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Rapid determination of seven pyrethroid pesticides in vegetables by combining QuEChERS with
disposable polyethylene pipet assisted dispersed liquid-liquid micro extraction
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Abstract: Objective A new method for the separation and enrichment of pyrethroid pesticides in vegetables was
developed by combining QuEChERS with disposable polyethylene pipet assisted dispersed liquid-liquid micro-extraction
(DPP-DLLME). Methods Firstly, acetonitrile was used as extraction agent for separation of pyrethroid pesticides from
vegetable samples, and the collected acetonitrile extract was purified, then used as the dispersant of DPP-DLLME. A
disposable dropper was used as the extraction vessel for DPP-DLLME, and n-octanol was used as the extractant. After
phase separation, the extractant was floating on the aqueous solution and concentrated in the narrow neck of the pipet,
which can be directly withdrawn by a microsyringe for instrument analysis. Results Under the optimized extraction
conditions, the linearity range was 0.5-200 ng/g with correlation coefficient r* higher than 0. 995 for seven pyrethroid
pesticides. The limits of detection were in the range of 0. 04-0. 1 ng/g, and the limits of quantitation were in the range of
0. 1-0. 5 ng/g. The recoveries at three spiking levels of 1, 10 and 100 ng/g were in the range of 94. 5%-110. 5% with the
RSDs less than 9.0% (intra-day) and 8.2% (inter-day). Conclusion The method was simple and effective, which
provided a new choice for the detection of pyrethroid pesticides in vegetables.
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Figure 1 Schematic diagram of sample pretreatment process

Xy AR AR TR ARSI S R A L
s AR, (H SR8 R IR Y [R) R oA i e o AR T B
QuEChERS 5 DPP-DLLME %5 & , % £ 15 1 69 H #x
G3 BT i — 0 a4 3 2 R DT A 0 AR
TR R . O T AR B AR A B
FE T — F G 5 0 0B A I 2 A 24 e T AR Y 28
A 955 4 IR Fofr 288 R0 Sy 3 BRI B ) T g, % I e
FERFH A, DA SRR Sl v W B R R . AR SE
W LUMBRHE BE A 100 ng/g 985 JTCRE i 1 A 356 J5i 1F
FAWRSE R X B Fp 25 F EAT T 3 ROPAT SE 5, i i
Pl 5 A BT IS 04 H AR ) B 0 T AR B AR R ROR .
2.2 FREUGR R

£ QuEChERS H, £ 3 14 $2 JOH) 2 o 6 I 2 i
SRS PR B AR T O . AEL P, R
QuEChERS 2715 2 B (9 i FH & B4 4.5 mL, DPP-
DLLME Ff45 4 BRI VE 2 43 #8048 FHAAFR 0.6 mL,
TE 2 BE (A2 BGR)) 1 AR TR 50 pL, B4 4 il AN [A]
BRI B CBE IR ) AR Sy 42 BRI, 28 50
[7i] 2 IR %o B AR ROCR s . gl 2(a) FoR , I
A Sy £ B i e T AR 5 K, PRI AR 22, R B 2 By
JC VARG b 42 TCEE S P i 7 PRl He 2 g 2Rk 2h
WAL, N8 X % SERE i o AR 25 B TE AR A B
NG P& W £ A 0 2% 0T, HL AR %8 o £h A 5 2 T
MK 55385 . Rt B 3 4 SIS AE M B BGR .
2.3 BTIRE

TEFE 5V WP O NaCl 23 7= A= b M 00, —
J5 T A] LAREAR K AR B AR 3 B 0 0% 395 A 2 4 A
A HUAE e, DI 3 B AR AR B S — T Ik
e BE 0 1 T s £ B I 43 180500 R A R AE K OAH H Y
VS fie e, A9 A2 I8 UG, A DLARIR B K, 5 B0

BN, T 5 BE R0 T e AR 5 38 i AE KA v
RIS [5) 46 JE #9 NaCl(0~6 mol /L) 3K % ¢ 55 1~ 5 J it
7 FRL I H A R 2 2 W TR A RS . 7R S
] 22 205 VE R 4 8000 A AR B 0.6 mL, IF 9 B
(ZEBGA) AT N 50 Lo S5 mE 2(b) Frx,
Bt & NaCl ¥ BE A3, 7 Fh$0LBR HL 44 ik 25 4 24 1) 0
T FRAS B ARG, 24 AN I8 I NaCl R 0 1 B A 5, 3 10
s RO 2 2 A o RGeS B AE KA
A NaCl, 75 i 46 1F F fie 2 W04 10 26 BURE 249 R
40 wL.
2.4 FEHGH A2 AR

