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Rapid Analysis of Cyazofamid and CCIM Residues in Fruits by Ultra—High
Performance Liquid Chromatography Tandem Mass Spectrometry

FU Lingmei, WANG Yujian®, XU Li, JI Shaofan
(Technology Center of Haikou Customs, Haikou 570311, China)

Abstract: A high performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS)
method was established for the simultaneous determination of cyazofamid and its major metabolite
4-chloro-5- (4-methylphenyl )-1H-imidazol-2-nitrile (CCIM) to evaluate their safety in fruits. The
sample was extracted with acetonitrile containing 1.0% acetate acid and purified with octadecylsilane
bonded phase (Cj5) powder and Florisil powder. Then the UPLC separation of sample was performed
on Capcell PAK Cj;; column (150 mm x2.0 mm, 5 wm) and determined with multiple reaction
monitoring mode (MRM) through HPLC-MS/MS. The results showed good linear relationships
between the peak areas and the mass concentrations for both cyazofamid and CCIM in the range of
0.001~0.040 pg/mL (R =0.999 3). When the spiked levels were between 0.004~0.080 mg/kg, the
recoveries of cyazofamid and CCIM were in the range of 80.71%~103.27% and 76.62%~100.20%,
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respectively, and the relative standard deviations were between 4.14%~11.15% and 3.24%~11.16%,
respectively. The LODs and LOQs of cyazofamid and CCIM in fruits were between 0.001 5~0.003 8
mg/kg and 0.003 0~0.007 9 mg/kg, respectively. The method was simple, rapid, high sensitivity and

accurate, which could satisfy the rapid qualitative and quantitative detection of cyazofamid and

CCIM residues in fruit samples.

Keywords: ultra-high performance liquid chromatography tandem mass spectrometry, cyazofamid,

pesticide residue

A M (cyazofamid ) J& 2000 4 i H A 5=l
PR S AE A 1, IF 5 0 M Je Sk [F] I & i) ke 24 £ 4
PR B L AURR I T B T 4 D TR i B TR
PAAF B AR S R TR TR U, 2013 4R 3R E AN R AR
AL T A BR 2 R CR T 58 AR A5 550 7 e 2
IE A TR A T R A B TR X S
9 B, 43 Tl 2 T 00 MR | D S I | 7 AR R
FERE A BN AR 250 | 4G R W LB 2 K R
o ORI B AR S R R P IV R SR AR
I S5 R IR S 23 VA A CCIM 2 U AR s A
R A P 1) 2 R 1, LSRR e E M =,
HAEA R 5 AR B AT AR 2 aE O R B A AT
HORTEE KRS, B, FRE Y GB 2763—2016( & i
G FE AR E B TR 2 B R R B B ) bR ofE D R
TE TR e By AR W TE A A T R I Bk
BB BN 1.,0.02.0.5 mg/kg;  H AS % 50 e b H
TR e A SRl Bk s 8 B B A K Ak R
FREE A 5.1.1.1 mg/ke,

H AT, P9 A0 507 e 19 8% 7 o3 B £ 24 LC-
MS/MS 7 \LC-DAD R fb 22, ik 6 77 3 ol
U ST T 5URE W BRI 43 BT O 1, s RE R Ak
FRATE A LR R R, I 5 R M s RO
AR - B S HE AR, IF45 S QuEChERS 5 /i
A7 N T TR A | T KR R R
e K AR CCIM 5% 83 5 0 43 A7 i, 107 ki
Ab PR 7 R R PR SO i MR R e
U, WA R R e K AR CCIM FE 7K A 8%
P T AW AR R R AR

N0

i e

11 KFE5EE
S M (4l F 98.7%) . Dr.Ehrenstorfer 2\ @ 7=
S CCIM (46 99.9% ) . first standard 23 &) 72 i ; &

W PR (¥ Rk al) . 36 E Fisher 2 7]~
At s T B BR B (J3 M 4l ) . ) MR A BR 2 ) 77 i
AALE (A el . B 25 AR AL A RN A BR A v
ity T ALEIERELEHE G AH (Crg) VIR HLEE £ Agilent
AL Milli-Q BB AK < 2[5 Millipore 23 H]7™ i

