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Abstract The aim of this study was to develop an analytical method for the determination of pyribencarb
and its metabolite KIE-9749 in agricultural commodities. The experiment was performed with a range of
concentrations 0.05~2.5 pg/g in apple, green pepper, potato, hulled rice, soybean, pear, peach, grape and
cucumber. Each samples were extracted with acetone and cleaned by dichloromethane/saline water partition
and purified with Florisil solid phase extraction (SPE) cartridge and aminopropyl SPE cartridge. Pyribencarb
and KIE-9749 were separated and quantified by HPLC/UVD at 265nm using acetonitrile and water as mobile
phase. The recoveries of pyribencarb and KIE-9749 were within 78.3~108.4% and 73.9~113.7% with RSD

below 12.2% and 15.0%, respectively. The limits of quantification (LOQ) were both 0.05 ng/g. LC/ESI-MS/
MS was optimized for confirmation of residue identity.

Key words Analytical method, KIE-9749, pyribencarb, residue.
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Pyribencarb 2015 29 -guete] A5 5550
Adrgolsy, A7, BAY, =vt®, 99| o] =
ol e ¥ AL TSR F7kE] Y@= ERS
3] FHAEAIZA, 2015). YLHFHHEFS 0.039 pg/g
bw/dayel™ 2016\ 49 AR i, A}, Tk, Bgol, Q0]
of T3] #735]87]5(MRLs, Maximum Residue Limits)
o] A& =] Utk (Ministry of food and drug administration,
2016).

o] 313HE-2 kresoxim-methyl, azoxystrobind} 72 stro-
bilurin AIE A1 Ak F2E 2R WAl e e 7}
By #87)9] M3k8 727} thErkKataoka et al, 2010).
Pyribencarb®] T334} ©]3}std EAJ(Tomlin, 2012)
Table 19 YFERASATH &A kresoxim-methylZ} azoxystrobin®]
tete] = elell TRkt Aol Barklo] 31O m (Abreu
et al., 2006; Grimalt et al., 2016) 2]E3Z o= kresoxim-
methyl®] 74-¢- GC/NPDZ azoxystrobin®| 73-%- HPLC/UVDZ
EA31EE FoJtH(Ministry of food and drug admini-
stration, 2016).

mebs 2 AFeM e OF s AIREFE pyri-
bencarb®} FHFE 8 elol] 23] = tiAHES] KIE-9749
(Rural development administration, 2015)% #413}7] 3k
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™ florisl SPE cartridge (1 g, 6 mL)Z aminopropyl SPE

cartridge (1 g, 6 mL)2 Agilent technologiesAF2FE ¢
stod ARGl A& HAEE 93 #4)7]= BLIXER 5
Plus (Robot coupe, USAYE ©]&3l3% o +&7]= Ultra-
turrax T-25 (IKA, USA)Z ©]-83}t}. Pyribencarb (99.9%)
9} 71 YIAFE-S KIE-9749 (98.9%) ¥+ES TR (F)

O FAE2 Tt wAHEl E40] A8E
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100 mLE ¥& & #2472 2~3%7 #2
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Table 1. Chemical structure and properties of pyribencarb and KIE-9749

Common name Pyribencarb KIE-9749
Formula C,5H,oCIN;04 C,3H,,CIN;0;
Molecular weight 361.82 361.82
Kow logP 2.64 (pH 4.0) 3.77 (pH 6.9) 3.74 (pH 8.9) (25°C) -
Vapor pressure <1.0x107° Pa (20°C) -
Solubility water: 0.00676, n-hexane: 0.262 toluene: 48.0, dichlorometane: )
> 250, acetone: 140, metanol: 172, ethyl acetate: 97.3 (all g/L, 20°C)
a . o N\ CHy
e
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N N CHy
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methaneZS FTFFAVEF SHAA BFAIF . 7]
o dichloromethane 50 mLE thA] 7}3led Z&3la Zo]
HA3] 22 w7lx] ZX]$ T dichloromethane®2 F
FPIIEF| THAIA BFAIA ko] H3t Fatit. o
S 40°C ol3tellA FAsFsFate] AN & /=S n-
hexane 10 mLel &3}3I3lth. =/, FF & A3 AA¢]
A5 7] ALES acetonitrile® X23}E p-hexane 40 mL
2 0|3l 500 mL EN 27| 2 &7]3 n-hexaneZ E3HE
acetonitrile 40 mLZ 23] EW|FZ3}] acetonitrile =
40°C o]3to| A 7Hts=3ste] ZATA| 7|2 n-hexane 10 mLo
g3l3ct.

