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12 SFE-SFC-MS/MSTEE KA L 7% B 2t a9 Mz F

kAR, TR, I, B, R, BRES, RGN, Fa]

(LA AT R EL LRI RIEREI AT, K 3001915 2. F A KR-E BT S EIRETFBe, KA 1300005 3. 445 CRH) BHA FRDE
FEAT], KHE 300392)

T Z NIl R A 2 28R KT, R T AR St s I A A T = A €% R I T 15 (SFE-SFC-MS/MS) , #8537 T oK
oy 71 FivEs AR 24 B LA B B ARG i M e AP . R B SFE SRR SFC A B AT S8 e T e R 42k SFE-
SFC-MS/MS 454, B4y - BRI R R I S — A0 : ZIRE(91:9, VIV) , H S 2K BURN B 25 A U ] 2594 5 miin, B2 28 U736y 5
mlL-min", SR O K GRBREEFNAE S % EL A 521 Gn/m) , SEC BUPEFR A7 0.19% H R 14 FR B, B0 B8 , T 3860 1.5 mL-min™', ¥
JERT#% A(Back pressure regulator A, BPRA) & J1°4 14.8 MPa, H:i 47 40 °C, A JGAMEA I B 0.19% HH R HE BEA L, A S M 1)
T 0.05 mL-min™'s 71F HFRYI/E SFE-SFC-MS/MS FZ Pk R AT (R*>0.99) , 4 3 BRI E 5 FR 4351 0.003~2.770 pg-kg F10.01~
8.41 pg-ke's ££1.10.100 pg-kg ' RAFRFFIR AT T, MR Ky 71.2%~124.6% AHXFRUER 254 1.9%~30.5%. FT ST 1 AELR
SFE-SFC-MS/MS 3 15 B V7 FRAE A 45 B IRSBEAAT , AT R KM R 2 2258 i e S AR S

SR« MR AT AR AL T I R A (i 5 A 2 R B 5 O

FESES TS213.4;0657.63 HAFREA:A  XEHS:1672-2043(2021)10-2266-11  doi:10.11654/jaes.2021-0530

Pesticide multiresidue analysis of corn flour using online SFE-SFC-MS/MS techniques

ZHANG Danyang', JIA Hao’, SHI Xiaomeng', WANG Ce', DENG Kai', GENG Yue", LIU Xiaowei'",WEI Hong’

(1.Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 2. College of Resources and
Environment, Jilin Agricultural University, Changchun 130000, China; 3. Huabiao(Tianjin) Technology Co.Ltd, Tianjin 300392, China)
Abstract: In this study, to estimate the concentration of pesticide multiresidue in corn flour, an online supercritical fluid extraction method
coupled with supercritical fluid chromatography tandem mass spectrometry (SFE-SFC-MS/MS) was established to facilitate the accurate
qualitative and quantitative determination of 71 commonly used pesticide and metabolite residues in corn flour. By comparing different SFE
extraction conditions and SFC chromatographic separation parameters, the following online SFE-SFC-MS/MS conditions were found to be
optimal : the extraction solvent was a super critical CO.: ethanol mixture (91:9, V/V), static/dynamic extraction time was 5 min, dynamic
extraction velocity was 5 mL+min™', weight ratio of anhydrous magnesium sulfate (dispersant) and the sample was 5: 1 (m/m), SFC modifier
was 0.1% formic acid methanol, gradient elution, flow rate was 1.5 mL+min™', back pressure regulator A (BPRA) pressure was 14.8 MPa,
column temperature was 40 °C, and the post—column compensation solvent was 0.1% formic acid methanol with a flow velocity of 0.05 mL-
min~'. Good linearity was achieved (R*>0.99) for the 71 targets, with limits of detection and limits of quantification being 0.003~2.770 g -
kg™ and 0.01~8.41 pg-kg™', respectively. The recoveries were in the range of 71.2%~124.6% under fortification levels of 1, 10 pg-kg™, and
100 pg-ke™', with relative standard deviation ranging from 1.9%~30.5%. The online supercritical fluid extraction method was less solvent—
consuming, easier to operate, time saving, and environmentally friendly, which can be useful for detecting pesticide residues in corn flour.

