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QuEChERS F kX #EfiE T b B . FER A ORI, |/ E, |IWMWSE N-N -2 1% 6k b
(N-propyl-ethylenediamine silane, PSA)FI+ /\Ge B 1 (C o) A HLE A B Ak J5 _EALINSE o S A i - = Y
WAF ER R (A T 2 AR BRI . ZE5R 35 AR ZG7E 50~1000 ng/mL 2 [i] 5 RAF LRI G R, HOCHRE 3
KF 0.99. # 0.02. 0.1, 0.2 mg/kg MARAKTF, 35 R 2 T35 IR Ky 75.4%~128.6%, AHXSARHEN 2 (relative
standard deviation, RSD)4 0.6%~10.8% (n=6). £&i€ Z 7t MER . REL ESME SR H 2R 25
KB ArALEA ARG A -SRI BT REGERE KOk

Simultaneous determination of 35 kinds of pesticide residues in rice by
dispersive solid phase extraction-gas chromatography-tandem
mass spectrometry

ZHANG Yue-Hui, TIAN Tian, WANG Zhi—Gang*

(Liaoning Inspection, Examination & Certification Center, Shenyang 110015, China)

ABSTRACT: Objective To establish the method for determination of 35 kinds of pesticide residues in rice by
dispersive solid phase extraction-gas chromatography tandem mass spectrometry. Methods The samples were
pretreated with QUEChERS method and extracted by acetonitrile. After salt extraction, the extracting solution was
purified by PSA (N-propyl-ethylenediamine silane) and C;g. The pesticide residues was determined by gas chromatography
triple-quadrupole mass spectrometry. Results There was a good linear relationship between 50~1000 ng/mL and the
correlation coefficient » was greater than 0.99. At 0.02, 0.1, 0.2 mg/kg, the average recoveries of 35 pesticides was
75.4%~128.6%, and the relative standard deviations (RSDs) were 0.6%~10.8%. Conclusion This method is rapid,
accurate and sensitive for determination of pesticide residues in rice.
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HREJOR T R R AR A, JOREREN EERE,
PR, SRR I o 22 4 [n] 5 ] R 2R 0 B R G . 4
EKRER R, RGP RE R TRIEY T, A
X 3s AT Y, B X A E M A fa . AR TEIR
WREHER, 51k &R, JTEXMEITriE, B
HHUARE T RE T %, 5% B A2 b i b= T mT R (i 20 41
At SRR, FAERAE RS TR R SRS
BATARZIRER 30T, BT ARAN A RN E
Febl, B SRR 4y BT i 2 R 20 i 22 % B 1Y)
Broriko I 40 453k, K BAR 25T AL 5 3 A Wi SR AT
B, BRSNS . R E 0T . REAL . BEASUUIE . BERE
TSR AR X SE AL B PR RSB . IR
EANHFER R B AMAF e . ER M2, RAELIiftE
FIALRE . 2003 4, & ELMFRA & B —FhAlH R 2 5% B
ST AT ETAL Ry s ROK M A TR SRR S AT AL IR AL AR, FR N
QuEChERS (4 I MHAE %)™ . QUEChERS J&—F 1]
R Z A 25 5% BA A e i A B 5, AR (quick) . AT
(easy). &¥f(cheap). Ei4&l(effective). i H(rugged)Fl4 4
(safe). MLLTAEG L, 2 ERAERIEFED | A5
Ak P e T LA B A 24 KN L T A A AR SE R A
QuEChERS EFFATHIALH, FIS0AH (15 B B TS vk kA T A
A 2G5 B, XA A (RS R 307101, S 3 o
BTk B RUE ®, SrTHiaedsmonss, DIBscaR
K H A 24 11 v T R YRR A, Y2 R SE BRI

2 MH5REE

2.1 X5
Agilent7890B-7000C S AH €435 - Hf 16 T35 (35 [ %

il

FEBA W), TTL-DCIHS E R AL (A Bk T R ITIR AR ),
Heraeus Multifu.ge X1R B.0HL(ZEER KRB A R
w)); T25 s A ML (R E IKA A ).

NG . (1S4, Fisher A H]); PEHEREL: 4 ¢ iR
B 1 g EALEA. 1 g FPEERREN . 0.5 g ATIERR A NG
o H]); VARAE: 900 mg REREE . 150 mg £ T ME-N-TN3ERE
BEALRERS B2 150 mg | /\BE L RE e 5 A ek i (il 5 28 ),
0.22 pm JE JEIERE( PR/ w)); S E KR Milli-Q
MEAiK . 35 FhACTEXT BE A LR 1.