Solid-phase extraction (SPE) cartridge & |

n-Hexane 10 mLE 2/33}¢t Florisil SPE cartridge (1 g,
6 mL)9| n-hexane 10 mLZ &3{3+ $1¢] & 10 mLE 7}
A} o719 n-hexane/acetone (97.5/2.5, v/v) 10 mLE 7}
sled oA W2 3L n-hexane/acetone (85/15, v/v) 10 mLE
7¥etod kol o] 82|98 40°C ©]atoll A 53t n-hexane
10 mLoll €331t} n-Hexane 10 mLE 24313+ aminopropyl
SPE cartridge (1 g, 6 mL)°| %] n-hexane 10 mLZ &3}
gk gollS A 71slal o37]90 n-hexane/acetone (95/5, v/v)
10 mLE 7}l A oA 2] 3L n-hexane/acetone (85/15, v/
v) 10 mLE 7}te] W& 5 o] G4 40°C olstollA 5
%3199 acetonitrile 2 mLZ &35} 7]7]84] o) o]-&3)t}.

717184

HPLCE Agilent 1100 series (USA)E AME-sl9loH 7=
7] UVDE AREsIlon 32 265nmE ARSI
A3 NUCLEODUR C18 Gravity (250 mm x 4.6 mm ID,
Sum, FFuP] L. AE)NE ARSI ©]F 42 acetonitrile/
water (1/1, viv) 9L B3 1.0mLe] 502 S} 4
H2Ew 40°CE stlom F9YF 40 ulieh. FHFe
Aol S s AFEE LC-MS/MSE ABSciex 3200Qtrap
(USAP|em £ AHL Prodigy 3 um ODS 100A (100
mm x 2 mm ID, 3 um, Phenomenex)S A&-3151t}. o573
< acetonitrile/water (1/1, v/v)& %% 0.2 mL=Z A3}
AY L= 25°CAR oM FYFE 5 uLiith. o] 23} ~and]

Z71-& ESI positive-ion modeE AFE-31%.21  Tonspray

voltage™ 5500 v, drying gas 2% 450°C, curtain gasc
10 psi& AHE-sIST

BMH H=
—1TH Ao
2 Aged SE AxE 71BN A

QA ool MR 2 7t wikE AR 37E
(0.05, 0.5, 2.5 ug/g)o & FoFS H7telal 3]7&3 Ak
WA (relative standard deviation, RSD)E 18l o]
AR ] A& (limit of quantitation, LOQ)E

Ng #& % 22 =3
Qo SN vl B BB IE
F=317] 131 acetone, acetonitrile, ethylacetate 5] 5+

Z A" tH(Anastassiades et al., 2003). Pyribencarb} T
AREe] FE8E AR ] S8l Y g strobilurineA| E ol
WA B]S=8E 25 7F kresoxim-methyl?} azoxystrobin®]
FZo] o]u] AFREJOH(Li et al, 2006; Chonan, 2001)
ool tfgh 3=} =2(140 g/L, 20°C) acetone (Tomlin,
2012y ARE-3ISIT.

Pyribencarb®] log PZHS 3.77 (pH 6.9, 25°C)& A4 =7}
ofsle] 784 FE SWIE TS5 ¥ == 345
H54 f718mE Hrkste #88 49 f718w5e
dojd F g o2 AT Wb acetone =
of ZeAshIEF §9 50mLe} & 450 mLE 7HeF F -
ol B goff MAL 918} n-hexane, n-hexane/dichloromethane
(8020, v/v), dichlromethanedl] thsle] Eu] &2 AlE s
3 21 A3E Table 20 YERASITE Al 7FA] &l 2710014
pyribencarb®} KIE-9749 =5  n-hexane/dichloromethane
(80/20, v/v) 23] Eul2} dichloromethane 23] Full 2719
A Bl9Eo] 100% HEZ %380 21} n-hexane/dichloro-
methane (80/20, viv)e] 7% 23} HulE AN S A9 §71
GufFo] et fXste] HY xFe] HARPEE
dichloromethane 23] ¥4} Z7g Fuj&mjz A3,
Arlo] 7 oF 2%, e 7% oF 18%2] AEE st