Keywords : supercritical fluid extraction; supercritical fluid chromatography; pesticide residue; corn flour
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FOKRRIRE E AR EEY . RIS A
VR, 2019 4 F8 8] K 8™ 1 FLE R AR 1 AR5
o AR Y 43% F1 369", {HAE T ok AR i A
2 B UFE MG O T R B DL
TP O B 2 A A% H 85 R R TR R f Y,
T B T EOKRH AR 25 5% B [l R, R T AR 5K
PR B S 22 4, S FRATT AR R £ (i BRE R 28 B0, R 0 £
24 ZARE(GB 2763—2019) AR HLE T £ A h
AR 245 Fpe KBk B PR b o

1 b T AR 25K B B 43 A 5k FE A SR S i A
FRRSER 3BT A i Ak 2 o A R R O L]
ARAAE HR I 5 o [ AR 20 Al A B s s 79 2 B
W AW . QuEChERS (Quick easy cheap effective rug-
ged safe) 145, Hirp QuEChERS ¥ 7E £ K M 25 5L
JE A 245 5% BR 3 A v AR BBk Bz R . AR TR
ST QuEChER ST €43 SR B B3 (LC-MS/MS)
AT TR RGN Kok v 41 B AR 2855 B 43 B
T AR B AE ST T ROk ok sk e L 2,
i Jfe 5 5 N T RE 2 QUEChERS 2545 LC-MS/MS 5
AR AEITF K T oKk 2R | S5 D FR R R —
Vil 3% AN F SR i BB IR BB (GC-MS/MS) 5 s HE
SEUHENT T ORRAT 1 200 AP 2558 B 1) GC-MS/MS ki
W5 o B3RS SR A FR )y 32 A7 R T AE R B
P S, 4] 40 QuEChERS 32 $2 BUI 77 2 15~20 mL
NG, BTl R REESR I B0 b L
GEZALTE, M AL G R AR 2 A
A P R TR S A0 KRR S PR i AR
b I UM A BORTR 515 BT AL T B h ik e 2k %
B, HAE BT8P A IS FE IR T S mL. 4R
T2 7 35 1 A o F 6 KM R ok 24 Z2 58 53 437 -

K A 25 B AN AR 53 BT )7k £y LC-MS/
MS*7 GC-MS/MS*™ 45 . H A, i I 5 I 44 €3
(SFC) 5 AR 3% (LC) AH E , B I A — AR I A4
S Sl AHELAT I B RN s o T LR B
RO AR DL R T AE . It Ah , #5 TC HR 1K BT 3
Jei o R S AR €5 33 E I 5 3% (SFC-MS/MS) 7R H
KA A PR P A R

H A, 1 IG5 10 FH 7 2 I AL 0 4k A B — i
B AR AT B T (SFE-SFC-MS/MS) I £ 5
R ZHEEE T ABESE XTI EoR k2 £
BB T T AR AN 2, 25 A I PR A AR B
Il P A 3 AR I I 1 (R L s, 7 T T ok
by e 24 22 5% B B9 E 4R SFE-SFC-MS/MS 734 5 125

1 #R5FE

1.1 288 R F S+

Nexera & Iffi A28 U (H A B HEA H] ) Nex-
era UC i It 54 3 A €835 4% ( H A< & A2 7)) 5 Shim-—
pack UC-X-RP &4 (3 wm, 2.1 mmx150 mm, H 4%
BT o IRENR S %% (Thermo, 5 ) 5 1R 194 R 15
U HL(Heal Force, T E 735 ) 5 Milli-Q /K £ 5t (18 ]
MILLIPURE) 5 £ & f A AL ([ B o 307 45 AL A B2
dl) s 143 2 — K- (SQP, FE Z ARl 2 AL R AL 5l
B2 HD o

Ok al . SN | 25 W T 3€ [E Fisher Scien-
tific 23 5 Jo7K 0 rp [ R HE T FERHE R A PR
3] 595% W R\ LC-MS 9% R B (4 >99% ) .tk
B PR B (21 B2 299.5% ) W T 3¢ 5] Sigma—Aldrich 23 w] 5
B4R LI Milli-Q il 45 o 71 FhAR 25 hm e i i
2% [E Chemservice 17 [E Dr.Ehrenstorfer 23 &) , 21 & )
KF98%. =5 (1KMW A RHEEHHEEM T . 1ok,
MNTAT RS 2 5K 3277 R 4R 10 ) T KRR S 3% B8
AE .

