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Rapid screening of 89 kinds of pesticide residues in foodborne-plant extracts
by QuEChERS-gas chromatography-tandem mass spectrometry

ZHANG Lu"", REN Jia-Qi', HUA Jin*, HE Qiang', LAN Tiao’, TIAN Kai-Hong"

(1. Technology Center of Xi’an Customs, Xi’an 710068, China; 2. Technology Center of Taiyuan Customs, Taiyuan 030021,
China; 3. China National Institute of Standardization, Beijing 100191, China; 4. Xi’an Zhongjianke Testing and
Certification Technology Co., Ltd., Xi’an 710068, China)

ABSTRACT: Objective To establish a method for rapid screening of 89 kinds of pesticide residues in foodborne
plant extracts by QUEChERS-gas chromatography-tandem mass spectrometry. Methods Foodborne plant extracts
are dispersed with pure water, extracted using acetonitrile, and purified via the QUEChERS method. The analytes are
separated on a DB-5MS chromatographic column and detected in multiple reaction monitoring (MRM) mode. The
accurate mass-to-charge ratios of precursor ions and product ions are acquired, and quantitative analysis is performed
by matrix-matched calibration curve with internal standard method.. Results The results showed that the linearity

of 89 kinds of pesticides and their metabolites was good in the range of 10-200 ng/mL and the correlation
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coefficients (+*) were greater than 0.99. The limits of quantitation were 2-20 pg/kg. The recoveries of 89 kinds of

pesticides in Ganoderma lucidum extract was ranged from 59.9% to 129.1%, with the relative standard deviations of

0.4% to 13.9%. Conclusion This method is simple, efficient, accurate and sensitive, and is suitable for the detection

of 89 pesticide residues in foodborne-plant extracts.

KEY WORDS: pesticide residues; foodborne-plant extracts; QuEChERS-gas chromatography-tandem mass

spectrometry; high-throughput
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WALAGIE 99.5%, JtatiRMBHEA A ), 5@
TiEali, f8[E Merck 24 F]); QUEChERS ¥{b i A [N-N 32—
e # A (N-propyl ethylenediamine, PSA, 40~60 um) . + /\J¢
S G RE B R (Crs, 40~60 pm) . A7 25 fb Bk JB By K
(graphitized carbon black, GCB, 40~120 um). Jo/KERREE
(ZERE 99.5%)(H A Byt F).
1.3 XWFFE
1.3.1 A amaTa

TEFIFRIBUREE 2 gCHEHI R 0.01 g) T 50 mL B0,
JIA 10 mL /KB HERA), ##E 10 min, JIA 10 mL Z 5
5], YR HEEL 20 min, 7E 4000 r/min | 5.0 5 min, YEHK
5 mL EWEBOMAFIN & 100 mg PSA 100 mg Cy5.30 mg
GCB } 500 mg JC/KBREREEM 15 mL BRIE L&, Wi
R47 1 min,4000 r/min B5.0> 5 min, WAL T 40 °C
AAMREIRT, MA 20 uL F4E-EHNARER (S mg/L), H
JIEERZE 1 mL, WEERS), & 0.22 um JEHL, <A EE-

R TASCI E, TAR R 2R E
1.3.2 R FoAw fe vy & Be. )

25 R O B TV TR B AR E AR IS M LR B
02 g 25 HILTRRN, IR AERE S ATALHL S 15 5125 A AR ih 3
JRE W . 25 AR A R AT, 20 uL 4L ENRE
(5 mg/L), JIA 1 mL AH R 5T a2 e B TR A bR TR TR A TR,
TBAT, 1 0.22 um JEHK, 15 BB FUR AR E TARE R .
133 BBEEMH

3k DB-5MS (30 mx0.25 mm, 0.25 um); #FEO
IRBE 250 °C; #EAEEE 1 pL; dEEE T ANamibes; #A:
AR, 4iE =99.999%, i 1.0 mL/min, B2FTHE: YIihH
TREE 50 °C, 1545 1 min, DA 25 °C/min B3R THE 2 125 °C,
SRJ5 LA 10 °C/min FYEEFEFHE ZE 300 °C, R+ 8.5 min.

