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Rapid screening of multi-residue pesticides in tea by UPLC-MS/MS
HAN Lu, CHEN Da-wei, LV Bing, MIAO Hong
( National Institute for Nutrition and Health, Chinese Center for Disease Control and

Prevention, Bejing 100050, China)

Abstract; Objective To establish a rapid screening and confirmation method for pesticide residues in tea using UPLC-
MS/MS for instrument method and QuEChERS for sample preparation. Methods The pesticide residues were extracted
from tea samples with acetonitrile, and purified by dispersion solid phase extraction ( d-SPE) using N-propyl ethlene
diamine (PSA), graphitized carbon black ( GCB) and triple phase of tea ( TPT). The pesticide analytes were then
separated on a reversed phase column using a gradient elution program. The ion fragment were obtained using ultra high
performance liquid chromatography-tandem mass spectrometry under multiple reaction monitoring mode and quantified by
the external standard method. Results In checking tea sample, 10 pesticide were screened qualitatively and carried on the
quantitative analysis. The method showed a good linearity (r>0.999) in the ranges of 0. 1-20 wg/L for 10 pesticide with
average recovery rates of 75.7% -105.8% and the relative standard deviation (RSD) of 2.3% -18.4% . The limits of
quantification (LOQs) for 10 pesticide were between 0.5 and 2 pg/kg. Conclusion The method was simple, sensitive
and accurate, and was suitable for confirmation multi-residue pesticides in agricultural products.
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Comparison of the effect of cleanup by the 2
QuEChERS method
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Table 1  Rention times, mass spectrometric parameters of 141 pesticides