1.2 bRAER KBS H

FE BRI 71 A 25 (s o i, 5 46 21 53
AL 1000 mg - L7 FRfE A #4515 WK, —20 CREfE.
T2l 2 GRS BEIC N 10 mg- LIRS FRIE TR
1.3 BligFRiRAEZFER(SFE)

DL K S JE 0, A 25 IR AR S vk B Ry 50 g -
ke X I AR A R ET Tk . FE SFE $2EUY
Bo A s AR i HARA A SR BN P 4Lk | L] A
s (] 3 75 A8 B | 43 TR0 TG /K B R AR i 1
oo 3E 2 B PR R AR S i A A AR AR ok
AR BN PR 2R AR e A A R A R A5 F
FETG AL B K HE 19 A 95% il - — S AL R AR A 5%
0.1% W R i B A W, Zh A A BUR R 5 mL -
min”, FFAFI BN A FL IS 8] 24 3 min, Z3-HGR JCK B R
BEFAE AL LLBIA 1:1(m/m) &

(1) BB (4 20 B - 95% It L — A Ak B i A4 A
5% WL B NI COIE & 1 mmol - L7 HI R
A B U 1 0.19% R Y HH BV I L 7 0.019% HH R
F12 mmol - L™ F R %) B I3 AR o

(2) ZFFIAB G S Ak — E AR Y L] - 1:99 3
97.5:95.7:93.9:91(V/V), Bl Z B 54 1% . 3%
5% 7% 9% (PR It - 1A — S Ak

(3)IAEHFPURHE:1.2.3.4.5mL-min"".

WWW.QEs.0r9.CN




m@g 2268

VBRI R Rt Y F40EF 1058

(4)ERAS TSNS ZEBUR ] 1.2.3.4.5 min,

(5) /- HIGR JC /K B BR BE FNFE i B9 FE A8 (m/m ) < 125
1:2.1:1.2:1.5:1,

BRI 3447 ) 7EZ SFE-SFC-MS/MS
PEATRGI , 315 D%

1.4 BlFRREEE(SFC)

1% 4 4 Shim—pack UC-X RP (3 wm, 2.1 mmXx
150 mm) , PEFE &N 2 pl, 35 K I8 15 #% B (Back pres-
sure regulator B, BPRB) [% J1 A7 40 MPa, Jii 8140 A A
I A AR BR TR, TR SR B AR . X el
P TR 2 A(BPRA) JE 7 KRR KRS AMEIE
T B L TS AR A HEA T AR AL, S 23 25 1A < el )
F50.01% FFER AT 2 mmol « L HH B2 B 10 FH V8 0, T8
# 4 1.5 mL - min™', BPRA JE /] 4 14.8 MPa, H: & N
40 °C, HEJEHMEIEF 5 0.19% B RR (0 Y i o, 4 s
AN R R 0.1 mLe-min™. SR ML AR R
TRFFHA LA AAS 235300 LT 254 T LAk«

(D et FEE R RN E T &
0.01% H R A1 1 mmol - L™ H AR 44 (1) WY BV T 7% 0.1%
FH R 1 2 mmol - L™ FA R &4 %) FH 98 . 7% 1 mmol - L
FH 1 iz 1 PR VA TR 1% 0.1% W TR 1 VP 08 O L &
0.01% F R 1 2 mmol - L™ R4 8 FF I U o

(2)#:1.3.1.5.1.8,2.0.2.2.2.6.3.0 mL-min',

(3)BPRA £ /7 :10.0.12.0,14.0.14.8.16.0.18.0
MPa,

(4)FF¥ :30.35.40.45 .50 °C.,

(5)FE S #MEE ) HEE 1% 0.1% H R FI S mmol -
L7 PP R B 1 PR VS 7% 0.1% R AN 1 mmol - L™ H
% 3¢ ) FR SV U 5 0.01% R 1 2 mmol - L™ FY iR ¢
B HR VAT 7 0.1% HP T 1 P IV A

(6) FE J& #b £ 71 3 3 : 0.05,0.10,0.15,0.20.,
0.25 mL-min™',

SO RV SERENTY R e =& N TP U RNt
BROR B RS P AR A R
1.5 Ri%&H

K MRM 55X, 71 Ff B AR AR 24 1 125 1 Ll 4
RESF E B L 1. 54 WA 3 Lomin™', AR &
10 Lemin™, TS &L 10 Lemin™, 2 HEJE 300 C,
DLEE 250 °C, n#ABE & 400 °C.

