEZ 5K Z A b 26

R2  AASTEEIIFEA T Pb TR MSbR S E

FEihdms 1 2 3 4 5 6 7 8
Pb & /ugg=! 30.56 43.29 61.54 34.81 173.79 58.14 55.98 90.88

4 ZWER R

FELIBS AR GE B b, 1 T HOLSEE
TR 5 S WO BE R B RS A RN 5
PR WU, Oy T 3w g B M iR 1%, w4 A
2 JURIE I 73 W T AT TE AR

T2l R R R, K&
BRI HARERA R, BREERR Ny, ARRE
Ny, wo, - Ty NE—IEAE B RWNAE, N
v IS

Yi = bo + b1xi1 + baiz + -+ + binZim
+& (i=1,2,---,n), (1)

A, bo, b,y b NIENA KL, & R 22 BRI AR,
i AMEIREL, m NAREANEL

FELIBS kil ik f2 b, B 7 5 H SRR A
RN, 73T TCRRFETE 26 1AL S A it v A
RITER I, W LA T 6 R k BIKREE G 72
T it R E 8 0 SRR DG 1 5 B2 B 73 9 T I R
B, AR

Cr = f(Ii, I, I3, | I}). (2)

AR SCIE BT A R ) P G 2 AT B, ERE R Ca
SEH T, M H Ca I 393.37 nm, Ca IT 396.84 nm
PR RFAIE 1% 28 98 55 5 25 Pb T 405.78 nm 15 28 AH
&8, J5FHE H Ca TG E XS 73 T 6 3 Pb A BRI
I, 3% Ca 11 393.37 nm 5 Ca 1T 396.84 nm $#/F
i 258 B 2 M1 Pb T 405.78 nm 435 11 1% £k 98 & L 7
405.03—405.96 nm 76 [ 4 Pb 7t 2 13 4 A1 70 o
EAENBEAER. 454 (1) (2) XT3 2 ukt

104213-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 63, No. 10 (2014) 104213

[en] ) 75 Sy (1]
Cpp, = bo + bilpy + boIspy + b3lca,  (3)

X, Cpp, N HTICE PO E, Ipy, Ispb, Ica
4y B ONPb T 405.78 nm 45 4F i £8 9B FEL E
405.03—405.96 nm J Fl 4 Pb 7T 2 13 42 1 55 9
J . Ca JC R FHIE G 48 393.37 15 396.84 nm (5B E 2
AL AR BT VAR AR (3) K R R P R AT
S 5 [A VA 23 A, £ 21 18] AR R ) 2 bR R UK RN
{-91.7336, 0.6238, —0.05528, 0.00369}, 7 H145 £
YIFR3IMEA,

B E S A 45 R g0, BIEAH X RER =
0.998, i B & R R B, FF B [R0A 75 12 1) 3
PSR PAEN 2.728 x 1075, /T B 2 K
F0.05. Ipy, Ispb, Ica BT AT I 2 E VESL TR P
1843 5124 0.000134, 0.003, 0.00748, ¥J7E i 2 KT
0.05 LA, 1 B = A B AR 5 6f R A2 5 1) 52 ) 32 2%

FIT B, ASSCRT AL 1 Bl AR R R AT AT R T Rk
SR, BRI AT R

Cpp, = — 91.7336 + 0.62381p1, — 0.05528 sy,
+0.00369] . (4)

FR A 5] 5 77 7 (4) X 8 AN i 16 52 b FF i (19 Pb
R AT VAT, K T g R 5 R sy
T FE T CER A 1K1 2 25 (E AR b, 45 S ] 4 A
5N, SXFHERTE, FIETNSE RS AAS S
B R ASIAF 22 6] F R 5 22 B KB N 12.99%,
HIAE 7% AR, AR 2 ST M N 4.87%, B
Z TH) B AR 22 B KB 3.97, HadtiR 2 P38 (E A
2.41, I H W 757445 2 0 45 R PL& O R 1R 47, i
A R? = 0.995. XULHIET Z n a1 E &
Ji 15 REAS BT (I BRS JE, 0E T LIBS BR A
WA= S I E TR,