A TR ROOR (38 AL (UPLC) ; 5% [ WATERS 72
H] 7 APL 4000Q PUBRAT 0T 1543 (TBC A L 8 25 25+
J): EHE AB A Al 7= & ;Harvard 11 158 . £ H
Varian /A 7] 7% il ; MS3Basic BEMRIRAI#% . 18 E IKA
73 F) 77 il ; Centrifuge 5810R #5.0: )L : Eppendorf 23 F]
77 i 3 G=285 HLF KOF : Mettler 23 R 7™ i o
1.2 HmEratiE

KSR i BORT B A VIR TR A L BRI R
fn 5.000 ¢ T 50 mL HIERLOAE T, A 20 mL &
R 1.0% LR CIEW W, WHEIRY 2 min,
A 4 ¢ TTKBBREER 1 ¢ &ALH, WIERS 3
min, X 9 000 r/min .0 5 min, ] F3E W 1.0 mL F
PGB O, A 50 mg Cig 5 AR F 3R 2
B R, RER A 30 s, A 3 000 r/min &0 3
min, FIERLT 0.2 pm A HLIER, FF
1.3 (UEEH

3% 2 (A% FE A Capeell PAK Cig(150 mmx
2.0 mm,5 pm); WA A b O, B IR EL
0.19% H R A W, 6 BE e I 5 U £ £ 0.75 mL/min ; iff
FEE .5 pl,

g A5 - U 55 B 1 (EST) TR EE 550 °CLH
JE 5500 V55400 A0 Al B SRR B <K R
e SRR IE B 2 RO W (MRM) 2 X

|2 e e

2.1 REUGAFIRIESE
AR SCHRAE , B A A1 X SURTE AT CCIM %
973 BT 1R Hl QUEChERS Hij 4 21 77 125, $12 OV 57 >R
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FH 20 85 AR50 1.0% 2R 1 2, Y BEAS 211 4%
IR IR A %, NI OISR G
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5 1.0% T2 1) 26 KT 50RR M AT CCIM s o 49 Jot iF
A AR N 0.1 pg) , T AT R T SPSS
(Version 19.0) X & i fr BC X AHEA T K58 (P<
0.05) 7 #T, S5 FFRMA 1 20 & R B8 1.0%
TR ) £ VE S 2 B 770 1sF | 7 s [l i 36 1) d 3
P£°4 0.001(P<0.05) , CCIM [a] i R A (5 74 0.004
(P<0.05), 25 5 W 3%, HAdFH S AR S $2 JG ) B
SRR B (8] Rl 90.1%~127.0% ,RSD A 11.67% ,
CCIM [ % Ky 85.29%~147.0% ,RSD H 18.98% , #
th GB/T 27417—2017 (& HVE 2770 M 7 4
NGRS i ) F TSR 20K & B 43 4K
1.0% TR 1 2 1E SR 42 B 7B S50RE e [l 1ig 268y
76.4% ~105.0% ,RSD & 7.28% ,CCIM [a] i & Ky
83.8%~108.0% ,RSD N 7.35%, i /& GB/T 27417—
2017 (EAEVERE b2 2 B J7 VA B DA RS0 GIE 4 e ) Y

HH R 2K

16 pH 28 4.90~9.56 W}, FR P B o | 505 e 7E 7K
TR R R e s B OH 3 YR BE T &, AR MR 1Y
Bl 2 (R e BE AT OB, S 5 58 LR IR R 43 K
XU e CCIM MIBCR 52, SR AR IEES ik
H SR BB 5N 0.1% .0.5% . 1.0% 1.5% 2.0%
20 BR 2 B W W HR BRI R I R T SPSS
(Version 19.0) %) Duncan £ & 384 86 7 dE 47 8 35
PEHT (P<0.05) 85 R WL2 1, MIRBUK & R IAR R4
BOKF] 1.0%J5 , 50U M Al CCIM 1 F 347 [ R G
EME2E R BRI T SRR T BN 1.0%
22 REUAFIERAAERE