1.6 HikFEEE
1.6.1 2Rk G H PR A e P

SFEFEZ A HUT , VN FRIR HEAE IE 4 , TESOK B

RIS SFC RGBT BRI, AE % 58 H AR 2k

1% WHART]

PEIE BRI, (8 KM 45 P B A i) 9 A 25 TR AR Ik
JEE KOV 19 5 KL T o TS IR o QU B2 43901 R 1.2
5.10.20.50.100,200.500 pg-kg') , SFE-SFC-MS/
MS _EMLA AT, L TRIBU AR AR, L5 i 1 AR
R B R A b A5 8 F KR LA HE T 4R . 43 31T LA
R E S/N Ry 3 R0 10 B i ot 07 114 71 ol 24 1 ik 35 4
Skt BR (LOD) FlE 2 FR (LOQ) o
1.6.2 R B FORG %5

TEE KK E 1.10.100 pg-kg' 3K 251 BR
IS BSNS54 F17 . I8 AL s i 7E
2 SFE-SFC-MS/MS 24357 70 BT, T HR- IR

2 ZR5EWR

2.1 SFC &1k
2.1.1 SR

e (R = W 1/ T N i | 1 ks IS R
— S rp B A A D N AR G A B . S ko
FIAT LA$E 5 SEC 73 B RE T, S H A BT el . At
UL T W B S A AR T AN (] P 7
XFBARE G W5 B AR 5 o AR g Kow K/NPF
AL & W AR | g Kow 87N Ak A 078 KR TR G I
il E R, BB . AR 71 RE AW A 67 Rha] A
3] 1g Kow fH (£ 1), HYEHEH-1.65~6.37, PO {EH K
2.84, KHUIAD T HERE S PR TSR Y. &
Pt SN IE T IR A O B B (R A e ), LS
PRI T A5 N b SR e . W BEAE %
SR e RS S NI TR LS 4 A0 IR E(ENRE RUER 7
AN VS v £ Sl L8 (B0 € I € 912 8~ 3 i D0
2% sk REAT AL, B 58 T AR H R R4l &
R A [ e B2 8 H A A ) 1 00 52 0, A 1R
T L OB RO 790 22 vh i 2R 50006 92 ol iR = A
BRI H AR A P R, nl A A E Y 0.19% H
PR A Y BV TR 25 N T B g AR A & KT
FET WG AR ST B bGP BT, f it
T 22 5 0.1% W R (1) W B i W 2% A R e DL 55 A L DA
AT RS
2.1.2 FEfk

