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Simultaneous determination of 12 kinds of organochlorine pesticide residues
in tea by QUEChERS pretreatment method with gas chromatography-triple
quadrupole tandem mass spectrometry

LI Fu-Min", SHAO Lin
(Dali Institute for Food Control, Dali 671000, China)

ABSTRACT: Objective To establish an analytic method for the simultaneous determination of 12 kinds of
organochlorine pesticide residues (a-BHC, p-BHC, p-BHC, §-BHC, pentachloronitrobenzene, aldrin, dieldrin,
heptachlor, endosulfan-I, endosulfan-1I, frans-chlordane and cis-chlordane) in tea by QuEChERS pretreatment
combined with gas chromatography-triple quadrupole tandem mass spectrometry (GC-QqQ-MS/MS). Methods The
samples were extracted with acetonitrile, followed by salting-out with sodium acetate and anhydrous magnesium
sulfate, cleaned up with the method of QUEChERS and concentrated. Then they were analyzed in the mode of
multiple reaction monitoring (MRM) by GC-QqQ-MS/MS and quantified by the external standard method. Results
Totally 12 kinds of organochlorine pesticides had good linear relationships in the range of 0.005-0.1 pg/mL, and the
linear correlation coefficients (+°) were all not less than 0.9990. The average recoveries of all the organochlorine
pesticides were 69.30%-97.02% at the three spiked levels of 0.01, 0.04 and 0.1 pg/mL, and the relative standard
deviations (RSDs, n=6) were in the range of 0.56% to 9.27%. The limits of detection (LODs) of all the pesticides
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were below 1 pg/kg. Conclusion This method is rapid and simple and has high sensitivity, which is suitable for the

determination of organochlorine pesticide residues in tea.

KEY WORDS: QuEChERS; gas chromatography-triple quadrupole tandem mass spectrometry; organochlorine

pesticides; tea
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AW AR . DB AR AT I vk . FEAs R
BRAY BT, AR T A% G210 6 AR 28 B04 Ak 75, QUEChERS
#:Bl(quick, easy, cheap, effective, rugged, safe) B A s | i
HOOEE . AR WEMZENS, REERZAE
FANM X A5 BB UERE . JEH) QUEChERS 2 —
Jl-N N FEEELE W B 7 (primary secondary amine, PSA)Xf#
S RO A T, TR R 9 QUEChERS 454 ki
. Cig. PSA SEIR-A i FHER JoAF i e B b i L4849 . Hi,
QuEChERS B:C R JE I 2 A, Hirp 2 MR kg
EN 15662 51 AOAC 2007.01 3,

AMHEAERAR. ZHBBMEY . AW, B,
BRENIY, BB E S, BEL, ENIAXTZEH T OCPs
B BR AN 1y ik 3 R T AURA €385 15 (gas - chromatography,
GO | S HH {8, 1% - Ji 1% 1 (gas  chromatography-mass
spectrometry, GC-MS)!'>'™ K 0 3% - 5 6 o 3% 7% (gas

chromatography-tandem mass spectrometry, GC-MS/MS)!'*!7]

S SAHETEE R 25 B ARSI, AR pE 2% |
RS2 5 7 A B M A BN R A - TSP
R A 2 Bl S i 0 Ui sl T4, AE7eERs
PR | e A RSB A AOR - FR B BT E AT R AR GC
GC-MS LTEMUE L E AR, Fll RSt k- =5 g
T 8 B¢ Fi 1% (gas  chromatography-triple quadrupole tandem
mass spectrometry, GC-QqQ-MS/MS) B A ve £ 4 | 4 1k
I, REUEE . BUTIRRE TR AE RSO,
TE AR AT T E R 8 5 T ABRES 2T B ARt & W e 46
FERE M. £ R0 Y (multiple reaction monitoring, MRM)
FECTF 9 BRSO B A T AR B 2
Fio AWF508EAL T QUEChERS FiibH4E S GC-QqQ-MS/MS

VER Ry 12 R HLSEAR 25 5% B A T TR A, LI
ARSI OCPs 5% B A B AR A

2 MRERE

2.1 U5

7890B/7000C <A i = F VU AT 5 B BR A (Bc 75
B hdF A g A T U, 2 Agilent A H]);
Hp-5ms E 4045 €354 (30 mx250 pum, 0.25 pm, 2 [H
Agilent 2y #]); XSE205 HLF RV (E&&E 001 mg, Hit
Metter Toledo 23 7); QUINTIX-1CN H, F K- (B4 0.1 mg,
8 [% Sartorius 23 7); LT-BT Z WAL R SAA T BHUER B
IR ), Mixer B-400 35X (% 1+ BUCHI A #));
HC-3018R =¥ ¥ 2 D WLCL B B rp AR 22 A B A
F]); IKA VORTEX 2 {R5)#% (8 IKA 23 F]); UPH-IV-20T
ABAE KM L8 2R A FRA FD).

