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(1. KITHRD 2 B B 24P He e, B0 430074; 2. B TR K240 1T 52558, I 430074;
3. WA B A 2 B B I AT B, I 430075)

¥ ZE: B® @ 7 QuEChERS-AH (%1% - 5 IE i 1% ¢ (gas chromatography-tandem mass spectrometry,
GC-MS/MS)[r] if ki 5 B v 16 R 2550 B M or M i idi o F53K% MR BR KR IE S, A WondaPak
QuEChERS $BGER IR AL I B, B WA WondaPak QUEChERS b IIAHE, ZWGET, ERE
I mL, FERMFREERIE . BR  7E 0.05~1.00 pg/mL JEEIN, BRI R RAF, HSERE)HAN
T 0.998, J7 LA HIFR N 0.00124~0.65400 pg/kg. 7E 0.01. 0.10 F1 0.50 mg/kg 3 MNFRA T, b4
[A] U 26 Fg 78.54%~102.22%, HFHXT 7 25 (relative standard deviations, RSDs)# 1.23%~9.52% (n=6)., &5t %
B HARAIEAER . RV . REUER . RO ATAL B R | BRSO B A SO g, S T e
Hhi FHAR 24 14 e R R PR AR I

KEIE: A EIE-BETISE; QUEChERS; W, RZAGKE

Simultaneous determination of 16 kinds of pesticides residues in sorghum by
QuEChERS-gas chromatography-tandem mass spectrometry

WANG Kun'", XU Yi-Xiang?, FU Wen-Wen®

(1. Department of Medical Nursing, Changjiang Vocational College, Wuhan 430074, China; 2. School of Chemical
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ABSTRACT: Objective To establish a method for the simultaneous determination of 16 kinds of pesticides
residues in sorghum by QuEChERS-gas chromatography-tandem mass spectrometry (GC-MS/MS). Methods  After
the sorghum powder was soaked in water, the WondaPak QuEChERS extraction salt reagent pack II was added for
homogenization extraction, the supernatant was added to WondaPak QuEChERS purification tube III for purification,
the nitrogen was blown nearly dry, the volume was fixed to 1 mL, and the matrix internal standard method was used
for quantitative determination. Results Each pesticide has good linear relationship in the range of 0.05-1.00 pg/mL,
the correlation coefficients (+*) of the linear regression equations were all greater than or equal to 0.998, and the

limits of detection of the method were 0.00124-0.65400 pg/kg. At 3 levels of 0.01, 0.10 and 0.50 mg/kg, the average
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recoveries of the addition were 78.54%-102.22%, and the relative standard deviations (RSDs) were 1.23%-9.52%

(n=6). Conclusion This method has the advantages of simple pretreatment operation, good reproducibility, high

sensitivity, simplified sample preparation process, and reduced analysis cost, efc, it is suitable for high sensitivity and

rapid detection of common pesticides in sorghum.

KEY WORDS: gas chromatography-tandem mass spectrometry; QUEChERS; sorghum; pesticide residues
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171 5 (Sorghum  bicolor L.)JEARA Rl — 4 A AN Y],
sz . PR RN R R, T EEA IR
it Ehmk . mHEF . i REEPLEERC, mRE AN EEE, B
SEARY, BOKeAwY . Raage ., vyocRT S
FERT, AR EEE A EE R, AERECA KA L
P b s, A A RS R ) Iz N
. B FEEPNE, ARMIBAAERA A G AT, &
PAFAEAR TS Y A o BRIL, ST SR rh AR 2455 B By Dk
R vk, X TORIE = R A B e B AR

B, ALHRICE WA 7R M R 2L, e
I, FAIZEHC% QUECHERS J5 4™, 414~ QUEChERS Jrik
I T S KR e 25 5% B Al iy AL AR B AR, 2
R R — MR O 2 TS [R) 71 RS AR ) R A Ak 2
FREATIAL IR VL . N TR RIE = . AT R
MRS AR Z 4, 0 F 40 45 DR F QUEChERS- 4%
VRORE 60 1% - B B0 0T vk T MR A TP ONE R S AR B R
2R 7 504 L FE-QUEChER S-718 25 A0 AR 20335 - 3 1k
JE A I 10 Rl 255% B CHUANF S512LR AR
B9 QUECKERS J5 V45 3 i et A3 HBURH €00 335 - £ B0 S 15 7 )
TE KR B L ERBE Rtk SRS S AR B