AR B T2 dr P electronic ignition, EI), 70 eV;
BRI 230 °C; #MREE: 280 °C; £ U WA =X
(multi-reaction monitoring, MRM); ¥ 4EIRAF[E]: 3 min, W
WS 7 X K i S50 35 1
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Table 1 Mass spectral parameters of representative pesticides and their metabolites

b= eSSl Ew R BT (m/z) 48 e, /v S BTN (m)z) Tl ik L/ V
1 SN WR-FR LA 352.8>262.9 14 352.8>281.9 12
2 BB FH JHe gt 141.0>95.0 8 141.0>126.0 4
3 HHLEA S AVAVA 218.9>182.9 8 218.9>144.9 20
4 ESliEs BN B R 181.1>166.1 12 181.1>153.1 8
5 o3 5] B R 299.0>220.9 24 301.0>222.9 24
6 AR FRW 293.0>153.0 8 293.0>125.0 14
7 EN 5l il 240.0>208.0 4 240.0>180.0 10
8 AR FAMBLR 294.8>236.8 16 294.8>264.8 12
9 23R N 130.0>95.0 20 181.0>85.0 10
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Fig.l1 Extraction effective in different foodborne-plant extract with

different extraction solution
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EEAERNAR, PRS00 . PR IR A P 4 ) ok
ZEOKEAR, ERTAEIEE A 10 mL /KR BER 5 )5 i,
RS B0 IR T 43 HIORE iy, DA J5 2 S A R0 B L
22 EUAHRBEE

AW E LT AF QuEChERS K KA [AIHE Ly
FIALAOR o DUINRESRIU A 505, R B InJEK
BRIREERT, b5 HRBOA BN, Al AN, WA
TR TR BRIREER R MEA QUEChERS b I K B —FIei
FARBOATB AL R, TS ki g T e 19200

[, ABFFEIEAE T PSA BiA . Cig S GCB ¥y R B
Iy ()% 1 mL 2B HIA 20 mg PSA, 6 mg GCB,
100 mg Jo/KEiRRE:; (2)% 1 mL #2BOH A 20 mg PSA,
10 mg Cyg, 6 mg GCB, 100 mg Jo/KBREREE; (3)%F 1 mL $2HL
WA 20 mg PSA, 20 mg Cy5, 6 mg GCB, 100 mg oK
FREEIF AT Ak . S5 SR, M l{li ] PSA. GCB. Cjs
AR BB AE, O f T IR A 4 ) R 24
SELAR R R OB R B AR, Hoh A R L AR
KEFMAY, T2 2 g b R A se LB
Wbk AR R B R AL S W R 0 THE, R AE | mL 2
OB 20 mg PSA, 10 mg C,g, 6 mg GCB, 100 mg Jo/K B2
BERE, BICRAE 50%~130%2 ], H 2 g2k A4 [mlik
R RS, PTREE T Cis MARE/NEEG A TE 2,
MR AAE 1 mL EBUE H 20 mg PSA, 20 mg Cyg, 6 mg GCB,
100 mg Jo/KBRFREE LT, 89 Fhk 24 5% B Y [l ie % 7
80.1%~110.3%Z 0], H THLHH WAL, W AbaUR R4, ik
AT 1 mL $2BGRH 20 mg PSA, 20 mg Cjg, 6 mg
GCB, 100 mg JC/K G BREEHATHE i ek o
23 BIERMHFMHK

ARG 5E3E#E DB-SMS {44 (30 mx0.25 mm, 0.25 {tm)
HEAT GG o2, FEDLAL G S5 A b AU 58 T FHIl e xd
HErbE S50 8808, MIHREE R 10 °C/min B, HAR
AP 8 RAF, THREEBT 10 °C/min 5 S8 HRY
BRI AE