ECkE. (@i, fEE Merck 2AH]); BEEREAIE
geali, RAERTHL T AR AR AT B A D), vKEERR . oK
BRFREE (oM al, RKaen WUk 27 X0 B R AT BR A w5
AR AKX

ODS Cy5 HRH(50 pum, 60 A). £ 24k Tk B I K
(120~400 F). PSA IEEH(40~63 pum, 60 A [ K Hehig)
EAIRATL

A-7NTNTS L BINTSTS L pININIS . O-ANTNAS . LA
B O N al . 3 AN 5.0 3 AN 76 o G  N= We
FHAR -G 12 R HLEA IR HEY) BT B T4k 3
WG R LI AT, HSTE R EE YA 100 pg/mL.

22 LWHE
2.2.1 ARk SR

SrAIEE 1.0 mL Bk 12 R ZhhRiEY R, A
10 mL P, ATk AEARE 10 mL, Bl
BT HVR BE YA 10 pg/mL ARUERR AR, #EEIRH(-18 C)
PRAE . ARUETE 2L, B R IE C e BE A B I 3R 57 Wk EE s o T
B
222 # % QuEChERS #7432 7 %

VERIFREE T 479 5.0 g 5N MK T 50 mL R H 38
BLLET, A 15 mL 0.1%ZBR-2.0E, RS8R 30,
FANA 1.5 g NaAc, 6.0 g o7k MgSO,, FIRAI 8k 30 s,
IR, FELOHLLL 8000 r/min B5.0 5 min, B 10 mL [ ¥
WF 57— 15 mL ¥R HIEZ.LAE R, ilA 150 mg ODS Cig
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. 150 mg PSA #yA1 150 mg f1 B4k BAy, FIRSIAEA
JE 1 min, PAES.OHL 8000 r/min 5.0 5 min, B 5 mL FiEH&
F LT-ET WAL AW, 40 CRAMELGEEIRET, AIES
WMERZE 1 mL, & 02 um A HL R gk, f#
GC-QqQ-MS/MS #:illi
223 AAREE-F KAt

(1) AAEIEHG

3 Hp-5 ms B 404 (3% (30 mx250 pm,
0.25 um); HEAE TR EE: 280 °C; # A @4l He(4l i
=99.999%), W 1.0 mL/min; #RETT R A RIERE,
VEFIGEIRBT): 8.0 min; HFAFHE: 1 pl; GSHRERT:
50 C(f#¥F 1 min), A 30 ‘C/min FHEZF| 130 C, FLA
5 °C/min JHEZF] 250 C, FLL 20 ‘C/min FHEZ] 300 C,
¥ 2 mino

(2) Bt

A EAEE U = 99.999%); REES: mAAS
(4l =99.999%); fLHZkiE: 280 C; BFI&: BT
JH(ED, HLFRERL: 70 eV; B FUREEE: 300 C; Hiym:
£ RN TR R MRM, MRM 4503 1, EESF
MR, KA 500m/2) % 430(m/2)B9 4 (MS1
scan) 72, L fE¥: Masshunter.

23 HBURAIETE

H RAE BN, 1 Masshunter 52 ¥ 404 404X 40
FENE AT Ab B, P % P i s AU A4k H b e
, FEEGIEERR TH S5 A 2GR T AR (i 141,

MRM SR AEFNEHE, 6] Masshunter & &M 7 1F %
BT BT

3 HBR50H
3.1 BUEFHERL

FEIESEFEAXT, RABMEE M 50(m/z) % 430(m/2)
B2 MST scan) Jr IS5 12 g HLER 2557 D BT
S F i (total ion chromatogram, TIC)(JLIE 1), #fiE 45
HFRE A PR EE 2 F R BRI A . SR T F 2 Ay 8
BN =y B 1, Mo Akl JE Rl R AR i 1] i s 1 F 18, i
JE A MRM BB F AR . T HRE N X RAAE 25
TR e e B . AR AR BT A R AR 25
B AR LA Y tE R 2 = AT e, X B AR fb &Pt
BT BT B R TS SO T b . 2fiik
A DAARAS A FRAR A o A 1 S Lo it . 12 P LR
R E R Z AL S S HOLER 1.
EFCR &R ERZ
SR Yol A e S AR R kAT IS, AR R R A A AT
HIUERRBE, R BE N 10 ug/mL TR & PR EE TR A B 25
B A R TR O R, TRAT, e B TR A bR i AR
W, THHHIE C et LR B sk 22 439924 0.005.,0.01.,0.02,
0.04, 0.08. 0.1 pg/mL MFETRAFRME TR, EHLINE,
T TR A AR 2K -