AWF5E R PG AE ) QUEChERS ¥E #7187 BT A 2 A AE
Eh AR HE, 255G A RS- R BT 75 (gas  chromatography
-tandem mass spectrometry, GC-MS/MS) [y £ /. I Wi il
(multiple reaction monitoring, MRM)RE =, 7 EEA
FRZARAFREEMEBA, DUIHRSHE R T e lE T
TEmREE, Ry e e 245 5% B A AR S it —Fh R 22 . R
W AR

1 MR5RE

1.1 MRS

SRR TS BT BUSURL IR 0 5 A48 1 = S
ARG AT i SRR A 2 25

KA GB/T 6682—2008 { 4H1 3L 56 28 Fi /K B Al
5 1) MU — SR (KIT LA Be); IEC ke . LR LB
(a4, 25 Fisher 2 d]); M5 (%4, 5FE TIDE 2
A, A e(fantal) . PR L) (FE E Merck A R]);

WondaPak QuEChERS #2HUER A1 (5 g Jo/K MgSO,.
2.5 g fiE#R4M). WondaPak QuEChERS #+{L441 [100 mg £
TJH-N-TN e fit b AL A B (primary secondary amine, PSA) .,
800 mg MgS0O,]. WondaPak QuEChERS LA [100 mg
PSA. 20 mg 4k ®E (graphitized carbon black, GCB),
900 mg MgS0,]. WondaPak QuEChERS ¥+t 4511 (450 mg
PSA. 450 mg C;5. 1000 mg MgSO,). WondaPak QuEChERS
B TV(400 mg PSA . 400 mg Cy5. 200 mg GCB., 1200 mg
MgSO04)(3 [ Agilent 23 w]); 0.22 um A YRR IR (S H
AR BHE R R A FD.

AL (1000 pg/mL, 1.2 mL, 7B FEHRH A
FRAED); HIEEXT G . #EAEm . FREmmme . K . —miil |
KRB . W . ZBRBE . a-7STNIS L BININTN . PINANAS
S AVAVANNEE T X 15E- % N7 Q21| IR - 7 QN i I 7 7 7
HE i (4l = 98.0%, 7E[E Dr. Ehrenstorfer 23 rl).

1.2 NE5EE

TQ8050 < AH 8 335 - = H IO B AT H K 5T 3% AW (Fic
AOC-20i+s HaliFFEds, HARR F); JET03 HEFFE /TR
TG LR 2 A ), SPEX MRS R ES (X (T [ 3¢
FeoaH]); AH-30 4 H s as CERHE R R A IR A H);
Eppendorf 5427 £ 2R 7R B OALAL R AUE s R R
/A w)); Vap Basic e 25 & A G e e 25 & ASCH BRZA 7))
XT-NS2 AW (IR TR B AT FRA R .
1.3 LWHE
1.3.1 A& o Be )

AL NFRIEBAIEC ] AERIEEC 100 pL T 10 mL
wEMB, HEC kR E20 %, G HEERER
10 pg/mL IR L EMEE, T 2~4 CRMIRA T

16 AR A AR LR HERR A IR A ECT]: 43 5IFREL 10 mg 4
FMES T 100 mL AR, HIECkES 2 Z1E, I
JREE 100 pg/mL IRAARZY AT, W1 mLIBARE AW
F 10 mL A, FIECKERZZIE, BRI RmE
10 pg/mL IRARAPRUERERI, T 2~4 CIRFIRLT -
132 #HSeH&

FRIX 10.0 g(KEHf 22 0.001 @) S AR Al T 50 mL
DA, A 12 mL #aik, WERS, # ik 30 min 50
A 10 mL ZJEERIRA], i A WondaPak QUEChERS #2HU
HIXFN I 20 min, F 6000 r/min &0 10 min; B _FiE
6 mL T WondaPak QuEChERS #+{b45 1, <7 RPiRjiE



5520 1) +
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5 min J&, F 6000 r/min 0> 5 min; B 3 mL, 40 °C
AR ZIE T, A 0.1 mL i E N 10 pg/mL 4K
LENRER, MCROBRESZE | mL, 21 022 pm AL
AHIAL IR, it GC-MS/MS 434 .
133 BLH

(DRM g

DB-5 ms L4154 (30 mx0.25 mm, 0.25 um); s
TR WIHRIRE 90 °C, {74% 1 min, LA 20 °C/min BT}
IR 180 °C, {34% 2 min, FELL 15 °C/min HIHHETHEZE
280 °C, R+F 8 min; HEFEBIA: A4 A AR, 4iE

=99.999%; PEEEIRAE: 280 °C; ¥EFIEREA]: 3 min;
R 1.15 mL/min; ¥FFEE: 1 pl.