g3 A 5.10,15.20,25 .30 mL & & @R
I3 1.0% 0 5 EL 1.0 wg B ME AT CCIM Fp 7
PrJst, B ALEEAT AR DA SR BOR AR A Ak A, DL
BRI A bR P, 45 L 1 SREEBORAR R
20 mL B, 7] 1.0 pg AR CCIM $EHUSE 4, [N
I R OBy 20 mL,

x1 ZBERSPEFEW . CCIM B R 0K EREESESH (n=10)

Table 1 Influence of acetic acid volume fraction on the recoveries and significance analysis of cyazofamid and CCIM (n=10)
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M
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i 5%

I E‘U
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108.00
107.25
112.00

93.50
108.00

0.1 108.13+5.50°

112.00
108.25
112.75
109.25
110.25
110.50
109.50
106.75
106.50
108.25

0.5 107.63+5.09
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109.50

94.75
106.25
114.00

44 /%

CCIM

[l 5%/ %

109.75
109.50
107.25
109.25
118.00
108.75
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106.75
110.50
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108.75
113.25
104.50
109.25
114.00
114.75
115.75
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115.50

T3 1 i /%

110.68+3.42
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Fig. 1 Diagram of extraction volume and average

recovery rate
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mmx2.1 mmx3.5 wm)® Agilent Eclipse XDB-Cg FE
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R AKAE i s Al B, 45 5R 3, 18] S 6 1R it 30
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HH 7K | s — AR R 550 0.1% H R K Rl & T =K I
AH B RR, HE IR 4F . NI e #% Capeell PAK
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JTEhA A, RF 5L 0.1% F RKAE R s AH B,
BB EEVEBE A ISR 2, 78 B 54T ,0.02 pg/mL 5
i S LAY CCIM bR vE VR 19 MRM. €533 P& DL
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x2 WEEBERBEG

Table 2 Mobile phase gradient elution conditions

PR 8% R 80%
0.0 90
0.2 20
1.0 5
3.5
4.0 90
5.0 90
2.68
3.5x10°
3.0x10°F
iy 2.5%10% 245
:;ij 2.0x10*+
= 15x10
1.0x10%F
5.0x10°%
0

05 1.0 15 20 25 30 35 40 45 50
#/min

2 EHEMEEREHY CCIMIrERTNEETFRE
Fig. 2 Total ion flow diagram of cyazofamid and CCIM

standard solution
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FHAT TR SRR T ek Ak
PR A58 s L i MRM 36 840 X 3 B 4
(S T i e M RS R R AL
JE BT RS GRS RE T EE B R T
BEHE, B SR 3, RTBEBIEE TR
(ESI), 8% 550 °C,HLJE 5 500 V, F LS A
ol B SO AIAE 18 A H4 R R 4l R, MRM B, 57
FCCIM F 5 2 H Bk K WK 3 K 4,

*£3 BFOUREXEESH

Table 3 Ion pairs and related voltage parameters

oy | R L
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261.1 130 15
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TE % 5 TR
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=
E 2.0x10°%
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Fig. 3 Total scanning of ion mass —spectrogram of
cyazofamid
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Fig. 4 Total scanning of ion mass—spectrogram of CCIM
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25 BUTHENERE

