2026 4F 9 J1 & % Vol.44 No.9
September 2026 Chinese Journal of Chromatography 1074~1081

BEHR DOI: 10.3724/SP.J.1123.2025.10020

MRFAHTBEEIWRIT - ELERFER-SREEBIE-
HEMTENERKPRERGKE

? }))é, j‘lj%ﬁjéy _—/x%\—/];\\/@\, }%%%, Eﬁﬁ, E /T?‘:, T ‘EA,
Bom, B
(BIF Rz b, s M AE R B Am b, REE 300071)

6 - O N [ 5K AR CE B R A BN A B IR B BERER 43 A S T PR R AE R S I A SR A RSB T A
FRT I X —CE B AR A E LUBUT R ) 0B R Al 2R AR AE AR IR B VR R AR 09 IR B, 8 50R R0
it TR S 8 3 R v T B (Y S BRI, AEBOMHE TR L 248 A R H T 7 2R DA A - ROR 0 1% 4 3 -4 IR AT AR o2
AR 55 T T SR i PR ek U R T 2R 2 A i, O R e SR T e T R T T RUE SR
TH B 35 B e S B o BT S5 S B R MR . % A R BT S IR DA A B S R R G R B SO R T R
M54 2] EERMBUHERE , B =T T BRROR 2 GRS

SRR 1 E TS 7E LR EUAH ZE I ; i OB 1 5 B AT AR s AR 5k A B

FESES:0658 X tRIZAG A

Self-designed experiment in instrumental analysis: online solid
phase extraction-high performance liquid chromatography-
post column derivatization for the determination of

trace pesticide residues in vegetables
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Abstract: In line with modern educational concepts and the demand for innovative talents, a course
focused on self-designed experiments has been incorporated into the traditional instrumental analysis
curriculum. This initiative aims to enhance students’ ability to apply knowledge effectively. While
mastering instrument operation, students are encouraged to anticipate potential challenges during
experiments. Under instructor guidance, students constructed an online system for solid-phase
extraction coupled with liquid chromatography and post-column derivatization with fluorescence
detection. They addressed real analytical needs such as improving sensitivity and precision,
minimizing interference, and conducting rapid analyses of trace carbamate pesticides in vegetable
samples. This self-designed liquid chromatography experiment course, tailored to students’ learning
characteristics and interests, successfully engages their initiative and fosters independent innovation

capabilities. As a result, it also improves teaching effectiveness and enhances learning efficiency.
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Fig.1 Online solid-phase extraction-high performance liquid chromatography-post-column derivatization-fluorescence de-

tection (SPE-HPLC-PCD-FLD) system

A,: sample; B,: 10% methanol aqueous solution; A,: 60% methanol aqueous solution; B,: methanol; RT: room temperature; OPA: o-

phthaldialdehyde derivatization solution.
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Table 1 SPE-HPLC-PCD-FLD program and valve switching schedule

Pump 1 Pump 2
Stage Sample time/min Elution time/min Valve state
o(A /% o(B)/% o(A,)/% ©(B,)/%
Balance 0 0 100 100 0 load
3.0 0 100 100 0 load
Sample loading 3.1 100 0 100 0 load
13.0 100 0 100 0 load
Washing 13.1 0 100 100 0 load
14.0 0 100 100 0 load
Elution & detection 0 0 0 100 0 inject
0 0 8.0 100 0 inject
0 0 12.0 25 75 inject
0 0 24.0 25 75 inject
0 0 25.0 100 0 inject
(0]
R' )J\ CH; OH- !
\o N~ R + CH3NH, 4+ CO5*
H A OH
9 R
CH
OH" =
@[ + CH)NH, + HS-R ——mm _ N-CH;
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00 o e

Carbaryl
& 2

3-Hydroxycarbofuran
TERE

Methomyl

Fig. 2 Principle of derivatization
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Fig.3 Effect of pH in the sample solution on adsorption B5 fTERRBKBRENREMNITEEENEM (n=3)

performance (n=3)
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Fig. 4 Effect of eluent type on elution performance (n=3)
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Fig. 5 Effect of the flow rate of the derivatization solu-
tion and the hydrolysate on the derivatization per-
formance (n=3)
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Fig. 6 Effect of hydrolysis temperature on derivatization

performance (n=3)
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FR2 IWEBRITONEEFE BXRZH. LEEE LHR.EZMR.H KN RSD(n=5)f1H & RSD(n=5)