QBTG4

M7 M T3 i (electron impact, EI); HiESfE
70 eV; IR 285 °C; B FURIREE: 290 °C; filfiE s
SRER: W, 4 =99.999%; K& CHE T
WLERY): 0.5 kv, SR MRM, BRSHULE 1. %A
L& AR 16 FRA AR BB F i 635 K (total ion
chromatogram, TIC), BHM:FEG PHALE I 16 RS
21 TIC B4 WA 1. 2.

#z1 FELERK 16 HKALES CAS S. MRM £

Table 1 CAS numbers and MRM parameters of heptachlor epoxy and 16 kinds of pesticide components
N JE Tt 5E P
R i 1%21?:1 st s R gy LR
/eV /eV
1 FH X B 8.571 298-00-0 263.0>109.0 14 263.0>246.0 6
2 KA 10.045 5131-24-8 299.0>148.0 16 299.0>130.0 26
3 TR 10.265 333-41-5 304.1>179.1 10 304.1>137.1 26
4 P37 10.487 13194-48-4 200.0>158.0 6 200.0>114.0 14
5 o 11.455 55-38-9 278.0>109.0 20 278.0>169.0 14
6 =R 11.652 24017-47-8 257.0>162.0 8 257.0>134.0 22
7 B 11.801 298-02-2 260.0>75.0 8 260.0>231.0 4
8 WAL R 12.165 1024-57-3 352.8>281.9 12 352.8>316.9 10
9 A AVAVAN 12.312 319-84-6 218.9>109.0 28 180.9>144.9 14
10 SAYAYAY 12.541 319-85-7 218.9>144.9 20 180.9>144.9 16
11 REIEM 12.812 2921-88-2 313.9>285.9 8 313.9>193.9 28
12 7AVAVAN 13.534 58-89-9 218.9>109.0 28 180.9>144.9 16
13 P AVAYAY 13.801 319-86-8 218.9>144.9 20 218.9>109.0 28
14 2K A 14.485 60-57-1 276.9>170.0 38 276.9>172.0 38
15 FATER 14.818 82-68-8 294.8>264.8 12 294.8>142.9 30
16 Sk B 14.955 72-20-8 262.9>228.0 22 244.9>173.0 32
17 WA R 15.401 82657-04-3 181.1>153.1 8 181.1>179.1 12
1.25 |- x10,000,000
wof ; ) 2 EREHH
Eomsp Jos e ToThe [ 21 QuechERs MaERAATIASE
w00 ] Tleel (] 1l | TEACHTTREA AT TR, HUBRACZTRERE | BEACHE IR S5 4
"I l N | JU | A o Um AR RIOR I, QUECKERS ¥ FSHERGE A
10. 11.0 12.0 13.0 14.0 15.0 ECkE. . ZEWPESE, AMRARIXECH. OHF.
{RE I I/min AU B RIS T A SRS AT, LA

Wl WEEXTEREE; 2. KEWE 3. B 4. KW, 5. f5mius; 6.

S 7. HREEE; 8. AL 9. a-7N TN 100 f-7STSIN; 1L
FEIEML 12, p-7S757N; 130 0-757578; 14, TKERA; 15, HAM I,
16. SIKCH; 17, BEE4E, TR,

B 1 AR 16 R G482 TIC #(1 pg/mL)

Fig.l1 TIC diagrams of heptachlor epoxy internal standard and 16
kinds of mixed pesticides (1 pg/mL)

ECKE. OME . W B R QUEChERS 1A U 71
I, P24 [ 5643 il - 84.53% . 86.45% . 83.97%, il
J& GB/T 27404—2008 { SL50 = FUE A5 MyE & B ks
My SECER . W R, 1 CREXT A PR R 2542 0K
PP T 2 DO N S S N e 9 NS
fe s T o A 24 v ik P e K Ll PR k5, %o €2 38 R g
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PRBCRAL, BT, LA P E )4
Mk 22U th2x (Association of Official Agricultural Chemists,
AOAC)FITR I, 2T [ B Hirk 25 434 5 A% 48 B 711,
JIr AR 2 i VE 8 QUEChERS #k AYHEBGA A