M KRG 2, BRI B AL i & i
B EAAE A 2 A 2R AR BT AT AR AR
7 K H QuEChERS fij b ¥ J5 3 i — 2514 1314
SE NN 50 mg 1Y PSA B3 K [ Cis B3R A1 S5l R
¥R . 9% BLEE B K T 0.010 mg/kg 0 AE M Al
CCIM IR A bR b, W H w250k it
PSA ¥y K . A Ak ok BB AT SRR AT CCIM A5 T
BB, BRI AT CCIM Ay [l Wi 03 51 7.9%~
29.4%H1 0~35.8% ; i I Cig ¥ AR ¥t AL 504 s
CCIM () 5] Wi 2R 43 51 4 83.2% ~90.6% F1 87.9% ~
93.5% ; fii FHoh B B Rk By oK e fb i, 450 R e
CCIM ) o] 05 2R 43 51 K 82.5% ~93.2% F1 89.1% ~
101.0%; i fdi ] Cyg 3R A 35 2 HLRE £ 83 R AE N5
AL FV I, SURE AT CCIM 1 [ i 243 1) K 88.4% ~
110.0% .95.2%~108.0% , Hi 7] UL, Cg 3 AR 1 3 2
HRE AR A R RO e, R, g
Cog B3 AN 30 2 BLRE 8y A AE Rige AL
2.6 ERHHIEMN

FE TR (MEs ) D1 J2 4 78 JE ot DG e A o v 4R

1510 B4 255 7 AR o 7 TR HE R R AR I AR R AT B
B IR M AT CCIM Y 3 B 5 7 70 ) Ak SR
i LL R A 35 MEs (% ) = (35 5 VT Bt A% v v 3k
A5 1) A5 32 B MV WA T TP AR AR 1 AF 1) %100,
i F A 2 5 AN TR 36 5 DG C A A A T ) 3R S5 500
(J N 0.001~0.040 wg/ml) T A5 550G M 7E
A Fh B PN SRR Bk R T i MEs 433
H 53.85% 32.74% 27.61% 3.70% 4.32% 13.68% .
11.84% ; CCIM 7E 4% 7% A3 VUK SE2R vl ik 1% |
% MEs 43 %) 4 33.73% .40.70% .40.58% .
7.75% .5.13% 2.73% . 7.09% , i I 7] UL A [ i 3
JOT RN 2 S Y 3 DAL Ik 49 R T A o i R AR O o i
PR HE 2R
2.7 ERARAE A E

PHE AR 2 BB — 2k ) TR s A O R, T S
Jox i WU B G M RE R BT ik O 0.001,0.002
0.005.0.010.,0.020 ,0.040 pwg/mL F4 3 5 1R 4 br i T
VRV W, P AH 2 3% — HR B 0T 35 10 S 7 | DA o
B U T AR R A A B R ST o VA R IO AR B A
Asb AR e RN 2 ZebE T R JOAH X REUL R 4,

F4 BFEWMCCIMERMEMENEERITIFTERBXREL
Table 4 Linear regression equation and correlation coefficient of matrix standard curves of cyazofamid and CCIM

e JoT 4 U

7] 4 AR U
72 A5 T 4 HR
P TCHE i 42 O
SR S TR AR B
Ak A 4 B
S TR I
T % o i O
)2 A AR O
74 B S 4 U
P A B4 Bk
CCIM S 2R S AR U

A 2 o ik B

R o U

T % o i O

U e

28 FAEKHRMEER

WG GB/IT 27417—2017 (& H#VEE fb2f M
JrEIN R IETR R ), R 25 b o O 22 DA 12
By 2 7 VR A Y B R e B A B {1 AT 4 32 Jo vk
JE B RE S AE S 2 UM I E 10 Uk, A3 A5 R AR
HEAW 22 (), LA (25 34948 +4.655 ) 1F A i BR, DA

Y=1.68x10°X 0.999 7
Y=2.23x10°X 0.999 9
Y=1.18x10°X 0.999 3
Y=1.56x10°X 0.999 9
Y=1.33x10°X 0.999 6
Y=3.66x10°X 0.999 8
Y=5.36x10°X 0.999 4
Y=1.12x10°X 0.999 9
Y=1.12x10°X 0.999 9
Y=6.18x10°X 0.999 8
Y=1.07x10°X 0.999 4
Y=8.50x10°X 0.999 9
Y=6.77x10°X 0.999 3
Y=1.36x10°X 0.999 7

