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Abstract The single residue analytical method was developed for determining fungicide pencycuron
residues in various agricultural commodities with high-performance liquid chromatography (HPLC). Pencycuron
residue was extracted with acetone from representative crops such as Korean cabbage, apple, brown rice and
green pepper. After ethyl acetate/n-hexane partition and subsequent clean-up with silica gel chromatography,
pencycuron residue was quantified by reversed phase HPLC with UV detection at 240 nm. The suspected
residue of pencycuron was confirmed using selected-ion monitoring (SIM) LC/mass spectrometry (MS).
Instrumental limit of quantitation (ILOQ) and method LOQ (MLOQ) were set at 2 ng and 0.02 mg/kg, respectively.
Overall recoveries of pencycuron from different crop samples fortified at three levels (MLOQ, 10MLOQ,
100MLOQ) were 72~108%. This proposed method could be useful as official analytical method for quantifi-
cation of pencycuron residues in agricultural commodities.
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Pencycuron[ 1-(4-chlorobenzyl)-1-cyclopentyl-3-phenylurea]
o Hd oAl g Al =M (Fig. 1), 19813 Frohberger
9} Grossman®l 2|3 A ©]F Bayer AGO| 198419
As AlEsetAth(Tumer, 2015). o] HAFY HodwtA] Fig. 1. Chemical structure of pencycuron.
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off) Ao AFE-E3L ATHKCPA, 2016). EA] ol &
ShA|, WA, A4l FElE 2AR @RS, vlold), 2
T2 (73%), HeBkEFANE), ARl 12H), Zej+
@l FATIE(EWOILR), FTEZZ[Qlulel

JAEERAR o)A 2, EAE (Bl R) A Fo] FAujE 3

At FAZE= EZolEA tebuconazole9te] FAI01 SE}
g (rto] et HEA KR SHE), 25701 (318t 2), 7HEARR}

ol=A trifluzamide2}e] A F2W(73F), ETolE
Al hexaconazole9}2] AR FxF(sFEM ] 2~)0] 9
THKCPA, 2016).

HdSgloHA shetE-S dnkxoR Ho| BEs| wii
o], AEFHAME Aol AxA thidiazuronE &
A AZv}E 223 (High Performance Liquid Chromatography,
HPLO)Z E418l=2 &3 Jth(MFDS, 2016a). Tk 714
AZwlE 17 (Gas Chromatography, GC)E ©1-8-31 pency-
curongr £ A4 7171 F9 S melghEe] AUt
3 o] 7Z57] wjiol, Kobori et al. (1978)& eﬂul, Rl
4 o feAs F flame
ionization detector (FID)7} 428 GCZ #4313 tH(Rolle
and Cormis, 1989). RFA, Roll®} Comis (1989)= florisilZ
A & HPLCE ©]&38l o8 a47F2] pencycuron FH7
S BAE91 3, Choi et al (2005)~ At °ﬂ7l FEHE o
&3] & 3 pencycurons FE3% ¥ UV AE717F A=
HPLCE ZHHi& A% ]*'E S Xﬂ/‘] Skt shA|RE,

EY ¥ pencycuron

A AAE EAES R F PE ] ghstod T4l A%
= 7] w2l E]"’okf—{L ] de] s4HE ZF pencycuron] ZHr
BAo A8 & 9= :61;@51_/_\4 O E Agtelx] ¢t}

AT
sk, Al ”*%’- 7 Zde] pencycuron FHF+EAH-2 Kobori
et al.o] 1978l A|A| st W&
iodide ¥ dimethyl sulfoxide A2 ©]-8-3}¢] pencycuron
We] EX3} N-H7|E alkylationA]7] ¥ GC-nitrogen pho-
sphorus detector (NPD)E o]-&-3}o] H&sl= WHOZ car-
propamid®} FAREAE & JEF ol glo] A FHEA
0 24 9] 7)Ale] FQ3ItHMFDS, 2016a).

mebd, & ATl et miEe] RE s F
pencycuron ZEHEA O] AR e FAAEHOEN
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Aok & X=X}

