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Abstract: The col-linear double pulse laser induced breakdown spectroscopy ( Laser induced break-
down spectroscopy, LIBS) technology was used to detect fenthion in solution. The fenthion solution
was enriched with graphite. The LIBS spectra of samples were obtained by double channel high-pre-
cision spectrometer. The carbon spectral line(C [ 247.856 nm) was used as internal standard to
adjust spectral line of 210 =260 nm. Then, the competitive adaptive reweighted sampling ( Competi-
tive adaptive reweighted sampling, CARS) was used to screen important variable wavelengths which
related to fenthion. Finally, the least squares support vector machine ( Least squares support vector

machine, LSSVM) was used to establish the calibration model of fenthion, and the model was
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compared with the standard calibration model which established by the basic calibration method and
the internal standard method. The results show that the col-linear double pulse LIBS technique can
be used to detect the content of fenthion in solution. Optimum calibration model’s fitting degree R* of
basic calibration method is 0.935 04. The prediction relative error( Prediction relative error, PRE)
of prediction samples is 41.50% . While fitting degree R” of internal standarad method is 0.993 61 ,
and PRE of prediction samples is 14.91% . What’s more, fitting degree R” of internal standard and
CARS-LSSVM method is 0.998 6, and PRE of prediction samples is 8.06% . Comparing the three
types of calibration models, it can be found that the internal standard and CARS-LSSVM calibration
model has the best performance. The calibration model which established by internal standard meth-
od is second. And the calibration model which established by the basic calibration method is the
worst. It can be seen that the CARS method can effectively screen the important variables which
related to fenthion. Internal standard method combined with CARS and LSSVM methods can improve

calibration model’s performance and improve the accuracy of predicting.

Key words: laser induced breakdown spectroscopy ; internal standard method; competitive adaptive reweighted sam-
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Fig.2  LIBS spectrum of samples with concentration of 30. 0
g/kg in 210 =260 nm
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SIS B T 2R AP AR R 2 | X R M3 AR AR AR 2
A s ) A T TR R 2 Fig.3 Single variate calibration curves of samples
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Tab. 1 Predicted results of samples in prediction set by single variate calibration models

P1213.618 nm P1214.91 nm P 1253.56 nm P 1255.325 nm
AV/
(g-kg) pv/ PRE/ Pv/ PRE/ pPv/ PRE/ PV/ PRE/
g Kg
(g-kg™) % (g-kg™) % (g-ke™) % (g-ke™") %
1.2 -0.65 154.10 -1.18 198.12 -0.08 106.29 -0.04 103.38
2.6 2.76 6.02 2.92 12.30 2.69 3.55 2.80 7.46
3.0 1.57 47.73 0.53 82.48 1.54 48.55 1.50 49.87
10.0 11.31 13.12 12.02 20.25 10.76 7.59 10.50 5.01
Average 55.24 Average 78.29 Average 41.49 Average 41.43

AV :actual value; PV :predicted value; PRE; prediction relative error.

N XFHGIR 3 B 4 DL 1 362 Al INFRE R
SeARA T C TR AR A RARAE, T BOREHIATE LT PRE B0 T LA i b

247.856 nm WM S HEH 1 ik 4 5 P OC# 0107

PRLMAR, LR IE £ 0 PG R A0SR, It i 0.8

£ € 1247.856 nm 3Ly 4 5k P OCRIELN T, :
¥ P/C ARSI O (S R O BB A 2 00

R TIE  HESL SEARBR (T SCRIAR : AR AE bR o

B AN 4 BT, I 4 WAL 4 = o

PRI )3 E BER 43591 0 0. 968 94,0.958 13, L

- . . 0'7A| 1 |
0.993 61,0.993 26, M RH] Li& bR EbRfs o 5 1520 2530

XU SR AT, JEEE R 2, 1% 2 otk
FIALXEF LR 4 4SRRI KA G . P1214.91 nm,y = 0. 0203x + 174. 12, B> = 0. 958 13;
M9 ¥9 PRE 53 3% 17. 4% .27. 51% . 14. 91% P 1253.56 nm:y =0. 091x + 522. 35,’R2 =0. 993 61;
19. 85% ARAEAEARELRL UL 75 B2 S NG it ) d: P1255.325 nm,y =0.0512x +427. 69, K> =0. 993 26.
PRE 228, P 1253. 56 nm JEECHENL I bR bt B4 LG R PRI B i R
HIPERERAL . Fig.4 Calibration curves of P with C as internal standard
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Tab.2 Predicted results of samples in prediction set by single variate calibration models with C internal standard

P1213.618 nm P1214.91 nm P 1253.56 nm P 1255.325 nm
(g Al\:;l ) PV/ PRE/ pPv/ PRE/ PVv/ PRE/ PV PRE/
(g-kg™) % (g-kg™) % (g-kg™) % (g-kg™) %
1.2 0.64 46. 60 0.29 76.13 0.99 17.36 1.16 3.32
2.6 2.44 6.23 2.27 12.52 2.07 20.37 1.70 34.88
3.0 3.42 14.02 2.46 17.85 2.80 6.63 2.70 9.97
10.0 10.27 2.74 10.35 3.54 8.47 15.28 6.88 31.22
Average 17.40 Average 27.51 Average 14.91 Average 19.85
AV :actual value; PV predicted value; PRE:prediction relative error.
R AT O BRI TT LA B LIBS XHA R A £ 1000
Wt A T M 52 s\
3.4 WIRESAA CARS TRt iz o -
RS, B RAGIMARE,E 5 bt
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BRI SE RMSECV 4 F T+, MES(e)
FTLLE W, < ox 7 6 47 B S RMSECV {H i
/N B39 YCRAE, ARYE RMSECV fie/NE | e

K16 CARS Jyikik#emy e A

Fig.6  Distribution of selected variables by

CARS method
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Fig.7  Predicted results of calibration samples by internal
standard and CARS-LSSVM model
£ 3 MHR-CARS-LSSVM 7E #r 45 B 3 75 Il 2 4 & B T
MEER
Tab.3  Predicted results of prediction samples by internal
standard and CARS-LSSVM calibration model
AV/(g-kg™") PV/(g-kg™") PRE/%
1.2 1.43 18.89
2.6 2.55 2.08
3.0 2.98 0.54
10.0 8.93 10.73
Average 8.06

AV :actual value; PV :predicted value ; PRE ; prediction relative error.

2 % X #.

12 3 AT 4 AP ERE S ) PRE 2300104 18.89% |
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