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Fig. 1 Raman spectra of phosmet powder(a), Raman spectra

of chlorpyrifos powder (b), Raman spectra of mixing

pesticide soulution 5, 10, 20 mg + L™'
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Fig. 2 Raman spectra of chlorpyrifos powder (a) and

SERS spectra of chlorpyrifos solutions (b)

2000

Intensity

— ot
I=H {
23

A

500 1000 1500
Wave number/cm™

B3 TEREBRNRHNNENRE()E
IV i i % 74 & B9 SERS 3% (b)
Fig. 3 Raman spectra of phosmet powder (a) and

SERS spectra of phosmet solution (b)
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Table 1 Band assignments of major peak in Raman spectra
acquired from mixture of pesticides
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Fig. 4 Average SERS spectra of orange

skin mixing peticide solution
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Table 2 Comparison results developed by PLS

with different preprocessing methods

Calibration set Prediction set

Pretreatment

method PC Re RMSE? Re RMSF{
/(mg+ L1 /(mg+ L")

Origin 3 0.871 2. 844 0. 801 3. 642
Baseline 5 0.923 2.214 0.917 3.602
smoothing 3 0.871 2. 844 0. 801 3. 637
First derivative 3 0.958 1. 645 0.912 3.601
Second derivative 3 0.957 1.674 0.902 4.105
MSC 6 0.947 1.852 0.916 4.173

®3 TREIELEEEMN PLSERER
Table 3 Comparison results developed by PLS

with different spectral ranges

Calibration set Prediction set

Spectral .
ion/em—! PC RMSEC RMSEP
region/cm Re ’ .
/(mg+ L™ /(mg+ L")
200~2 090 3 0.958 1. 645 0.912 3,601
200~620
830~2 090 40,966 1.490  0.909  3.386
410~620
0. 1. 747 0. .85
1 040~2 090 5 0.953 74 0.846  3.854
200~410
? D 5
620~2 300 4 0.977 1.226 0. 893 3.552
200~620
1 040~1 250 3 0.958 1. 642 0.934 3.413
1460~2 090
200~620
830~1 040 4 0.975 1.282 0. 909 3,338

1250~2 300

2.4 RAERBAKERIENESIRTAN

R T4 FIL 7 35 B4 0 P R I B L R £, B B — B
BOBAL B 5 eI B RGE F 200~620, 830~1 040 Al
1250~2 300 em™" o i T HLEAS [ Bk X At 255 SR 1) S
A B ATE A PLS Al PCR 53k, 2 B IR G R 2558
TP, TR R A R R R A AL AR AR S WU AR, Hop
KIESR AN E LB 24 DFES . TR N TIARH 7 AFE .
X FU I P A L Y TION 45 R, 25 RNk 4 R .



126 S I 5 38 %

F4 OBREMEENILR BT R A AR He POR B0k 15 51 19 45 SR e 4
Table 4 Modeling comparison results H.of, R,=0.909, RMSEP=3.338 mg « L', 7535 it #% %Y
Modeling RMSEC X RMSEP S T 5 508 58 0 TOUOM SR S o 44 0 1 T I 5 5 B A o0
algorithm - /(mg-L°H /Cmg + L) X, I 5. mIE A, SERS $ A 14 i i 45 4 7 LA
PLS 0. 975 1. 282 0. 909 3.338 T ST TR A A 2 0 5 AT . LA G IR
PR o%r 500 080 5708 E B\ 2 AR BT B ARG T R S TR A
" AC 2 9 53 BRI R il S AR AT PO AR
o Wy PN
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2 YRIT T SERS $5 AR FE K 5L 3 5 IR A4 245 K ) s 73 F 1
< 6 AT ATRE . B S A T A S AR 2 S R K T A
2 4] 18 3 B RE IO TR A A 20 BV R 40 R T e o
& o IR BB 10 45 F W HE IR T 985 1T LA 43 E 1 1 4 25 1 77
0- 76, W T SERS # AR BT L TR ARG EWHOH. &
24 " J o A AR ) 0 T Ak B8 7 9 5 9F 5 0 4/ — 3 (PLS) f R
2 4 6 8 10 12 14 16 18 20 A3 H (PCRO B W X WA B b AHZS & 0 64T T 063 50E 19
Actual value W B . B L T RS S B B TR A R 2 5k B I E T 4y
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Fig- 5 Optimal model predictions of VI 7 BB RS 7 e o AR SO K SRR 4 2 5k
mixing pesticide prediction set BT 35 Pl i 2 ORI T — 5 ROSR R . IEW] T SERS %A

AT SR A 2 5% B A ER ORI L A R S B AR R AR T I A
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Quantitative Detection of Mixing Pesticide Residues on Navel Orange
Based on Surface-Enhanced Raman Spectroscopy

LIU Yan-de, ZHANG Yu-xiang, WANG Hai-yang
Institute of Optics-Mechanics-Electronics Technology and Application, School of Mechatronics and Vehicle Engineering, East

China Jiaotong University, Nanchang 330013, China

Abstract Pesticide residue in agricultural and sideline products has become a social problem. In order to solve the problem of
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pesticide residue in fruit production, the rapid detection of mixing pesticide residues with navel orange as carrier was explored by
surface enhanced Raman spectroscopy (SERS). The organophosphorus pesticides phosmet and chlorpyrifos were the objects of
study because they were used more in the field of pest control. and gold colloid was prepared to get the SERS of the organophos-
phorus pesticides. The SERS spectra of the mixing pesticide samples were collected, and the characteristic peaks of the pesticides
could be used for qualitative analysis of the mixing pesticide. At the same time, the stoichiometric method could be used to estab-
lish the quantitative mathematical model of the mixing pesticide, and the combination of the optimal pretreatment method and the
wavenumber could be selected by comparing the modeling results of the Raman spectra. In the Raman spectrum range of 200~
2 300 cm ™', the partial least square (PLS) was used to build the model of the spectral data after the first derivatives data prepro-
cessing. The results of the combined regression model were better, and it showed that the correlation coefficient (Rp) was
0. 912, Root mean square error (RMSEP) was 3. 601 mg * L.”'. After spectral screening and comparison of the spectral results,
it was found that the best model of the spectra was established by the PLS in the range of 200~620, 830~1 040 and 1 250~
2 300 em ', The regression model had better effect, in which R, was 0. 909 and RMSEP was 3.338 mg « L '. It had shown

that the SERS technology could be used to qualitatively and quantitatively analyze the mixing pesticide residues on navel orange.

Keywords SERS; Pesticide residues; Blended pesticide; Quantitative analysis
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