K5 Gﬁ%’[@‘l‘ﬁﬂ BT WA filf 1% R K% 14 B4 1 ] Ry 1ilf 7% B

/min /(m/z) H/eV /min /(m/z) w/eV
3- S HEnK IR P 8.46 237./181.1% ,237.8/163. 1 11,15 N AR 12. 86 320.9/119.1* 320.9/203.2 23,9
2, T P e 2.93 183.8/143.0* ,183.8/95. 1 11,24 L S 13.50 331.9/231.1% ,331.9/121. 1 16,45
AR 8. 66 222.8/126.0" ,222.8/90.0 16,25 Y TR/ Tk A TR 12.70 314.0/149. 1" ,314.0/91. 1 14,17
o TN, 5.31 222.8/86.1* 222.8/148. 1 15,10 TR AR 14. 67 510.8/158.0* ,510.8/140.9 22,42
o IR 4.54 206.8/89.0* ,206. 8/132.0 25,19 R 10. 66 314.9/99.0" ,314.9/127.0 24,13
LS B 12.97 345.9/97.0" ,345.9/137.0 32,25 LR 12. 60 330.8/99.0* ,330.8/127. 1 23,18
i s T 12.22 403.9/372.0* ,403.9/344.0 16,11 W T iz 12.92 223.9/77.1% ,223.9/106. 1 40,26
PIBR 14.09 411.0/195.0* ,411.0/252.0 9,7 AR 11.67 279.9/220.2* ,279.9/248.0 15,12
I = W 13.9 337.9/269.0* ,337.9/273.9 8,6 - 13.85 320.0/70.1* ,320.0/125.0 24,19
I P 48 12.52 342.8/307.1* ,342.8/140.0 20,12 PR e 3.00 141.8/94.0* ,141.8/125.0 15,18
A s 12.84,13.48  377.8/158.9" ,377.8/70.0 28,23 M 11. 84 302.8/145.0* ,302.8/85.0 9,22
2.V Pyl T i 13.04 316.9/108.0" ,316.9/166.0 25,23 Gt 12.41 225.8/169.1* ,225.8/121.1 10,17
TS W2 ] 14.51 306.0/201. 1" ,306.0/116. 0 13,17 SRR 14. 67 274.9/256.8 " ,274.9/69. 1 9,18
US| 10. 89 201.8/145.0" ,201.8/127.0 13,11 P52 1 I A 8.23 241.8/185.1% 241.8/122.1 14,29
ZWR 5.64 191.9/160.2* ,191.9/132.2 18,29 pES 6.13 162.9/88.0* ,162.9/106.0 30,23
LAEy 10. 56 221.9/165.0" ,221.9/123.0 6,16 [ E-giid 12.67 369.0/149. 1" ,369.0/133.0 21,19
Tk 15.79 380.9/160.0* ,380.9/118.0 20,12 A 7.10 223.9/127.0% ,223.9/193.0 15,10
R i 16. 39 407.0/361.4* ,407.0/223 19,27 i DT 12.82 288.9/70.1* ,288.9/125.0 27,34
EREsh 13.7 341.9/159.0" ,341.9/69. 1 29,22 AR R 3.76 213.8/125.0* ,213.8/109.0 22,20
A 14. 83 349.5/97.0* ,349.5/197.9 33,13 AR 10. 00 278.9/219.1* 278.9/132.1 12,32
H AL 14.08 321.8/125.0" ,321.8/289. 8 22,16 Eq 5.79 236.9/72.1% ,236.9/90.0 24,22
g0 15.03 360.8/304.9 " ,360. 8/224.9 17,22 TR 6.43 246.8/169.0" ,246.8/109.0 14,27
74 i 13.9 302.8/138.0" ,302.8/102. 0 16,36 E2 N 12. 61 293.9/70.1% ,293.9/125.0 23,19
158 1 i 7.83 249.8/169.0* ,249.8/131.9 13,12 FR 3 SR 9.83 247.6/202.0" ,247.6/109.1 22,31
R AR 13. 61 362.8/227.0* ,362.8/307.0 27,19 XA 13.40 291.8/236.0" ,291.8/94.0 16,37
B i 12.73,12.97  291.9/70.1" ,291.9/125.0 22,33 T B 13.59 283.9/70.1" ,283.9/159.0 17,20
1635 1 A 12.43 225.9/93.1% ,225.9/77. 1 34,13 T3 13.99 328.9/125.1% ,328.9/98.9 26,30
;ﬂigﬁmwlmﬁ/ M 6. 65 262.8/169.0" ,262.8/109. 0 16,29 [IEEN; S 14. 87 282.0/212.1% ,282.0/194.1 12,17
5 R AT 0 pak 7.73 224.8/72.1" ,224.8/168.2 25,15 RS 13. 86 367.8/182.0" ,367.8/111.1 16,21
TR 13. 67 304.8/169. 1% ,304.8/153. 1 21,14 W R 12.07 317.9/74.3 " 317.9/127.4 22,0
MR 12.97 349.6/123.1" ,349.6/224.0 29,17 RS 13.78 298.9/129.1" ,298.9/96.9 12,22
Hh 10. 42 220.8/109.0" ,220.8/94. 8 17,32 HiIF 9. 64 238.8/72.1" ,238.8/182.2 30,20
AR 14.26 205.0/149.2* ,205.0/91.0 9,13 P 356 e 13.82 305.8/108. 1" ,305.8/164.1 31,20
HE Tk P e 14.05 405.8/250.9* ,405.8/110.9 26,13 R P frie 13.78 375.8/308.0* ,375.8/70. 1 13,26
% ik 14. 84 308.8/197.9* ,308.8/273.0 33,27 A 11.20 283.9/96.9 * ,283.9/115.0 43 31
R 8.28 229.8/198.9" ,229.8/125.0 10,22 IR 14.43 372.7/302.9" ,372.7/344.9 19,21
P T N 12.41,12.69  387.9/301.1" ,387.9/165. 1 22,14 it 15.12 368.0 /231.2* 368.0/175.2 12,16
R 12.90 169.9/93. 1% ,169.9/66.0 26,42 TR FR s 13.70 341.9/159.0" ,341.9/69. 1 29,22
AR 7.06 162.8/107.2* ,162.8/77. 1 26,42 FRAR R 12.65 255.8/190.0* ,255.8/173.0 14,22
DMST 10.76 214.9/106. 1" ,214.9/79. 1 15,15 TR D e 13.77 343.7/326.0" ,343.7/154.2 12,30
R 14. 11 323.8/296.0" ,323.8/157.0 14,23 TR B 15.59 344.8/240.9" ,344.8/275.0 18,13
