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Development of methods for the deter mination of pyraclostrobin residue

YOU Xiao, JING Le-Gang’

(College of Life Science and Technology, Harbin Normal University, Harbin 150025, China)

ABSTRACT: Pyraclostrobin is a kind of new strobilurin fungicide. It is widely used on a variety of crops, including
fruits, vegetables and cereals, to control fungal diseases such as powdery mildew, rust, web blotch, downy mildew,
rice blast and so on. In this article, methods for the determination of pyraclostrobin residue were reviewed.
Solid-phase extraction (SPE) with standard solid supports such as octadecyl-silica (C,g), primary secondary amine
(PSA) or graphitized carbon black (GCB) had been widely used in pre-treatment of samples. Recently, solid-phase
microextraction (SPME) had also been for the analysis of pyraclostrobin traces using polydimethylsiloxane,
divinylbenzene, polyacrylate or carboxen fibers, with excellent sensitivity. The applications of matrix solid-phase
dispersion (MSPD), gel permeation chromatography (GPC) and dispersive solid phase extraction (DSPE) had been
shown to improve clean-up efficiency greatly. Although traditional gas chromatography and high-performance liquid
chromatography especially the latter were still widely used in analysis of samples, gas chromatography-tandem mass
spectrometry (GC—-MS/MS) and high-performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS)
had been developed rapidly and applied widely because of their excellent selectivity and sensitivity. Enzyme-linked
immunosorbent assays (ELISA), micellar electrokinetic capillary chromatography (MEKC) and near-infrared
spectroscopy (NIR) had great application potentialities.
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- 10 pg/kg,
13l = 75%~95%, (RSD)  4.0%~6.0%
[19]
, BAS 500 F,
pyraclostrobin, Headline
Insignia Cabrio Attitude , CAS(Chemical ! , GC-UECD
Abstracts Service) 175013-18-0, 2.0x107" g,
N-{2-[1-(4- )-1H- 3- ] Lo(N- ) (limit of detection, LOD) 0.005 mg/kg
, 1 =97.5%,
. 63.765.2 C 84.8%~104.4% 96.6%~100.8%, RSD 1.74%~3.67%
' . ' ’ ~ [20]
200 °C( ); 20 C / (log Kow)  3.99; 3.32%~3.87%
20 C 1.9 mg/L, 100.8 g/L, ) Flolisil )
500 g/L; GC-uECD I1x107" g,
pH5~7,25 C , 30d , DTs, 0.02 pg/g,
17 4! 82.5%~93.0%, RSD  1.9%~4.4% 21
GC-FID(flame ionization detector,
) 2
98.32%~101.40%,
0]
::: ,\Nj/ RSD  0.48%~1.01% Munitz 2
Cl N
= 0 N. _CHj3 GC
CH3 (solid-phase microextraction, SPME) , LECD
(@) pH

Fig. 1 Chemical structure of pyraclostrobin

1993

, 2002
100 t,
[2] [3] [4] [5] [6]
[7] [8] [91 [10] [11] [12]
[13] [14] [15] [16,17]
(MRL) 0.05 mg/kg,
0.02~5 mg/kg, 0.02~2 mg/kg!'®

s s b}

2 KtH®iL(gas chromatography, GC)i%

[3]

(solid phase extraction, SPE) ,
- (GC-ECD) ,

LOD  26.0 pg/kg,
(limit of quantification, LOQ)  86.0 pg/kg,

96%~106%

3 E%G&HEEIE(high performance liquid
chromatography, HPL C);&

[23]

18.7% HPLC
(75:25, viv) ) Cis
(diode array detector, DAD)
99.92%, 0.45% 1241
12% : -
(HPLC-UV) (30:40:30,
Viviv)
99.3%, 0.82% 23]
& HPLC
(80:20, viv) , ODS
Cis DAD 100.28%,
0.68% (261
30% HPLC-UV (75:25,
viv) 99.1%,
0.39% 27 HPLC-UV
PLGA(poly (lactic-co-glycolic acid), -
) oDS
(85:15, viv)
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100.35%, 0.198%
[28,29]
s (gel permeation
chromatography, GPC) SPE-NH, ;
, SPE-NH, ;

HPLC-UV
83.2%~101.7% 85.3%~98.1%  77.0%~84.4%, RSD
4.3%~8.1% 4.2%~6.0%  2.1%~6.8%
LOQ 0.05 mg/kg,
LOD  0.05 pg/g ,

[2]

SPE Cjg
R S (70:30, viv)
, Cig , 278 nm
2x10710 g,
80.4%~94.1%  81.8%~98.4%,
RSD 1.8%~3.8%  2.6%~3.0% 130]
HPLC-UV

b} s

81.4%~92.3% 101.1%~102.6%  80.0%~92.0%; RSD

3.0%~6.4% 3.9%~72%  4.4%~6.5%; LOD 0.02
mg/kg B31]
HPLC-UV (3:1,viv)
110" g, 0.01 mg/kg,