& A7l ARSEE 2E 77187 HPLCH (Burdick &
Jackson, USA)°]13L sodium chloride?} F<= sodium
sulfate= GRE-(Junsei chemical Co., Japan)©]$1. 2™, formic
acid (=95%)= Sigma Aldrich (USA)AIA Y3t T).
ST Milli-Q ultrapure water purification system
(Millipore Co., USA) &3 182 MQ F<Fo2 AA=
SHFTE ARE3FSE T Pencycuron 3EE(99.9%)3 53+
Az rtE T 9]E florisil (60-100 mesh) 2 silica gel (70-
230 mesh)2 Fluka (Switzerland)ol A 7+$33}%3.2.H, Florisil
9} Silica gel Aol ARE-s7] Hell 130°C 22olA 5
AlZE o)} BT AR HEsE Qs 9]
(HMF-1000A, &, g=)E ©]8sIia &5 98l 2
B527](SA-2s, Taitec, Japan)Z AH-3l910om A8 3
= = A IHEF71(R-114, Buchi, SwitzerlandyE
AREERATE = o3 A] GF/A ] 3}A](Whatman Inter-
national Ltd., UK)E AF&-3}3 .

SHE AMEB

Pencycuron®| $-f-8 & AFL o, 27], A4, vl=ol
AHE S=2Ho] JOH(KCPA, 2016), § AEES E3lslY
71eFsHEe woF 2Rs 8710l AR E Y JTHMFDS,
2016b)(Table 1) w}aw 2 Ao i AEEHA ANAF
= wjFe} o JJr AM 2 3F & dvE dFs)
Fqom, i FE2 AlF W T"r% %‘—OL fd‘Jé TE 5
T =R ?L%‘é} Aot Als 2 A7)
£ o]g3le] #43} sllon, ?ﬁﬂl«l 73 :‘i—éﬂ T E3A
420 umEs FIAA #23} skt +23kE A5t
w|7pA] vidullel] gol 20°Co| Al B39t

FH
Fd A
f0

MN 0

N =M ¥ H

5 1,000mg/L7t ==S acetonitrile] B8)A]A
ZA| 519 T, Working solutionS ¥4 g
o stock solution acetonitrile® 2 3)4}sld 0.05, 0.1, 1,
5,10, 15 mg/L F=7F =5 ZAE3I . Stock solution
WAL 4°Col] BAI o AE7]|7F F2F pencycuron
gl WAslA] edol EEEH L] M-S IRlsIiTh

stock solutions

Table 1. Maximum residue limits for pencycuron in agricultural produsts

Crops MRLs (mg/kg) Crops MRLs (mg/kg)
Garlic 0.1 Green garlic 0.05
Ginseng 0.7 Rice 0.3
Strawberry 2.0 Other agricultural products 0.1
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Table 2. HPLC condition for pencycuron residue analysis

A= & doA Pencycurong| HPLC d2 UFEAY 7HY 7

- Phenomenex Luna C18 (250 x 4.6 mm, 5 pm, USA)

- Phenomenex Gemini-NX C18 (150 x 4.6 mm, 3 um, USA)

Instrument Agilent 1100 series (USA)
Korean cabbage, apple
Column .
Brown rice, green pepper
Column Temp. 35°C

Mobile phase

Korean cabbage, apple - acetonitrile:water = 70:30 (v/v)
Brown rice, green pepper - acetonitrile:water = 55:45 (v/v)

Korean cabbage, apple : 1.0 mL/min

Flow rate Brown rice, green pepper : 1.1 mL/min
Detection 240 nm
Sample size 20 L

Table 3. LC/MS condition for confirmation of pencycuron residue

Instrument

Column

Column Temp. 40°C

Mobile phase

Flow rate 0.2 mL/min
Sample size 5puL
Ionization ESI positive mode
Drying gas Temp. 350°C
Capillary voltage 60V

RF loading storage 90%

Mass range m/z 100~500
SIM ion m/z 329

Varian 500-MS IT-MASS spectrometer (USA)
Phenomenex Kinetex C18 (100 x 2.1 mm, 2.6 um, USA)

0.1% formic acid in acetonitrile:0.1% formic acid in water = 65:35 (v/v)