Table 2 Linear equations, correlation coefficients (R?), linear
RSDs (n=5) of the three target compounds

ranges, LODs, LOQs, intra-day RSDs (n=5) and inter-day

RSDs/% (n=5)

Compound Linear equation R? Linear range/(ug/L)  LOD/(pg/L) LOQ/(pg/L)
Intra-day  Inter-day
Methomyl y=4.9x-1.11 0.9979 2.0-400 0.20 0.69 2.2 3.5
3-Hydroxycarbofuran y=10.92-0.19 0.9692 1.0-200 0.10 0.34 2.1 3.6
Carbaryl y=21.720-1.07 0.9997 0.5-100 0.05 0.15 2.3 4.0

y: peak area of the target compound; x: mass concentration, pwg/L.

MR WA 1 RNCEATIE 5 W RATHE B N A X AR
i 22 (RSD) 5 45 >R i I 1% 220 € 5 R LLTHHR

F3 IMERERPIEFRBEMNMEERE (n=5)
Table 3 Spiked recoveries of carbamate in three real
samples (n=5)

H M\ RSD. #5% W/, 43 H N RSD<2.3%, H [A]

Content/ Spiked/ Recov-

R Sample Analyte 0 RSD/%
RSD<4.0%, % Bl i% SPE-HPLC-PCD-FLD %% B (ng/l) (ng/g)  ery/%
Eﬁ%ﬂ,ﬁ?ﬁ%ﬂ\ﬁ Cabbage methomyl ND 40 88.2 2.5

YJH I, o
200 92.1 3.4
=h I ¥ O mh S
2.6 LERERBNE Shydroxy.  ND 40 - 20
%Fﬁ@zﬁ@i@ﬁ%:}: 3 ﬁxﬁﬁiﬁﬁtpp{ carbofuran 200 96.0 3.1
Z W 3-FR 3 v BB ZE AR . TR R A A carbaryl ND 40 87.9 2.9
B TURE A SRR v 28 R A TN 1) 2K 22 ek L 3-8 3 200 91.3 3.5
AN NG A = Tl i A N (il e S i 1 A | C“;“m‘ methomyl ND 40 89.8 1.9
er
W B, A0 BT 45 S U 3 T AR B SR A R A AR . o 2000 %0822
3-hydroxy- 40 88.9 2.8
2 IR 2% 4< 25 () 18 i %y 88.2%~96.0% (RSD W carbofuran o o e
1.9%~3.5%) o %5 Al W T L BR AR T K 28 carbary] ND 40 475 10
3-BRETT A P EERIE . Hd—A R 3R 200 92.2 2.8
m A K £ B 3-8 K vw A B L 2R BbR A (0.2 Celery methomyl ND 40 90.1 3.0
we/g) Hi i iy S A A i R G E 7 s . 200 95.5 3.4
3-hydroxy- ND 40 90.2 3.3
3 LHHALLHERHFERE carbofuran 200 94.3 2.8
S A ik 4 40 5 carbaryl ND 40 88.2 3.3
3.1 RWEERLE 200 93.0 3.5
R IF RS AT SC B 2R R L S APk A & ND: not detected.
BT LI FLE A Ze2m TR, R S5 T [
AT R G AL W HCF TN TR S S i 3
B A E MK /N A IR 10 NEAB A E
Wit SE8 /N, I HEE 1 ZH K, B 5 6 5= Lk
PR AR PR AL 14 B ALER B — T, B i o IR A 5 3
E W EM R M . WAL, FON R SR Tg
=
HPLC ) 4 7% 5B, Ty Bl 0 A 2% 9 90 7 6 46 B E :
e A R S, UM S A B 3k b
BRI T BRI IR AR, BB AE TN E
AL 4 T 1) 00 e e 1) o 5 A S | - :
TE B AR ST 2 A SR AR 24 5k B AG I X — 2 T I = % = =
I o5 g TE = N T R VA 8 s 7 | RS B S ] #/min
] K 26 B0 5 5 A 2 Ak BB 0 AL 5 5 R K B7 HE%(a)ZERSE(D)MiF0.2 pg/e) KRN EEE

GpyicitiE . WG EH KA LUT KK SE UG
SRR i B O 5 0 HE AR 25 R RO 1 4 LSRR R SR

Fig.7 Chromatograms of (a) a blank cabbage sample and
(b) a spiked (0.2 pg/g) cabbage sample
1. methomyl; 2. 3-hydroxycarbofuran; 3. carbaryl.
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