86.7%~98.2%

79.8%~90.5%, RSD 0.2%~2.5%

[32]

0.01%~4.1%

(ultra performance liquid
chromatography, UPLC) R SPE
R LOD  0.002
mg/kg, 86.33%~103.00%, RSD
1.64%~13.28%
B3 HPLC-UV

(8:2, viv)
> 2:1, viv)

79.9%~93.7%
2.2%~4.0%  1.8%~2.8%;
2x107"0 g, 0.01
134 HPLC-UV

80.9%~99.1%, RSD

mg/kg

94.0%~103.2%  83.9%~91.5%

5.4%~8.5% 3.4%~6.0%
4x107"0 g,

0.02 mg/kg 0

87.5%~106.0%, RSD
4.6%~6.6%;

HPLC-UV

70%~106%, RSD
0.04 mg/kg B3]
HPLC
, SPE-Cg
SPE-PSA(primary secondary amine, N- ) s
HPLC-DAD LOQ
0.01 mg/kg, 97.5%~101.9%

93.4%~101.2%, RSD 1.5%~10.5%
[36]

6.6%~10.0%,

4.8%~6.8%

PSA
, HPLC-UV LOQ  0.05 mg/kg,
90.8%~94.2%, RSD  0.9%~2.1%

1371 HPLC-UV 60%
, SPE-C 5

83.5%~91.7%
1.8%~3.8%  2.6%~3.0%,
0.01 mg/kg

84.7%~96.2%,

2x10710 g,
[38]

(photo diode array, PDA)

83%~95%, RSD
De Melo Abreu B

0.7%~1.3%

I 6

- (50:50, v:v) ,
DAD LOD
0.2mg/kg 0.2 mg/L, LOQ 0.6 mg/kg 0.8
mg/L; 97%~102%,
RSD<12.7% Esteve-Turrillas  [**
(immunoaffinity chromatography, IAC) R

HPLC-UV
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) 11
Sepharose-CNBr( ) IAC , R GPC , GC-MS
(selective ion monitoring, SIM)
, HPLC-UV 60.3%~120.0% ,RSD  1.54%~13.41%
, 0.10~5.0 mg/L , R 0.998,
92.5%~104.0%, RSD  0.9%~3.1%; LOD  0.004 mg/kg, LOQ  0.010 mg/kg
93.1%~101.6%, RSD  1.3%~4.2%; Lagunas-Allu¢
LOD 5pug/L,LOQ 10 pg/L; 1 mg/L
, IAC 4~6 8 GC-MS
, Fulcher ! 10 mL s 5mL
DSPE(dispersive solid phase extraction, Cig S -
)/HPLC-UV
> 91%~96%  98%~99%, LOD
97%(£6%) Reddy M HPLC-UV 1.1 pg/L 1.3 pg/L, LOQ 33 pg/L 3.1
pg/L Lagunas-Allué 4]
0.005 pg/mL, (microwave-assisted extraction, MAE) (matrix
87.9%~96.2%, LOQ  0.01 pg/g solid-phase dispersion, MSPD) -

4 SHEEIE-FKRiL(gas chromatography-mass
spectrometry, GC-M S)3%

[43] GC-MS ,

(solid-liquid extraction, SLE) QuEChERS(quick, -easy,
cheap, effective, rugged and safe,

)4 ,  GC-MS

* 1 FOMTENEE RS ERRE EE R

Tablel Comparison of four methodsfor the extraction of pyraclostrobin in grapes

MAE MSPD QuEChERS SLE

LOD(ug/kg) 1.7 2.6 43 4.1
LOQ(ug/kg) 5.8 8.7 14.3 13.6
RSD(%) 6.6 6.7 10.1 8.3
Horwitz ratio 0.41 0.29 0.44 0.34
(2 2 0.5 10 15

(min) 10( 5 ,30 ) 120 90 90

(C) 105 25 25 25

(1:1, viv) (1:1, viv) , 1.0%(v:v)
(mL) 10 10 10 12

: Horwitz ratio )
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Gonzélez-Rodriguez M -

(GC-ITMS)
I
11
(1:1, viv)
s (graphitized carbon black, GCB)/PSA SPE
s 3:1,viv)
(3- -1,2- D- L-
- ),
100%( 1000%), RSD
16% LOD 0.001~0.004
mg/kg, LOQ  0.002~0.007 mg/kg Vifias 7
(direct immersion solid-phase microextraction,
DI-SPME)- - (DI-SPME-GC-MS) , SIM
7
2g,

14 mL, pH 5
(polydimethylsiloxane-divinylbenzene, PDMS-DVB)
60 C 40 min, 240 ‘C
LOD 30 pg/mL, LOQ

