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Experimental teaching design of instrument analysis for under-
graduate study: detection of bifenthrin pesticide residues in
tea by response surface methodology-optimized QuEChERS

combined with gas chromatography-mass spectrometry
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Abstract: This paper designs an experimental scheme to meet the undergraduate experimental
teaching requirements of the Pharmaceutical Engineering major. The content focuses on the detection
of bifenthrin pesticide residue in tea by QUEChERS-GC-MS. The experimental contents include
sample pretreatment, single-factor screening and response surface methodology optimization of
QuEChERS experimental conditions, establishment of a GC-MS analysis method, determination of
bifenthrin pesticide residues in tea samples, and experimental data processing. It aims to cultivate
students’ ability to comprehensively apply modern analytical techniques to solve practical problems.
Through this experiment, students can master the basic principles and operational skills of GC-MS
instruments and equipment, and understand the complete process of pesticide residue analysis in
real samples, and recognize the importance of sample pretreatment for the analysis of trace
components in complex systems. Under the QUEChERS experimental conditions screened in the
single-factor experiment, the recovery rate of bifenthrin in the tea samples was 85.9%. Under the
QuEChERS experimental conditions optimized by the response surface methodology, the recovery

rate of bifenthrin in tea samples can reach 90.33%. Among the 38 tea samples, bifenthrin was
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detected in 12 samples, with the maximum detected value of 0.911 mg/kg. None of them exceeded

the maximum residue limit of bifenthrin in tea stipulated in the National Food Safety Standard GB

2763-2021. This teaching design involves learning relevant content before the experiment, training

operational skills during the experiment, and conducting data analysis after the experiment. It can

not only stimulate students’ interest in learning, but also cultivate their rigorous scientific thinking.

It enables students to proactively face problems, actively analyze them and try to solve them

throughout the entire learning process.

Keywords: instrumental analysis experiment; sample pretreatment; gas chromatography-mass

spectrometry (GC-MS) ; bifenthrin; pesticide residue; experimental teaching
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Fig. 1 Effects of the dosages of anhydrous MgSO,, PSA and C18 on the recovery of bifenthrin
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Table 1 Factors and levels of the Box-Behnken test design

Level

A(m(MgSO,))/mg B(m(PSA))/mg C(m(C18))/mg

-1
0
1

200
250
300

80
100
120

40
50
60

F2 MEEZITRELER

Table 2 Response surface design and test results

Trial A B C Recovery/%
1 300 80 50 85.2
2 250 100 50 85.9
3 200 100 60 75.9
4 200 100 40 72.3
5 300 100 40 82.5
6 250 100 50 85.9
7 250 120 40 65.3
8 250 100 50 85.9
9 200 120 50 80.5
10 300 100 60 83.5
11 250 100 50 85.9
12 250 120 60 71.7
13 200 80 50 78.3
14 300 120 50 81.4
15 250 100 50 85.8
16 250 80 40 75.3
17 250 80 60 82.1
a

Recovery / %

Fig. 2
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(a) 3D surface plot and (b) contour plot of the effect of the interaction between anhydrous MgSO, dosage and PSA

dosage on the recovery of permethrin
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Recovery / %

m(C18) / mg

120

80 90 100 110 120
m(PSA) /mg

m(C18)/mg 45 90 m(PSA)/mg
40 80

El4 PSAREMCAENZEMEAMBKEHELREZMIMMN (a) ZLBEEM(b) EFHLE
(a) 3D surface plot and (b) contour plot of the effect of the interaction between PSA dosage and C18 dosage on the
recovery of permethrin

Fig. 4
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FI) B A 4G T 1) [T 050 3R R 94.6%~105.3% , AH X b 1
#(RSD)H 1.3%~2.6%.
23 ZEREROH

ARG B E T 38 AR &R BT
12 3 FF SR S R 2R 4G T L R 3 P, G Rk
31.6%, fic KA HE R 0.911 mg/kg, ¥ oK # £ §h %
4 [E ZEARME GB 2763-2021 HLGE A% M- v 1K 25 44 Tk i
K5 B (5 mg/kg) .
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Table 3 Test results of commercial tea samples

Sample Detection value/(mg/kg)
Sample 3 0.085
Sample 7 0.267
Sample 9 0.173
Sample 11 0.059
Sample 12 0.019
Sample 15 0.022
Sample 18 0.487
Sample 21 0911
Sample 25 0.386
Sample 28 0.008
Sample 29 0.635
Sample 34 0.195
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Table 4 Arrangement of teaching content for the instrumental analysis experiment

Stage Content Class hour/h
Study relevant theories and literature residual pesticides in medicinal and food materials 8
separation and analysis methods for residual pesticides 8
sample pretreatment techniques and principles 12
optimization method of experimental conditions 4
learn the Design Expert software 8
GC separation theory and MS analysis theory 8
GC-MS operation practice 16
experimental scheme design 16
Master operational skills prepare various solutions 8
preparation of tea samples and blank samples 16
single-factor experiment of QUEChERS extraction 8
response surface optimization series tests 16
experimental conditions for GC and MS 8
method for the determination of bifenthrin by GC-MS 8
determination of real samples 16
Sort out the data and write the experimental report analysis of single-factor extraction conditions 4
optimization of the response surface of extraction conditions 12
establishment of the GC-MS method 4
analysis of tea samples 8

write a comprehensive experimental report 12
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