HPLC B4z % LC/MS QM= MY

Pencycuron FH 1412 diode array detector (DAD)7}
42+ Agilent 1100 series HPLC (Agilent Technologies
Inc., USA)E ARESILh A7 2E 7 we 94
C18 Z&<l Luna C18 (250 x 4.6 mm, 5 um, Phenomenex
Inc., USA)¥} Gemini-NX C18 (150 x 4.6 mm, 3 pm, Pheno-
menex Inc., USA)S AME-31$1tH(Table 2). LC-DADE ©|-&-
st BAE IREe] AR FHsl7] 98] LC/mass
spectrometry (MS)Z 1A 513i T} LC/MSEA]2 Varian
500-MS IT-MASS spectrometer (Varian Inc., USA)E A&
stk A ZE Rl #Agle]l 94 C18 ZH
Kinetex C18 (100 x 2.1 mm, 2.6 pm, Phenomenex Inc., USA)
< AH&-8ISITH(Table 3).

HPLC 2MY #HE

2 AFelx g€ HPLC 717124 %S A53] S8l
717171% 3] (Instrumental limit of detection, ILOD) & 7]
7174 #F3HA| (Instrumental limit of quantitation, ILOQ), A&
d (Reproducibility) 2 244 (LinearityyS 13134t} ILOD
2 [LOQ ZAHE Y3l pencycuron ®=&9 1, 0.5, 0.1,

0.05 mg/L& &2 20 uL¥ HPLCO FYdle] AzrpE
A kol signald}t noise2] HIE TFol9LH, smh>3 Ee
>100] dFEe FEE ILOD T ILOQE At}
Pencycuron ¥4 24 2 244 1S 98l working
solution 0.1, 1, 5, 10, 15 mg/LS 20 pL¥ HPLCel F3}
o] peak®] WA-& 7G5t

F£ % ZHIS0HE BHigE HE
AFad 2 9 A pencycurons FEsH= A
2% v} A& acetoneS FEEEHN AASFATHRoll &

Comis, 1989; Choi et al., 2005). EHE& AEE S5 50
mLe] 79 25494 50 mL 2] pencycuron 3
T89S Alste] 1 mgl 0] HEs ¢ &, uf &)
Zt7} 100 mL, 50 mL¥ H7kste] sttt HE i
Hj-8 v 2= dichloromethane, ethyl acetate, n-hexane®] 3}
& {718 22§45 sodium sulfateel] 3} Al
A g AAS AL 40°C olstollA AP sFHeion, 55
ZHAHE 2 mL acetonitriledl] #j-8&3 0}01 7]7]‘:'/"q 3 &
H-gul g En)Enl ALgel] mE EejFEEES At A

sttt

_{

?Q S mlm
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FEUZECAE 15mm, Zo] 350 mm)ol] 10 go] 43}
S22 (florisil®t silica gel)?} 3 g&] 7 sodium sulfate
AR AXEAE T 100 mLY] n-hexaned 71ske]
SAIA MR 2% "“?_ | =&5]7] el 5mLe] pency-
curon ETEN 1 ppme I’Jéﬂ' Aol 74sta 1 mLe] n-
hexane® 2 |49 WHE A & 3 NAY 8%
Aol =2%7] Aol ethyl acetate H]E°] 10%, 20%,
30%, 40%, 50%¢2! ethyl acetate/n-hexane &3} 100 mLE
FaFoR GEA7 & =519 acetonitrile
SmLE A&3fste] AlFEH o= et FHA FRol w
2t &4 pencycuron §& 885 717 AHE8I3AT

ok

Nlo (i

EMEEEHA

Pencycuron w415 913 AA2] 4ol &AHE o] F, 7]
7184 el ARFRAILOQ)et M= #H4 9 A@H%a
FHF AFEAE, A e Y e sEaE
st A AWM A S| (Method  limit of
quantitation, MLOQ)E 2F=3F{H(Lee et al., 2009; 4] 1).

g et «x A &) Q. ol 2k X
717174 &35 ]Sllg*)* HH’:L ] 28 FH(mL) _ MLOQ

[HPLCF 9] FH(uL) x Al 5.4 3 #H(g)] (mefke)

(1

ZELH9| pencycuron HFE S3 ¥ S84
SAHE 298 HPLCE 243191 o w4k vjd &
A&tel] pencycuron®] #4-5 5745 E1s7] 918l capacity

factor ()2 4] 201 Wt W75 A7} BAWRSAIZHL

B > o
>
ﬂHN'

adjusted retention time)S ©]-&-3} A Th2 E 2] ok
QHHA, 2013).
k=1'/t, )

tg = retention time of pencycuron
to=retention time of a non-retained compound, dead time
tz' = tg— ty= adjusted retention time