3L 203 (Rural development administration, 2011) ©]& 94-

Table 2. Recoveries of pyribencarb and KIE-9749 from water-solvent partition

Pyribencarb KIE-9749
Solvent — — ", "
Partition® 1 Partition 2 Total Partition 1 Partition 2 Total
n-Hexane 100 mL 68 26 94 47 27 74
n-Hexane/Dichloromethane
(8/2, v/v) 100 mL 87 16 103 90 14 104
Dichloromethane 50 mL 98 1 99 93 9 102
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Table 3. Recoveries of pyribencarb and KIE-9749 from
acetonitrile/n-hexane partition for hulled rice and soybean

Recovery (%)
Pyribencarb KIE-9749
Acetonitrile 98 99

Solvent

Table 4. Recovery of pyribencarb and KIE-9749 from Florisil
SPE by n-hexane/acetone mixture

Solvent (10 mL) Recovery (%)
Pyribencarb  KIE-9749
n-Hexane/acetone (100/0, v/v) 0 0
n-Hexane/acetone (97.2/2.5, v/v) 0 0
n-Hexane/acetone (95/5, v/v) 2 3
n-Hexane/acetone (90/10, v/v) 22 3
n-Hexane/acetone (85/15, v/v) 74 93
n-Hexane/acetone (80/20, v/v) 0 0
Total 98 99

Table 5. Recovery of pyribencarb and KIE-9749 from
aminopropyl SPE by n-hexane/acetone mixture

Solvent (10 mL) Recovery (%)
Pyribencarb  KIE-9749

n-Hexane/acetone (100/0, v/v) 0 0
n-Hexane/acetone (97.2/2.5, v/v) 0 0
n-Hexane/acetone (95/5, v/v) 0 0
n-Hexane/acetone (90/10, v/v) 23 15
n-Hexane/acetone (85/15, v/v) 76 84
n-Hexane/acetone (80/20, v/v) 0 0

Total 99 99

mAU
2
KIE 9749

20

HEHl] #F o]Fo i Hof UACHE phexaneE ESHE
50 mL2] acetonitrile?} acetonitrile® X3}F 50 mLe| »-
hexane {49l & F71ste] A2 S A A8 BH(Table 3).

Solid-phase extraction (SPE) cartridge & |

Aol Bl FS AR Flk Holle ETES AA
al7] 98l WAt FAAAE Al FFEeF LA A Bol
2%0]= Florisil SPE cartridge (1 g, 6 mL)S F7}F8153 ). H]
=4 81l n-hexaned| =4 81Ql acetone®] S HA}
58 EFH] LS FATMAA AR && 218 A%
S A3E Table 40 LYERNSITE. n-Hexane/acetone (97.2/
2.5, V&S ZHFAE o FoF Aol AZEA sk
©™ p-hexane/acetone (85/15, v/v) £94& SHFIS
pyribencarb7} 74%, KIE-97497} 93%92] 3485 HGlonH
2 57 EgdE AH &&8viE HAASEATE Florisil
SPE cartridge (1 g, 6 mL) “gA| ©]Fo|= HPLC I ZF}E1
Ao wadio] #HZ= o] aminopropyl SPE cartridge
(1g, 6mL)E ©]-&std F71=2 A tt. Aminopropyl SPE
cartridge®] A 718 231719181 n-hexane’} acetone
S3tlS o] g3l A3et A3} n-hexane/acetone (90/10,
v/v) 10 mLE ©]8-3}ed A2 3}3. n-hexanee/acetone (85/15,
viv) 10mLE 83l A0 % B8 uf 99%2] ¥5 3
5|88 K tH(Table 5).

717128 =AH &y

Pyribencarb®] 73-¢- 7183t 7]sle7] Hof| WA sl=
Aol ol(FEXEH, 2015) GCEA HYsix &
pyribencarb¥} KIE-9749¢] 27 UVEAMTO R Ue
X3} {71887 58 2 TS st
£7]2 "o] 33t o] HPLC/UVDe| #4jo] 715
Zoz WAt UVDY] 342 265nmollA] 349
EE H¥or HPLCY ©l&d2 & acetonitrileS 1:12
Z3S ) pyribencarb 8.4%, KIE-9749 113822 HFE

I

w0 Rl

1

N

Pyribencarb

15 20

Fig. 1. HPLC chromatogram of standard solution (KIE-9749: 8.4 min, Pyribencarb: 11.3 min).
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Fig. 2. Calibration curve of pyribencarb. Fig. 3. Calibration curve of KIE-9749.