DA RV B o0 X3, o o i P TRl Y Bk AS 2k

3.2

biia
Yy
ik

B F AR S Wyt AT R E TR H R R 2 Ay

PRI RE . SEBREE R 12 R HLETR B AR 25 1 Bt it

1 RHMENEKRANRIESH
Table 1 MS parameters of 12 kinds of organochlorine pesticides
i M
FFe ZFR R B2 5} 7] (min)
BT (m/z) fiffERE L (e V) BTt (m/z) B B (e V)
1 A AVAVA 13.636 218.71>182.9 5 218.71>108.8 40
2 ) AVAVA 14.620 218.71>182.9 8 218.71>109 40
3 N7AVAVA 14.838 218.69>182.9 5 218.69>108.9 40
4 TR IR 15.039 264.59>193.9 25 264.59>236.8 10
5 S AVAVAY 15.739 218.7>183 8 218.7>108.9 40
6 L& 17.480 271.6>236.7 15 271.6>234.9 15
7 IR 18.746 262.62>192.9 40 262.62>190.9 40
8 X-EFt 21.121 372.6>265.9 30 372.6>263.8 30
9 Bift-1 21.554 194.74>125 30 194.74>122.9 35
10 - 21.676 372.6>265.9 30 372.6>263.9 22
11 IR 22.503 262.59>193 40 262.59>191 40
12 BiFH-11 23.629 194.67>124.9 30 194.67>123.1 30
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Fig. 1 TIC of 12 kinds of organochlorine pesticides

R UM R (A TR FRAT R IR R, 12 R ALK
ZHHIAC ZRELOHTE AT 0.9990~0.9999, 12 Rl HLAAK
IR TIRARMERRZE . MR R B L 2.
3.3 AMEYE., BEEMGEGTHR

TESS28 FUE B rh s n 12 R HLAUR 25 R M) 5
7RSS, BmZKF-43 510 0.01, 0.04, 0.1 pg/mL, 7]
— T, BAUIAKCEEZ N E 6 W, HEAUm
IKF- T 13- 2 [0 e 258 Bz JHCAH X6 A7 i 4f 25 (relative  standard
deviation, RSD). SZIGE5 KM 12 Fa HLARZ MG -3 [
R K 69.30%~97.02%, RSD 9 0.56%~9.27%, Ak iIfntR

IR AL RSD RETH AL A 24 22 55 B3 AGH I 174 Y 0 3 RORS 2%
R AR HET 3 AN A IR AP35 [Tl & RSD L3 3.
DMEME L S/N=3 B Xof B 0 8 i B S AR 2 o G Hh
PR, SCOOZ SRR 12 P LA 2 BLAr A BRI/ N T
1 nug/kg, HARILE 3,
3.4 SERRAEMAS
SRHUTERT 20 B 25 IHRE Al ORSERI S 2 1y . 2R S
By BRAE S Oy, LUK 5 0. TEAR 3 N T E S AT, Ak
Kt iR 1A B AR 25 157 o

4 FR5itie

AW FIF Agilent 7890B/7000C S FHE AL, iZ
QuEChERS RijAbBEH A, #HES7 T 25 12 Flv L4 2 5%
B T RS DU 98 7 %, 32 3 A R I 2 0 AR e e % D
P TROR, &G TR SR AR b Rt i A A
o BRS¢

QuEChERS Hif 4 #5325 F F 8% 5 FK R o % 7 it
SR 11U a7 9% W (N R S U O - S o & - N S
BYRSr —REREC, SAZ TaE T, R
S E SRR B o A PR U S 0 R A R e AR B, E
1125 1 SE 50 ROMAR TS 56 . 2 (5258 BoR TG T4, &
SN R ICTE Y . 7E 3 NUIKER, B0 vk 2557
BInbrE R 69.30%~97.02%; RSD YA 9.27%.
FEpE GB/T 27404-2008" 41 52 A (8] Yz 35 Bl 0
60%~120%, RSD Ai##i 43%. AHF57HE v 1) QUEChERS
FTAL R 3 FH T A5 v 224 25 5% BR I A LA T AT

