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Simultaneous determination of pyrisoxazole and five other pesticides in typical types of Chinese soil using

ultra—performance liquid chromatography and tandem mass spectrometry

JTAO Bin, XU Jun', LIU Xin—-gang , DONG Feng—shou, WU Xiao—hu, ZHENG Yong—quan

(Institute of Plant Protection, Chinese Academy of Agricultural Sciences, Beijing 100193, China)

Abstract: In order to establish a method for determining pyrisoxazole, imidaclothiz, fufenozide, pyrimorph, coumoxystrobin, and dufulin in-
typical Chinese soils, we conducted an experiment using a quick, easy, cheap, effective, rugged, and safe (QuEChERS) method and ultra—
performance liquid chromatography—tandem mass spectrometry (UPLC—-MS/MS). Extraction solvents, purification adsorbents, mass detec-
tion, and chromatographic separation conditions were all optimized. Acetonitrile was selected as an extraction solvent, as the extracts ob-
tained were lighter in color and contained a fewer impurities, whereas florisil and graphitized carbon black were selected as purification ad-
sorbents based on their excellent performance. The method showed excellent linearity (R>>0.990 0) in the range of 0.5 to 50 ug-L™, and the
limit of quantification for all six compounds in soil was 1 pg+kg™. The mean recoveries from soil for the six target compounds at fortification
levels of 1, 10, and 100 pg-kg™' ranged from 73.3% to 117.2%, with relative standard deviations lower than 17.3%. The method established
in this study meets the requirements of residue analysis in terms of accuracy, sensitivity, and precision, and can thus be applied to monitor
pyrisoxazole, imidaclothiz, fufenozide, pyrimorph, coumoxystrobin, and dufulin residues in soil samples.
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A2 AR A 7 O AT R A R, AT LA
S R E Y S T B CEE TR I 1) 7
LR AR AR R R ST
SN, XA 45 NS AE N B RSB bR A it A
FISZ 0 . Hao SN 5E L B, A WL AR 25 55 11 25 4F
J& 3BT AFE H () A 0 1) 8% B 4, O A HLEBR R
AR HI R KRG HEE R 2 T 8K H o Fenoll 594 1A |
SRR FAAE - b B K 05k B T, mT DA E
SR A TS Y L F K R ML R K . 35 E IR B AR I B
(USEPA) 84 & , & Ak it 25 & 22 3 8 2= /0 46 Fip
P2y it A Hb R OK , 76 Tl 25 i A MK, LR
IKFREE Hh A 24 5% B8 AT LLSE T B B AR, AR
NZRAgRRT DR BT i A 3R v (1) 4 24 5% B
SEPRBE L B Y A B2

SR ORI Ik PR T R B R Y R A
TV 8 ) = T A S SN A ol e | B O
HBJE T e AR B AR 24 AR, 2 B A DL AR 244k
FRJG A RO AR, I D e T g bR T
DA TR B 00 A TR0 A, 40 )8 T S MR R | A
FEWE S Fnms g K R 25 Ae 5™, e A ME R O =08
20, AT DL T B AR R FS Al A i
FE P96 S R FR PR R, o R B T A o 25511
J& T o A A BER IR 2 AL S0, e iR AN,
T EAE YA s R B BRI TR B, BT, 6
Tk JUFP A 24 5% B A I () AF 9 2 BEAE rh AR B L
T OKFEEFVEY 05 S 3] e b g% B R i i i 5520
H 220 T WF 5T B 0 B A 2 1 K PR
T TR e SR R AR 22 5 B e A O v ok
33k 6 Ak A5 W) 7 - 3 v 1) SEBRBR B KT B X A
FrRA P AU o ACBiF 5T 5 70 7 SME R SE 6 Fh e 2]
TE 3 rh B 25 88 o3 A ik I S HA R 2 i AR 257
- HEIAE P AR PR AR

1 MREFE

1.1 557 57

SAMEMR (Imidaclothiz) FRifEfh (2 15>95.0% ) K
Hu 8 (Fufenozide ) #5 #E dfr (75 4 >95.0%) , 4 H Dr.
Ehrenstorfer 2 &) (FE[E] ) 5 I e MEEmk ( Pyrisoxazole)*ﬂ?‘{ﬁ
ai (27 5>99.3%) . T 45 14 ik ( Coumoxystrobin ) i #fE it
(& 1>98.0%) , 0 B U BHAL T 58 Be 5 T nH g ok (Py-
rimorph ) FRifE i (& 5299.5%) , L #k it # 4G R
N AR 35 B (Dufulin) AR e (5 5£299.0% ) , 1l
B )P H R AR A PR A . ikl 2 W A 7
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I BRTEA w5 5% H A AR P A pr 4 2 R VAR
el oK B R B b 5tk A | 5 o 2 Rk -
GCB(f1 # AL M) PSA(N-AIEZ ) .0.22 wm JE
JEE, W T R H N SN R B A PR A D

