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Detected chlorpyrifos, imidacloprid,

and propoxur residues in citrus by

QUEChERS-high performance liquid chromatography method
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FE & k49 QuEChERS ik 5 GB/T 24691—2009 F &
BRI T R BEAT AR B T B AR A € kAR 2 A o ik T
MAERFZG > B ZR, 4RI T AH QuEChERS 7 %
M) A 5T % ok ok ok Fe 9K R B 3B g B E) 4 50 29 5 5.1,3.8,
11.5 min; %2 & A AR K F 4 5 % 0.8~80.0,0.5~40.0,
0.8~80.0 pg/mL B, 4 B R4 %] 4 0.89,0.55,0.39 pug/mL;
%G mAFRF 5 A A 1~20,1~20,5~30 pg/mL B, B
F 57 K 68%~109%.94% ~108% ,109% ~125% . 48 5 4%
Mt £ 5 A 2.48% ~5.03%,7.79% ~10.92%.2.32% ~
6.77% . % JA GB/T 24691—2009 2 B & 58 ¥ Wk K bk For 5%
Z B At ik at A 5 it 69 QUEChERS ik A A4 R ;% 5
Aot o9 QuEChERS 77 3% K Al A48 R 69 2 & Am AR K - L 4 b TR
%A 0.80,0.78,0.54 pg/mL, & ¥ F 5 %) H 107% ~
195%.25% ~ 87% . 53% ~ 93% ., 48 st A% A 1 £ & F1 A
5.61% ~7.73%,6.89% ~9.42%,5.44% ~10.45% , & .,
QUEChERS — & 20 48 & % % 4 ) 75 78 48 b & ok fm 3%, 5% R
R FE AR T GB/T 24691—2009 7 %,

X #17 : QUEChERS; & 2k 48 &, 3 5 4 5L 3 s b bk s 2% %
Abstract: QuUEChERS is a simple and efficient extraction method,
widely used in the pesticide of residue detection. The purpose of this
paper was to compare the extraction methods of pesticides between
the improved QuUEChERS method and the GB/T 246912009 (fruit
and vegetable detergent). The extraction of pesticide residue from
citrus samples were detected by HPLC. The results showed that
when the chlorpyrifos, imidacloprid and propoxur were detected by

the improved QUEChERS method, the peak time was about 5.1,
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3.8, 11.5 min, respectively. When the spiked blank levels were 0.8~
80, 0.5~40, 0.8~80 pg/mL, the detection limits were 0.89, 0.55,
and 0.39 pg/mL. While the spiked blank levels respectively were in
1~20, 1~20, 5~30 pg/mL, the recovery rate was 68% ~109%,
94%~108%, 109% ~125% and the relative standard deviation was
2.48%~5.03%, 7.79% ~10.92%, 2.32% ~6.77% respectively.
When the fruit and vegetable detergent extracted from GB/T
246912009, the peak time of chlorpyrifos, imidacloprid and prop-
oxur was basically the same as the modified QUEChERS method.
Moreover, when the same spiked blank level was applied to the im-
proved QUEChERS method, the detection limits were 0.80, 0.78,
and 0.54 pg/mL, respectively, The recoveries were 107 % ~195%,
25% ~87% and 53% ~93% . and the relative standard deviations
were 5.61%~7.73% ., 6.89% ~9.42% and 5.44 % ~10.45% , respec-
tively. Thus, it indicated that the improved QUEChERS-HPLC was
better than GB/T 246912009 (fruit and vegetable detergent).

Keywords: QuEChERS; high performance liquid chromatography;

chlorpyrifos;imidacloprid; propoxur
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() B ARG U R T 5 = B o Ak 7 il s B SR 1 O R
J7 2 A E AR B R A VRS TR R AN R, %
WRBUAARZ5R R mE . W, HF R P Rk TR
R ARFRAG I T7 1 2N AN % A 7=l Kk R

RBRAR L IR A 7 R 2 o oy T et O G
BRI QUEChERS Bt FH il #H sk A ARD 7 &5 07 ik & R iR
B, (HEARZ T EZH . QUEChERS B W AH 28 S 4 % 4% 24
Kl o8 B T2t Rt s b . %5k DL SRS 1R R AR