®2 LRMANKRANEFRAROEMZ . KMEBEXRY

Table 2 Matrix-matched calibration curves and linear correlation coefficients (r”) of 12 kinds of organochlorine pesticides

75 2R LRl (ug/mL) R HE LR AR R
1 S AVAVA 0.005~0.1 Y=159.639114X-347.535089 0.99942
2 ) Savava 0.005~0.1 Y=81.294044X-270.124819 0.99951
3 N ZAVAVAN 0.005~0.1 Y=100.898453X-321.694174 0.99911
4 FLAAH IR 0.005~0.1 ¥=38.285709.X-100.870838 0.99919
5 B AVAVAN 0.005~0.1 Y=82.934366X-272.237752 0.99970
6 L& 0.005~0.1 Y=58.366672X-245.877618 0.99937
7 SR 0.005~0.1 Y=52.572080X-73.389063 0.99951
8 S -E P 0.005~0.1 ¥=33.509328X—65.662638 0.99973
9 WiFE-1 0.005~0.1 Y=13.501265X-16.018439 0.99993
10 -G 0.005~0.1 Y=33.075135X-73.864587 0.99967
11 G 0.005~0.1 Y=21.472215X-31.524012 0.99957
12 W11 0.005~0.1 Y=11.449764X-21.357824 0.99906
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Table 3 Recoveries, relative standard deviations and limits of detection for 12 kinds of organochlorine pesticides in tea (n=6)

e P 0.01 pg/mL 0.04 pg/mL 0.1 pg/mL o R
a1l /% RSD/% i 2R /% RSD/% I /% RSD/% (ng/kg)
1 S AVAVAS 91.55 3.25 96.76 0.56 87.39 1.62 0.1
2 BANININ 93.38 5.62 93.39 2.94 88.79 1.18 0.1
3 PININIS 93.82 1.99 94.69 0.88 88.33 1.63 0.1
4 AR 75.87 8.38 78.07 9.27 69.30 6.05 0.2
5 S AVAYAY 91.56 5.26 90.89 4.12 88.43 2.31 0.1
6 +H 97.02 3.16 91.56 1.47 88.39 1.90 0.2
7 SERH 84.67 2.44 89.68 1.50 78.57 2.21 0.2
8 R X-EFHt 89.80 3.04 92.13 0.76 82.61 1.67 0.6
9 B -1 83.13 5.84 92.05 3.15 83.07 2.26 1
10 M-S 92.18 2.88 93.38 1.75 84.99 2.63 0.6
11 KGR 83.58 5.24 89.77 131 79.62 2.46 0.6
12 Bift-1 89.35 5.10 91.17 2.97 82.95 1.96 1

AW AT BT R, AR B AR RE AR
WG sk e, T LRk b S E s,
A B Ak R 2 HA S TS5 H B A 258 — 8 R HE T, &
T F RS A 2 AN REAR A MR AT T Ok, RO Bk
bR R AL, e AR IEETE 3 MEInAKCE
BHbRED R A 75.87% ., 78.07%F1 69.30%. {HAK R [
bR GB/T 27404-2008 FIFLE, AEim ERIIE R

SE

[1] Barriada-Pereira M, Serodio P, Gonzalez-Castro MJ, et al. Determination
of organochlorine pesticides in vegetable matrices by stir bar sorptive
extraction with liquid desorption and large volume injection-gas
chromatography—mass spectrometry towards compliance with European
Union directives [J]. ] Chromatogr A, 2010, 1217(1): 119-126.

[2] XI—Z, prl, XU, 55 WO BRGSO k- BTk i s

AL ] BARHE, 2011, 36(4): 296-298.
Liu YJ, Fang C, Liu Q, et al. Solid-phase extraction using mini-column for
the determination of organochlorine pesticides in tea by gas
chromatography-mass spectrometry [J]. Food Sci Technol, 2011, 36(4):
296-298.

[3] BB, WO, Wianst, . S ES-BUkmE S iy 25 ficf
HUEAZGFREAT]. (43, 2006, 24(6): 629-632.

Zhao QH, Jin BH, Xie LQ, et al. Determination of 25 organochlorine
pesticides in tea by gas chromatography-mass spectrometry [J]. Chin J
Chromatogr, 2006, 24(6): 629-632.

[4] TEEFE, 428, 55, %, SPE-GC-MS/MS JEIME M 49 Fhfezy
FRER[D). EARIFST ST, 2017, 38(13): 173-178.