FBENEA 1 mg/mL BIARAER R, FEA00T B Sl
BIRTF 97%; HrlFrl . FUAEE: . HUTUAEER A U5 v ]
THERHFIF T BE, HoAbXT ORI M8 E DrE A A,

22 ZEWHE
22,1 ERELH)

FRUEN A I(1 mg/mL): VERFREUR ST B LASN
B 34 A B 10 megCRS AR 0.01 mg)ZBIE T 10 mL
ZEEME R, VN TR A R R A 0B, O R
1 mg/mL YIRS 4 W1, —20 °CLL T ARTE, H&EH 6 A .

35 FhARBRFRE W10 pg/mL): HEFIFLE 34 Fhds
HEN 21 mg/mL) FIFUTU A ERPRHER A 0.1 mL, T
10 mL &M, B R 25 20 B, G ) vk B Oy
10 pg/mL 11 35 PRI 45 I, R 4 °CUKFEM o

AL EARHEN A I mg/mL): WERFRIER A LA
IR, 10 mgCRE I 2 0.01 mg) BT 10 mL A&+, AW
Wiy RO R B 20 B, WO B B | mg/mL 4L 5
FRUEN T 20 °CLAFRAE, AR 6 A .

PRE L EARHEN A WIS pg/mL): MERFSIER A LA
FRUE453%10.05 mL, T 10 mL A&+, HARHEER
ZIPE, W LA E N 5 pg/mL HIFREE SEARHEIT 2 IRT il
B 4 °CUKFEN

F1 35S HRENER

Table 1 Thirty-five kinds of control substances for agricultural residues

e Edin e #FR e 2R =] Edin
1 AR R 10 SN 19 K et 28 ey
2 R THE 11 R 20 T SRR 29 Va1
3 b BB 12 RiFFER 21 ZHER 30 A TR
4 W R JH 13 FIEE 22 gl 31 PR
5 el 14 FH e I 23 I 32 RV Rkl
6 ELZNAY 15 AR 24 EK A 33 AT
7 SRR 16 LE AR 25 V% =% S 34 RIS R
8 LATHEA] 17 LN 26 ZEHER 35 izl
9 PR BE ST A 18 SN B 27 K
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PRUER AT 25 A BIMER IR 35 FdRvEN &I
0.1, 0.2, 0.5, 1.0, 2.0 mL F 20 mL #HHirh, FANE 2
BRZE, B SR ERS TR, W54 50,
100, 250, 500, 1000 ng/mL. MEWIRSELLL A& bRt R
FITAER 1 mL BIAINELHRE, b BAL AT 5 7
25 HEE A AL ERIR T IS AR i P, BRI IR R B bR HER
FIRIL00 pL, WHERAHE), AR50 50, 100,
250, 500, 1000 ng/mL [ 4 52 FAR VA TR
222 HemaTdE

PRI 5 g IMFECREH R 0.01 @) T 50 mL BRI B0
o, i 10 mL KR BEVR S, & 30 min, MIA 10 mL 4 °C
B ZNE, FHEEAHEHL 15000 r/min 2J3% 2 min, A
PREE 4 K | BMEHRF, & LEoE s, BEEY
5 min J& 8000 r/min &.L> 5 min. B 6.0 mL Z i 2B T¥Hb
Erh, IRHE 2 min, 5000 t/min .0 5 min, AEFHIREL 2.5 mL
T 10 mL 48, 40 cCARIBTF AR EET . A
1 mL NFRE W, IMATFIAMKE N 10 ng/mL AL

FRUET A VRIIL00 pL, RBEIRST, S FLIERE, FHTE.
223 Ad8 G- BB ELT

(1) SAHERE &

HERE T WA ERE, A ZHER HP-5 (30 mx
0.25 mm, 0.25 pm); AR 60 °CAR4% 1 min, LA 40 °C/min
BWHRTHRZE 170 °C, 4£3F 0 min, L 10 °C/min AR THE
2% 310 °C, {#4F 3 min; YEFEORE: 230 °C; 2R &4k
R i 1.054 mL/min, fHHF; #EEER: 1 L.

