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Abstract The present study was carried out to detect fluopicolide and metrafenone residues and estimate
the biological half-life and pre-harvest residue limit (PHRL) in cucumber (Cucumis sativus L.) under
greenhouse conditions using LC-MS/MS. The pesticides of fluopicolide and metrafenone were applied once
on the cucumber in two different sites such as Gummi (field 1) and Sangju (field 2). The samples were
collected 7 times at the each date of O (after 2 hours after pesticide applying), 1, 2, 3, 5, 7 and 10 days
(expected day for harvest) after each pesticide treatment. In this study, the method limit of quantification
(MLOQ) for both fluopicolide and metrafenone in cucumber was confirmed 0.005 mg/kg. The recovery
levels of pesticides in field 1 and 2 were 74.2~84.2% and 84.7~97.2%, respectively, obtained with coefficient
of variation of less than 10%. Half-life of fluopicolide in Gumi and Sangju was found to be 3.0 days and 3.3
days and that of metrafenone was 2.1 days and 2.0 days, respectively. According to this study, If pesticide
residue is 2.92 mg kg™ for fluopicolide and 9.73 mg kg™' for metrafenone at 10 days before harvesting,
pesticide residue will appear under maximum residue limit (MRL) at harvest. So, this study recommends the
PHRL levels of fluopicolide and metrafenone on cucumber.

Key words

R0 4T S WelFoR T $4BS NI
ok B RS 571 9
l

e FuE W S

*Corresponding author
E-mail: jhhur@kangwon.ac.kr

o1

Cucumber, fluopicolide, metrafenone, pre-harvest residue limits (PHRLS)

2 RAY A S ol 85 A% s #H7)AE AT o
o] &7]% FHh(Na et al., 2013). 22t FRolME 2017
9 A S fE sAF A E Sl AEF T
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ATHKim et al., 2017).

AYAFHA| 7H575]8-715(Pre-Harvest Residue Limit, PHRL)
& A= A7 T Foke] e S AN A=
A W75 skl AR FHAT ARt tigh f
T AR REek rlEA 23 o AR E AR
e F UEF =S & F UvkPark et al, 2012).
20179 =lell= 647 F5 F 158440l tigt PHRLo| A
AEo] 9lom (Mmlstry for Food and drug safety, 2017),
A& FEE 2 FAY W Hgo] B2 AE 9= )
W A R E7)Ee] 71 A

20173 BAH FAEAAEAL 2L o]EH ) Qo]
o ek &= AuiHZ-E 4,781 ha® & A4HFE 333,760 t0]
H, o] F AAANIE BAkEE Qo0& 300,486 tO= A4
#2] 90.0%= 2FA| 5} AUt (Korean Statistical Information
Service, 2017). A2l B4 wod, S7IEY, A
FFolH, SolF 5o WallTol YA o] T =t
I 7R AR A 7P A7 He Bdde R
A9 BE vt Aol WAYSTH(Park et al., 2009). 53]
B AR 5 Qold tigh W Ee] woH, g HAa
skabr] $lst ?ﬂ@ St HAIE 98t FoF AMgo] Aot}

T2 Au717E F oy P8
7} o] FoA = AATIA] Y5

H% 7Fs730] ATH(Park et al., 2009).
TE wrid A7 A AREE

fluopicolide ‘i-l metrafenones 2.0l #-&3td 45 10

2 |
5 fluopicolide (=% 98.5%) L metra-
fenone (°%= 99.5%)%] 3E5%-2 Dr. Ehrenstorfer (Germany)
AN T gst3lom, ”‘i 5} fluopicolide 6% <
A (3 Ué‘ %ii ks )9} metrafenone 25.2%
A g (&3 vl 3t )— A FES Y]
ARERoH, l('):‘ ol 3 "51 % 9 o]3}s}HA ‘_E,/‘élf’_ Table
19} ZTH(Turner, 2015). 7 l('):‘?—}: 4] Al homogenizer