Bl SFC UG R, HARb G Wi Ok B I 8] 22
Hi# . W T Shim—pack UC-X RP @34 (5 pm) e 15
i oA 30 MPa, by SEK (A 384T 754, T AR 17578 20
MPa LR o A5 H Eik 5 FE7E 1.3~3.0 mL-min™!
T R A AT 55 17.26~23.47 MPa, [ I M ZE 25 (543
FESFE AR B BB R 1.5 mLemin™", BEACHF FAE
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Table 1 Mass spectrometric parameters for 71 pesticides and metabolites
P =R . N dRE AL L (o2 L) o sy s S dRg AL (o) [oaenay
L RE R e o Dicgnotie o Callim ey Tetenion 1g Kow
No. Pesticide English name — Chemical formula = = &0 (i) eV transition(m/z) eV time/min
1 I tribenuron methyl ~ CisH7N5OS 396>155 -30 396>181 -30 2079 038
2 AR PR difenoconazole CisH1,CLN;0s 406>251 -25 406>337 -17 2352 436
3 TR R metamitron CioH N0 203>175 -18 203>104 -23 2523 0.85
4 M sk imidacloprid CsHioCIN5O2 256>175 -17 256>209 -14 2552 057
5 ML pyrazosulfuron ethyl — CiyHgNeO-S 415>182 -18 415>139 -42 2093  3.16
6 WM pyraclostrobin CioH 5CIN;0, 388>194 -20 388>163 -35 2400  3.99
7 T bensulfuron methyl  Cy6H sN.OS 411>149 -14 411>182 -35 2429  0.79
8 DSpZNA propiconazole CisH,CLN;0, 342>159 -25 344>161 -31 18.69 3.72
9 TN R profenofos C1HisBrClO;PS 373>303 -25 373>345 -20 17.54 1.70
10 B s iR diflubenzuron CuHoCIFN, 0, 311>158 -15 311>141 -24 2440  3.89
11 ik R pyridaben CisHaCIN,0S 365>309 -23 365>147 -42 2354 6.37
12 T R isoprothiolane CoHi50,8, 291>231 -20 291>189 -30 18.20 3.30
13 R trichlorfon C4HsCLO.P 257>109 -17 2575221 -11 19.17 043
14 (&N napropamide CHNO, 272>129 -16 272>171 -17 19.32 3.30
15 T butachlor CrHCINO, 312>238 -12 312>147 -36 16.07  4.50
16 IE ok acetamiprid CioH i CIN, 223>126 -22 223>56 -15 24.84  0.80
17 ZHR carbendazim CoHsN;0, 192>160 -39 192>132 -40 25.23 1.48
18 2R paclobutrazol CisHxCIN;O 294>70 -21 294>125 -40 2049 3.1
19 THERR pendimethalin CisHioN;04 282>212 -10 282>194 -18 1598  5.40
20 T diazinon Ci2HaN20:PS 305>169 -15 305>153 -20 1480  3.69
21 RA B phosalone C1.H,sCINO.PS, 368>182 -14 368>111 -39 20.00  4.01
22 SR fipronil CiH:CLFN,08 435>330 16 435>250 26 1896  3.75
23 AU fipronil sulfone  CH,CLF,N,0,S 451>415 17 451>244 47 2344 397
24 G Bk fipronil sulfide CoH,CLFN,S 419>262 29 419>314 19 2341  JLHEHE
25 SH g fipronil desulfinyl ~ Ci.H,CLF¢N, 387>351 17 387>282 32 2291 JeHdk
26 G IR hexaflumuron C1eHsCLFGN, 05 459>439 12 459>175 36 2409  5.68
27 REFL molinate CoH;;NOS 188>126 -13 188>98 -20 15.70 2.86
28 L I hexaconazole Ci:H:CLN;O 314>70 -21 314>159 -29 20.58  3.90
29 F et methamidophos C,HyNO,PS 142>94 -15 142>125 -16 2275 -0.79
30 L fre alachlor CisH2CINO, 270>238 -10 270>162 -19 1554 3.09
31 H 25 carbaryl CiHNO, 202>145 -9 202>127 -27 2457 236
32 L carbofuran CiHisNO; 2225165 -20 222>123 -30 1860  1.80
33 PIRES omethoate CsH2NO,PS, 230>199 -15 230>125 -30 21.01  -0.90
34 LA chlortoluron CiHCIN,O 213>72 -40 213>46 -25 2470 JCEE
35  FAHFEHEIKE  chlorantraniliprole  CisHiuBrCLNsO, 484>453 -19 484>286 -16 25.39 2.86
36 L isazofos CsH1,CIN;O5PS 316>164 -16 316>122 -26 14.71 3.10
37 LEE R TR malathion C1oH1s0PS; 331>127 -12 331>125 -26 14.45 2.75
38 LR malaoxon C1H1s0,PS 315>99 -45 315>127 -20 14.08  JCHE
39 IR fief i prochloraz CisH16CLN;0, 376>308 -12 376>266 -17 23.14 3.50
40 M TR i azoxystrobin CooHiN;05 404>372 -25 404>329 -28 22.77 2.50
41 W5 R pyrimethanil CHiN; 200>107 -25 200>168 -29 21.76 2.84
42 KER bentazone CioH12N,058 239>132 25 239>197 20 2451  -0.46
43 KL ethoprophos CsH1s0,PS; 243>131 -20 243>97 -32 1469  2.99
44 FhE G prometryn CioH1NsS 242>158 -15 242>200 -12 2033 3.34
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Continued table 1 Mass spectrometric parameters for 71 pesticides and metabolites