T E IR PR S AT 2, IO VR I B i, AT
AR ARG HIRA T Y AT RE, 7 G 58 58 5 75 PRr i TR
F—BetiE], REAE AT TR, e SR SRS R . ATy
IKAE 300 °C T A-KF 8.5 min /&, REMSA SRS YRR, X5
SEYERETC 5, 89 FR 28R ML TR R DL IR 2.
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Fig.2 Total ion chromatograms of 89 kinds of pesticides and
their metabolites
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Fie B A T ARG, DE RINR AR TARER T,
BT XA R R M, AR 2R N BR T E . 89 B
e 2 J FARITE 10~200 ng/mL 5 Fl N 5 RAFLR M X R,
R BCBIRT 0.99. BT i HEE) | 7 7744
By, ANKECERIY) . SESRRICY . KEIRIW . mintie
W Ko R 2 BB AN R 280 B VR M A P 4 B A
EREME, Hi SIN=20 115 R, # e iRy
h & 4N . 0,p-DDE. p,p’-DDE. o,p’-DDD. Z i .
p.p’-DDD., Ehfifis . FHEBEI . BORAGHE . RS . Kb
W5 7R Ty 2.0 g/kg; BOBCEE . HUBEEL | PUSUASSELR . W
PR . a-/N7NN L ANAEIKR L NSNS AR |y
N HLHUBREE . REE . o-oN NN HI RN, 2R
BRI GRRE . CILRGERE . B . TR . IS TE
Mg o,p>-DDT. p,p’-DDT. Wk, AR . LCH .
FEGRmE . BRI M E R | TR . R
(B)-FE U MR, (2)-RE R AR R0 B
FHER . RGOS, KR | WEBERRE . BRI . 2K
Tk FF PRI 4 G R BR N 5.0 g/kg; AU AR SRR O
Al PR, BAEL WRER. SR BRH. AR,
FRBE ., FRLMELERE . 5 L H-N-F IR i | B R ACE
FEBREE . TR . AR WEIR | ERERE . —WREE.
TR . AU B . SR . SRR . 50K
fit , SEUTRAHER | FUKSETR | T AR 02 RN 10.0 g/kg;
W . a-BiFh . IRHURE . =PRBE . -BiST. BiSMERRINS .
NRNEE, IREE, Z AR . RN . WA
SE RN 20.0 g/kg, Ty A H BT 2K 3 5 ] A RR B K
242 KFHEAIE

HAb 38 7 b 72 % ] QuEChERS ¥k . bR E &
{14 [vi) st SR 07 5 s o e 20 o 114 2R 02 35 I 2 )
S0 (R SR A A BB R B 2k, S R RP U
PER P SO I i S b o R AR R R, TRIAS 5
5T Lh/INK B R4 IO A Ay B 5 ) i 5 s o 2 et
AN [FEIFPSE R P R Y (D M RR B . T 5 A TR
Wi NKELRREY) . SESRIRICY . KSR . far 4RI
Wy Je R 2RI ) P A 245 5% B8 RGBT RS IR AR, JE R
BN PEM B IR L SN =(b/a—1)x100, Hih b JgREM IR
T 89 P 245k A (A 7, o kg A TR] 5 2t s oV Y 1 i (L
S PR FH AR i 77 S48 T/ N K BRI R G E
AN FE A R A ) R T (T MR TR . T AR 4G R I
Yo KRR . SEREEY . KRR . AR
Yy R RZBEBYD) 89 R 24 5% B I N i . 25 SRR,
PIIpRsK - 50.0 pg/kg il SR F/INK B SEIUIHE T4% 0
B, 89 FA 2558 B2 A AT E A 35.2~55.4 uglkg Z ).
KA R A AE D SR BC UEA T RS IE B, 89 Rl 25 5% B3 A #E )
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FH1TE

MR AR B (0 I 5 (8l 36.2~50.4 ug/kg . T 4R B 10
M REAEAE 35.9~57.4 ngkg . SE AR B 09 E (A 7
40.9~58.4 pg/kg. /INKELIEIAIHIINE(ELE 50.9~51.4 ng/ke.
K GHEIIAE (A 50.1~60.4 pg/kg ., fai-HE Uit & (i
# 45.9~53 .4 uglkg . RZARBUYIGINIRE (B AE 39.9~52.4 ngkg Z
[B], HMELS RAR2EAEL10%2Z N, R TAETFAGI, AHfoeiess
IINAEEEUIAE Ry T B b 2R A T R BN AL I E
243 HEEFEBE