(2) Furk st

FEIVREE: 280 °C; B FUH: HLFSRITIR(EL ), 70 eV;
BRI 230 °C; A= Sn; I A X (multiple

reaction monitoring, MRM),
3 GRS5HMH

3.1 FUEFEHMK
35 BB S B 1 M NAR TR SR RS R R 2.

®2 RERUAMRIESH

Table 2 Chromatogram parameters of pesticide residues

w5 AY MRETFmz)  FEFmz)  REREE/NV &5 a4 HIAE F(mlz)  FEF(mliz) HiiERER/V
1 ERER 127.0 65.1" 10 19 NP EE 238.0 162.2° 10
153.0 90.0 25 162.2 1332 15
153.0 125.1 25 240.0 162.2 10
2 FETH 228.9 173.1° 5 20 K B 135.9 108.0" 15
172.9 172.0 5 120.0 92.0 10
172.9 138.1 5 121.0 65.1 15
3 oAU 136.9 109.0" 5 21 [LEPNLTN 242.9 214.9 20
108.9 80.9 5 240.8 212.8 20
108.9 62.9 15 271.8 242.8 10
4 WA 198.0 118.1° 15 22 ZHIRR 251.8 162.2° 10
198.0 183.1 35 251.8 161.1 15
198.0 158.1 20 161.9 161.1 10
5 A 161.0 119.1° 5 23 Ji A 96.0 67.1" 10
161.0 146.0 5 96.0 53.1 15
256.9 162.0 5 282.8 96.0 10
6 B F 238.0 166.2° 10 24 I 168.0 70.0" 10
166.0 55.1 20 128.0 65.0 25
166.0 96.0 15 128.0 100.0 10
7 SR 203.9 91.0" 5 25 W I 193.9 166.0° 10
121.9 121.0 15 193.9 124.9 25
203.9 121.1 35 166.0 124.9 15
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£ R ety AR T (niz) FRIT(mlz) RifERER/V %5 ety RIAB F(miz) FEF(miz) RifERER/V
8 -yl 187.0 124.0° 20 26 LA TR 252.0 196.0 20
197.9 145.0 15 252.0 146.0 30
212.0 172.1 15 299.9 222.8 15
9 FH 35 ST A 265.0 93.0" 15 27 EHR 2349 143.0° 10
265.0 250.0 25 143.0 87.0 5
124.9 47.0 15 234.9 87.0 20
10 N i 162.0 120.17 15 28 KM 119.1 91.0° 10
162.0 147.1 15 119.1 65.1 25
132.0 117.1 10 269.0 119.1 15
11 R 234.0 174.17 10 29 N 135.0 107.17 10
234.0 146.1 20 149.9 135.1 5
220.0 192.1 5 135.0 77.1 30
12 KRR 160.0 130.1° 20 30 2, s 141.0 63.17 30
160.0 145.1 10 141.0 113.0 15
192.0 160.1 20 204.0 176.1 10
13 FhHLG 226.0 1842 10 31 RS IR 181.1 152.1° 25
199.0 184.1 5 207.9 181.0 5
241.0 184.2 10 125.0 55.1 10
14 FH LM 1 290.0 125.0° 20 32 TR 182.0 75.1° 30
232.9 151.0 5 182.0 102.1 15
232.9 125.0 5 182.0 111.0 15
15 EN R 125.1 47.0° 15 33 FTUN 4 e 198.9 107.0° 25
125.1 79.0 5 198.9 157.0 10
277.0 260.1 5 156.9 107.1 15
16 LR 172.9 99.0 15 34 ik 24 i 163.0 107.1° 20
126.9 99.0 5 163.0 135.1 10
157.8 125.0 5 135.0 107.0 10
17 VAN Vi 222.9 1322 10 35 AT AR 163.0 91.0 10
146.0 131.1 10 163.0 127.0 5
174.0 146.1 20 165.0 91.0 10
18 FACE R R TR 181.1 152.0° 25 36 HALEAAIRY) 263.0 193.0° 35
197.0 141.0 20 237.0 143.0 25
208.0 181.0 5 237.0 119.0 25
32 BUAMEZ ML 30 min, IR HERAHRI 30 min, FEE A2 HL 15000 r/min 2]
301 I ¥ 2 min ZAMRBOTR T, SIS B lE, FRBURSE

KAKIMATKIRFER S )G, #E 30 min, HROKILE R
DR, EFREG MAZIERE, SCRxXT R, AR

4o TR BRI BE 5 K A 2 R, 4R
BOREE, FmRIBCICE, #ok CIETE 4 CCHRAF TR,
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G H, HIMA R, & RR A L%,
B 1k 255, DT e 75 43
322 HAErHRAL