ZY 9] 84 (Column efﬁc1ency}g gRls] fs) ol&
@(N; Number of plates)?} ©]&TE=o](H; Height of
theoretical plates)= ﬁ%ﬁ}ﬂ’iﬂr(Rood, 2007).
N=5.545 (ta/ W,)* ©)
W= peak width at half height

H (mm) = column length (mm) / N 4)

S4HEY pencycuron T8 A H
+2skE FAT AR 25g8 %

g3 2o

H7Hiel wl MLOQ, 10MLOQ, 100MLOQ F3=°] =
= Z7F 223 U 100 mLe] acetoneS 715k 1A|7F
¢ g FE3h drle & Aol S/ 25 mLE
o AEE FESAFT FEE2 A E o83 S
31, 30 mL acetone® Z FHAF 2 8715 Hlofujo] %L
°4°”4Jr gatint. &zl AHE 40°C o8t "T*Q—Z"ﬂ A 2
SE3ItE SE5AE 50 mL 23} A F57E 27 500
mL Ede]Fo] 50 mL 572 100 mL #-hexane® = )
T g Ads] gt 3 Fo] FelE wriA] A6
E]- n-Hexane &2 F-<= sodium sulfated] 53} A|7 <=3k
3 THA] n-hexane 50 mLS 7hste] AH7)e] #4S 3 ¥ Eﬂ
] FEstaL FEAE Foto] 40°C oltellA AdES
% p-hexane 5 mLell A|-8-3) 3}t silica gel AR F&
A smLE 7}l E=TAE 9F p-hexane 1 mLE 30
HA FEAA W I dee] =257 Hof ethyl
acetate:n-hexane (10/90, v/v)&< 100 mLE Aol 7138 &
ﬁ W& 3 ethyl acetate:n-hexane (20/80, v/v)E<] 100 mL
S 7teto] EAIA T 8F90S 40°C olstellA 7+t

oy offt HI

L_&

%23 & 5mL acetonitrile® A|-&3lste] HPLCE H413}
Atk o] FFL 3 WHEAYsl] FAEE X4 uf
2 382 AT

UV 2 0% 23
Pencycuron= 332 WAshs 548 YeRA] ¥om
Z W& HPLC HZ7] 5 UV §33271E A&l 24
&kt Pencycuron 5589 1 ppmeS DADE #4302
A UV &4 EAS A8 43, Ho) E39b30] 240 nm
oA AZEE SRI F ATk wEbA, JFRE A A
4 IPFO 2 240 nmE A E st A& ch(Fig. 2).

[¢]

E[olr

HPLC 24Y &E & 845

Pencycuron 41§ AH-
120~ ,-".I '

\ | 2 det.240nm

1004 |

80

60

Absorbance (Mau)

40- \ A

200 225 250 275 300 325 350 375
Wavelength (nm)

Fig. 2. Ultraviolet spectrum of pencycuron.
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Fig. 3. Calibration curve of pencycuron.
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Table 4. Efficiency of liquid-liquid partition” with three different solvents

Recovery” (%)

Solvents — —
Partition-1 (100 mL) Partition-2 (50 mL) Total
n-Hexane 80.2 32 83.2
Ethyl acetate 66.2 12.2 78.4
Dichloromethane 63.7 10.5 74.2
DPartition mixture : 1 mL of 100 mg/L pencycuron + 50 mL of saturated NaCl + 50 mL of distilled water
®mean, n=3
T 9E CI8 ZHE Agsiion, AdAe] Hold isocratic  (RPE 0.9996~0.9999= 7 aFale] AH4-e Jusiict
zhow RAzAS A4asl RE BAE0 5I¥  (Fig 3).

