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Determination of 3 chiral fungicide pesticide residues in Pu-erh tea by multi-
walled carbon nanotubes/primary secondary amine mixed adsorption-ultra
performance liquid chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for the determination of the enantiomers of 3 kinds of chiral
pesticides (triadimefon, benalaxyl, propiconazole) in Pu-erh raw tea and ripe tea by ultra performance liquid
chromatography-tandem mass spectrometry (UPLC-MS/MS) with chiral column. Methods The sample was
extracted with acetonitrile, then purified with aminated multi-walled carbon nanotubes and primary secondary amine.

After separated with a Chiralpak-IG chiral column, the extract was detected by UPLC-MS/MS and quantified by
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matrix external standard method. Results The 3 kinds of racemates of pesticides showed a good linear relationship

in the range of 0.005 to 1.0 mg/L, the limit of quantification was 0.005-0.01 mg/kg. The recoveries at the single

enantiomeric content of 3 spiked levels of 0.1, 0.01, 0.0025 mg/kg were in the range of 70.1%-110.6%with relative

standard deviations (n=6) of 1.2%-13.5%. Conclusion This method is accurate, simple and sensitive, and can meet

the requirements for the detection of 3 kinds of enantiomeric residues of chiral pesticides in Pu-erh tea.

KEY WORDS: ultra performance liquid chromatography-tandem mass spectrometry; chiral resolution; enantiomers;
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Fig.1 Molecular structure of 3 kinds of chiral pesticides
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F o84 Chiralpak 1G(4.6 mmx250 mm, 5 um), 3
LA T R R TR A BB VE M- — (3-F-5-F LRI S L g
fig); HEdRL: 35 °C; VB A N 0.1%(V:V) I BRKIE R (7
1 mmol/L Z /%), sl B N Z)E; i: 0.8 mL/min; 3
Fed: 2 uL; B EBEBLEEF . 0.00~10.00 min, 55%B;
10.00~11.00 min, 30%~55%B; 11.00~15.00 min, 55%B;
15.00~16.00 min, 55%~95%B; 16.00~26.00 min, 95%B;
26.00~27.00 min, 95%~35%B; 27.00~36.00 min, 35%B.

Q)i A

B FUE: HLBE % B 7 (electrospray ionization, ESI);
ARSI 7 20 IE B 2 5O W (positive ion multiple
reaction monitoring, MRM)#I=; A S H - 20 L/h, %
AR 55 L/, FBARE A 55 L/, #En#eiR
B 650 °C, WEZEHL TN 5500 V., HAl RS HOLE 1.
222 HEGITAEF %

F i SRR, HERRFREL 5.00 g(Kii % 0.01 g)
SRR B2 RES TF 50 mL B0, A 25 mL 2%
W, WBE 8 min, AJFHIRBORFIMA 1.0 g EikahA
2.0 g oK BREREE, ARELIRE | minJ5, 5000 r/min B5.0> 5 min,
W B 5.0 mL FELESF, MA 50 mg
MWCNTSs-NH, fil 50 mg PSA ¥4k, 7000 r/min &.0> 5 min,
W H b 35 W AR, 40 °CHEZEZET, fIIA 1.0 mL ZJif
TEASV R, 1 0.22 pm A LR 2= A, UPLC-MS/MS
HERE 2 uL, FFIMRIAE &

223 AREER LA
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FERRE AR 25 AR FR i IR 2.2.2 J5 b3
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TIN5 S A ME RS o R FH S VE R BB R, wT
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3.1.2 HhF X

HFRM R EAERENEE . Y. X2 HAAE L
B SEY I, AR PR AN SR T A A B, 823 X (0 i A
i i AR /W (4 = S I R
MWCNTs-NH, HA 8558 (9 0% B 5 R 962 77, PSA 7] LI
Zembrbolg iR . e AR A T, A AR F oYk B R
MWCNTs-NH, fil PSA {E 28-S U], XA
kT TRk

T8 B L T AR N AR 2% B T A A R S N B, AR
BOR 43> FIH0A 20, 30, 40, 50, 60, 70 mg MWCNTs-NH,,
SER R, B MWCNTs-NH, & 38k, $RBUREIE
BWARTR, 3 MR R IR TEE, 24 MWCNTs-NH, A&
K 50 mg B, 3 R ISR, M 75.6%~99.5%. 4
MWCNTs-NH, &% 60.70 mg B, #RSEEAIE,
B3 Ao 25 1m0 i % B T B AR, PR O AR S I B R
MWCNTs-NH, B H &N 50 mg.

TESRBOR M A MWCNTs-NH, 50 mg, %% PSA [
fMASR A 50, 100, 150, 200, 250 mg HFXfHEBOK A4k
BOR, R R PSA HIEMINKR, SRR @R AR
e, 3 P2 DGR AL AT TR, DRI DA ZR 5 A 52 A T g 3
LA 75 e € PSA AR 50 mg.