F 5 e R HLA A 2 1 2 TR R R B B (/D
KFLHEEY . R Z PRI . 7 Z R BN T e it

By, 4R ILFE 2, AT EAGIN 89 gk 24 K HAREH - 14 [a]
R TE 59.9%~129.1%2 JH], RSDs } 0.4%~13.9%2Z ], J7
WA E I RIS .
2.5 LPRMERINE

N AR TT A TR 20 ANAS [ 2 g YR AR 4 B
YT TINE, 4R ER, 16 3 NI B
(BRI . BRI . kTR E)
W, A A R R R | mEDE WS . PP OMERESE 3 PPk 25k
W, B 0.012, 0230, 0.044 mg/kg(E 3).

F2 89 MIRHGRERBMENE RIRMEEYIRENIE IR EI 2R K A5 % E (n=6)

Table 2 Average recoveries and precision of 89 kinds of pesticides and their metabolites at different plant extracts (n=6)

o) ey 10 pg/kg 20 pg/kg 40 pg/kg 100 pg/kg 200 pg/kg
[FICR/% RSDs/% B % RSDs/% [ % RSDs/% [BILHFE% RSDs/% [HILHKY% RSDs/%
1 FH el - - 68.2 3.7 69.0 3.9 68.0 3.6 60.6 3.8
2 f e 61.2 5.1 62.5 4.8 83.6 5.0 77.0 4.7 71.5 4.9
3 Hud 103.4 3.6 70.3 33 71.9 3.5 80.2 3.1 74.9 3.4
4 Y SR 68.8 4.7 60.0 4.4 85.7 4.6 99.4 42 72.2 45
5 R 65.6 12 70.0 0.9 83.9 1.1 75.8 0.8 68.6 1.0
6 AVAVAS 60.4 5.5 63.8 5.2 75.6 5.4 88.9 5.1 742 53
7 INER 107.2 2.9 82.2 2.6 103.9 2.8 72.0 24 108.3 2.7
8 AR IR 102.2 6.5 62.0 6.2 101.6 6.4 108.9 6.1 70.2 6.3
9 IR 65.9 7.5 90.3 7.2 81.9 7.4 71.1 7.1 75.6 7.3
10 S AYAYA) 109.5 2.0 90.1 1.7 105.9 1.9 90.7 1.5 76.7 1.8
11 FLARE IR 74.4 2.7 67.6 2.4 86.8 2.6 81.3 23 71.0 25
12 TAVAVAN 101.2 13.2 70.7 12.9 114.5 13.1 96.3 12.8 76.5 13.0
13 Hh B 79.7 1.8 68.1 1.5 94.4 1.7 95.3 1.3 73.2 1.6
14 R 74.4 1.8 65.1 1.5 91.8 1.7 94.1 1.4 78.3 1.6
15 S AVAVAY 95.1 6.6 69.2 6.3 85.0 6.5 85.2 6.1 73.2 6.4
16 F L EE At 60.4 1.1 69.7 0.8 78.3 1.0 75.1. 0.6 71.1 0.9
17 RN 63.2 12.1 63.4 11.8 68.1 12.0 105.2 11.7 60.2 11.9
18 eyl 112.0 2.1 85.8 1.8 104.9 2.0 93.5 1.6 74.4 1.9
19 FH LX) i 69.1 0.9 79.6 0.6 71.3 0.8 81.2 0.4 65.0 0.7
20 FH R i 62.6 33 80.9 3.0 90.1 3.2 85.3 2.9 72.2 3.1
21 L 81.7 2.0 76.8 1.7 98.5 1.9 87.7 1.5 76.0 1.8
22 AR 72.7 2.2 76.6 1.9 93.5 2.1 76.7 1.8 74.3 2.0
23 R il 59.9 4.4 66.4 4.1 75.4 43 68.8 3.9 66.8 42
24 J\E Nk - - 68.6 12.6 94.4 12.8 81.8 12.5 76.9 12.7
25 FH e g 80.3 5.5 68.9 5.2 86.2 5.4 76.8 5.0 75.1 53
26 55 CHE-N-H L g 1 80.2 6.3 79.4 6.0 69.9 6.2 67.1 5.8 97.7 6.1
27 U 73.7 43 86.4 4.0 82.8 42 78.6 3.8 85.7 4.1
28 FR 8 L SUOR T 68.9 43 67.7 4.0 74.6 42 64.0 3.9 60.2 4.1
29 EEE R 85.1 2.1 69.7 1.8 61.6 2.0 60.3 1.6 66.0 1.9
30 RN 96.0 11.1 99.5 10.8 74.4 11.0 61.6 10.6 81.0 10.9
31 SCEGH] 77.8 4.7 68.2 4.4 103.1 4.6 95.2 43 76.3 45
32 o 75.4 43 67.0 4.0 97.6 4.2 85.8 3.9 77.5 4.1
33 POg iR 113.5 2.8 89.0 25 87.4 2.7 70.7 24 69.6 2.6
34 BOER 95.1 3.8 89.6 3.5 97.3 3.7 88.9 3.4 783 3.6
35 AR 120.6 2.1 96.8 1.8 107.6 2.0 87.7 1.6 75.7 1.9
36 Q5 H G g/ e O 90.1 2.6 82.6 23 94.1 2.5 84.8 2.1 74.6 2.4
37 TR 67.4 3.6 66.4 33 66.9 3.5 75.1 3.1 67.0 3.4
38 ZHIRR 110.4 2.6 90.7 23 93.0 2.5 75.7 22 70.7 2.4
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o oy 10 pg/kg 20 pg/kg 40 pg/kg 100 pg/kg 200 pg/kg

