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Abstract: In analytical chemistry, separation and enrichment steps serve not only as critical stages
in the analytical workflow, but also as core technologies that determine the accuracy, reliability,

and applicability of analytical methods. However, in conventional experimental instruction, this step
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is frequently overlooked owing to time constraints and an overemphasis on instrumental techniques,
leading to fragmented knowledge structures and hindering the development of integrated analytical
thinking that connects theory with practice. To address this issue, this study, based on the
“knowledge-ability-practice” three-dimensional integrated teaching objective, innovatively establishes
a “positive-negative case-based teaching” model, using the solid-phase microextraction (SPME )
of six nitrogen-containing pesticides from environmental water samples as the instructional case.
By comparing fibers coated with non-polar polydimethylsiloxane (PDMS) and strongly polar
polyacrylate (PA), and employing high performance liquid chromatography with ultraviolet detection
(HPLC-UV), this study systematically investigates the matching relationship between analyte polarity
and coating properties. In the positive case, the PDMS coating demonstrates superior extraction
performance for weakly polar pesticides based on the “like dissolves like” principle, with a linear
coefficient of determination R*>0.993 7 and detection limits ranging from 0.019 to 0.17 wg/L. In
contrast, in the negative case, the PA coating shows weaker extraction efficiency due to differences
in the extraction mechanism, yielding detection limits between 0.066 to 1.069 p.g/L. Based on spiked
recovery tests conducted on actual river water samples from Lanzhou (recoveries: 81.5% to 117%) ,
a multi-dimensional evaluation system of “knowledge internalization, competency enhancement,
and practical literacy” is established accordingly. Teaching feedback demonstrates that the students
show a marked improvement in their understanding of the core principles, and their innovative
thinking and problem-solving skills are effectively cultivated. The “contrasting-case-based” peda-
gogical approach effectively bridges theory and experiment while stimulating students’ investigative
thinking. The study provides a replicable and scalable practical model for the reform of analytical
chemistry experimental teaching, which holds significant value in cultivating high-caliber talents with
rational method selection and problem-solving abilities.

Keywords: sample pretreatment; solid-phase microextraction (SPME) ; teaching practice;

positive-negative case-based teaching; nitrogen-containing pesticides
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Table 1 Relevant properties of the six nitrogen-containing pesticides

Classification Chemical Structure CAS No. M, Polarity
Fungicide chlorothalonil a 7 1897-45-6 265.9 intermediate
(P B -
Cl Cl
Fungicide tebuconazole 107534-96-3 307.8 intermediate
OLmeR) FN%CI
N\7N
Caricide chlorpyrifos N a 2921-88-2 350.6 weak
(BEFEML) /\g?ﬁ’o i
S
Ny a
Cl
Herbicide butralin e 33629-47-9 295.3 weak
(T R) HiC
HyC NH CH;
H;C
N-OH
e
Insecticide deltamethrin G 0 CN 52918-63-5 505.2 weak
(A P Aoy
g 0
Acaricide pyridaben HC N 96489-71-3 364.9 weak

H N
(i ) S A I
o Cl iy
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Fig. 1 (a) polydimethylsiloxane (PDMS) fiber and SPME

holder, (b) polyacrylate (PA) fiber and SPME

holder, (¢c) SEM image of PDMS fiber, (d) SEM im-

age of PA fiber
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Table 2 Analytical parameters of the proposed SPME-HPLC-UV method (n=5)

Analyte Type of fiber Linear range/ 5 Precisions (RSDs/%) Fibe?rit?-fiber LOD/ LOQ/
(pg/L) Intra-day  Inter-day reproducibility (RSD/%) (pg/L) (pg/L)

Chlorothalonil PDMS 0.06-200 0.9991 3.45 4.27 5.87 0.019 0.057
PA 0.30-200 0.9985 4.16 6.40 7.60 0.066 0.220

Tebuconazole PDMS 0.20-200 0.9945 1.94 5.13 6.22 0.045 0.132
PA 0.80-200 0.9979 4.76 7.44 6.70 0.229 0.763

