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Abstract: Undergraduate experimental courses are a key way to cultivate students’ scientific
research practice and innovation abilities. The traditional experimental teaching mode of “em-
phasizing process and neglecting inquiry” limits the development of students’ scientific research
thinking and innovation ability. Especially in the field of analytical chemistry, technical teaching
involving techniques such as GC-MS is limited to confirmatory experiments, which is difficult to
meet practical needs. In this paper, a comprehensive experimental teaching scheme integrating

method development and problem exploration is constructed based on the development of detection

Yo #s H 89 :2025-04-18
* @15 BX & A .E-mail:zheng_wei@nwafu.edu.cn.
E®WE :[FEKARBA LI (42007093) 5 B g 45+ DU 10" 20H B2 MU 5T H (SGH24Y2909) ; PY LA MR B K 25 H F #0
B RS H (JY2303063).
Foundation item: National Natural Science Foundation of China (No. 42007093 ) ; Shaanxi Province’s 14th Five-Year Edu-
cation Science Planning Project (No. SGH24Y2909) ; Northwest A&F University Education and Teaching
Reform Research Project (No. JY2303063).



- 606 - @ -I/jE'ﬁ

methods for pyrimidine fungicides in soil. It covers four links: method establishment, technology
optimization, data analysis and extended verification. The teaching method of group cooperation
and personal display is adopted to guide students to optimize the relevant parameters of QUEChERS-
GC-MS method and encourage them to independently discover and solve problems independently.
The results showed that 1% acetic acid acetonitrile (20 mL) was the optimal extraction solvent; 500
mg PSA+500 mg C18+500 mg GCB+1.2 g MgSO, was the best purification combination; the linear
range of the three fungicides was 0.05-2.0 mg/L, the correlation coefficient was =0.995, the LOD
was<0.05 mg/kg and the LOQ was <0.167 mg/kg, which was suitable for trace detection. Teaching
practice shows that the scheme improves students’ learning initiative and classroom interaction,
enhances the quality of experimental reports, lays a foundation for subsequent scientific research
experiments, and has important promotion value for the experimental teaching reform of related
majors in colleges and universities.

Keywords: scientific research ability training; experimental teaching reform; detection of pesti-
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cide residues; QUEChERS; gas chromatography-mass spectrometry
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Table 1 MS parameters of the three pyrimidine fungicides

Retention Quantitative  Qualitative Collision
Compound | . A A

time/min  ion (m/z) ions (m/z)  energy/eV
Pyrimethanil 10.56 198.1 157.6, 117.9 30
Cyprodinil 14.44 224.1 196.9, 208.0 20
Ferimzone 15.30 344.1 156.0, 171.9 34
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Fig.1 Total ion current chromatogram of the three py-

rimidine fungicides
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Table 2 Specific dosages of different ratios of purifying

agents
Type PSA/mg C18/mg GCB/mg MgSO0,/g
A 300 300 50 1.2
B 500 500 500 1.2
C 100 100 0 1.2
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Table 3 Linear equations, correlation coefficients (R*), linear ranges, LODs and LOQs of the three pyrimidine fungicides

Germicide Linear equation Linear range/(mg/L) LOD/(mg/kg) LOQ/(mg/kg)
Pyrimethanil y=l.854><1059€—1.118><104 0.995 0.05-2.0 0.050 0.167

Cyprodinil y=1.252x10°r-8.078x10° 0.997 0.05-2.0 0.005 0.017

Ferimzone y=1.080x10"r—1.149x10° 0.998 0.05-2.0 0.010 0.033

y: peak area; x: mass concentration, mg/L.
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Table 4 Experimental theory and expected objectives

Theoretical teaching Training content

Training objectives

Equipment operation
Method exploration
Experimental design

Result output

principles of GC-MS and scanning mode setting
comparative experiment of extraction solvents
optimization of purification effect

writing experimental reports in standard format

specifications for precision instrument operation
ability in variable control and comparative data analysis
application of experimental design methods

skills in scientific paper writing and chart presentation
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Table 5 Specific division of labor within the group members

Group Member Extraction agent type Extraction agent dosage/mL  Purification agent type = Sample serial number

Group 1 1 acetone 10 A 1
2 acetone 10 B 2
3 acetone 10 C 3
4 acetone 20 A 4
5 acetone 20 B 5
6 acetone 20 C 6
7 acetone 30 A 7
8 acetone 30 B 8
9 acetone 30 C 9

Group 2 1 acetonitrile 10 A 10
2 acetonitrile 10 B 11
3 acetonitrile 10 C 12
4 acetonitrile 20 A 13
5 acetonitrile 20 B 14
6 acetonitrile 20 C 15
7 acetonitrile 30 A 16
8 acetonitrile 30 B 17
9 acetonitrile 30 C 18

Group 3 1 1% acetic acid acetonitrile 10 A 19
2 1% acetic acid acetonitrile 10 B 20
3 1% acetic acid acetonitrile 10 C 21
4 1% acetic acid acetonitrile 20 A 22
5 1% acetic acid acetonitrile 20 B 23
6 1% acetic acid acetonitrile 20 C 24
7 1% acetic acid acetonitrile 30 A 25
8 1% acetic acid acetonitrile 30 B 26
9 1% acetic acid acetonitrile 30 C 27

A: 300 mg PSA+300 mg C18+50 mg GCB+1.2 g MgSO,; B: 500 mg PSA+500 mg C18+500 mg GCB+1.2 g MgSO,; C: 100 mg PSA+100

mg C18+1.2 g MgSO,.
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