Ing Hedsted 717184 220 AAElch bebA, @
v|op o) - E e e A

Q3te] C18 AIE S #elFo]
NX C18 (150 x 4.6 mm, 3 pm)y& ©]-&ale] A&, o]
S 2 2§52 5k w1E@E A9 pencycuron
7t 7hsdh 2708 HA5h & th(Table 2). 71714&¢
A(ILOD) 2 71713 #3HA (ILOQ)= L2 rHETH A} signal/
noise H|7}F 212k 3ull, 108 o) & woke] o= AA s}
Ao (Fong et al, 1999; Miller, 2005), pencycuron<]
ILOQE 2 ngelAtt. FHt Bs s A2 0.1~15

O

oo= ‘l’]iﬂ' = SO RS WA N
mg/L M8 EEENS o8] Ao, =8
Fest 93 W7 A o 2R AEE ARAS

S S0 e of-H Euf =74 AH

Aol HHjE T3l ZHEE F
< AASIA stk AEE 28] §9i= n-hexane, ethyl
acetate & dichloromethane Al &5 -&vjo|ic} &7 100 mL
£ o]&3t 1A} HujolA 3580l 63.7~80.2%= FHl & &o]
4] gkgkon, F7i2 HeE &u) 50 mLE o83 23} ¥
HE ¥ 3588 742~832%% n-hexaneE ©]-&3)
Hje] A9 80%E F3lete 34E&S HATH(Table 4).
b4, Evl Sl 2 p-hexaneS ©]-8-3k 100 mL, S0 mL
T EHehs 2 o= T 2718 At

v

o

E& 3200 MM X5
Aol FHl o]F, 7t GAE fa T AZvE Y
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Table 5. Recovery rate by sequential elution of ethyl acetate/n-hexane mixture

Eluate® condition

Recovery® (%)

Composition Volume Florisil Silica gel
10:90 100 mL 2.0 -
20:80 100 mL 101.6 103.7
30:70 100 mL - 2.6
40: 60 100 mL - -
50:50 100 mL - -
Total 103.6 106.3
“Mixture of ethyl acetate/n-hexane
®mean, n=3
Table 6. HPLC chromatographic behavior of pencycuron
Crops t? (min) t,? (min) ' (min) K No HP (mm)
Korean cabbage 10.37 2.01 8.36 4.16 14421 0.017
Apple 10.48 2.05 8.44 4.12 18814 0.013
Brown rice 13.21 1.02 12.19 11.95 9853 0.015
Green pepper 13.03 1.02 12.01 11.82 8144 0.018
“Retention time of pencycuron
PRetention time of unretained compound
9Adjusted retention time =ty - t,
9Capacity factor =t/ t
“Number of plates = 5.545 x (ty / W},)>, W;, = peak width at half height
YHeight of theoretical plates = column length(mm) / N
£ olgsislen, FH 2= Q] AR florisils} silica & ] AFY F ' FEolld A BAHOEZN
gels ZESNon &= UH 2+ ethyl acetate/n-hexane A gttt I

THAE ARSI 7 A SRAE ol &g £ A=
mETEulo) ] 2% ethyl acetate H]8°] 20%Y W)
101.6~103.7%7} &&= ATHTable 5). FHA=Z ﬂorisﬂ-E—
AFE3IHS 79, ethyl acetate B]&°] 10%% Wl 2.0% &

¥ WA, silica gelE AHESIASH = %%EW AT, W}F/}
A, ] AAlEAS AXHHAEE F7H F U= silica
gelE AME-3lo] A3 0| ethyl acetate/n-hexane 10:90
(viv) T 100mLE FHS A|Z3}L ethyl acetate/n-
hexane 20:80(v/v) %< 100 mLZ pencycurons
= Al A0S Ssiin

o E—Cﬂ'

al., 2009). & Atelx AP E FAHe] 7, pencycuron
°] ILOQ7} 2ng, HPLC U 20 pL, A g-&q e 5mL,

NEAHZY 25 g, 3414 19|22 MLOQE 0.02 mgke®.
= "}EE]‘”‘:P B Agz AAH pencycuron®] MLOQ 4
< FAHE S HA R8I ks 0.05 mgkg T