Sy T vy P
L Z??ﬁ %j{@ ﬁéifﬁ Quiﬁiiﬁfzjion ﬁfjiii)féirz/) D?Zgr&:(fjji){l ﬁ(ﬂlﬁri?lsiwférirrgiy/) i:fil)i] lg Kow*
No. Pesticide English name Chemical formula transition (m/z) eV transition (m/z) eV time/min

45 IR Tl metribuzin CsHN,0S 215>187 -18 215>84 -21 21.83 1.75
46 6 1 clothianidin C¢H;CIN50,S 250>169 -12 250>132 -14 25.54 0.91
47 15 th 15 thiamethoxam CsH,0CIN;0:8 202>211 -20 292>181 -30 25.08  -0.13
48 BEWMERE  thifensulfuron methyl — C.HiNsO6S, 388>167 -16 388>141 -22 2488  -1.65
49 5 1% il buprofezin C1sH:N;08 306>201 -20 306>116 -23 18.64 4.93
50 G T T fosthiazate CoHsNOsPS, 284>228 -15 284>104 -21 16.51 1.68
51 7N tricyclazole CoHoNSS 190>163 -21 190>136 -26 25.08 1.40
52 SR 3-hydroxy C12HisNO, 220>163 -10 220>107 -27 23.17 1.45

carbofuran
53 ML EE 3-keto carbofuran C.H;sNO, 236>161 -18 236>179 -13 18.31 0.70
54 L7 triazophos C12HioN;05PS 314>162 -35 314>119 -25 20.11 3.55
55 IR ] triadimefon C4H4CIN;0, 294>69 -22 294>197 -15 15.74 3.18
56  MZIHGHEFH desethyl atrazine CH,oCINs 188>146 -20 188>104 -26 24.68 1.51
57 Wi NEESE R desisopropanyl CayHiy0:Br 174>68 -28 174>104 -25 25.28 1.15
atrazine

58 I3 tebuconazole C16H2CIN;0 308>70 -23 308>125 -31 23.21 3.70
59 Py simazine C-H,CINs 202>132 -19 202>124 -17 22.35 2.30
60 HUALTEN dimethomorph C>HaCINO, 388>301 -30 388>165 -25 22.75 2.68
61 SR uniconazole CisH 5CIN;0 292>70 -24 292>125 -28 23.03 3.84
62 S phoxim CHsN>05PS 299>77 -20 299>129 -25 15.52 3.38
63 AURR omethoate CsH.NO,PS 214>183 -10 214>155 -14 16.95 -0.9
64 i acetochlor C14HaCINO, 270>148 -19 270>133 -33 1548  4.14
65 SN propisochlor CisHCINO, 284>224 -9 284>73 -12 15.37 3.30
66 SNHIHfZ metolachlor CisHCINO, 284>252 -14 284>176 -25 15.92 3.40
67 SRR clomazone CHuCINO, 240>125 -10 240>89 -35 16.05 2.58
68  HILPImmE isomalathion CioH 106PS; 331>99 -26 331>127 -14 14.49 278
69 F5 K ametryn CoHNsS 228>186 -25 228>68 -30 2240  2.63
70 F5 At atrazine CsHyCIN; 216>174 -17 216>96 -25 20.36 2.70
71 MR R flumetsulam C12HsF>N50,8 326>129 -15 326>109 -51 25.43 0.21

s a, B R U T Pesticide Properties Database (4 & (http : //sitem. herts.ac.uk/aeru/ppdb/en/) Lk & Chemspider 045 J& (http : //www.chemspider.

com/) .

Note: a, Data sources include Pesticide Properties Database Database (http://sitem.herts.ac.uk/aeru/ppdb/en/) and Chemspider Database (http://www.

chemspider.com/).
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Figure 2 The ratio of area(compensation solvent )/area(0.1% formic acid 5 mmol L™ ammonium formate methanol Junder different post—

column compensation solvents and the ratio of area( compensation solvent flow rate)/area(0.1 mL+min™") under different flow rates of the

optimized post—column compensation solvent
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Figure 3 Average recoveries(A and C) and relative standard deviations(B and D) of the selected pesticides at different extract solvent and

different ethanol proportions coupled with supercritical CO»
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