F1 IHFUERAGNRESH

Table 1 Mass spectrum parameters of 3 kinds of chiral pesticides

latgy] BEEF(V2) FEF(mz) BN ANEAY R gt /V
M (triadimefon) 2942 197.1%/225.2 29 39/52
K75 R (benalaxyl) 326.1 204.1%/148.2 50 15/28
PIFRIH (propiconazole) 342.1 159.1%/69.9 66 43/33

N ERE T
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e T A R X T AR ZR B TR B, SR B A R
FA 20 mg MWCNTs-NH, It 3 Fh 4 25 B R ik B i i,
[ e IR i A MWCNTs-NH, 20 mg 1 PSA 50 mg
i

3.2 ®IEEEMmt
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Fig.2 Chromatogram of 3 kinds of chiral pesticides
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Table 2 Retention times, regression equations, correlation coefficients and matrix effects of 3 kinds of chiral pesticide enantiomers in
Pu-erh raw and ripe tea

(et FE R 1 B4 Bt 8] /min ZE MV B/ (mg/L) ERdyiy LSy FE TR

ZNE 0.0025~0.5 Y=32863X-1956 0.9998
R-(-)- = il A% 25.08 0.0025~0.5 Y=31922X-1527 0.9991 0.97
ET S 0.0025~0.5 Y=32589X-1489 0.9994 0.99

ZNE 0.0025~0.5 Y=34580X-12424 0.9995
S-(+)- = 1z i E0S 30.14 0.0025~0.5 Y=34257X-15985 0.9965 0.99
E S 0.0025~0.5 Y=35087X-14589 0.9987 1.02

i 0.0025~0.5 Y=94686X+33698 0.9998
RFER El A% 23.08 0.0025~0.5 Y=84786X+35893 0.9986 0.90
IR 0.0025~0.5 Y=86096X+25275 0.9978 0.91

i 0.0025~0.5 Y=96096X+47854 0.9981
RFER E2 L3 28.26 0.0025~0.5 Y=86900X+45300 0.9978 0.90
IR 0.0025~0.5 Y=89258X+39879 0.9979 0.93

W 0.0025~0.25 Y=21547X-8526 0.9994
NERIE E1 2% 25.56 0.0025~0.25 Y=17912X-8310 0.9992 0.83
EAPS 0.0025~0.25 Y=18056X-6478 0.9965 0.84

NG 0.0025~0.25 Y=44582X+9584 0.9989
PIERIE E2 2% 26.16 0.0025~0.25 Y=34725X+5749 0.9968 0.78
AL 0.0025~0.25 Y=35478X+8875 0.9987 0.80

W 0.0025~0.25 Y=42196X-5893 0.9989
ML E3 RS 28.18 0.0025~0.25 Y=35847X-7935 0.9984 0.85
b S 0.0025~0.25 Y=36587X-6821 0.9999 0.86

A% 0.0025~0.25 Y=48795X-3542 0.9976
TERIE B4 2R 29.99 0.0025~0.25 Y=40365X-6545 0.9998 0.82
LTS 0.0025~0.25 Y=41258X-4578 0.9996 0.85

DL 3 BTk A 20 WA A E 6 b i 2 v BB S
HAE N6 T Stk 7 BRI PO (B 5 58 BE sy, i
PRI LA — 52 B ST 500, TR 45 R 35 A e 5
W
3.4 [ERE, BXREREMEZR

FER A5 AR PR AR IR, 3 FhF
PERZG B AN WUA AR ACE S 318 0.0025, 0.01. 0.1 mg/ke,
Fie j2.2.27 )7 IR AT IR HG4E, UPLC-MS/MS #5ll, HA4>

KFEE 6 IR, bR DR AR XTAR I 22 2% 3. 45
T, 3 PR 2 AE AR S S R S B [l iR
70.1%~110.6%, RSD H 1.2%~13.5%, L) 10 {% {50 b fh5E
FE PR, L Y IR S R 1 2 RS 0.01 mg/kg,
TR R TR R AME BRI 2 2R 0.005 mg/kgo

3.5 HmINE
XA B AR A IR A 52 56 8 1) 2 T A 2 AR
FERLEATINAE, 2R DA 55 BT 3 Rhfe 2y
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®3 OEHEZR BED 3 MFMERGIERSHINAREER BN ERAERE (n=6)

Table 3 Spike recovery and relative standard deviation of three chiral pesticide enantiomers in Pu-erh raw tea and ripe tea (n=6)

o e R AR
/(mg/kg) MR (mg/ke)  BIE% RSD/%  lf54t/(mg/ke) [ i /% RSD/%
0.1 0.0896 89.6 52 0.111 110.6 1.2
R-(-)- = e i 0.01 0.00908 90.8 3.5 0.0102 101.8 3.5
0.0025 0.00212 84.6 7.8 0.00197 78.6 8.8
0.1 0.0957 95.7 6.2 0.0985 98.5 10.7
S-(+)- = e i 0.01 0.0103 102.6 2.8 0.00887 88.7 7.9
0.0025 0.00214 85.6 3.6 0.0801 80.1 3.8
0.1 0.0829 82.9 43 0.0899 89.9 119
KR El 0.01 0.00789 78.9 5.1 0.00796 79.6 9.8
0.0025 0.221 88.5 2.7 0.00181 723 8.7
0.1 0.0837 83.7 12 0.0949 94.9 8.7
HRR E2 0.01 0.00866 86.6 2.8 0.00747 74.7 32
0.0025 0.00223 89.3 7.5 0.00216 86.5 5.9
0.1 0.0755 75.5 3.0 0.0882 88.2 7.5,
M EL 0.01 0.00825 82.5 3.1 0.00908 90.8 5.8
0.0025 0.00225 90.1 4.5 0.00211 84.3 2.4
0.1 0.0758 75.8 22 0.0778 77.8 13
TERIE E2 0.01 0.00904 90.4 3.7 0.00857 85.7 45
0.0025 0.00228 91.3 47 0.00210 84.1 6.8
0.1 0.0817 81.7 13.4 0.0712 712 7.8
NI E3 0.01 0.00762 76.2 8.4 0.00705 70.5 6.0
0.0025 0.00213 84.9 7.5 0.00198 79.3 33
0.1 0.0812 81.2 9.8 0.0701 70.1 8.8
NP E4 0.01 0.00753 75.3 5.4 0.00785 78.5 4.2
0.0025 0.00191 76.4 13.5 0.00215 85.9 45
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