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Rapid detection of cyproconazole in wheat and soil by QuEChERS-ultra
performance liquid chromatography-tandem mass spectrometry

JIA Hui-Yan, WANG Quan-Sheng, FU Yan, LING Shu-Ping, ZHANG Liang, WU Yin-Liang*

(Ningbo Academy of Agricultural Science, Ningbo 315040, China)

ABSTRACT: Objective To establish a method for the rapid determination of cyproconazole residues in wheat and
soil by QUEChERS-ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods
After wheat seeds, straw and soil were soaked in pure water, extracted by acetonitrile oscillation and centrifuged, the
supernatant was mixed with primary secondary amine (PSA) and magnesium sulfate for purification. After
high-speed centrifugation, the purified supernatant was fixed to volume with mobile phase and purified by 0.22 um
nylon membrane and tested for on-line detection Results This method had good linear responses in the range of
0.001-0.400 mg/L, and the correlation coefficients were 0.9994-0.9997. When the addition levels of cyproconazole
were 0.010-1.000 mg/kg in wheat grain, the average recoveries were 92%-98%, and relative standard deviations
(RSDs) were no more than 1.6% (n=5); when the addition levels were 0.010-5.000 mg/kg in wheat straw, the average

recoveries were 72%—104%, and RSDs were no more than 1.7% (n=5); when the addition levels were 0.010—
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5.000 mg/kg in wheat straw, the average recoveries were 91%—-103%, and RSDs were no more than 2.1% (n=5).

Conclusion This method is simple, fast, sensitive, accurate and reliable, which is suitable for the detection of

cyproconazole residues in wheat and soil.

KEY WORDS: cyproconazole; wheat; soil; QuEChERS; ultra performance liquid chromatography-tandem mass

spectrometry
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5 TN Mg B (cyproconazole), " S fk F# 4 FR A
(2RS,3RS;2RS,3SR)-2-(4- AR L )-3- IR T 5 -1-(1-1,2,4- — 14
SR T 2-BE, A 2 BRFAEA L, 2 XXt Be R AN %
g SR IR IR 2 Rl TR R B —Fh P =R TR, B
ARG FON K AR A SR P, S i 4
BRI PN S A ) RGEAE R, H TR R E e TR L 3k
E. EARA. HAMEESEZW ZATAY. K9,
MAAE . oME . LA S EE A T R A L ST L IR
IR AIBTAT . RAMA KR TR . Rk AR B
ARSI . AP MEEE AT R A R A BT, IR
AW B K G AR AR S5E &R B %25 B Rk,
Hti I R v 25 Gy e A 3RS, 25 S SO & L IR
g KRR RO,

Rifi o FLARL S R B3 T, R RS BT R, D B T 3
PIMEEEHTE I IS B . BRI (2FRILE g — a2
FRRBE ] BE )W PR DI MR Sy Xk AL R R B /i (R
S 1B, AT S o RO A fEF A BRIESE) . R
RSB R E et 2). 2N S EEECEEA 3).
M 2018 FFFhR, B IR E SR ¥R 2 RGBT kAT
WA T HRPR B, B0 3R WIS HE R A9 M B A 7 eV AE 1Y
WA T, J35b, IRDIMEEEA IREE T AR 2218, A 18
90 R I Il i K B I 1000 d, HAF/K A=A #ri e
PEREPEARAR M (200 1) HAT, PRPT e s 7E 3 [ 16
WCEIA /NGE BRI BB, /N E R R E R R
ez —, ERMmEARHMRA, FE GB 2763—2021
(CEMZEEZERME iR 25 iR aR B BRE ) #E /)
FHRRRFERERE N 0.2 mg/kg, A . BRME K
e R A% R PR A4 0.08 mg/kg, KT i H A0 A Kk B BR =l
0.1 mg/kg.

X BRI AR BR A3 AT vk, BN AR SOk iRGE
B S AR E AT RO - i R TR
PUSODRA  TVRIROA € T - A S U E
Wk, KR AU Gk FV R k- T
TR AR, AUACFRGIRL . R . REBUEMR. E &
FR2E. 3k, $EEOR — M2 P sl B, T £ R 3%
KHEIFH Z, EMEAE 2 h B B BON 55 222,
SR o T4 2 AUV ST ) AR e - H IR TR T 0 R P a0

[ AR A BBORE S T, R AR e 2 2 UIERE 25 R 1 IR
We, AhEEEFAIG, HUERN 2 NS0T R, 45
FEHFEELL 2 A SR AW T R R T 6

YT, AWFFTENT QUEChERS-HA R RURAR (21 H Ik
JFig: (ultra performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS) B 5 7Nz T A 3 v 24 P s
WEABR B I 775, DHA/INE A28 A DR SRR R S8