1.2 E5IEE

T v A5V A 1% — B 0 DU AR R I R A (Ac-
quity UPLC-TQS, 3% [ Waters A 7] ) ; PL203/01 H, T K
- (g AR ) —FE ) 2 AR A FRA H] ) 5 CK-2000 4k
7 (Thmorgan A 7] ) ; TG16-WS & 20 201 (K70
IO HLA PR A ) 5 Milli-Q Reference #8245 /K 2 4t
(5% Merk 23 5] ) o
1.3 iR H %

1.3.1 EHERERCREE

P2 1 SRR S Dy SRR T - . R o
4 8 A FKEE L AR AR BRI TLA TR
A AR (VG FITVLAR o B SRARE b B AL E
IS RAES, RE0~30cem +)ZHFE, BETROKE
oo K AR S F AR T A 1 mm G, R 4 A
PR, AT HIERESLT 4 CIRAE & .

1.3.2 FEMARILS ik

FREUS g R 22+0.01 ¢) T 3EFE T 50 mL 250
LIS mL 4l KR RS, B INA 10 mL &
I PR FEHC 10 min; FHKIK A 2.5 ¢ oK fim R 6 Fi
2.5 g EALEN PR35 5 min, 24T, T 4000 remin™ T 20
5 min; JU 1.5 mL 21+ Kt + BB, i 0.22 pum JE R
BV B 1S mL A 4 G - ROKAS - B RS
EHA 50 mg 352 Bk 1 .5 mg GCB A 150 mg JE/KAR
FREEAD 2 mL B0, IR HE 1 min, 10 000 r+min™ B0 5
min, B FE S 0.22 wm JERE, PEFE
1.3.3 o BT A I 251

(O  HSS (A RER: (2.1 mmx 100 mmX1.7 pm) ;
FEIR 40 °CREM S IREE S C PEREIARL S wl; i 1% 0.3
mL-min™ 5 >R A BEVENG , A0 A 8 0.2% H iz /K, B
NN ,0 min,90% A ;2 min, 10% A ;3.5 min, 10% A;
3.6 min,90% A ;5 min,90% A,

T 25 - BT 55 L B R (ESDD 5 1F B8 T
TWE55 HL R 3.5 kV 5 B F IR 150 C; #EfL AN A
LW 150 Leh s TSN AR, T 800 Lh', ikt
B 550 °C 5 Rilf 48 <M G A, 2% 107 kPas 22 s v
(MRM)#ER , b S0 BTG S50 1.

1.3.4 Vs i e i) K b ok iff £ 1) i 4

A3 SRR B bR Ak A P br o b id it B OB %
fiff s B A% 1000 mg - L7 ARAE S BRI, B F 100 mLAE B 25
— 425 —
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Table 1 The parameters of multiple reaction monitoring

K2h B3 ) HESLHLE JE BB X Tl R i (E ) EVER TR RliAE RE A CEPE)

Pesticide  Retention time/min  Cone voltage/V  Quantification ion transition  Collision energy/eV ~ Diagnostic ion transition  Collision energy/eV
SHITER 2.39 20 262.28—181.05 14 262.28—122.20 25
I T 2.40 25 289.11—151.00 13 289.11—120.05 22
UG 3.39 20 395.30—175.00 14 395.30—339.20 5
RIAEL S 3.45 20 385.27—298.13 20 385.27—242.07 22
B U 3.48 25 409.06—251.05 37 409.06—271.09 19
TR 3.83 21 437.22—145.05 22 437.22->205.06 7

S, A PR 6 Fh B A HLBITR A 5 43
NG 25 72 o 32 O A B¢, 15 51 0.000 5.0.001 .
0.01.0.025.0.05 mg - L™ [ 7 7R o 75 1 S 35 o DL i
BRUEV W o 1 S0 oA T T R 356 I DG e s o 5V 3
BEAE, T-18 ClEIRAF . HM1.3.3 1551
WIE . DA B GAAR AR , DT R B S ek A s 1l
FrufEfh £ .
1.3.5 Jnbr [l fic 52 56

FERFRNAS 11 A HERE i rP A IS AR A 25T, T
B AR B INZKFEP 1.10.100 pg - kg™, AR
JRAEFAKFEE SR #1321 A5 b B, 5%
1.3.3 795 B 25100 5 , 15501 347 TS 238 K AFOE o 14 D
#(RSD).