*®3  HEMT
I HE S5 A h % FR541E F 5% P1A R
EVER 2 3 15052.8 5017.6 347.9397 2.728 x 10~° 0.998
57 4 57.683 14.42
F4  EIEASRESHT
EIEEY RGhrEZE AN P8
bo —91.73360 9.58600 0.000666
Ipy, 0.62380 0.04300 0.000134
Ispy, —0.05528 0.00850 0.003000
Ica 0.00369 0.00073 0.007480
#£5  EIETINES AAS SEAIE 2 7] 5400 157 2 FIAR R 2
s AAS FHKIIME /pug-g ! LIBS BARME /ug-g ! AR %= AR 2 ) %
1 30.56 34.53 3.97 12.99
2 43.29 40.30 2.99 6.90
3 61.54 64.13 2.59 4.20
4 34.81 36.28 1.47 4.22
5 173.79 175.06 1.27 0.73
6 58.14 58.47 0.33 0.56
7 55.98 52.99 2.99 5.34
8 90.88 87.21 3.67 4.03
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P A% Gt 58 Ar 7 V530 AT 8 A BN R . &5 A
LIBSH AR, ARICHAL T 2 J0 € bs £ 14 B A B A
I FHZ A B e A Ph e R AT E. JEHUPD T
405.78 nm FHIEIEZ J 73 2k, I LA Pb 1405.78 nm
RRAE 1 28 35 5 L 7F 405.03—405.96 nm JEF P} Pb 7
FIIE L 58 L Ca U R FHIE I 4L 393.37 nm &5
FEAE 28 396.84 nm [¥150 5 2 FIE A 2 G [ AR 7Y
P EAR &, 193] 7 B8 Pb & & & A i [=1E
R, AR EDA B AR BT 45 R 5 AAS
TRAS B BASIEL 2 [ FR) A 6 35 22 B KA N 12.99%,
HARRHR 2 P 9 4.87%, I B A5 545 21
SR A BCRIRGE, WAE R? = 0.995. KA £t
SE BRI AR 7= i v R G 3R R R RS R
HEAIRLF IR .
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Quantitative analysis of laser induced breakdown
spectroscopy of Pb in navel orange based on
multivariate calibration”

Chen Tian-Bing Yao Ming-Yin Liu Mu-Hua Lin Yong-Zeng
Li Wen-Bing  Zheng Mei-Lan ~ Zhou Hua-Mao!

(Key Laboratory of Optics-Electrics Application of Biomaterials of Jiangxi Province, College of Engineering, Jiangxi Agricultural
University, Nanchang 330045, China)

( Received 18 November 2013; revised manuscript received 10 January 2014 )

Abstract

The detection accuracy of laser induced breakdown spectroscopy (LIBS) is affected by system parameters, ambient
gas, matrix effect, sample morphology, calibration methods etc. Heavy metals in Gannan navel orange are determined
by LIBS in our laboratory. The experimental parameters are optimized. In this work, multivariate linear regression
model is used to predict the concentration of Pb element in navel oranges. The real concentration of Pb is quantitatively
determined by atomic absorb spectroscopy (AAS). The concentration is set as dependent variable, while the intensity of
Pb I 405.78 nm, the intensity sum of Ca II 393.37 nm and Ca II 396.84 nm, and the integrated intensity in a range of
405.03-405.96 nm are taken as independent variable. The calibration results indicate that the maximum relative error
between the predicted Pb concentration from the multiple linear regression model and the measured one by the AAS
is 12.99%, and the average relative error of the samples is 4.87%. And the fitting degree of the results of two methods
is 0.995. The result shows that the multivariate calibration method can utilize the information about the spectra and
reduce the influence of the matrix effect. The multivariate linear regression model is proved to be feasible in improving

the prediction accuracy of LIBS.

Keywords: laser induced breakdown spectroscopy, navel orange, heavy metals, multiple linear regression

PACS: 42.62.Fi, 52.50.Jm, 32.90.4+-a DOI: 10.7498/aps.63.104213

* Project supported by the National Natural Science Foundation of China (Grant No. 31271612), the Science and Technology
Program of Education Bureau of Jiangxi Province, China (Grant No. CJJ12249), and the Science Discipline Leaders
Program of Jiangxi Province, China (Grant No. 09004004).

1 Corresponding author. E-mail: zhm_ 77@Q163.com

104213-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.63.104213

	1引 言
	2实验装置
	Fig 1

	3样品制备及检测
	3.1 样品制备
	3.2 LIBS检测
	Table 1
	Fig 2

	3.3 真实浓度检测
	Fig 3
	Table 2


	4实验结果及分析
	Table 3
	Table 4
	Table 5
	Fig 4


	5结 论
	References
	Abstract