1 #MRI57H%

1.1 MR5RF

INZEFN A RO BT T AT S SR A L o K
R G REREANORL, R B SO R, & B YT
WREFFIA 0.5 em 2247 H/NBE, A8 T30 RESL SBRZe
W, TERE RS A

AP MR (98.54%) (% [E Dr. Ehrenstorfer GmbH /3 7]);
0.22 pm A HLIERECRHERUE A W), HIBE . I (Eisal, 15
E Merck 22 wl); SALEN  JOKBRRREE (T4, HUHIRE R
WAk T ) T ); 40~63 um B & T -N-T9 5 BE AT
(primary-secondary amine, PSA)(_Lif %1%/ Al); HER[ @
TEat, TR T RGN ) A R A
1.2 NE5EE

Acquity Xevo TQ-S F# i AH R AH {473 - 57 1 DU AT BT i
1 . Waters Acquity UPLC BEH C 5 {43%41:(100 mmx2.1 mm,
1.7 pm). Waters Acquity UPLC BEH SHield RP18 A4
(100 mmx2.1 mm, 1.7 um)(3E [E Waters /A F]); XPE205 H,F
T LA ORI £ 28 Fl); GENIUS3 JE iR IR A 7 (T
E IKA 23 #)); 3K 15 & B0 AL E Sigma 24 F); Milli-Q
R4l KHL(EE E Millipore A H))o
1.3 LWHE
1.3.1 Honara s

A3 BRI N AR IR G, 5.00 g /NEREFFAE S
2.00 g (K5 2 0.01 @) & TR L4 50 mL B0,
A 10.0 mL #B4i7KE I 10 min, FIIA 10.0 mL fi%aiz,
fifo EARELEPIRAYTETERIEA# EIRZIZE 1 min,
JIA 5 g NaCl J5 R Y 1 min J5, B5.0HL 9000 r/min 5.0
5 min, JX 2.0 mL & 20 HIEFRGER 2B S5KE8)2X)
Z LA 100 mg PSA F1 200 mg To/K BREREE 1 5 DU 6. £ W
15 mL SRLE.LES, WEE 1 min J5, 9000 r/min Bl
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5 min, WL 0.5 mL 2.0 /5 W LS E 1.5 mL 8B 048
FhIA 0.5 mL 0.1% (V:)HBRIEW, ZA4RFHR 1.0 mL, /r%
TS 3k Je e A

1.3.2 AR/ 6 BLH

FREL 10 mg ARNBREE, FH 10 mL 5 #FEE
A% 1000 mg/L MIBRUERE &, (RAFT—20 °CrkAfi .

FHZJE 10 R R R 1000 mg/L PR e AR v fid
FHIE 10, 1 mg/L, IRIET 4 °CUkH .

FH &G/ NZERPRL . RS AT A0 - 0 BT s IR
0.1%F BRIA S EER B 1 mg/L FOPRINMEEEFREA I, B
A Hy 0.001 ., 0.005, 0.010, 0.050., 0.100, 0.400 mg/L
B BE AR UE T AR
133 MBELEH

(DM

oA k% Waters Acquity UPLC BEH SHield RP18
(100 mmx2.1 mm, 1.7 um) 4 Acquity UPLC BEH Cj
(50 mmx2.1 mm, 1.7 pm)#A7ELEE, FBHAHA 0.1% F B
5, BERE R 10 °C, A 35 °C, BRI
W% 1, SRR S pl.

7, W

®1 ReERRE
Table 1 Mobile phase and the flow rates

A BfAl/min JEEE/(mL/min) A% B/%
1 0.00 0.300 50.0 50.0
2 0.50 0.300 50.0 50.0
3 0.60 0.300 10.0 90.0
4 3.00 0.300 10.0 90.0
5 3.10 0.300 50.0 50.0
6 6.00 0.300 50.0 50.0
Q)BT SAF

FHL I 55 2% - (electrospray ionization, ESI), 1F&F E
i ESI, ZRMNMIEINE, Fiigairs8il® 2; S0
FE A 500 °C, BN LN 3.20 kV; FALSHE A 1000 L/h,
HEFLAIRBN 150 L/h,
1.3.4 AufreEl ki