2 ZER51HE

2.1 Kl ERRAL

FEMEAL TR S AR 45 AR, 20 31 R R - A ik
ZNE-HBAK L NE-0.2% R R -0.2% K i A
SR B AR IR o S8 8 3k X s o VA TR AT R RE
ST AR R BN AT B R N A Bl T ol 0%
R HLA BY T 2R 0 A 2 A0, DT e Ak
Yy o) IO 5 FR AR A T L G R SR i 7 (B e {EL R
MR, NIL, RAEE L MG -0.2% W R 7K %
YE R i shAH

FEACAR TS S5 A s, AR VR LA Bl 5695 23 A
JE 49100 pg- LW HARME AW NG W . 58 BIFEIE |
TR TR e, RBIEE TR
F1Ry 7 A X 8 v, DR I e 49 L 8 A ARG I . 7 1
FET, RBUITA BAME S WA S & HIE T,
FE[M+H] b A7 FE 06 | R g B M+ HIVE A BE B 1.
AL L (R Ak - B e e 7 A B e 1
SR JE T A Rl 48 BB I R R R B TR . B
BT AT 5 BR e A7 L 1 558 o8 1 A 8
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T T BT, BT S Y RE R AR
UEINALREES ST SRR N N 2 U I
2.2 REUR TR

S T HG KR R RO S BOICR R, 8
12 1 FF QuEChERS i &b ¥ J5 35202, 8 Z 5% B 4y
Bref, i T ORER A 25 R S 55 PR L 12 S RO
1 R R BB (ISR . I AR TR Al 2T
P PR LIS PR BGAAT T I SRR B, X 4L
bR L, 4 2R B TR O S BOT A R Y
2255 , IR IO =AY [ Wi A 2 1 5k B 20 BT 280K
RTINS T F8 b 8 R ROKAS L A LR O , 2 )l
SEBU B, DR AL B . AR LA B Pk
JRLFE 2, WFR AT LA 20 4 R i P
ARRAR, XS IR AL 2 16 2 TR O I $2
& RS FL AT 1, X TSR B2 AN R o T R L
UK L A LTS AR, F BRI T REHE N
T ER > HILJ AR A R X S B A D L
Yy, 0 HAs SRR, IR, 9% 1 48 2 AT
D BRBGHETR, XF FA HLTCS 0w A = b R A &
k¥, FRR A& W A 6 Y 2 | I HC i 17 R AER 4 3 A
A 24 (WK HR L S0 T TR T ) DA TR A, 22 , AR AR AR
SRR, SR AR E , IR, X T 2R A 8 K
g, T E A T — A AR PR

F2 ST IEMIBAMR
Table 2 The properties of five kinds of typical soil types

S IR Bk
Soil 1 - S . pH  Organic matter/ Clay/  Cation exchange
o lype - Source g-kg! g-kg"  content/cmol kg

it IR 430 6.89 303.4 12.06
Bl BRI 582 52.22 155.3 42.44
KFEL WHIL 540 46.80 263.2 9.33
Wt Wk 526 46.28 289.0 15.86
(R g 8.61 7.97 30.5 0.48

http://www.aed.org.cn
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2.3 ELFIHMSAL

FEAR 2% B o B b i FH R N-IN 3k 2 —
e C18  ip % HLAE + J Ay A fb e SR . N-NFE 2 %
A LA R BR IR IR A HILIR A — ol 1 o 28 R
Y C18 B L bk — s et M4l o5 9 2 HLE + 2
TR B — S TR B B 5 A AR Ak R 32 ok
EBrR . HERE AL 9 FOKER A LS R
L PRI R B AR AR FFR T 50 mg %
HAE++5 mg A1 8L 50 mg C18+5 mg £1 84k i
WAIN-N R 2 e = Rhid e oy Rkt etk . ik
Jo . IR AR VT Ul =g Ak gy CER REAR 4
EBREE,