(25 B +10s ) 1E g f PR 25 3 L3 5. 1% 07 1
XF A A B PN ESR R R R
T 12 ] A AR ORI S AR ) CCIM A BR A 2K
29 AENMBEE EEMMERE

FERTE FHRC PN SESR ik Rk 8 B
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x5 AEREFRFHRERI CCIM H&HRFESR
Table 5 LOD and LOQ of cyazofamid and CCIM in different matrices

U 0.000 078 7 0.000 354 0 0.001 7 0.003 6

L CCIM 0.000 107 0 0.000 323 7 0.001 6 0.003 3
e U 0.000 327 5 0.000 734 3 0.003 7 0.007 7
i CCIM 0.000 350 O 0.000 751 O 0.003 8 0.007 9
U 0.000 110 2 0.000 375 8 0.001 9 0.003 9

PR CCIM 0.000 153 0 0.000 376 4 0.001 9 0.003 9
R 0.000 127 7 0.000 344 4 0.001 7 0.003 6

o CCIM 0.000 096 0 0.000 362 8 0.001 8 0.003 7
N T 0.000 114 0 0.000 329 0 0.001 6 0.003 4
it CCIM 0.000 070 0 0.000 384 5 0.001 9 0.003 9
U 0.000 082 2 0.000 336 8 0.001 6 0.003 5

% CCIM 0.000 127 0 0.000 290 3 0.001 5 0.003 0
B U 0.000 473 0 0.000 306 2 0.001 9 0.003 5
L CCIM 0.000 084 0 0.000 389 4 0.001 9 0.004 0

I CCIM AR, BAHEAT 6 YCOFAT 8 in [l i 52
By S5 LI 7E 0.004~0.080 mg/kg TR ANAKF- P, 45
FEMEFD CCIM ~F- 24 [l e % 43 5 28 80.719%~103.27%

11.15%7F0 3.24%~11.16% , i /& GB/T 27417—2017
(CEMTEE AW 7 BRI TESE B ) bl AL

TEREER

F1 76.62%~100.20% ; AHXHAR AR 22 50 9 5 4.14%~

20 |01 (K 4
’ - (mg/kg) FCR/% | P ECR/% | RSDI% | BIMCR/% | P ENCE/% | RSD/%
| 103.87 93.28
2 89.42 106.90
B 108.86 84.69
0.004 98.14 9.69 96.03 8.85
4 89.29 99.48
5 89.57 88.00
6 107.84 103.85
7 93.37 88.38
8 91.39 83.40
9 92.88 78.90
e 0.008 95.95 5.75 84.63 8.36
10 93.38 81.90
1 97.84 75.87
12 106.84 99.35
13 80.11 73.12
14 85.12 73.74
15 88.42 78.73
0.040 87.62 489 76.62 324
16 88.55 74.96
17 88.52 77.64
18 94.99 81.51

x6 HEHEMBMEYEK RSD(n=6)

Table 6 Recovery rate and RSD of grape sample (n=6)
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x7 HEHERFMEKZEE RSD(n=6)
Table 7 Recovery rate and RSD of lychee sample (n=6)

B K/
(mg/kg) FICR/% | SFEEIWR/% | RSD/% %1% | SFHEKR/% | RSD/I%
1 78.73 74.94
2 103.44 93.10
3 103.81 86.44
0.008 96.72 11.15 84.48 6.57
4 90.14 81.73
5 94.96 89.68
6 109.21 81.02
7 78.60 72.13
8 96.66 77.23
9 90.57 91.34
Eo 5 0.016 93.54 10.12 79.89 6.64
10 88.28 75.81
11 98.99 82.08
12 108.13 80.72
13 82.89 77.70
14 87.23 79.38
15 89.45 80.07
0.080 90.77 5.70 83.12 5.55
16 99.64 92.83
17 92.83 85.77
18 92.57 82.99
*8 WRERAMEUWER RSD(n=6)
Table 8 Recovery rate and RSD of watermelon sample (n=6)
T - AN/ A e CCIM
Zz= )UL
(mg/kg) Moo | PR % Mok | ¥R
1 90.88 97.87
2 88.15 94.55
3 109.89 93.71
0.004 98.13 10.55 89.48 11.16
4 87.20 73.73
5 108.77 77.14
6 103.89 99.89
7 94.39 85.90
8 87.95 83.96
9 90.00 83.50
(D) 0.008 90.43 8.10 88.60 10.03
10 80.32 83.81
11 103.99 108.98
12 85.96 85.46
13 85.56 79.78
14 88.10 86.10
15 86.34 78.45
0.040 88.71 5.04 83.84 5.46
16 85.27 81.47
17 98.67 93.48
18 88.32 83.73
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®9 ERHERKFMEKEE RSD(n=6)
Table 9 Recovery rate and RSD of apple sample (n=6)