I 13. 10 329.9/121. 1% ,329.9/101. 1 22,44 IR R 13.76 387.9/194.0" ,387.9/163.1 13,25
YRR 14. 68 384.8/198.9" ,384.8/142.9 11,24 ik 7 15.53 364.9/147.17 ,364.9/309. 1 24,21
KL 13.10 242.9/130.9 " ,242.9/96.9 21,14 W i 11.85 199.9/107.1* ,199.9/82. 1 26,26
fik 3 i 15.95 394.0/177. 1" ,394.0/107. 0 17,40 Lygiig 14.72 322.0/96.0* ,322.0/185.0 16,23
Lk 13.30 303.9/217.0" ,303.9/202. 0 23,35 5 4, R 14. 83 307.8/197.0" ,307.8/162.0 32,22
AR BN 10. 89 335.9/266.0* ,335.9/188. 1 21,15 ZARWHE A 13.67 732.2/142.1% ,732.2/98. 1 30,54
LR 10. 69 319.8/233.0* ,319.8/292. 1 23,16 ZAWHRD 13.98 746.2/142.1" [746.2/98.2 30,55
A 13.08 330.9/268.0" ,330.9/268.0 24,24 2 il i 15.17 410.9/313.0* ,410.9/71. 1 13,23
e i ik 15. 46 307.0/161. 1" ,307.0/131.0 17,16 R [ 12.29,12.41  298.1/144.17 298.1/100.1 20,31
i A 13.25 336.9/125.1" ,336.9/70.0 27,20 T 13. 60 308.0/70.0* ,308.0/125. 0 23,18
PR i 13.03 301.9/97.1* ,301.9/55. 1 23,40 By 13.34 353.0/133.17 ,353.0/297.0 25,8
I 11.31 277.9/125.1* ,277.9/246.0 20,13 i i e 14.53 334.0/117.1" 334.0/145.1 35,22
AR 13.36 301.9/88.0" ,301.9/116. 0 30,15 SRR 14.70 380.8/141. 1" ,380.8/158.1 35,16
FARZAUIN 12. 11 304.1/147.1% 304.1/117. 1 29,55 ek 13.10 371.8/159.0* ,371.8/70.2 32,23
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2k
o 14 B4 15} i) BTHA filf 3% g - 14 B4 b 1) BT Tl 4 fiE
- /min /(m/z) w/eV . /min /(m/z) /eV
fE B 13.59 278.9/169.0* ,278.9/105.0 18,25 || MEEER 7.65 201.8/175.1* ,201.8/131.2 25,23
2 B S0 AR 10. 82 294.8,/280.0* ,294.8/109. 0 19,16 || P/ me ks 6.60 291.7/211.1* ,291.7/132.0 13,23
SR 13.54 434.9/330.0% ,434.9/250. 1 —16, -27|| me dunpk 9.11 252.8/126.0" ,252.8/90.0 22,37
W TR i 12.54 247.2/126. 1% 247.2/169.2 -30, -31|| BV 11.09 354.9/88.1% ,354.9/108.0 18,24
FREUIR 15.06 488.8/140.9 " ,488.8/158. 1 45,17 LB A R 10.92 342.9/151. 1" 342.9/311.0 19,8
FEUILE PR i 12.63 382.6/173.0* ,382.6/145. 1 24,52 PR3 ST A 13.88 300.8/125.0* ,300.8/175.0 17,26
WS I T 12.94 375.8/349.0* ,375.8/307. 1 20,29 || SRR R 13.53 363.8/238.0* ,363.8/137.1 15,29
SR 13.33 315.9/247.1* ,315.9/165. 1 19,28 || =Wk 12.74 293.9/197.2* ,293.9/225.1 15,23
TmER: 12.62 323.9/242.0% ,323.9/262. 1 25,16 || —memz 12.73 295.9/227.0* ,295.9/199.1 10,16
o 11.53 301.9/123.0* ,301.9/95.0 28,53 || =mkEk 12.85 313.9/162.1* 313.9/119.1 19,34
ISE IR 11.20 283.8/104.0* ,283.8/228.0 23,11 || #Eh 9.27 256.9/127.0* ,256.9/109.0 19,24
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Bl U, 14.11 527.9/203.0* ,527.9/56.0 28,38
T AR NERE TN
2 R AT R I A U O A 2
Table 2 Qualitative screening results from the tea sample
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Figure 2 Total ion chromatograms of 10 pesticides from the check tea sample
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Figure 3 Comparison of quantitive detection results about propargite between tea sample and reference standard
2.5 3 R A MLtk K R
ul3 I 5 Table 3 LOQ and linear equation of analytes
2.04
MR LHEIER G R
2 2 1y 9'&‘? LPERE R K
1.54 ¥]r /(pe/L)  /(pe/ke)
Jﬁ LW R y=979833x + 137821 0.9999 0.1-~20 0.4
= Lod MLy =58582. 7% +74092.6  0.999 1 0.1~20 0.2
itk H1 ok y =50090. 7x +2897. 56 0.9996 0.1~20 1.0
0.5 WEVERH v = 1361079x + 843246 0.9998 0.1 ~20 0.2
=Ry =122563x - 12108.9 0.9998 0.1~20 0.2
-
FEM v =137622x +3359. 99 0.9998 0.1~20 0.5
’ﬁ"‘ F & & & o
& S «z@’ s &2 ﬁ"’ F T WEHE Ry =878762x +33645.7  0.9999  0.1~20 0.7
Hedds: y =371871x — 11111. 1 0.9997 0.1~20 0.5
Bl 4 10 A A 2578 0.2 ~20 pg/L ¥ BEVE BBl A9 256 o R4 L UGy = 103162 +234049 0.9998 0.1~20 0.2
Figure 4 Matrix effects for 10 pesticides at the concentrations AR y=171877x - 1700. 14 0.9999 0.1~20 0.2