ek Ty SO SR 1 52 LI 1, I AT L
B, SR gk R | IR TE 70%~120%
Z[E), 156 B = Fh oy 0 2 DGR EOR, H iR 2
A 22 5 NI o AL IR AT DL MR BRSO MERR L 2
T U R0 R 2 ) 5 M B T LA G S Bl R AR
e S — 2 O T — Al 25 e L A 5
ME 29 AT LE 50 mg 355 BLAE ++5 mg A 881k
PSR B (R e A v, D A X AT, I LR
ik A B, FER e i, R Db e A e 90 2 HL Ak
- Fe Bl BAE A
2.4 FEMLERE ERYMANEER

T T v T TR e 35 S5 DG T A v 5 YRR 0 P A5 5
AR T il 2R PEAG i A e M9 el R A e . A
A fE MR P M A S 800 3R 3. IR ol LUE
L 7E0.5~50 pg - LY B, AR D7 i 2 vk Il ) ok e &R
BREIKTF 0990 0, &M R RAF . FETRON A7
FE23 R 5% B A 245 1) 3 5 A0 AT, 308 e i oA o Hh 2 At
R G VT B B 2R AR %) HUARL, AT LA IR 35 S 2y )
H/N BB RGN A +20% 22 [R]E, B A o B
RN AEARR 5 24 L RN 7 +509% 22 ) i, WA R B J ik
I HFAE 5 25 R N7 R HE 509 B, BN A i JR R A
SR R 3R LLFE H, 5 A X SR ok T i g
WA 1) A AN () R R ) 5 JB 3 SR A0, 17T X6 T P e vk
MR L P A 2 SRUA AT T PRI R4 A () R 198 i ol ik
SRR o S ST AN ) PR R AT AR 22, BE R A 4k
G I BRAR I T A A Ak B A e R 4 A X B
RN 3 BLRE A, FEATR G, S A ] 2 AU (1) - 1
Xof B A Ak A 0 110 i o 494 5 R ek 55 50 HL AT — 3L
V£, DL RT DUHEWT , B A5 ik G P i A JoT 2 25 o Ak
o FEFZM R R 22— [RIEFSE R I, A 24 ()i ) (B
2 JE T AR (1) LS e R 2R AR5 s S A T
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Figure 1 Effect of different types of adsorbents on recoveries in

black soil, paddy soil and fluvo—aquic soil

1001
[ 1ok g o gt AJF

° O T wifs
= 80T
2
2 60f
=
5
in 40
=
=
dr 20

0
C18+f7 s b el N-NHEZ )
ik )5 =X Types of adsorbents
2 AEEE AR EWEKTE L RERIER T

Figure 2 Effect of different types of adsorbents on signal/noise
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Table 3 Linear regression equations, determination coefficients and detection limits of the 6 pesticides

42 Pesticide FEJF Matrix L[] J5 2 Regression equation g ZER N Matrix effect/% — E R LOQ/wg kg™

SULEME ) y=901.71x-883.95 0.997 1 — —
41+ y=6 349.2x-1 127.6 0.999 3 604 1

Bt y=5257.4x-219.86 0.999 1 483 1

IKFE A y=7 682.6x+149.37 0.999 7 752 1

W+ y=7 548.3x-1 627.6 0.999 7 737 1

(E y=1044.9x-1 055.1 0.995 4 16 1
1K M L P i y=42 484x+22 469 0.999 1 — —
4+ y=14 041x+18 635 0.997 2 -67 1

Bt y=13707x+18 676 0.994 4 -68 1

KA+ y=8 218x+7 983.2 0.997 4 -81 1

W+ y=7798.9x+13 133 0.995 7 -82 1

W+t y=13 514x+14 588 0.998 0 -68 1
IWE R g 2N y=36 702246 512 0.996 9 — —
a4t y=74 020x+28 694 0.999 9 102 1

Bt y=70 876x+9 396.2 0.999 9 93 1

KA+ y=61 861x+29 100 0.999 6 69 1

W+ y=60 814x+14 486 0.999 1 66 1

5+ y=50 678x-28 305 0.999 2 38 1
RRLAELUN 2N y=76 957x+36 490 0.998 6 — —
£1+ y=56 086x+13 796 0.999 1 -27 1