Ze5wN

2017 4% 6

B R A4 3R BT DA AR 38 4 24 48 B, SR FH I K B 1R B %
IKPSACZ e - N -7 3 ) 55 56 0 2% ) 30 A7 W BB b b 38
T S BAR 24 11 7 PR T Ak R BT 7. QuEChERS # R 43¢
10 Z4E 1 R J& o B AM O G FLAE S b ofl D5 2 g JH . 4 9 [ BS
EN 15662:2008 #7#E T %% QuEChERS %: 1 485 4 3k J5 & 4
w2 58 BE ARG I 12k, T SR TR O SR kR & R T
ZFPARRL I 0k ARG U RE 5 A 2GR R R H R R 2
ek R Y R N B T R R B — 2 4R
YT ot LR e o BB 1 S AR K B BB I JC K B R B
LU0 B A B L T 4% T B BE Y PSA LB R T HE
Yt

BARHE GB/T 24691—2009 & 57 » {H 2% b5 #E J5 1% 78
PRI B A7 A8 A MLV 00T AR R RE I L R B R R S
B, AL 5 U B B QUEChERS ¥ 5 GB/T 24691—
2009 e 25 2 B 56 Oy Wil AT X R Y. B E ST R
QUEChERS 74 78 ¢ 1 1 4 551 6l b o 2 FH 0w A7
1 e 505k
L1 HR5E
L11 MRS

HERSHE 5 - AU RS 447 R F 3 BRTIT AU A% X 8K 4 TR 5

FEFEWR A 25 AT WOR A 14.8 % v [ A4 b B 27 I A8 AR P
BRI AR 2 i)

M Rk o 2 AT AR Y 1006, YT IR v I 4 IR A PR

NGIE
B2 H RN 12% 7095 3 R4k T A R
N

ni H k[ Imidacloprid , 1-(6-48 Nl BE-3- 1l BE 3L B 35 - N -
JE TV B e - 2- B i L cas: 13826 1-41-3 47 v iy (4l JE 98.4 %) .
F£ AL W [ Chorpyrifos, O, O-— Z £-0-(3, 5, 6-= &(-2-0lt g
FEOBRICHERR , cas: 2921-88-2 J b5 i i (LI 99.420) 3% A Bk
[Propoxur, 2-(1-H % £ 4 3% ) 7% 3k 20 3% B 1% Y g » cas: 114~
26-1 1h7 i (4l B 98.1%) JPSA(Z — it 3k-N-T5 56) . [ mg
REVREARAFA;

SN %4, 35 E Sigma 22 H]

HE A ARAE R ok UL BT 3 0 4 BT 4
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B 5
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1.2 A&

L2.1 @& A e LARR Ck (4.6 mm X
250 mm,5 pm) AR 35 TP : 1.0 mL/min; K& 9 % 4 .
230CHE 48 91 . 269 (il dL Bk) L 210 (B% &% 5D nm; kAL & .
20 pLs Wi SNAR N N8 /7K (e S8 B, it 1ok | B % gl X 17 7 2
Fi§ 5 KRB 4350k 95 1 5,55 1 45,80 & 20D,

1.2.2 BRfEdswol a5 0 0 o B PR HCEE SE WA o &G L bk H ok
i 1 il BRAR JRAR M i 0.04,0.02,0.04 g, & M5 ¥ A o 1 Bl BT
HEVWRBE 4390 200,100,200 pg/mL (5 o S IR R . WE AR
I R W K 3 R AR 4 S TG B K 0.8,1.0,2.0,3.0,4.0,
20.0,80.0 pg/mL(FFEM);0.5,1.0,2.0,3.0,10.0,40.0 pg/mL
(1l H10pk) 50.8,1.0,2.0,3.0,4.0,20.0,80.0 pg/mL (5% 3 B
F N BE AR VA W A5 T

1.2.3  EEAb B

(1) 7 M K . FREL MgSO, « 7H, O 24.7 g Fl CaCl,
16.7 g, BLail i 10 L, BI B2l 2 500 meg/kg, TEAE TS, 4
1 L FH# BN 10 L, Bl 8 250 me/ke.

(2) ARZGZLUE T 5  FRIUE 175 58 0L, ik g bk A B % B 4%
L2553 5 T 500 g Jo/K S R s R 57, 1 bn HE A K
FEREZE 5 000 g B A8 T 3 A A 2 2Lk B 43 i)
=1 000(FFEFEI) , 500 (N HLBHR) . =>1 000 (B A B me/kg.