EI%/% RSDs/% B %% RSDs/% %% RSDs/% [FEIL#HE% RSDs/% [H#*% RSDs/%
39 (B)-#H L 72.4 3.1 72.8 2.8 61.0 3.0 63.3 2.6 69.2 2.9
40 M TR A 84.6 4.1 82.6 3.8 82.5 4.0 72.4 3.7 76.1 3.9
41 15 tht 68.0 12.7 70.3 12.4 86.0 12.6 63.5 12.2 70.4 12.5
42 (2)-#HHE 66.9 6.3 83.9 6.0 73.6 6.2 71.0 5.8 70.1 6.1
43 W i 1 86.2 10.2 87.5 9.9 98.0 10.1 773 9.7 80.4 10.0
44 i 25 93.8 8.3 85.5 8.0 109.2 8.2 83.9 7.9 76.6 8.1
45 =R 107.3 10.1 81.3 9.8 91.4 10.0 79.2 9.7 87.1 9.9
46 IR 104.0 1.9 90.5 1.6 86.9 1.8 67.8 1.5 69.9 1.7
47 A 80.8 10.5 72.8 10.2 83.6 10.4 83.3 10.1 85.6 10.3
48 At 943 3.7 74.9 3.4 86.5 3.6 745 3.2 77.2 3.5
49 0,p’-DDE 92.1 2.8 82.0 2.5 92.5 2.7 81.6 2.4 75.9 2.6
50 DB 74.9 2.2 81.1 1.9 80.7 2.1 68.3 1.8 73.7 2.0
51 TN TR T 61.3 3.0 75.1 2.7 77.2 29 86.6 25 68.3 2.8
52 p.p’-DDE 86.7 2.0 83.6 1.7 87.9 1.9 75.0 1.5 75.1 1.8
53 TG 104.9 2.3 90.3 2.0 97.9 2.2 81.2 1.9 83.0 2.1
54 Ji AT s 104.5 13 96.5 1.0 101.4 1.2 82.8 0.8 90.2 1.1
55 0,p’-DDD 95.4 1.0 89.9 0.7 103.2 0.9 89.4 0.6 85.2 0.8
56 o-Hift - - 111.7 10.7 122.6 10.9 118.8 10.6 106.0 10.8
57 TR G - - 104.5 12.8 104.1 13.0 69.2 12.6 88.8 12.9
58 SRR A 105.1 5.1 88.8 4.8 90.3 5.0 71.2 4.6 83.1 4.9
59 FRu 75.0 3.4 104.9 3.1 80.9 3.3 60.2 2.9 94.7 3.2
60 T 89.2 1.5 92.7 1.2 82.5 1.4 72.9 1.1 83.4 13
61 p,p’-DDD 94.4 3.1 96.0 2.8 108.0 3.0 94.5 2.6 89.1 2.9
62 0,p’-DDT 105.5 2.6 90.8 23 83.3 2.5 60.5 2.2 69.8 2.4
63 I - - 79.8 4.5 61.4 23 65.0 2.0 92.2 22
64 JRivay - - 63.1 3.8 72.5 10.8 70.1 10.4 79.2 10.7
65 T S R - - 97.5 5.2 62.2 5.4 69.9 5.1 97.1 53