HE WU Fh 28 AR B B2 DPP-DLLME 3877
HEMEN EERNR ., FHRGNFELAGREE, 5
IRV X 7 Bl DL H 4 TR 24 A 24 47 3 0 1 26 B
fie 71 9 B AR SO 3% 500 N A B ik AT o 4F
FRIE . ARIFIRFZET 5 FlE LS A&
R LR, B =Tl EC ke, CROTR, —
AT o 25 [ e A O AR S 50 L, &
JIE 2 WO Al AR FL A 0.6 mL, @& 2(c) BF R, IE
3 BEAE SRy ZE IR B, 7 Pl AL B o 4 iR 2 A 245 1 i T
AR IR S AN L = B T N 12 =
X AT B S i BRI B RON T B, B, R 2
TR I S BEAE S AU

B EIEEE N AR S A NS 7 T YN R g
M OG5 P 28 . B I, i 5 R USRI ORBR % 3, 4
B B bR o3 BT 00 2 0 W m . SR, Bl 2 AR B
AR 00 18, A B 1 FH A 38 5, DATI AR IR T A A%
o WA, S A 0 A BOR AR BURACE A H bR 43 4 4
HA B s SRR, R 7E 2 BUS 75 5 A 2%
A HLAE AR S 22 [ sh BERE S B A . AR 5 vk E



QuEChERS &5 & — WP T 4 4 B 109 20 B0V B AR TRCHR o 0 2 % 3 v 7 R 8L I BB 48 s e 24 Ttk h , &5 —1133—
(a) A E (b
R 25%10° - —— A
SR EAGR ’ —— FE
1.2x10* - AN —— SURE
IR ,
Lox10* L B A TS 2.0x10* |
’ FIREG
o 8.0x10° | 15x10'
& 6.0x10° [ o
1.0x10* -
4.0x10° -
5.0x10* |
2.0x10°
0 0
7T ZIE LG 0 1 2 3 4 5 6
REURF2E (QUEChERS) BT/ (mol/L)
©) massm (D — R
4 — RS
1.8x10°* 3.5x10° - — GRS
— SR
1.6x10* 3.0x10* — R
' —— A
1.4x10 —l Sk A
1.2x10*
& 1.0x10* Eéz.ono“ -
¥ 8.0x10° B 15x10° F
6.0x10° ,
1.0x10" |
4.0x10°
2.0x10° 5.0x10° -
00 1 1 1 L 1 1
IR =T B E¥RE 40 50 60 70 80 90
ER:EIRIES FEIFIARL/uL
(e) 5
o BRna
- —a— SR B
5%10 - in%%%a
J ]
-+ 5]
Rhin
4x10*
= 3x10*
=l
& 4
2x10°
1x10* |
0 1 1 1 1 1 J
0.5 0.6 0.7 0.8 0.9 1.0
Sy EGAMARRR/ UL
B2 ASTR) A %o % 3 v 7 A H0L IR 1R 2 i 2 A 24 1% 0 T AR ) B2 ) = Ca) $2 BROTRORP 2 5 (b) B F3 B 5 (o) AR IR AN 2 5 (d) A5 HUTIA
B Ce) 20 ORI AR R

Figure 2 Effect of different conditions on the peak area of 7 pyrethroid pesticides in vegetables
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Figure 3 The gas chromatography of an actual sample spiked
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with a standard solution of 100 ng/mL
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Table 1  The linear range, linear equation, %, limit of detection (LOD), limit of quantification (LOQ) for the determination of 7 pyrethroid
pesticides in vegetables samples by the QuEChERS-DPP-DLLME method

B/ ZANEE ]/ (ng/g) B ey Py 4 LOD/(ng/g) LOQ/(ng/g)
FE AR 0.5~200 Y=123.16x-21.385 0.999 5 0.08 0.3
A4 iR 0.5~200 Y=174.78x-665.92 0.996 5 0.04 0.1
SR 2 g 0.5~200 Y=264.16x-247.61 0.995 8 0.1 0.5

S R 0.5~200 Y=69.313x 0.999 5 0.06 0.2

TRAF A TR 0.5~200 Y=91.29x-256.57 0.997 4 0.1 0.5

I R 2 TR 0.5~200 Y=207.32x-508.48 0.998 1 0.1 0.5
s 0.5~200 Y=178.62x-344.87 0.997 8 0.1 0.5