(3) AL MRS FE A ] 45 SR IR A5 W B 42 B K/
STRIMERE VR IR IO RE AR . AR IR TAZIF I H . 30 min 5
CHE T 3 KA B T 24 ho B A A A A AR R
TR FH 2 AT B A Dy (40040) g,

1.2.4  FE S K T

(1) % B QuEChERS J5 #%: FRBUEE i 10 g I & B
15 mL.JG7K MgSO, 4 g.NaCl 1 g i I % 3 min, I 1E
4200 r/min B> 5 min, ;L 2 mL B O FH W F NG
150 mg/mL JG/K MgSO0, .20 mg/mL PSA ) 10 mL B.[v &
oF IR Pk % » FEFE 10 000 r/min B0 5 min, 3 0.22 ym 5
HURE 2o 45 7

(2) EAREE(GB/T 24691—2009) . BL 60 g #3347 59 1 #t
FERE AR A 100 mL 0.1 % 9K B8 LG H .6 g To7K & BR M
F1 18 g Jik MgSO,, 4 51 I H F 50 Hz iy 75 45 o 4k 28
3 min J5 . EIEHETOL TR h, BT EEL 2 K. #
WA FI 3 KM H & RIE A 50 mL & 0%, T
4 000 r/min B0 4 min, 4 5.0 Z 5 19 1 WS H0 A R 8
HEPORR A BT (80£2) CRIBG WS = 5~8 mLOK S
FEINF 2y 3~4 h) IR G WA RE R 2 50 mL & .

2 RS0
2.1 BEEHEE

TE 190~400 nm P [ L 43 51 %) 75 58 04 | 0tk Aok 5% %
SRR T R AT 4 D B Al 43 I AE 230,269,210 nm AL BE
S AR AT AT RS . A Tl e DR 0 ] O R A2 80 9 ) 0
TG H 0 e ) A B A B R K DA B 32 R O 3k T AR T R I
] o A B 53 38 o O £ A 0 A% 1 B 2 1 B AR TR S AR R 2
(AYFIZK (B, H 3 e 25 (B S8 B, nk A mbk | 33 % o ez )
A A5 BEARBIEL 5]k 95 1 5,55 1 45,80 1 20; Tk I
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H 3 1 AL, 78 B UM RS R A 2 5% B B L bR o ik
5 R QuEChERS WA L o 78 1 2 42 JCH ] 32 /2 ¥ 7 1 #E
i, M QuEChERS 3% #igi » F H b ik, Wk B B
QuEChERS ¥ # FL 32 B iy FH 2 3.

i 2 FE 3 AL, HEE WORIAR RO TE 2 FREUT IR T
AR BB I E] (FEZEMRZY 5.1 min R AL 11.5 min) (BB 5
T it — 3L W I X Bk HL A2 L JE R R N . R i Rk
QuEChERS v 4b ¥ J5 6,335 e b 36 Bt B bR e 52 m 48/, 5
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Figure 1 Chlorpyrifos, imidacloprid and propoxur

standard HPLC
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Figure 2 The national standard method extraction of Citrus
samples of chlorpyrifos, imidacloprid and propox-

ur residues HPLC

* 1 B R QuEChERS ES5E#RELE

Table 1 Comparison of improved QuEChERS method and pesticide extraction test in fruit
and vegetable detergent GB/T 24691—2009
. BARARI WA (CHOW #RATH Bk MgSO) Mk L)
i E /b FE AR/ mL THFEH /g THFEH/ g F I #E/ mg
MR QuEChERS 0.5 15 4 1(NaCD 40(PSA)
[ A >3.0 340 54 18CTE/K Z R —
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PEFHF AN y=0.690 50 —0.137 1,y=1.802 42 +0.093,
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The modified QUEChERS method (right) extra-

ction of Citrus samples of chlorpyrifos, imidaclo-

Figure 3

prid and propoxur residues HPLC

HomkR K 23 % 9 0.8~80.0,0.5~40.0,0.8~80.0 pg/mL
B R G 19 QUEChERS 32 Xif nlk e w1 58 2% 19 K i B 43
A 0.55,0.39 pg/mL B F E ARk 0.78,0.54 pg/mL,
B R QuEChERS i %) 5 58 LAY £ 3 BR 4 0.89 pg/mL
TS T EARER 0.80 pg/mL HARZA K, BEM S AR
J5 1) QuEChERS 34k T EAr ik .