1.251-%10,000,000
100}
2 4
2 1415
S orst 1213
ool |3
i 0.50
0.25 M LJ
L
10.0 110 120 130 20 150

£ B} 8] /min

2 PBAvERESA PR EEE K 16 FHRAARZY TIC (1 ug/mL)
Fig.2 TIC diagrams of heptachlor epoxy and 16 kinds of mixed
pesticides in positive samples (1pg/mL)

2.2 QuEChERS ;%4 1L 5 AU iFHi%

QuEChERS J5% & FEIME b4 R PSA. Cig.
GCB. Ji/k MgSO, 20, b sal e B i (e AL R R X G
S5 SRR HERPE S K, AR50 % 2 b AT ik
I, BRIV 4 Fng i & gL sic R
FSEI 2 T, ZRTH] 4 Fhid kiR s i SR i
16 Tl 25 (-S4 R 430 84.72% . 86.46% .
94.87%. 88.37%, i BERE L PRBOKR & AL B AL S
4 DS R AR R s o A TR T 3 L) PSA REA RS
B o SR i P U A LR /'\”é%%ﬂﬁ*ﬁ*#* 0,
Cg REA R B o SR S AR BOR P K BERR R AL & . S 1
AR At AR AR 1 2% 5 4 jT:szgso&%;Eﬂ&Wim#ﬂz
AWK AY o TEBRBRG AL TR AR I A [RVRE i (443 22 57
PEAE AR5, TR R RS 5RE A v R R ﬂ&l&ﬁﬁ{ﬂlﬂﬂ
Ay USRI S WAk 70 A T A0 3L
2.3 QuECHERS E#ZBUR S (LA FR RO ik

WondaPak QuEChERS #4511 (450 mg PSA 450 mg
Ciz. 1000 mg MgSO,)H [ 2 5 Y15 fb 5700 et AN [ A4 A s B
b BRI L BCR AN, A H S 6. 8. 10 mL mﬁyﬁﬁ
ShERBURTE WondaPak QuEChERS k45 LY AL 3R,
H SEIG A5 AT, FE A B IORAEAS A1 AL AR R ) - 35 Tl
Iy 80.92% . 88.11%., 89.88%, 1E & ik FEE
B F AR TR B ISR oA 24 MDSCR B G R, Bl 1
AR B3 LG Ab 5 B R, BARRE AL R Ak
AR, (TR (SR 0 8 T R i A T e
Ko Pk, AT BRI 8 mL $RBOR 744k, BREAEM:
TR AEROR, ORI #8T5 Je g5/ o

2.4 FEFWIE

241 HMHXRLSHRBIR
FIEBREL T, R IRE 10 pg/mL RS K2R

WERB SO F R 1.3.2 Jy A B 10 BRI v S $ B A
BIREWE X 0.05, 0.10, 0.20, 0.50 1 1.00 pg/mL FFH
SIBRHE LR, FHorh ok WARFR A L& 1 pg/mL. LA B xR
YA 205) i It Wk B 5 PR AR ) A A T TR Ve B 1 L R
XoF i B AR (A 24 ) i T FR 5 P AR A B A A TR (1 LU A
AR ERN LR, WALl Y, YRET HOh X, 16 Rk 2y
POLRE By FE R L2 20 DLZS SRR 1Y 3 15t L
(SIN=3)HE A R 16 Fh e 251E 0.05~1.00 pg/mL 3
Bl kP56 R R AE, MSE R B0 720998, K BR7E
0.00124~0.65400 pg/kg 2 8]

Fz2 16 MRAMLMERAFIE

Table 2 Linear regression equations of 16 kinds of pesticides

FF5 wEm 2Rk 1) )5 e

1 FR X4 9 Y=21.484630X+0.30601

2 KB Y=6.455081X-0.15319

3 TR ¥=8.775213X-0.129369

4 K2k W ¥=9.257294X-0.046097

5 R Y=4.055634X-0.05216

6 = e Y=4.582678X-0.124278

7 Bt Y=14.673378X+0.08108

8 I AVAVAN Y=4.711966X+0.080970

9 ) S AVAVAN Y=5.477102X+0.34073
10 BEAEIR Y=7.531564X+0.104078
11 N ZAVAVAN ¥=7.317388X-0.308805
12 B AVAVAY Y=4.773201X+0.044115
13 2K R ¥=7.910684X-0.025611
14 TR SR ¥=2.272805X-0.015722
15 SR R Y=5.774264X-0.045114
16 AR A i Y=4.987484X+0.084156