T LOD G IR , LOQ 7 +e: R

2.7 SEPREE S ]
7 JH A 5 9 G 00 98 I 4% 3t (D T Vb

B 1 UL S (B I 3l L P ) o
7 PR IR A MRS AR 2 B0 R KR DA 2R S TR 3



QuEChERS &5 & — WP T 4 4 B 109 20 B0V B AR TRCHR o 0 2 % 3 v 7 R 8L I BB 48 s e 24 b1 A 2 —1135—

2  QuEChERS-DPP-DLLME 5 7F = Fi A [a] ViR 5 149 7 Fi 400 5 He 45 TR 28 A 24 8 S0 B & v (048 %% 1 CH SR HL Ja)) AR

Table 2 Precisions (intra- and inter-day) and method accuracy at three different concentrations of 7 pyrethroid pesticides detected in

vegetables samples by the QuEChERS-DPP-DLLME method

H i 152 /(% ,n=6) H RS % )% /(RSD/ % ,n=6) H )45 %5 B /(RSD/%.,n=3)
1 ng/g 10 ng/g 100 ng/g 1 ng/g 10 ng/g 100 ng/g 10 ng/g 10ng/g 100 ng/g

JUA E R 95.6+3.8 98.9+4.2 110.5+3.0 48 4.1 2.6 4.6 2.5 3.1
S 2 TR 108.0+12.3 97.4+2.0 101.022.1 7.7 3.7 1.3 8.2 1.5 1.0
SR U TR 105.0+6.8 106.3+4.3 107.8+4.3 3.8 3.3 23 8.2 4.4 3.4
SR R 97.0+15.2 99.2+1.1 96.9+3.0 9.0 5.2 3.0 0.9 0.5 3.7
TR A TR 101.0+8.3 108.4+5.1 101.3+4.2 3.6 5.3 1.5 5.9 6.1 3.9
156 7 4 i 101.0.+4.1 103.4+0.9 100.0+1.9 6.3 0.8 2.0 2.8 0.9 2.0
XA IR 94.5+4.6 104.5+2.9 102.9+1.0 6.1 1.3 3.4 1.8 1.5 0.4

o TE 11D SERRAE S T IR I B S p R RIS AE S B AR 30 AR X DI AR S5 L
R 2y P FUR A R A AR L X RIIA R4 TEIARBTRIREE N 10 ng/g KSR L7 B H AR
T 02 R o X5 11 3 G ke S AR e 2547 0 e A8 ISR A 80. 2%~121. 7% Z 18], AR AR 1 fig
QuEChERS-DPP-DLLME #b ¥ | 2R FH fir 4 7. 19 T4 il 26 ZE/NT 8. 0% , 2 W% 716 BA B 0B v

F3 LB ERSEAE b 7 AR 3G R 2R K 25V T (n=3)/ (ng/g)

Table 3 Concentration of 7 pyrethroid pesticides detected in 11 vegetable samples (n=3)/(ng/g)

H bR ke AT IR 3 R SRS BR SR WS IR R 4 EE]
i IRE i 1 0.5 16.2 0.4 54.9 13.9 7.5 5.3
HERE i 2 0.6 34.8 12.3 55.8 10.4 0.7 0.8
wIRE & 3 0.4 15.4 0.3 50.4 15.1 7.9 5.4
IR 4 0.3 9.5 1.2 34.9 7.7 19.5 0.8
P JICFE 1 0.3 16.7 0.3 42.4 6.5 ND 1.3
T AEE 1 0.9 ND ND 1.7 25.4 34.4 15.6
TR il 2 0.6 23.3 3.4 6.0 17.9 20.7 ND
TR i 3 0.3 16.6 ND 35.1 10.9 ND 1.9
Fe ke i 4 0.5 18.9 ND 20.5 ND ND 1.5
B0 SR 1 0.6 6.7 0.4 3.5 1.2 ND 64.5
I 0 SERE i 2 0.6 3.4 0.6 9.3 ND ND ND

HND FoR A K H

A FHCRE AL T R DL HUBG R AR 24 04 AR 1R RORS % E (n=3)/ (nglg)

Table 4 Recoveries and precisions of 7 pyrethroid pesticides in 11 vegetables samples (n=3)/(ng/g)