106%, RSD 3% ,
Reilly ™1 GC-MS(EI, electron ionization,
) 33
SPE

4 min

0.4 ng/g,

5 &FEfiE-Fig(liquid chromatography-mass
spectrometry, L C-M S)3%

4] 7
E-
8
- ,SPE ,
, - (SIM-APCI)
8 0.05~5 mg/L s
0.9953 LOD  0.01 mg/kg
79.4%~84.2%,
RSD  4.9%~8.4% 301
UPLC-MS/MS(ESI', electrospray
ionization, ; MRM, multiple reaction
mode, ) S Bond
Elut Plexa™ LOD 0.3 ng/kg,
LOQ 1.0 ng/kg
72%~92%  77%~91%, RSD 3.9%~10.7%
5.8%~7.4% 1 HPLC-MS(ESI", SIM)

>

Carbon/NH, 3.4x10™"
g, 0.02 mg/kg, 101%~115%,
RSD  1.3%~4.7% 52
,  HPLC-MS/MS
1.0x10"? g, LOD 6.0 ug/kg,
83.0%~98.0%, RSD 1.1%~5.2% 53]
UPLC-MS/MS 15 min
230 QuEChERS
, UPLC-MS/MS(ESI") ,
230 0~15 pg/L ,
0.996 80% ( )
LOQ 1.0 pg/kg; 60%~120%, RSD
20% MRM (S-MRM),
MRM

1 HPLC-MS(ESI*, SIM)

88.6%~91.8%, RSD  2.9%~7.3%, LOD
0.0006 mg/kg, LOQ  0.002 mg/kg Zhang ¥
QuEChERS-LC-MS/MS(MRM)

LOD

0.00057 0.00026 0.003  0.0037 mg/kg, LOQ
0.57 026 3.0 3.7pugkg

80.3%~109.4%, RSD

551 HPLC-MS/MS

1.1%~8.2%

PSA LOD 0.001
mg/kg,
85.89%~94.8%, RSD  5.32%~9.39%
Lesueur ¢ HPLC-MS
46
QuEChERS s HPLC/IT(ion trap,
)-MS

92%~95%  79%~85%
91%~117%, RSD 3.0%~6.5%
3.4%~3.6% 3.0%~4.3% Banerjee [

62%~86%
3.1%~4.9%

DSPE HPLC-MS/MS
82 LOD
1.0 ng/g, LOQ 2.5 ng/g; 78.2%~91.0%,
HorRat(25 ng/g ) 0.24
( 10 g 10 mL)

Hetherton ¥
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73 HPLC-MS/MS

97%~119%, RSD
2%~6% Zhang %
72
,PSA  GCB
,  UPLC-MS/MS
LOD 1.0 pg/L, LOQ 13pug/L 1.7
ng/L; LOD 0.7 pg/L,LOQ 1.0 pg/L

71%~79%  76%~80%, RSD 2%~6%  2%~4% Pan
[60] ( )
UPLC-MS/MS(ESI', MRM)
, DSPE GPC 3
, GPC
; LOD
0.06~0.46 ug/kg, LOQ  0.19~1.54 pg/kg;
74.7%~92.5%, RSD  1.0%~8.0%
BF-500-3
HPLC-MS/MS(ESI’, MRM)
, DSPE C\g

You [0V

87.3%~95.1%
4.0%~10.0%  2.3%~3.5%,
0.00045 mg/kg, LOQ

89.4%~104.9%, RSD
LOD 0.005 mg/kg
0.02 mg/kg  0.002 mg/kg

6 Hfitbrix

Schurek [
a real time, DART)-

(direct analysis in
(time-of-flight, TOF)

(DART-TOF MS)
6
, (desorption
electrospray ionization, DESI)- (linear ion trap,
LIT) (DESI-LIT MS")
DART-TOF MS ,
LOQ 12 pg/ke, 78%, RSD
11%, LC-MS/MS ,
Mauriz ¥

(surface plasmon resonance, SPR)

1:5 R
25 min
LOD
0.16~0.20 pg/L, 98%~103%, RSD

1%~18% Mercader %4

(enzyme-linked immunosorbent assay, ELISA) ,
LOD 0.1 pg/L Mercader [®%
(competitive enzyme-linked
immunosorbent assay, cELISA) QuEChERS
) 6

De Souza %9

(micellar electrokinetic capillary chromatography, MEKC)

SPE Cyg ,
(on-line analyte concentration) R
LOQ 1.8x107 mol/L Acharya "
GC-MS
7 % '
Cis PSA GCB SPE ,
31 SPME MSPD GPC
) DSPE
HPLC ,
HPLC-MS/MS  UPLC-MS/MS
SE
[ , 2011 -2015 0.
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