Table 6. Recoveries, RSDs(relative standard deviation) and LOQs (limit of quantification) of pyribencarb in agricultural commodities

Sample Spiked level Analyst A Analyst B LOQ
(ng/g) Recovery (%)+SD  RSD (%) Recovery (%) + SD RSD (%) (ng/g)
0.05 88.1+33 87.5+0.4
Apple 0.5 94.9+0.5 4.8 93.1+12 34 0.05
2.5 97.8+2.1 93.9+22
0.05 82.0+13.2 973+4.4
Pepper 0.5 89.9+0.9 8.3 91.1+1.5 43 0.05
2.5 88.8+23 89.8+ 1.4
0.05 93.4+5.1 91.7+3.0
Hulled rice 0.5 94.5+1.6 3.8 95.4+3.1 2.8 0.05
2.5 89.8 +2.7 92.7+0.6
0.05 91.4+4.0 90.5+0.9
Potato 0.5 88.5+1.2 2.7 83.1£10.5 72 0.05
2.5 902+1.2 922+0.4
0.05 944435 90.9+6.7
Soybean 0.5 83.5+3.8 74 84.4+28 8.3 0.05
2.5 81.0+£2.6 787475
0.05 92.2+6.0 99.1+5.8
Grape 0.5 93.6+5.5 6.8 82.5+ 1.4 10.9 0.05
2.5 83.9+4.5 783+ 1.1
0.05 982+ 1.7 1084+ 1.3
Cucumber 0.5 89.8+0.9 4.1 90.5+0.5 93 0.05
2.5 90.9 +0.6 88.9+1.5
0.05 94.5+1.3 96.3 +0.9
Pear 0.5 822+5.1 74 85.6 % 12.1 10.3 0.05
2.5 820+ 1.6 79.9+3.4
0.05 1043+7.7 1083 +9.3
Peach 0.5 92.0+0.7 73 96.1+12.2 122 0.05

2.5 91.4+12 85.5+0.1
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Fig. 4. Chromatograms of agricultural commaodities extract obtained by sample preparation and HPLC analysis for pyribencarb and
KIE-9749; blank (left) and spiked at 0.05 pg/g (right).
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Al7ko] Aekstod (Fig. 1) oI5

bencarb®} thARHES1 KIE-9749 _:——i-é%‘?q
A3} 02525 pg/ge] = WA FBAFT=RY)= 0.9999

oo R Yuatith(Fig. 29t 3).

3rE
£ AA g
A e U

= Tﬂ 3t 3

ou:] l-:)\].gui iiﬂ]-i
bencarb®] ¥4=&3} RSD

H YA

2.7~7.4%301 #A2F BO] 745 78~108%%} 2.8~12.2%31
t}. KIE-9749¢] 3]4=&-3} RSD#S H4921 A2l 749 74~
104%%} 3.1~8.5%3 2™ A2} BO] 739 77~114%%} 1.7~
15.0%= HATHTable 69} 7). =R T EAx1e] 3]
&9 94 AR S %’JﬁH A=z a8s ARg-ste] F-H%
I EYRE TS AAsI e ALk TiHS Tale 891
YeRAATE AlAtE TRES 95% A Zaol ] TREZ T
BF Zol F B4R 350l FoAQl Apolvt gles
5T 3 THA <o P AR T
T2 Bzl &) AdE Ao LT+ intermediate
precision® 2 HWHEH AA] Ajglel] gk RSDHSZ
¥4 4 JK(Tuzimski, 2015). ¥ 2

=

o,
o,

J

oA intermediate

Table 7. Recoveries, RSDs (relative standard deviation) and LOQs (limit of quantification) of KIE-9749 in agricultural commodities

Sample Spiked level Analyst A Analyst B LOQ
(ng/g) Recovery (%)+SD  RSD (%) Recovery (%) +SD  RSD (%) (ng/e)
0.05 87.0+3.7 88.8+ 1.0

Apple 0.5 935412 48 91.942.0 2.9 0.05
2.5 96.3+2.3 912442
0.05 81.0+ 1.6 922+16

Pepper 0.5 91.7+14 5.6 91.1+1.0 1.7 0.05
2.5 89.6+2.8 89.5+ 1.1
0.05 872+2.8 85.1+12

Hulled rice 0.5 88.6+£3.0 3.1 89.1+£2.6 2.8 0.05
2.5 91.5+1.5 89.5+0.8
0.05 912452 82.0+3.6

Potato 0.5 89.4+1.7 3.1 85.1+11.1 7.9 0.05
2.5 904+ 1.5 913419
0.05 87.6 £ 6.0 84.5+3.4

Soybean 0.5 80.4+3.4 62 80.4£2.0 5.6 0.05
2.5 79.0+2.1 774+6.1
0.05 87.4+43 104.5+3.4