FE & JE R U4 TR SRS R S TR TR 2 R 56 R 25 TR H A TR
RCY/% RSD/% RCY/% RSD/% RCY/% RSD/% RCY/% RSD/% RCY/% RSD/% RCY/% RSD/% RCY/% RSD/%
N
] 93.5 2.8 92.3 3.5 80.2 3.9 89.5 3.4 92.0 10.1 90.8 1.3 92.5 1.8
FEfh 1
/N
] 102.1 3.3 102.6 4.1 105.2 2.2 96.3 7.4 105.4 8.5 101.8 1.2 107.0 1.9
FEdh 2
# K
] 101.0 45 98.1 43 97.6 3.9 111.0 2.4 100.0 7.1 101.2 45 104.7 3.6
B3
N
] 98.6 5.6 104.7 4.7 104.0 3.3 106.7 7.4 109.1 4.7 100.2 8.2 103.5 5.7
FEfh 4
P I
) 94.7 3.2 100.3 5.8 81.4 2.2 100.9 8.0 110.4 10.2 99.8 2.6 117.7 1.6
FEfh 1
et
113.2 8.3 102.1 3.8 104.5 4.4 91.6 6.1 111.4 9.1 95.5 9.3 114.8 9.1
BEAh 1
e
) 116.6 4.9 99.6 5.0 105.2 5.5 96.7 6.8 110.8 10.3 90.7 42 118.2 0.9
FEf 2
i
) 105.3 7.2 103.7 1.4 110.6 4.6 97.9 7.7 118.7 4.2 110.9 6.5 117.7 0.4
FES 3
i
99.1 3.8 103.3 6.3 103.3 2.7 95.4 29 121.7 8.9 101.4 1.9 114.8 5.1
FEfh 4
Bk
] 96.8 1.8 105.4 10.9 95.7 1.6 102.3 3.1 105.4 25 102.0 0.8 104.5 10.8
FEdh 1
Bk
g, 94.4 22 105.1 13.6 94.8 3.2 97.4 45 117.5 2.9 105.3 6.3 102.8 5.1
515}
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AR, AR B B AT R GC-

2.8

ECD %4, R A AR MG . 2 THyn
RS IS R R = O A, A
BF AR 53 LODs 58] T 0.04~0. 1 ng/g 52 )
B MS/MS kMY . 25 L rid , AR kR
Z2 B O Y AL B T VL R R 2 UE L fRTE PR

F5 BRI T RLER HUAGPE 2EAR 2 I E Ty kY LE ROV
Table 5 The comparative evaluation of our proposed method with the reported methods

Ay H 4541 J5t A By ik iy ik H; B 2% ik
2019 18 F UL L B TR A 24 QuEChERS-DSPE GC-MS 5ng/g [7]
2022 AT UL BR e B R A 2 QuEChERS GC-MS 0.01 mg/L [9]
2020 10 7 UL U3 T 2R AR 24 QuEChERS GC-MS 5.8 ng/g [11]
2020 10 Fh bl R HL 34 i 2 A 24 QuEChERS-SPE GC-MS 0.01 mg/kg [10]
2018 10 P80 B3 s 3 T 2K e 24 SPE GC-MS 4.5 ng/kg [6]
2017 7 R HL A TR 2 A 24 SPE GC-ECD 0.005 mg/kg [8]
2016 7R HL A TR 28 A 24 QuEChERS GC-ECD 0.1 pg/mL [12]
2022 10 0L L 3 T 2 A 24 QuEChERS GC-MS 0.01 mg/kg [13]
2024 7R B A IR R 2 QuEChERS-DPP-DLLME GC-ECD 0.04~0.1 ng/g NS
3 it 2022, 79(10) : 664-72.

A J7 %% QuEChERS 5 DPP-DLLME Bt H , 45
A GC-ECD Kl , g 57 7 g 5 rf 7 Rl Bk R 44 i 25
A 25 K 5B 7 ¥ o %05 Bk QuEChERS Xt i
SEAE il AT TUAL DL 2 B B 40 43 O 4R B H R 4
Briy , SR )5 454 DPP-DLLME 5 A XF H b5 70 7 4
A7 W 4 LA = R R B . 7 DPP-DLLME Hr , fiff
FH— PR B8 A S ZE U &, I IR 20 159, 25 BUSE A
Jo , HEBU) B AR BV T W R AL, T DL RS
WA B A R . teAh R IEE
BEAF R ZEBOR) SR FLH > FF A sk Bk
MY ESR o 2k BT IR AR 5 vk HLA B AR T B AR IR
e W EE A RO R SRR B SR
B 32 H UL B U4 TG 2 A 24 (R ) B AL TR R

5% 3tk
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