F 2 HPLC MESERE R H R

Table 2 Range of HPLC determination and detection limit

Y 7 ¥ e/ LRI/ (pg » mL™D)
o

(pg» mL™D) ok B QuEChERS [ #R#k
HIEM  0.8~80.0  0.9999 0.89 0.80
ek 0.5~40.0  1.000 0 0.55 0.78
AW 0.8~80.0  0.9998 0.39 0.54

2.4 BEESmMmirEKRAE
FH A BT RE AR o 1~20 pg/mg FEFEBE 1~

20 pg/mg ML BUOK A 5~ 30 pg/mg BRI B R BB
QuEChERS % , [a] i 2% 8T 43 3] 4% il 45 68 % ~ 109 %%, 94 %5 ~
108 %5109 % ~125 Y6 o H 5 Ak 14 s 25 43 51 A 2.48 %6 ~5.03%
7.79%~10.92% ,2.32% ~6.77% . i [ b5 12 ] i RAL fig
BRI TFE 107 %6 ~195% .25 % ~87 % ,53 % ~93 % » K X} b v
2% 2 W 7E 5.44% ~10.45%.6.89% ~9.42%,5.61% ~
7.73% ., 1 3~5 AR A R A QuEChERS % .3 Ffk
%‘E’Jlﬂlﬂﬁt%%ﬁﬁiﬁ%?ﬁﬁ% FLN AR [ e 28 K AH X 1 D

fERS I L NY/T 788—2004( 4% 24 5% 57 o 16 o U] ) 23R L {Y
il%‘&.ﬁ'ﬁ«i@iﬁk A 30 v ) ) A o B AT I 22 B B
R ¥ QuEChERS L FHR k.
3 g5k

XA AS A S 1~20 pg/mg #EFEM . 1~20 pg/mg Nk Hy
WRFT 5~ 30 pg/mg B A B K R QUEChERS $2 1,
HPLC &3 B b5 0 06 R A BR AR 43 9 & 0.89,0.55,
0.39 pg/mL, [E Y 43 51 1k 5] 94% ~108%,68% ~109%,
1099 ~ 125% . 48 % 45 #E M 25 3 5 Ry 7.79% ~ 10.92%,
2.48% ~5.03% .2.32% ~6.77 % , F A A] i L (A 25 5% B i 5R
70 ) H i AT SR A GB/T 246912009 97 % H bRl

#®3 HPLCMiEKERETREH

Table 3 HPLC recovery and RSD of benzoylurea insecticides (n=5)

414 AR AE/ A/ M K QuEChERS [ bRk
(pg+mL™H) (pgeg™ D mkaEER/% RSD/%  mirElMEER/% RSD/%
0 1 108 10.92 25 9.42
AR 0 10 99 7.36 66 9.19
0 20 94 7.79 87 6.89
0 1 68 2.48 195 10.45
ik, K 0 10 109 4.83 128 7.32
0 20 103 5.03 107 5.44
0 5 125 6.77 53 7.73
R 2 0 15 119 2.99 78 7.16
0 30 109 2.32 93 5.61
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Table 4 Recovery ratio of different additive concentrations

WAL/ (mg « kg™ D) - Hy e/ %
>1 70~110
(0.1,1] 70~110
(0.01,0.1] 70~110
(0.001,0.01] 60~120
<0.001 50~120
F 5 CRZAR BRI N R E TR E B =8
ERPBENITERE
Table 5 Required relative standard deviation of different

additive concentrations

I E/(mg « kg™ MXHRfEM2E RSD/ %

>1 10
(0.1,1] 15
(0.01,0.1] 20
(0.001,0.01] 25
<0.001 30

%85 Fg X A B A 1] A 0.8,0.78,0.54 pg/mL, [\ 4 HAK
I3 25 % ~87 % ,107 % ~195% .53 % ~ 93 % o AH KT A7 #E 1R
LN 6.89% ~9.42%,5.61% ~7.73% ., 5.44% ~
10.45 % ;2 FhJ5 3 0 i 18] #R 43 S AE 5.1,3.8,11.5 min Z£45 .
FH B R ) QUEChERS 4 76 46 M A % 4 5% # 5E W, nik o bk
FFR AN L F GB/T 24691—2009 75 %5,
AR IR 56 R FA BT AL BRAE L R A0 B R -QUEChERS 3 L 4%
iz F B AR AR K I i, B X GB/T 24691—2009 H ki
IR IR A= N 5 N A 5 e T [ A N 6
X ASC A R 30 A A SRS 3 A K 2 9 0 = F IR AR AR 43
BT o L35 B0 00T 2 A A% G 2 i 43 T o 52 D oA 1 1 R
P51 N TN e By QA== sl ES G (= B2y N S i 51
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