Grape 0.5 882+54 5.2 81.6 4.6 143 0.05
2.5 829+43 794412
0.05 102.0+ 1.0 113.7426

Cucumber 0.5 88.7+1.8 6.6 90.5+0.8 12.0 0.05
2.5 89.5+ 1.1 87.9+£2.0
0.05 88.2+0.8 106.4+5.9

Pear 0.5 739422 8.5 84.4+11.7 15.0 0.05
2.5 765453 79.1+4.4
0.05 103.9+0.7 80.1+1.5

Peach 0.5 91.6+0.9 6.5 88.4+0.7 4.1 0.05
2.5 902+12 84.6+0.5
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precision> 2& o] thste] RSD#ke] 13.2% o8tz
FoaIATh AA 92E F AR 87W 35 5
oF 24 o] ellE mgo|H
7HA 7390l 10%~15%01 B23 H-5 A3 2E 7
oA HU71 22 F FEAA, 2013) B = A2 E A
91 3](Codex)®] ZHFHEAM 71H(CAC/GL 40-1993) T

E
12} B2l RSDZke] 5

H X
TE
Chay

Table 8. The comparison of the critical values of the t-
distribution at 95% confidence level and the test statistics from
independent two sample t-test with the results from two analysts

Sample Pyribencarb KIE-9749
tStat?  tCritical”  tStat t Critical

Apple 1.086 2.120 0.890 2.120
Pepper 1.372 2.120 1.078 2.120
Hulled rice -0.450 2.120 0.907 2.120
Potato 0.591 2.228 1.608 2.120
Soybean 0.486 2.120 0.643 2.120
Grape 0.706 2.131 -0.373 2.131
Cucumber -0.866 2.201 -0.848 2.120
Pear -0.264 2.120 -1.949 2.120
Peach -0.781 2.201 0.790 2.120

9t Stat: test statistics.
Yt Critical: critical values of t-distribution.
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=3 E} FAde] 47 (LOQ)= pyribencarb®} KIE-
9749 X5 EU 7}o| =2}l (SANTE 11945/2015)0] whab =
A 7] o] BEE(3]4&: 70~120%, RSD: <20%)%=
o H7PEECl 0.05 pg/eE AAsIAET Olb A
21 EH2 91 93] (Codex) B =N AR sk 718 2y
5471F9] 12 T 0.05 pg/g olske] FHgeAl e F-5t

TH
S3Att.

'IT'Lr_‘

by e

N

4

HEM T =tol
2 Aol AE HPLC/UVDE HEE Foke] IFES A
gelalr] flsted LCMSMS 24
(Table 9) EFgNo| F2rET:E Fig. 59 YeRNSIT
Pyribencarb®} KIE-9749= EARl amine”]E 7FAAL 2
7] Wil ESl-positive RE=o]A FEAHS HH31%om
Multiple reaction monitoring (MRM) modeE AH&-3t] EU
7Fo)| E2F1(SANTE  11945/2015)0014 Axsh= wloll wle}
R2EA7} protonated®l 0221 362.18 precursor ion®E
sto] ZHe7F £2 3709 product ionS FH E GA o] 24
o7 AA3IAT. SHE LC-MS/MS 215 o83t 7t
&% 0.05 pg/g FEolA ] BFE Al wE w5
g%—g‘ A5 Ay} AZvlE a3 oA] pyribencarbe} KIE-
97490l tigk el ae Ve bA] St FEEolA 9
MRM #E¢] 3= WA v]&3} AA|sI3AthFig. 534 6).

o
A
|_o
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Table 9. Ions and retention time (tz) of pyribencarb and KIE-9749 for LC-MS/MS analysis

Analyte R Precursor ion Quantification production ~ Confirmation product ion ~ Confirmation product ion
(min) (m/z) (m/z) (m/z) (m/z)
Pyribencarb 6.3 362.1 207.1 239.0 122.0
KIE-9749 4.7 362.1 122.0 207.1 239.0
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1.3e4
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Fig. 5. LC-MS/MS chromatogram of standard solution (KIE-9749: 4.7 min, Pyribencarb: 6.3 min). Nofe: lines indicate MRM
transitions (blue: m/z 362.1 — 207.1; green: m/z 362.1 — 239; red: m/z 362.1 — 122.0).
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Fig. 6. Chromatograms of agricultural commodities extract obtained by sample preparation and LC/ESI-MS/MS analysis for
confirmation; blank (left) and spiked at 0.05 pg/g (right).
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