TSI T oSS 6 R At 43T 1 P A P R R
Oy SNTE/NZZRPRL . RSN - 3982 (R S rP VS R B R (1
ABEEVRBEEE 5 ARSI MERER R RV, 7E/NEE

RN 0.010, 0.100, 1.000 mg/kg 3 B4R E, 1E/NERE
A1 LR HIE3 0 0.010, 0.500, 5.000 mg/kg 3 BYHEE .
135 &Gt FaX
BRI A AR 1 iR,
w:prle3><V4><A1 )
mxVyxVsx A
A, w /N B A A L TR IR DI RS AR B i, me/kg; p R
IR MR BEARAE U B, me/Ls Vi AR SR, mL; 7324
R g ZATR, mL; Ve AARFESEREARR, ul; 4, ukedh op
IR MLV TET AR m SRR SR TR, g 1o W RTALFE A HUAR,
mL; Vs A RLHERERAR, ul; A AR b i g g e T AR

2 HER5HH

2.1 BUEFHHMRL

H TN MEE S F25h5A N RS, JTLURA
[M+H] B, R HLIESE E 2 F K X S mg/L 37 P e e
*T/E mﬁzéﬁ#ﬂi WERE TR 292.11, RIGHIT—
TER A, 208 U R e, Bk nm B 8 R LR E
E@ 2 4\%‘%4’5%7?%?0 o KRB B T X HEA T AL R
JE AR R AR, BRI RIS S 2,
22 BIEXRHFNMK
J T AR — H R M R = N E S E, A
IR E T 2 FaIUH(CIE AT )5 0.1% F BRAL8 9 i
SRR R, 435I 2 A S AR D 4 0.010 mg/L 1)
Frkf, SEREHZIES 0.1% R MA M LB S
0.1% B R 40 A1 i sh AR H I R RS et — 28, (B s A
B TELE, WK 1, HE CIES 0.1%H BRSO e
RE LN
it — R U RS E S E, AR
7 Waters fh#LAY Acquity UPLC BEH SHield RP18 A%
#:(100 mmx=2.1 mm, 1.7 pm)5 Acquity UPLC BEH C, {43%
(100 mmx2.1 mm, 1.7 um) 2 F#EF. Waters Acquity
UPLC BEH SHield RP18 &34 3@ 3 0.05 mg/L [ 3 PR M it
PRUES I EAL, BARIECR BB 2.20 min, WEIERSAHE
F&. #il Waters Acquity UPLC BEH C g faifiA:, HifthZ%1
AAE, BRI R IEE] S 2.22 min, (55N 2 £5, Hi
Rk, Tk Waters Acquity UPLC BEH C g (Ai5:1E K
g, W 2.

R2 RESHEH
Table 2 Mass spectrometry analysis parameters
E&W BB (m/z) T F(m/z) I B ] /s HefLHE/V il 13 F s /e V
125.04 0.19 86.00 14.00
PRI 292.11
70.00* 0.19 86.00 28.00
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2.24 MRM of 2 Channels ES+

MRM of 2 Channels ES+
TIC (Cyproconazole)
1.86e6

_ 2.20
100 - g

Wi R

0 ——*—1——-—-—'/1‘ ~\%|——1——~~k—'——
1.00 2.00 3.00 4.00 5.00
AR B B} [B]/min

A HEES 0.1%H R SIH; B 2155 0.1%H BRI shAH .
B KRG A s

Fig.1 Chromatograms of different mobile phase

100 - A W TIC (Cyproconazole)
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g
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£ B2 i A]/min
100 220 MRM of 2 Channels ES+
mA TIC (Cyproconazole)
8.44E6
i
‘E
|
l
8l
. { Ny

1.00 2.00 3.00 4.00 5.00
3 B s} 7] /min

2.22 MRM of 2 Channels ES+
TIC (Cyproconazole)
1.70e7

100 - g

Wi R

1 Ll 1 1 1

1.00 2.00 3.00 4.00 5.00
{5 B8 Bt 8] /min

¥: A Acquity UPLC BEH SHield RP18 4 3%41:; B Acquity UPLC BEH C,s i1,
PINVNCIRER:: Y SRRz 1G]

Fig.2 Chromatograms of different chromatographic column

23 FHERACEMMRL
231 RIRF 9k

H /N RPR T & 20 . R AUTRIRT, /NEFGFE
THEZNAEMER, SE—ERE FEm g EusCR,
DR AR 5T LA T 6 R R 2 2 AN [] A SR BB A9 $ B
/N RPRL FERT S T IERE A2 4 0y, U 0.1 mg/kg
PR MREERRE S . 2 YA 25 mL 2 . 5 2 BB 25 mL
F A TR, A3 BITRHEHRE 1 min J5EL, £5H00.5 mL
LW, I 01%HRRIFHES R 1 mL, W5 _EPUE
o FAFHRIZET A MRS AR E T AR IR . 45
RER, BEESCRN 70%, ZIEHEER S 82%, fid
WFRERE SR R HEIGH