242 EHELHEL

B e S B PR S R AT AR S 58, 4 ) 1) B P o e
i FPER I 0.01.,0.10 1 0.50 mg/kg 19 3 KR ZGHRE, 4
ATKTARL 6 ASEATIEER, 435 LB HERE S B b [m] e 3 |
FAX AR DR 22 (relative standard deviations, RSDs) £ Jy i
FOEREE | AR RO R 3 T, R 16 Rl 2 7E
3 AMIER AR B 78.54%~102.22%, RSDs
1.23%~9.52% (n=6), 754 GB/T 27404—2008 S AR
2386 5 (AR 2G5 BRI 3 B K AR G 48 R ) AR
SHESKR, R AR I R 2E R AT, Al T bR
B b ARSI
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Table 3 Average recoveries and RSDs of pesticides in sorghum (n=6)
ey 0.01 mg/kg 0.10 mg/kg 0.50 mg/kg
- 1A % RSDs% FH IR % RSDs% - 1A % RSDs%

FH X B 89.25 5.12 98.45 4.12 99.23 1.24
KA 87.25 1.25 89.25 3.25 101.23 2.35
T 86.25 6.45 89.65 5.62 86.25 6.14
KW 98.25 5.24 101.23 7.26 94.26 8.45
iR 101.21 421 98.55 9.12 87.45 6.21
R 89.45 2.35 86.45 2.36 88.65 3.26
GiEzR 1 78.54 4.15 98.77 4.51 91.26 4.56
A AVAVAN 88.54 7.45 95.45 3.23 89.26 9.52
SAYAYAY 95.25 6.58 86.44 457 102.22 5.45
BESEIR 86.45 4.52 99.45 5.65 86.45 6.24
TAVAVAN 101.23 6.21 100.56 5.47 89.45 1.26
S AVAVAY 98.56 7.45 94.56 6.55 94.12 3.24
2K R 86.45 6.12 89.56 8.35 96.54 4.25
HAMER 87.45 1.25 96.25 6.44 86.54 4.35
Sk I 85.45 3.45 94.26 7.55 99.23 6.21
WA R 95.45 7.98 100.11 6.44 88.25 1.23

2.5 EPREERAIET
DL SR I S 0 il v B 1 Rl SR L BT 129
H16 PR 2R, E L5 4 s, 3k 4 wTAL BF
SIBTIY 16 FRZTAT 5 R 25 kil S B, 43—
W 0.0101 mg/kg . KL&HE 0.0312 mg/kg . HHERE 0.0328 mg/kg .
J7N7N7N 0.0432 mgkg, HAMHETE 0.0235 mgkg, HA 11
FhR 2R 1 . AR GB 2763—2019 it A E 5 AR
Bah AR 2 B R ak B R ) A R AR 2 e Kk B R
(maximum residue limits, MRLs)X R 25 R TR E, #6I5
BRI 14 2 35 AR M SR 114 KB B PR A
F4 SRHERP 16 HRANVKRNER

Table 4 Test results of 16 kinds of pesticides in
sorghum samples

R 2 L B 0 B
/(mg/kg) /(mg/kg)

1 LN HEBE N.D 9 ) S AVAVAY N.D
2 KT N.D 10 BESEIR N.D
3 TR 0.0101 11 TAVAVAN N.D
4 KL 0.0312 12 7NN/ 0.0432
5 (R N.D 13 2K G N.D
6 e N.D 14 HEAWEEX  0.0235
7 LS 0.0328 15 SR N.D
8 TAVAVA N.D 16 AR A i N.D

TE: N.D FnARMaH

3 FHie5iie

AHFFE LA SR W GE N G, 8 A 6 S AR i i B
AL, BT Rt QUEChERS J7 v Rl & b 16 Fh
AER B BTk, TR AT AL AR B AT
R E, 160.01, 0.10 F1 0.50 mg/kg FIMAREIET, &
RAEST 16 P2y 1T B M 78.54%~102.22%,
RSDs 4 1.23%~9.52%, i HiBR7E 0.00124~0.65400 pg/kg,
SE4TH R H O AR 255k IR 0 LR, SEEe R, <M
- BRI BT R R SR S R B TR, LR e R
G5 R R EY, BT SO TE BRI BT T, M B R R
2, [l BEER & 40 BT (0 B AR I R, R AR B
FIALFR S AR, BEARA BT AR
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