FALALIG I 2 AT AR 22 R0, B Ry KOK B 5T b AT i 107 A
gy, WOEEEHT A T\ B REbE EEA R gk, B
BERERE e S RE X TR W A v A
33 FAERMZGMSEE R HR

FREUES FIRESL 5 gORS1%) 0.01 @), A 1 pg/mL
IRAARUER 0.05 mL, XFRESL I TAREE, FALIE . 155 H
FRYES MBE R I EY KT 3. kR h
0.01 mg/kg, 35 AR Z57E 50~1000 ng/mL 22 8] & [ 4F Y

LHEXRR, MR r WRTF 099, & i FRAILL M
3,
34 [EERKEZEELE

FREUFESS 5 gCRETRE] 0.01 g3t 18 4y, 6 —IKF,
A3 HIMA T pg/mL IR A FRER 0.1 mL (0.02 mg/kg /K Fi5
JnElg), 10 pg/mL IBAFRHER 0.05 mL(H K40 i),
10 pg/mL IR A FRUER 0.1 mL(E /K Fasmim), $RH, 4
AT R R RE S AL B, SRR, PRI 45 S 158 [l i 3 15 0
B 35 A A3 s 36 75.4%~128.6%, A% AR HE
7 (relative standard deviation, RSD)} 0.6%~10.8%, [BIIL
FAE B LS5 R W2 4.