U Im K S/ TR
(mg/kg) EIR/% | SE R % | RSD/% BIR/% | FHECE/% | RSD/%
1 104.64 94.18
2 87.82 84.87
3 105.87 95.99
0.004 100.32 6.86 94.00 6.81
4 101.68 104.68
5 97.27 88.70
6 104.63 95.56
7 99.97 72.61
8 94.81 86.32
9 88.37 82.67
R 0.008 97.37 5.89 84.31 7.74
10 106.27 82.82
11 97.16 84.70
12 97.67 96.72
13 90.88 88.79
14 92.47 75.23
15 96.97 83.98
0.040 91.53 4.14 83.80 5.46
16 92.16 88.67
17 92.47 86.68
18 84.23 79.44

F 10 hBtEESRFME Y ZEK RSD(n=6)
Table 10 Recovery rate and RSD of nectarine sample (n=6)

-~ (ma/kg 13/ % %@ltl%/% W% | R %
1 86.68 101.72
2 109.75 90.75
3 101.84 107.83
0.004 95.55 9.51 100.20 8.98
4 90.66 87.50
5 85.65 108.66
6 98.72 104.74
7 103.66 102.72
8 105.25 93.31
. 9 96.26 88.81
ik 0.008 101.31 5.95 95.86 8.04
10 90.65 91.73
11 98.77 89.82
12 105.75 108.76
13 88.65 95.21
14 106.75 92.18
15 108.73 83.39
0.040 103.27 7.69 91.79 5.28
16 106.88 88.40
17 107.86 93.18
18 100.75 98.38
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Fz11 BHERKRMEKZERE RSD(n=6)
Table 11 Recovery rate and RSD of orange sample (n=6)

K/
(mg/kg) /% | T EER/% | RSD/% SF I R/% | RSD/%
1 96.79 101.85
2 72.20 90.76
3 88.71 103.87
0.004 82.74 9.32 95.95 6.16
4 79.39 95.95
5 85.13 95.38
6 74.21 87.89
7 82.93 104.41
8 78.91 102.88
9 79.40 90.89
i 0.008 80.71 8.27 92.85 8.60
10 95.79 85.29
11 74.89 87.87
12 72.32 85.79
13 91.57 87.97
14 76.58 99.45
15 83.57 99.17
0.040 85.47 6.83 98.57 7.97
16 82.05 91.04
17 83.66 108.94
18 95.40 104.88
12 EERHFMEKZERE RSD(n=6)
Table 12 Recovery rate and RSD of pineapple sample (17=6)
T - AN K/ R CCIM
Zz= )UL
(mgke) | WCE% | FHECR% e % | P R %
1 98.34 96.44
2 86.10 83.11
3 72.07 73.77
0.004 82.94 9.13 80.53 9.03
4 84.23 72.53
5 76.27 82.58
6 80.64 74.74
7 82.84 77.85
8 81.94 74.94
o 9 76.54 83.29
a2 0.008 81.87 7.04 79.29 6.31
10 94.58 90.03
11 74.37 76.62
12 80.98 72.98
13 81.51 87.92
14 88.22 81.32
15 72.95 78.95
0.040 84.08 6.97 82.00 5.24
16 86.22 83.22
17 93.42 86.83
18 82.17 73.79
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