of 0.2-20 wg/L
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Table 4 Recovery and relative standard deviation of different

spiked levels

I Ik B K F

425 2 pg/kg 10 pg/kg 20 pg/kg 100 pwg/kg

FR RSD [y RSD WK RSD R RSD
ZWiA 8.8 9.3 77.1 18.4 88.3 9.7 842 53
My 94.5 9.0 104.0 14.0 96.8 13.1 94.4 10.0
Mpdmk 95.3 9.9 79.3 6.2 94.1 11.3  93.3 5.3
WEWEE]  84.0 10.0 77.1 2.3 82.6 83 8.2 4.6
=mERE 92.7 12.1 89.4 2.6 90.7 6.3 87.9 5.5
FAEM 79.3 9.3 78.7 8.2 79.2 12.8 757 4.5
Wkl R 83.7 6 94.0 9.8 105.8 10.1 105.0 5.4
HlfiE:  97.0 9 101.2 5.1 93.5 57 920 4.1
s 87.8 8.7 89.0 11.2 93.1 8.4 102.0 6.7
R 96.5 12.4 98.7 6.4 951 6.2 935 3.9
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i B AT — E R, O I % rp K 2 il Hh AR )
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RS BRAEMRE S P ER R A AR AR ME R 22 (n =3)
Table 5 Contents and RSD of pesticides from the

check sample
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®5 e m | E e
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E 1% ] 0.167 6.4 i 0. 027 5.0
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T+ R g R R SR IR P R R 24 A B IR T SR 5 7 MRPL
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Table 6  Content of pesticide residues in 10 green tea samples

B b 24 B LW R i, o bk it i = T WE 1% i B S IR L AR mkigE R
NS 0. 250 0. 653 — 0. 002 — 0.035 — —

ANGIRA — — — — — — — —
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2 — — — 0. 041 — — — — 0. 125
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I8 £ — 0. 044 0. 050 — — 0.020 0. 004 — 0.019
fEPHER 0. 035 0. 067 0.306 0. 068 0.398 0. 050 — —

YALT S 0. 043 0. 508 0.221 — 0. 087 — 0.155 — 0. 451 0. 044

I — RN R

3 NG

AR SCH) i 250 A € 3 - ER BBk 5 % (UPLC-
MS/MS) #a il £ A , 5k Al QuEChERS 75 3% X # fih it
FY AL B, ST 25 I RR B A 2 1 £ B PR PR G O
A K BARA & Y i s B AN Jr 25 o JE A 2k R
A6 Hh R A A BRI A Il il 56 A5 O vk 2R R IE, TR
WA Ty ok g o8 PR MER . R BUE L A T A
rh A 2 22 5 BE 1Y A K B TR [ IR A

S % 3k
[ 1] R RGN [ A R A 5 2 B 2, AR ARG

FE Al 7. GB 2763—2014 £ i %2 42 [F 545 E £ fh PR 25 i
KRB B[ S]. Jbat v AR A, 2014.

(2] SRS EHES , 4 1E D 5 ROBOH (055 - ep 10 BT 75 W) i
MsE - Herh 239 R 25 5% B &[], 3% ,2013,31(9):
850-861.

[ 3] REH,SHE T, WAk, 55 I bR f vk o 24 5% B IR i A v
sl A KR S L] R R 5 A B, 2013,34 (1) ¢
31-39.

[4] JINBH,XIELQ,GUO Y F,et al. Multi-residue detection of
pesticides in juice and fruit wine: a review of extraction and
detection methods[ J]. Food Res Int,2012,46(1) :399-409.

[ 5] Pakritsadang K, William E B, Jon W, et al. M. Automated

QuEChERS tips for analysis of pesticide residues in fruits and



R 1 2SRV R T - I O v R A S o i 2 A AR 2 R B I, 55 —393—
vegetables by GC-MS[J]. J Agric Food Chem,2013,61(10): analysis of 100 pesticides by liquid chromatography-triple
2299-2314. quadrupole mass spectrometry [ J]. J Chromatogr A, 2012, 1249

[6] ZHAOP Y,WANG L,ZHANG F Z, et al. Multi-walled carbon (3) :164-180.
nanotubes as alternative reversed-dispersive solid phase extraction [15] Polgar L, Garcia-Reyes J F, Fodor P, et al. Retrospective
materials in pesticide multi-residue analysis with QuEChERS screening of relevant pesticide metabolites in food using liquid
method[ J].J Chromatogr A,2012,1225(1) :17-25. chromatography high resolution mass spectrometry and accurate-

[7] XUmess 223 A 3RS, 45, Rz rp 13 R (U R M 25 2 5% mass databases of parent molecules and diagnostic fragment ions
B 014 43 W A v A 5 SO - B I s [T . e Ak, [J].J Chromatogr A,2012,1249(3) :8391.