*3 TEERMRMLEMHSE
Table 3 Limit of quantitation and linear equation

PS5 DREIES(E)/min latt?] YL CAS & FE PR /(mg/kg) LMt

1 7.247 SRR chlorpropham 101-21-3 0.0500 Y=5.7042X-0.0628 =0.9989
2 8.217 FET terbuthylazine 5915-41-3 0.0250 ¥=2.3307X-0.0364 =0.9991
3 8.348 Hb B fonofos 944-22-9 0.0250 Y=7.4229X-0.0615 r=0.9984
4 8.422 W7 e pyrimethanil 53112-28-0 0.0250 ¥=8.0019X-0.0949 r=0.9987
5 8.505 L isazofos 42509-80-8 0.0500 Y=5.4964X-0.0425 1=0.9986
6 8.702 Bt sk pirimicarb 23103-98-2 0.1000 ¥=5.7043X-0.0685 r=0.9988
7 8.770 SR iprobenfos 26087-47-8 0.0750 Y=8.1736X-0.1363  r=0.9989
8 9.183 VY y vl vinclozolin 50471-44-8 0.0250 ¥=4.1399X-0.0662  r=0.9989
9 9.275 FH B ST AR tolclofos-methyl 57018-04-9 0.0250 ¥=2.0005X-0.0326 =0.9993
10 9314 SN propisochlor 86763-47-5 0.0250 ¥=6.6343X-0.0709  =0.9989
11 9.361 R metalaXyl 57837-19-1 0.0750 ¥=3.7939X-0.0463 r=0.9985
12 9.364 FHFER mefenoXam 70630-17-0 0.0500 ¥=2.8933X-0.0267 r=0.9986
13 9.402 R prometryne 7287-19-6 0.0250 Y=4.4127X-0.0649 r=0.9990
14 9.581 FELMERERE  pirimiphos-methyl 29232-93-7 0.0250 Y=2.6237X-0.0603 r=0.9989
15 9.665 PN iR fenitrothion 122-14-5 0.0500 ¥=3.3740X-0.0579 r=0.9992
16 9.783 Rt malathion 121-75-5 0.1000 ¥=3.8419X-0.1062 r=0.9989
17 9.905 L acetochlor 34256-82-1 0.0500 ¥=5.7892X-0.0749 r=0.9988
18 9.916 SN L metolachlor 51218-45-2 0.0250 ¥=59.8150X-0.3777 r=0.9983
19 10.147 IR I B isocarbophos 24353-61-5 0.0500 ¥=6.5602X-0.0515 r=0.9984
20 10.314 [LEPNLTN phthalide 27355-22-2 0.1000 Y=5.6856X-0.0589  =0.9989
21 10.514 ZHR pendimethalin 40487-42-1 0.1000 Y=3.0162X-0.1183  r=0.9986
22 10.878 Ji #5 A procymidone 32809-16-8 0.0250 Y=4.7479X+0.8916  =0.9880
23 10.880 TR triadimenol 55219-65-3 0.0750 Y=4.1663X-0.0699  =0.9994
24 11.709 WA T Pt e thifluzamide 130000-40-7 0.2000 Y=7.4676X-0.0543 =0.9985
25 11.786 VAE-% NN oXyfluorfen 42874-03-3 0.1000 Y=1.2870X-0.0503  =0.9986
26 11.929 EHR carboXin 5234-68-4 0.0750 ¥=5.9220X-0.0419 r=0.9983
27 12.724 KM mepronil 55814-41-0 0.0250 ¥=29.9294X+0.2618 r=0.9978
28 13.469 P ER propargite 2312-35-8 0.0500 ¥=4.6808X-0.1383 r=0.9935
29 14.163 2 e etoXazole 153233-91-1 0.1500 ¥=3.4651X-0.0408 r=0.9988
30 14.203 FR U3 e fenpropathrin 39515-41-8 0.0500 ¥=3.7671X-0.0479 r=0.9986
31 14.684 R B phosalone 2310-17-0 0.0500 ¥=8.2894X-0.0017 r=0.9987
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FFe Bl /min el HIL44 CAS & R /(mg/kg) Py
32 14.960 AR lambda-cyhalothrin -~ 91465-08-6 0.0250 Y=6.8645X-0.1071 r=0.9988
33 16.6~16.9 AHSEBR cypermethrin 71697-59-1 0.0750 Y=34.3215X-1.4978 r=0.9978
34 16.785 TREUL A TR flucythrinate 70124-77-5 0.0500 ¥=9.3708X-0.2071 =0.9988
35 16.957 ik 345 i etofenproX 80844-07-1 0.0250 Y=31.7817X-0.2396  7=0.9985
F4 BIRRTBEE
Table 4 Recoveries and precision
- IIKE 0.02 mg/kg WK 0.1 mg/kg WK 0.2 mg/kg
8 -2 IR % RSD/% FH IR /% RSD/% B [T /% RSD/%
RN R 105.4 1.7 90.9 3.8 93.8 1.0
FETH 113.0 5.0 95.3 3.4 98.0 1.8
Hb B 100.2 3.4 87.4 3.9 91.7 0.6
W e 108.4 1.8 93.4 4.4 95.5 1.8
e 105.4 2.9 91.7 3.7 94.9 1.2
Bt 106.0 1.9 95.7 7.7 95.0 1.6
SRR 114.7 43 95.4 33 98.3 1.1
LN 115.9 2.5 94.0 3.8 96.5 1.5
AR TEAZLF 110.5 6.4 92.7 3.9 95.7 1.8
FR R ST A 105.3 1.8 91.5 3.8 95.2 1.1
SN 107.9 1.9 96.2 3.9 97.2 1.5
K ER 118.9 3.9 94.2 3.7 96.5 1.5
PR 112.3 2.0 95.2 3.8 98.3 1.8
FhEL 121.9 6.8 96.7 4.4 96.0 1.7
FR LW I 122.7 7.6 95.1 4.9 96.8 2.5
AR 128.6 2.4 92.2 4.1 95.2 2.0
TR TR0 107.3 1.3 92.4 42 96.5 2.1
5 LR 100.3 2.2 93.2 4.0 97.0 1.8
K F B 97.8 2.8 90.8 4.6 94.7 2.6
DY SRR 104.5 2.5 91.8 4.2 95.8 2.1
ZHRR 118.8 4.2 88.4 4.3 91.5 1.6
] 111.4 4.5 86.4 3.7 86.1 10.8
W IV T 99.4 2.4 93.6 5.9 97.4 2.7
AT 116.3 4.6 91.9 5.1 96.5 2.7
EHR 90.3 2.9 89.9 4.6 94.0 3.1
K 75.4 4.7 86.6 4.2 91.2 1.7
Vs 104.2 3.4 86.5 5.3 94.0 3.2
H BB R 105.3 1.8 96.9 49 99.1 2.9
RATE 82.8 22 92.7 5.0 96.6 2.8
FRCE R AR 109.6 1.8 91.4 4.8 95.3 2.7
AT 1183 32 88.7 53 96.3 2.9
UK S e 122.7 2.5 86.3 6.9 94.9 7.5
il 101.5 2.5 90.9 3.8 93.8 1.0
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pesticide residues in rice by gas chromatography with dispersive solid-
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