Chlorpyrifos PDMS 0.10-200 0.9937 3.14 8.31 7.70 0.032 0.096
PA 0.70-200 0.9911 5.71 7.95 8.40 0.205 0.684

Butralin PDMS 0.30-200 0.9986 2.51 4.67 7.54 0.075 0.225
PA 0.40-200 0.9849 5.47 6.75 8.34 0.098 0.326

Deltamethrin PDMS 0.60-200 0.9939 4.43 6.44 7.75 0.170 0.510
PA 3.60-200 0.9931 4.32 5.27 9.10 1.069 3.565

Pyridaben PDMS 0.20-200 0.9949 1.63 4.07 6.05 0.061 0.183
PA 1.10-200 0.9985 2.60 5.70 6.70 0.315 1.052
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Table 3 Analytical results of the six nitrogen-containing pesticides in different real water samples (n=3)

Type of  Original/ Spiked with 10.0 pg/L Spiked with 20.0 pg/L
Sample Analyte i
fiber (pg/L)  Detected/(pg/L) Recovery/% RSD/%  Detected/(pg/L) Recovery/% RSD/%
The upper chlorothalonil ~PDMS ND 10.8 81.5 5.65 20.5 102 5.69
reaches of PA ND 8.96 89.7 3.98 17.5 87.5 5.51
rver tebuconazole PDMS 2.66 10.7 81.5 7.79 19.8 99.1 5.11
PA ND 11.3 113 3.64 27.2 82.2 3.37
chlorpyrifos PDMS 3.43 14.4 109 2.63 23.7 101 1.67
PA ND 9.81 98.1 5.62 21.6 108 4.45
butralin PDMS 3.51 13.1 96.7 2.19 23.9 102 1.09
PA ND 9.81 98.1 5.62 21.6 108 4.45
deltamethrin PDMS ND 9.34 93.4 8.65 20.4 87.1 6.54
PA ND 8.74 87.4 7.98 19.2 96.2 8.21
pyridaben PDMS ND 11.0 110 2.52 19.5 97.3 2.80
PA ND 9.70 97.0 5.43 222 111 6.45
The chlorothalonil ~ PDMS ND 10.2 102 1.94 23.9 109 2.35
middle PA ND 8.39 83.9 4.98 18.6 93.0 5.72
reaches of
river tebuconazole  PDMS ND 8.15 81.5 4.92 21.8 108 2.24
PA ND 9.98 99.8 2.34 18.2 90.8 3.79
chlorpyrifos PDMS ND 10.3 101 8.06 20.3 102 5.13
PA ND 10.4 104 5.76 20.1 101 3.74
butralin PDMS ND 11.7 117 5.84 22.4 112 6.43
PA ND 8.94 89.5 3.74 20.2 101 3.89
deltamethrin PDMS ND 105 105 6.63 21.4 107 8.02
PA ND 9.34 93.4 4.76 19.4 97.0 2.32
pyridaben PDMS ND 10.7 107 4.46 21.7 108 6.93
PA ND 9.16 91.6 5.69 213 106 1.92
The lower chlorothalonil ~PDMS ND 9.15 91.5 4.50 20.8 104 2.48
reaches of PA ND 9.78 97.5 6.61 17.8 89.1 5.05
rver tebuconazole PDMS ND 11.5 115 4.35 20.3 101 2.99
PA ND 8.58 85.8 7.98 19.3 96.4 2.49
chlorpyrifos PDMS ND 10.9 109 6.01 19.5 93.5 3.58
PA ND 10.0 100 2.55 18.3 91.4 2.19
butralin PDMS ND 10.4 104 5.27 19.3 96.5 4.83
PA ND 8.98 89.8 3.65 19.8 98.9 2.65
deltamethrin PDMS ND 9.23 923 5.45 19.5 97.7 291
PA ND 10.3 103 6.83 18.8 94.1 3.46
pyridaben PDMS ND 11.5 115 3.90 20.4 102 3.71
PA ND 9.86 98.6 7.11 19.1 95.8 7.52

ND: not detected or lower than LODs.
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Fig. 2 SPME-HPLC chromatograms of (a) PDMS and (b) PA fibers
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