ZH W HRESE 4 &
2 Aol FE iy
HS HAH HPLC 7]71%Ad wzh v‘i‘ } U'H ‘/PE}‘/}
+ pencycuron®] ZE W W75 54 2 Ad 3848 4
E3IT. Pencycuron®] W5 A7HE v F=of Alte] 75
10.37+2, 10.482<1 ¥hd, &vjof AFolM= 13213, 13.03
Fo]$1 2™ (Table 6), pencycuron HE-5 AlZtche] w2
HEAC] ERIFA] b0 2H 49 el Y5l
\’Jr(Fig 4). 34, FAHEE pencycuron HF-5 A7) Afo]
AHe 7, ol 2 Y A= AT Aot
Capacity factor, kgt WiF=9F Alzke] 73-%- 7+t 4.16, 4.12
o] WhA du]e} v 11.95, 11.820]UT}. Capacity
factor’} o Fe x|7hJlo] o] slsaiA|ur A
2l es SHstr] ofH7] wiEel] UvHHoR 4.8 H=
—Er*diﬁ—% QZJ?&E}(Lee et al., 2009; Kwon et al., 2011;
Lee et al., 2015). &An]e} 7132 A kgho] 10 oo g
A EY EAAIZRe] o] B "]f—i% A=t ofEeol
EA AT, skARE, ol dAwet v 5 FEE v f 7H
=4 o] mjFet AR & 4ol l70] pencycuron
o] Aeids grsby| flsf uiFok Ale] EA2ET o

ﬂ o
T
N
é
[Ruf
off
>'
nI
3
z



ZAFe] acetonitrile H]&S 55%E Y51 Hal5g A

717] 18] 224 pore 2717} 3 umSl AHL Aoz
A, pencycuron W5 545 #49 &R HE #AF
e FANT Aol ol2dFM)t oled %ol
= 53l o] £el 883 AES A3, w5 3 AR

ol A= pencycuron] No| 14421, 18814°]%13 H= 0.017,
0.013 mmo]2}.er Fujel I A= Ngko] 9853, 81449]
3L He 0.015, 0.018 mmo| AT}, wehA, dAnje} 33 &
A Al capacity factor= W R AL A AJETE EAT
FH &S AR FEel T

A B

.lE Korean cabbage l

121 Apple

L N
ST L LI I R
% .l Brown rice

14 I

121 Green pepper

|
e M M

1] 2 4 6 g 10 n 4 0

Retention time (min)

Fig. 4. HPLC chromatograms of pencycuron. A; control, B;
fortified at 0.2 mg/kg.

A Pencycuron®] HPLC FY FREA

-

L 81

'
N

ZMHo SiEY 352
2 ATl gHE 3=, T,
2t ik $ pencycuron IR YRS IO
AT AT AYAES RISkt FAE i Al
Fol E78& F7hdel wht zi?ﬂ o] MLOQ (0.02 mg/
kg), 10MLOQ (0.2 mg/kg, 100MLOQ (2 mgkg)2! 3]5&
ANEE ZAEt 30s RS Tt SAHEE AT
T 3 v APk 38 A3, MLOQ
AE 82~108%, 10MLOQFZNAE 72-93%, 100MLOQ
FEME 81-87%2 ¥Td TS BT, HUA
(CV < 10%)= F-5ate] 2]ofA o] SARE 4 714! 3]
Sy 70~120%, C.V <20%< T3l th(Table 7). Wb,
A+E g4 pencycuron -r’i?‘?j 2 2FAe] BA

AR 5 7171800 o
A

= 2l
2 AoA FgE AREAH S o835t 4% pency-
curon FHRE Aol tisk A=S ] Q8] AlEk]
(confirmation)8 LC/MSH-S SH31t}. ESI (electro spray
ionization) positive mode®|* capillary voltage 60 VollA] ©]
2315197 o] 54 HPLCS} 7+ acetonitrile/water <3+
o F712 0] 238= 913t protonS A8l 31 peake] =
S FIATIE AEES 7L e formic acidE 0.1%A
831 tH(Lee et al, 2011). Pencycuron E89 1mg/L,
5 uLE 319 total-ion chromatogram (TIC)¥} mass spec-
S SIS tH(Fig. 5). WE-EA1ZF 332 pencycuron
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Table 7. Recovery of pencycuron by different agricultural commodities

Recovery? (%)

Fortification
(mg/kg) Korean cabbage Apple Brown rice Green pepper
0.02 108.4+£29 819+39 101.3+£7.0 98.1+£6.0
0.2 88.9+0.8 90.5+04 722+99 93.4+4.0
2.0 893+1.5 88.5+0.6 81.3+4.2 89.4+1.0

Ymean + RSD, n=3
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Fig. 5. Total-ion chromatogram (A) and full scan mass spectrum (B) of pencycuron by LC/MS. A standard solution (1 pg/mL) was

analyzed.
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