2013,41(4) :553-558. [16] Chowdhury M A Z, Fakhruddin A N M, Islam M N, et al.

[ 8] Bk, AW, 2500, 4. QuEChERS-SAH 8 3% - 1% e I & + Detection of the residues of nineteen pesticides in fresh vegetable
109 R 2R B L)) P EE S DA 44 5,2014,26(3) . samples using gas chromatography-mass spectrometry [ J ]. Food
238-244. Control ,2013,34 (1) :457-465.

[9] BfwE,kSE, AL, L. SAH 6% I E 55 H 310 [17] Bruzzoniti M C, Checchini L, De Carlo R M, et al. QuEChERS
FA LA R [T]. hE S5 TR 2 ,2015,27 (1), sample preparation for the determination of pesticides and other
41-44. organic residues in environmental matrices:a critical review[ J].

[10] Lukasz R, Ana L, Ana U, et al. Determination of pesticide Anal Bioanal Chem,2014,406(17) :4089-4116.
residues in high oil vegetal commodities by using various multi- [18] BRIk, mn i, v 0L, &5 68 o 00 A 0 3% - 55 40 % O 9 7 ek
residue methods and clean-ups followed by liquid chromatography T+ SRR 2R E[I]. M fb2%,2014,42(4) .
tandem mass spectrometry[ J].J Chromatogr A,2013,1304(1) 579-584.

109-120. [19] AOAC Official Method. Pesti-cide residues in foods by acetonitrile

[11] Sinha S N, Vrdhana Rao M V, Vasudev K, et al. A liquid extraction and partitioning with magnesium sulfate; gas
chromatography mass spectrometry-based method to measure chromatography/mass spectrometry and liquid chromatog-raphy/
organophosphorous insecticide , herbicide and non- tandem mass spectrometry [ S].2007.
organophosphorous pesticide in grape and apple samples [ J]. [20] EN 15662:2008. Foods of plant origin-determination of pesticide
Food Control,2012,25(2) :636-646. resi-dues using GC-MS and/or LC-MS/MS following acetonitrile

[12] &35, B e, T, 55, 40 B AH AE B30 A 055 - 55 B 3 vk extrac-tion/partitioning and clean-up by dispersive SPE-
MEKR S 19 FiEs A 25 [T]. 4 Hrfk 22,2013 ,41(3) QuEChERS-method [ S].2008.

354-359. [21] European Communities. Commission decision 2002/657/EC of 12

[13] Emilia F,Anna S. Application of a truly one-point calibration for August 2002 implementing council directive 96/23/EC (1996 )
pesticide residue control by liquid chromatography-mass concerning the performance of analytical methods and the
spectrometry| J1. J Chromatogr B,2012,901(15) :107-114. interpretation of result [ S ]. Official Journal of the European

[14] Oscar N,Hector G,Imma F,et al. Strategies for the multi-residue Communities ,2002.

.tk

2\

b 2d

<.

i -
] R TR Z T 56T 527t - o s im0 s FH s o )
( GB 2760—2014) 0] 55 ) & 2R
E I A 5w (2015)469 &

PEHESI LA

et o (X T(R SR AAFE RBE AR AR AE) Fieid B S A X P62 (F B2 2015)
35 )&, GHRFIEFILEFEELGT AAEEH ARG ERETEHFRNEAE, AL TL T .

— (b B ERE RSB AMAE R ALY (CB2760—2014) F 2015 £ 5 A 24 B EX £, 5L
Lk o A ]| 5 5 | A O 7 B

Z A TR RRMA GG T R B RAR SRR, ZHR, ERY R RE AW AT T ,2016 56
A 30 BaTA F RS, Ak E AR AR IR S A GB 2760—2011 HLE 6 R 50 /s hn 5] & A&, 5F 4% i 33 A 4
LAEAE ;2016 56 A 30 BA, &% A F oL/ GB 2760—2014 HLE 4 & & 7k Ae 7 4 R 34T 4R &
IR

SRRl

(48 % 4% 4 . hitp . //www. nhfpc. gov. en/sps/s3593/201505/4¢7fce389d554490920¢37¢30b93b8cc. shtml)

EXTAETEZHANT
—O—-HZFHHA-T+HH