21 y=24 254x+3671 0.999 9 -68 1

KHE+ y=35 599x+8 747.7 0.999 9 -54 1

i y=35 528x+14 196 0.999 6 -54 1

(R y=58 228x+5 734.4 0.999 9 -24 1

i ) y=37 337x+32 943 0.997 7 — —
41+ y=15 448x+8 316.3 0.9979 -59 1

Bt y=11653x+7 170.1 0.998 9 -69 1

KFE L y=8 565.3x+9050 0.997 5 -77 1

W+ y=8939.5x+12 421 0.994 5 -76 1

(R y=17 599x+23 098 0.990 5 -53 1

T ) y=194 544x+164 061 0.998 0 — —
ar+ y=181 549x+145 576 0.996 5 -7 1

Al y=135 425x+44 110 0.999 7 -30 1

KA 1 y=127 028x+62 122 0.999 4 -35 1

W1 y=125 791x+85 977 0.998 5 -35 1

Hy+ y=154 460x+145 286 0.997 5 -21 1

Wbt P e 14 o 7 {2 =, e i At R 24 — S Bl 2, T L“,“{%‘iﬂ[UJ(M?ZEfE&,MWﬁ@M/ A R BT RO A

AT AR e O A 2 e R 14 5 PO R Bt JUF L R ,uﬂ%ﬂ]
T 7 A R Y ) SO A AR T R I R A A S RN

T*I‘Eﬂﬁ;%”%%ﬁ@ﬂﬂ@ﬁ%ﬁ,%}ﬁ’i‘ﬁlﬂjﬁii%jﬁo
A2 YW AR R T H AL & AR B i o A B
ZIRUS Ko B P ay BAL PR e 1 A
BT IRAL B S5 AR, S BOR R IR 1 5 A U6 v
RIS A 1 g - L7, b o i 2R A AR50 0.5 g -
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JO 0N A AE 23 RF 1 AR A N A 2 i s AR
?ﬁﬂﬁw PR I, A fF 5 R FH 35 J5 DG T30 A 7 V25 TR A
TE X6 5 B3O R AT T AMEE DL i MR M
DL AR A3 7 o f PR (LOQ) , 6 Bk 24 1% 5 1
FRIHM T pg kg
25 AENERY EREMBRE

6 F BARALS W TE 5 min N HY I 04 B R 43
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554 2.39 min (G BEMK ) L 2.40 min (B [# BEME ) | 3.45
min (T RS0 ) (3.39 min (WK A EEE) .3.48 min (&
S ) AN 3.83 min( T AR ) o M FETEEI TR AT L
At AN R i [R] Y B ARG YBeE T (& 3) .
b L5 1 o] i 6 FH R DA 1k 7 v
FUKEBA FE o AR 2 4 1 2 SEBRAG DN vk B2 5 s in vk 2
(LA, ol 2 RIS B o R Bf EdE R  T E
U, B AN [R) EE A2 22 (] [ 53 ) R X A o A 2 (RSD)
RVEAL o TR [ AR 24 5k B S v U)X AN (] oA e 2
(C) A AN [R) 1 [T 05 2 FUAF XA o s 25 Y PR 2SR, 24
0.01 mg-kg'<C<0.1 mg-kg ' B, AR E R A 70%~

= 100 1 A. 28 FIRE A,

° t Blank sample

o

Z 8ot

=]

E] L

=

o 601

8

E L

= 401

i L .
i 1.27
— 20+t A

=
o L
=
0 dod . LA I
0 1
A 18] Time/min
‘ 3.39
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Figure 3 Typical chromatograms of fufenozide in paddy soil
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Table 4 Recoveries and RSD for imidaclothiz, fufenozide and pyrisoxazole in different matrices

SUEMK Imidaclothiz TR 2 BEJE Fufenozide INE T R Pyrisoxazole
IR AT = — PO
Matrix Spiked level/jug-ke' BN A o 22 ENE AR D 2 e % AFDG A 1 2

Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/%

0+ 1 100.6 8.5 85.1 7.0 93.4 10.6
10 114.6 6.4 103.8 6.6 92.1 7.4
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Table 5 Recoveries and RSD for pyrimorph, coumoxystrobin and dufulin in different matrices

R KT T”lﬁlﬁuﬂ}nﬁ Pyrimor}ih ; T%‘%EE‘ C(lum()xystﬁlb‘iAn ﬁﬁk@% Dufulin _
Matrix Spiked level/pg kg Ve AR A 2 HEIES AR O 2 e X A o Dt 2
Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/%
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