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Determination and quantitative analysis of pesticide residues in tea leachate by

surface enhanced raman spectroscopy

XU Limei" " LAI Guoyin® KANG Huaizhi’ (1. Department of Science and Technology for Inspection Xiamen
Hua Xia University Xiamen 361024 ;2. Technical Center of Xiamen Entry-xit Inspection and Quarantine
Bureau Xiamen 361026; 3. Pen-Tung Sah Institute of Micro-Nano Science and Technology Xiamen
University Xiamen 361005)

Abstract: Methyl-parathion and thiophosphate were selected as research objects the traditional QuEChERS
(Quick Easy Cheap Effective Rugged and Safe) method was reformed and gold nanoparticles were
prepared as the reinforcing substrate. Surface Enhanced Raman spectroscopy (SERS) technology was used to
detect pesticide residues in tea leaching liquid and qualitative analysis was carried out by comparing the Raman
characteristic peaks of the two organophosphorus pesticides. At the same time first-order differential analysis
was performed on characteristic peak spectral data of 570 1034 1107 and 1202 em™' and Partial Least
Squares Regression (PLSR) was used to establish regression equations for predicting pesticide residue in
samples. The prediction results were compared with those obtained by gas chromatography-mass spectrometry
(GC-MS) to verify the feasibility and reliability of this method. Experimental results showed that the detection
limit of the two kinds of organophosphorus pesticide could be down to 0. 05 mg/L. Partial least squares regression
(PLSR) models were further employed to correlate SERS signals of extracts with the logarithm concentrations of
either pesticide for quantitative analysis which displayed a certain linear relationship. The coefficients of
determination (R*) with PLSR models were between 0.9077 and 0. 9824 for pesticides residues on tea. The
predicted Root Mean Squared Error of Prediction (RMSEP) ranged from 0. 77% to 2. 68% . The predicted value
obtained by using regression equation was basically close to the detection result of GC-MS the relative error
ranged from —5.16% to 9.03% and the recoveries were from 81.4% to 115.1% indicating that SERS
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technology could be used for qualitative and preliminary quantitative analysis of organophosphorus pesticide

residues in tea.

Keywords: surface enhanced Raman spectroscopy; pesticide residues; quantitative analysis; partial least

squares regression; QuEChERS
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Fig. 1 SEM image (a) and particle size distribution ( b) of gold nanoparticles
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Fig. 2 Surface enhanced Raman spectra of two Kkinds of pesticide standard solutions with concentration of 1.0 mg/L

methyl-parathion( A) and isocarbophos ( B)
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1
Table 1 Band assignments for major peaks of surface enhanced Raman spectra of

parathion-methyl and isocarbophos

Raman shift

Pesticedes N Assignment
/em
Methyl — parathion 573 #(P=S)
740 Benzene ring breathing; a(P - 0)
854 5(C-0C)
1034 O - position substitution of benzene ring
1107 #(C-C);0(P-0-0C)
1321 i(C-H -CH;)
1524 i(C-H -CH,)
Isocarbophos 569 #(P=S)
736 Benzene ring breathing
1106 #(P-0-C) a(N-H)
1206 P - position substitution of benzene ring
1321 i(C-H -CH;)
1525 i(C-H -CH,)

2
Table 2 Linear relationship between the concentrations of parathion-methyl and isocarbophos solutions and the

corresponding intensities of each of the primary characteristic peaks in the SERS spectra

Pesticides Peaks/cm ™' Linear function Ri RMSEP /%
Methyl — parathion 570 y=739.84x +8427.2  0.9284 1. 49
740 y =1508.3x +9721.2  0.9077 4. 009
1034 y =2034. 5x + 16981 0.9195 2.59
1107 y =1134. 4x + 12452 0.9663 0.77
Isocarbophos 567 y =814. 33x + 95807 0. 9185 2.06
736 y =1765. 8x + 10557 0. 9386 1.93
1106 y =1591. 6x + 18009 0. 9824 1.19
1202 y=739.84x +8427.2  0.9484 2.68
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Fig. 3 SERS spectra of different concentrations pesticide of parathion-methyl ( A) and isocarbophos ( B) mixed with the
optimal gold nanoparticles
a—1:0.05 0.2 1.0 2.0 5.0 and 10.0 mg/L
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Fig. 4 SERS spectra of methyl-parathion( A) and isocarbophos ( B) by extracting solution mixed with the optimal
gold nanoparticles

a— blank sample b - d: three samples of tea containing different pesticide residues
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Table 3 Comparison of the results of SERS and GC-MS

Recovery/%
Pesticides Samples GC - MS/(mg/L) PLSR/(mg/L) Er/%
SERS GC -MS

Methyl - parathion a 3.742 3.905 4.86 90.4 92.3

b 5.176 5.562 7.46 104.2 93.2

c 10.523 11.473 9.03 86.7 101.1

Isocarbophos a 2.614 2.502 -4.28 115.1 90.6

5.073 4.811 -5.16 81.4 91.0

c 9.882 10.375 4.99 84.6 92.3

3 0.77% ~2.68% -
QuEChERS
o GC-MS
-5.16% ~9.03% 81.4% ~
115. 1% SERS
0.05 mg/Lo

(PLSR)

0.9077 ~0. 9824
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