ARMFFTIA LA T A8 /N A0 A 39ERE 5 P BTN 2 4R
TR INAE AR TN 25 2 FHEEEO % m/NEAPRL . £
e RFEFFFES AR BIIA 50 1 20 uL BRI A 100 mg/L
BIBRUE TAER, §FE 30 min J5, —(EIEIMA 25 mL ZJiF,
F—4ehn 15 mL 47K 10 min, FAIA 15 mL Z iR
DRI, B0, A IS EAUTRA R, meReE R
BN, HEMOAEREUERS 81%~90%, JeialiKizi

TN ZIE IR AR AL 83%~88%, ZEHIAK, BT LG
FESEINAlizK 10 mL I2F0 15 mL ZAERIIRBUOT 2.
232 HF ML

L 5 T8 B4 A 1 I8 A P A %) SR A 2 P I AR AR
FEEA TS AR AR R ROR AR, (HIRAE
il P A R P 28 5 7 A KA BILE W, T LA R I TR B
Koo AMFFE 22 B A E AR 2R BOE #E 15 Ak, 4 e/
FAPRL, LA AR BOR P AN 50 A1 20 pL BT R E K
100 mg/L AYFRHETAER, ML PSA, Cx AR
(50,100 150 me)iF17 T H5Y . 45 R FRH], (] PSA B, &
A5 PSA i FF XS /N FERE AN A e A SCR AN 2, BTl
I 90% AT, (X /INEREFF LSRR, A
PSA i ISR 62%, PSA #4100 mg i, @ fb a0 R A0,
BIRER 96%. Cig R/NEFFRL. /INZRFF A3 4L
AR A 5
24 FHAEFWIE

A3 B /NZERPRE SRR 8828 AR S R EURON 0.1%
FH R AE M T, T 3 D R I o T TR 7 7 66 BEE s TR,
BATREWE N 0.001, 0.005, 0.010, 0.050., 0.100,
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0.400 mg/L, UPLC-MS/MS FHUAGI . 2550, PRPTEEE
#£ 0.001~0.400 mg/L kBTN, /INEFPRL. FEFFR
T R AR e B S R M R R AP, MHER
BAE 0.9994~0.9997 Z |,

A3 ANHE /N ZE R R T FE RN 88 A AR S RS
0.01 mg/kg MG, $EIC. ik KaE T ElR S
{EME L8 . S5 0.01 me/kg PR N MREETE 45 KL 1)
BIRCR R 72%~92%, HAFMEHL KT 10, FIL, HERFNBEEE
B B R E R 0.01 mg/kg B, BT LU RGOSR, P
A (14 T A 2 R PR L% 3.

*3 TRAMERERZ. EERRERYN
Table 3 Standard curves, limits of quantification and matrix
effects of cyproconazole

FE LT BRI ARy
/(mg/kg)
INFERERE Y=28686084X+97638 0.01 0.94
INEFEFF ¥=25380886X+130979 0.01 0.83
R Y=29126478X+203907 0.01 0.96
AR ONE  Y=30491143X-12427 / /

T /2R ToAR LR -

2.5 EEMMN

£ LC-MS H, 5800 A2 Hh 43 B 4 AR E Al ph Y544
YIRE B o BAR BT = A Tk AL AN R, (R
A P-O, -O-CO-NH-, -OH, -NH, -NH-CO-NH %5 %:[ (1)
AR 28 S R P S RN, DR T A 5T B I e
FE/NZERPRL . R FF AN - 39 rp B RE RO o RO —
JFH 2 S5 o i ko 5 i R o ol e AE R 1 A R
TR M HAE KT 0 B, 3 7R JE 50 A 0 400 A 5 S 18 e 5
AR /NT O B, 05 35 5 X 0 4 A S5 S ) R o b
A XHE/NT 20%, AT IA % 3K 5 A S RN #5
FEAE R4 X EAE 20%~50%=2 18], D3 HH 22 3L A Hh 25 3L
RN A7 HAE R4 XHE K T 50%, ) 3% B 356 s o AR
5 (20220 G ok LR, LS Y 3 iR R H A 0 4 X
YITE 0.8~1.2 Z[0], BIEI/NT 20%, U3 3,45 WA R
RN A &
2.6 [EERMFEE