66 PRFR IR 60.0 1.9 63.3 1.6 77.0 1.8 713 1.4 89.5 1.7
67 p.p’-DDT 129.1 2.5 95.6 22 85.5 2.4 60.5 2.0 70.4 23
68 TG A e - - 65.4 23 723 5.7 70.8 53 71.2 5.6
69 9k 109.6 1.9 104.7 1.6 104.7 1.8 88.1 1.4 87.0 1.7
70 Ve B 87.8 7.4 91.9 7.1 106.5 73 111.7 6.9 91.2 7.2
71 IR 24 TR 69.9 23 88.0 2.0 87.3 22 71.7 1.8 84.5 2.1
72 TR iR 98.4 2.4 99.4 2.1 105.2 2.3 85.7 1.9 90.7 2.2
73 PR 400 i T 129.1 1.6 103.9 1.3 91.7 1.5 66.4 1.1 76.4 1.4
74 FR U3 e 104.7 4.1 60.9 3.8 95.5 4.0 76.5 3.7 82.4 3.9
75 AR 101.1 3.4 95.4 3.1 100.7 3.3 82.4 3.0 87.3 3.2
76 PRI TR 72.0 8.3 100.4 8.0 64.5 8.2 75.7 7.9 93.2 8.1
77 ST A e 75.4 4.6 76.8 43 90.4 45 67.9 42 88.5 4.4
78 KL FR 86.2 2.9 89.2 2.6 69.4 2.8 72.4 2.4 82.5 2.7
79 LI - - 96.5 7.5 70.5 7.7 70.3 7.3 121.0 7.6
80 Wik il 52 111.0 23 118.5 2.0 103.5 22 81.7 1.9 94.4 2.1
81 TRk 62.5 5.1 86.4 3.5 74.2 13.9 66.2 13.5 92.8 13.8
82 U TS e 61.3 4.8 115.5 42 103.4 3.0 83.7 2.7 104.3 29
83 W 5 A1 77.1 4.8 103.3 45 72.4 4.7 64.2 4.4 99.6 4.6
84 Rk - - 66.6 9.5 71.4 9.7 76.8 93 76.1 9.6
85 TR TR 107.8 2.1 104.7 1.8 101.0 2.0 81.7 1.7 101.7 1.9
86 LR 64.2 4.7 82.6 2.5 62.2 4.0 72.8 3.7 98.6 3.9
87 2R ik Y B 62.7 4.9 87.5 3.8 74.9 33 72.4 2.9 89.5 3.2
88 TR % e 120.5 2.0 122.6 1.7 90.4 1.9 83.6 1.5 104.6 1.8
89 W% AT P / / 79.4 11.5 65.7 11.7 62.4 113 98.7 11.6
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Fig.3 Total ion chromatograms and MRM chromatograms of pesticide residues detected in 3 kinds of plant extracts
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