Wang JX, Niu ZR, Feng L, et al. Determination of 49 kinds of pesticide
residues in tea by SPE and gas chromatography-tandem mass spectrometry

[J]. Food Res Dev, 2017, 38(13): 173-178.

(3]

(1]

Anastassiades M, Lehotay SJ, Stajnbaher D. Quick, easy, cheap, effective,
rugged and safe (QUEChERS) approach for the determination of pesticide
residues [C]. The 18" Annual Waste Testing and Quality Assurance
Symposium Proceedings, 2002: 231-241.

Surma MK, Sadowska-Rociek AB, Cieslik EJ. Evaluation of the
QuEChERS method with GC-MS detection for the determination of
organochlorine pesticides in food of animal origin [J]. Food Anal Method,
2014, 7(2): 366-376.

oA, 47, AM, %. QUEChERS RiAbFIH AR S7ELLEEHE B Gil-
SR RS BTREI FHL IN E BRSO T 20 AR 2G5REE )], B2
AR 2E4, 2016, 7(1): 20-26.

Ma J, Li Q, Bai M, et al. Determination of 20 kinds of pesticide residues
in vegetables and fruits by QUEChERS pretreatment technology and
online gel permeation chromatography-gas chromatography-mass
spectrometry [J]. J Food Saf Qual, 2016, 7(1): 20-26.

EN 15662: 2008. Foods of plant origin-Determination of pesticide
residues using GC-MS and/or LC-MS/MS following acetonitrile
extraction/partitioning and clean-up by dispersive SPE-QuEChERS-
method [S].

Lehotay SJ. Determination of pesticide residues in foods by acetonitrile
extraction and partitioning with magnesium sulfate: collaborative study [J].
JAOAC Int, 2007, 90(2): 485-520.

FoEE, JrNEE, Bk, A MEASE R 27 FCA HLERIDRR B TR
P2 2 H Ak B A @k (0], P A ARG, 2005, 17(5):
385-389.

Jiang DG, Fang CR, Yang DJ, ef al. Determination of 27 organochlorine
and pyrethroid pesticide multi-residues in teas by gas chromatography [J].
Chin J Food Hyg, 2005, 17(5): 385-389.

Liu D, Min S. Rapid analysis of organochlorine and pyrethroid pesticides
in tea samples by directly suspended droplet microextraction using a gas

chromatography—electron capture detector [J]. J Chromatogr A, 2012,



1382

B AR

=%
B

LRI

59%

[12]

[14]

[16]

1235: 166—-173.

JiJ, Deng C, Zhang H, et al. Microwave-assisted steam distillation for the
determination of organochlorine pesticides and pyrethroids in Chinese teas
[J]. Talanta, 2007, 71(3): 1068—1074.

Li Y, Chen X, Fan C, et al. Compensation for matrix effects in the gas
chromatography—mass spectrometry analysis of 186 pesticides in tea
matrices using analyte protectants [J]. J Chromatogr A, 2012, 1266:
131-142.

SRANUE, L, WOOK, S BRI ZRERR K S HOE A AU S
A% - R S 28 I AT LA 2 FIADL R VAR AR 23R B 0], 20 bF
M4, 2016, (1): 8-15.

Rong JF, Wei H, Huang HS, et al. Determination of organochlorine
and pyrethroid pesticides in tea by gas chromatography-mass spectrometry
using hydroxylated multi-walled carbon nanotubes as dispersive
solid-phase extraction sorbent [J]. J Instrum Anal, 2016, (1): 8-15.

Hou X, Lei S R, Guo L A, et al. Optimization of a multi-residue method
for 101 pesticides in green tea leaves using gas chromatography—tandem
mass spectrometry [J]. Rev Bras Farmacogn, 2016, 26(4): 401-407.

Cajka T, Sandy C, Bachanova V, et al. Streamlining sample preparation

[17]

[18]

and gas chromatography—tandem mass spectrometry analysis of multiple
pesticide residues in tea [J]. Anal Chim Acta, 2012, 743: 51-60.

Zhu P, Miao H, Du J, et al. Organochlorine pesticides and pyrethroids in
Chinese tea by screening and confirmatory detection using GC-NCI-MS
and GC-MS/MS [J]. J Agric Food Chem, 2014, 62(29): 7092—7100.

GB/T 27404-2008 SCH 2 it fIANE £ i MALAII[S].

GB/T 27404-2008 Criterion on quality control of laboratories-Chemical
testing of food [S].

(UIE%4: £ )

TR, PEIEM, TEMRFEA
RH, EHFZHBRERBRMFIEN.
E-mail: 810944654@qq.com