IR 45 o T o 2R f A 2 2 9k 1) TR R RIORS % B,
S EE R 4, RPN ORIETE /NS AR A S IR BE N
0.010~1.000 mg/kg, “FIHIZLE 92%~98%Z [H], FHXIHxR
Yl 2= (relative standard deviations, RSDs)¥JA#id 1.6%
(n=5) TE/NEFEFF ARG IK T} 0.010~5.000 mg/kg, -

YRRy 72%~104%, RSDs B 1.7% (n=5); 7E+
RN 0.010~5.000 mg/kg, -4 [H i 3 Ny
91%~103%, RSDs ¥ A#Ed 2.1% (n=5). 25T, %k
FE 3 TP IR 5T O RORG  EE E AA T

F4 FAMEENEZFN . RN IEERERPHEREN=S)
Table 4 Recoveries of cyproconazole in wheat grain, straw
and soil (n=5)

B IR MR AR 2
/(mg/kg) /% 1%
0.010 98 0.9
INFERERL 0.100 92 1.6
1.000 92 0.8
0.010 72 1.7
INEFEFE 0.500 104 0.7
5.000 91 1.5
0.010 91 1.1
14 0.500 103 2.1
5.000 92 0.8

2.7 EPRtEmah

S BRI B AR, ST S I SE T N
A ERFZ TR 20 103, ESRHD RAEREFT R34 20, H
MR T AT TR . BRI, TR A ) TR R
PRGN M AR B, RS R R 0%; SRS FRAS
N 25%, BEA A 0.52 mg/kg TIEFURK R
MR B, R ROl 0%, (iR LE 3,

3 Fig5itie

AWFFE ST QUEChERS-UPLC-MS/MS s il 5 /s
27 e - HE RN BB 5% BA IR . AR YR I 2
PEATHRHR, $RHURCR L H SRS AT 1, O LR G T H AR
WU e TR, HEb THIER OIS EHE;, X,
T QuEChERS 143 Hi [ AH 2 Ui Ak 3 7 i TR 2224
20 min, JTCFEHEZEFIAE IR, KARTTH T B4, #2557
R0 ik FR B B R ISP Afc o T ELiZE ek RALRE | MERA
RS %5 R, AT R L AR B XU I T 2, R SERR
R ARSI TR AR SRR, FLIZ O 40 B s Bk i 1o K
BT o Ak, AHRSEIE I R DL L (50% 7K AH+50%
AU 2 A 1A, M F &2 0, A
EE b A

L5 TR, AJTILRERIGE . REUE R . TR
FIELT, REW R /NGE B A v IR R AR BR A M I T 2
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MRM of 2 Channels ES+ R e ¢ 22 TICCyproconazole)
TIC (Cyproconazole) 100 - B 2.22 yP 3.986¢6 :
100 A 1.17 4.24 5.19¢4 :
o
£l
= " F\ b o mL ,‘|
M"‘ Ak LJA.J t\/'u"\' dolou
h Il 1 J 0 i) - ] 0 UL L ]
2.00 4.00 6.00 2.00 4.00 6.00 -0.00 4.00 6.00
AR B3 Bsf 8] /min A4 B4 fisf 8] /min Gﬂ% i} /8] /min
MRM of 2 Channels ES+ 100 221 MRM of 2 Channels ES+
MRM of 2 Channels ES+ TIC (Cyproconazole) B TIC (Cyproconazole)
TIC (Cyproconazole) 100 222 3.21e6 2.10e6
100 (976 1.30e5
0 1 1 | 0 A o | —y [(] s | 1 |
2.00 4.00 6.00 2.00 4.00 6.00 -0.00 2.00 4.00 6.00
A B 5} ] /min A5 B3 5} 18] /min R B B[R] /min
MRM of 2 Channels ES+ MRM of 2 Channels ES+ 100 - 2 M i)
302 TIC (Cyproconazole) 2.19 TIC (Cyproconazole) 2.51e6
100 : 1.29¢4 100 6.23¢6 :
0 0 . . )
2. %% - 4/00 2.00 4.00 6.00 -0.00 2.00 4.00 6.00
Fifmin 5B F]/min 5B F]/min

T BRI RUCH/INERPRL . ANERGFT . RIEREGL . IAEBIHIRUCH A:

TR (1 25 A

25 FURE A Be AT VR B I AR MEVA TG C: U8 0.01 mg/kg 3£

3 SIBRRE b aklEl

Fig.3 Chromatograms of actual samples
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