(Nissei, Japan), rotary vacuum evaporator (EYELA, Japan)

b ‘1"“
177

= AF&-3F9AL acetonitrile, dichloromethane Junsei Chemical
(GR., Japan)?l| 4], methanol3} water= Merck*H(GR., Ger-
many)°l|4], sodium sulfate anhydrous, sodium chloride=
Dae JungAHE.P., Korea)?] A|&S T3l A3 4
Ao A& # SPE NH, cartridge (1 gy Phenomenex*HU.
S. A)9] AFES FYst ARSI HE 24 7R
TSQ Quantum Access Max (Thermo Science, U. S. A.)7}
ZF2E HPLC DIONEX UltiMate 3000 (Thermo Scientific,
U. S. A)E AH&ste] 2R 248kl

- A M 1) 9976 (
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Table 1. Chemical structures and physicochemical properties of pesticides

Pesticide Fluopicolide Metrafenone
B
o cCl r Q A
H2 CH,
N C H.C O
Structure ~ “SNH N
| E o
NS I \
F,C Cl c CH,
H,C—O O—CH,
IUPAC name 2,6-dlchlor0-N-[3-chloro-5-(tr1ﬂu9romethy1)—2- 3'-bromo-2,3,4,6'-tetramethoxy-2',6-dimethylbenzophenone
pyridylmethyl] benzamide
V.p. (mPa) 3.03 x 10 mPa (20°C) 1.53 x 10™ mPa (20°C); 2.56 x 10™" mPa (25°C)
KowlogP 2.9 4.3 (pH 4.0, 25°C)
Solubility In water 2.8 mg L™ In water 0.552 (pH 5), 0.492 (pH 7), 0.457 (pH 9)
in water (pH 7, 20°C) (allinmg L™, 20°C)
Mol. wt. 383.6 409.3
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WAL HS WAE] 3 1 me] ASAHE FU Q0]
o thal ek AEy e £8 10U A FHY FY BE|E
SFAALE 7] Fol whel 2,0008) 34 so ofalle] 55 A

18] AT FoF A 2417 3(09), 1, 2, 3, 5, 7, 10
A2 F 73l AAH 2kg ol FEA] Ue AEE A
F stk AFHS A 8= AT HE plastic bagell %
53 5 ice boxoll Hol BAAR FA] ubslSit) &t
" AE= MAF I &, BAE AAs AL v 2 #28)

Fluopicolide 35%(98.5%) 101.52 mg, metrafenone 3%
F5(99.5%) 100.50 mgS acetonitrileo]] -&3l3k] 1,000
mg kg 52 stock solution2 ZA|SIHTH AZH stock
solution 0.05, 0.1, 0.2, 0.3, 0.5, 0.8, 1.0, 1.5, 2.0 mg kg™
SE2 343} working solution ZA|(1 mL)ake], £4
W sdaA 2AE FA2 AEE A8l (1 mLyskath

Matrix matched standard® ZA|3+ 3 1 pLE LC-MS/MS
S ARgste] 249381 5 chromatogram’de] peak W3S 7]
902 matrix matched® &S 2MdaHdT).
HRsY 24 & 352 AE

= ¥ 3
acetonitrile 100 mLE ¥ homogenizer (10,000 rpm)Z 3
2 - FESRIT FEAS A $ 500 mL
separatory funnel] 100 mLe] 79} 50 mLe] E3}2H
TE #H7keted #2943 3 dichloromethane® 2 50 mL
2 28 Wjeltt. 5% § 713ES  dichloromethane
5mLE A|-&3l 3}tk SPE NH, 1 g cartridgel| dichloro-
methane 5 mLE A| 23 &, A8 € A& 5mLE 78k
Z17l-8-vll (dichloromethane : methanol =95 : 5, v/v) 5 mLE
HA7rete] 8EAIZT o] €208 st w3 ALES
acetonitrile 2 mLZ HF #1833 &, LC-MS/MSE AR
sto] FHF TASIGTE & AT 771EA 20 vt
Z-TH(Table 2).

Table 2. Operation conditions on instrumental analysis of fluopicolide and metrafenone

HPLC
Detector

Column

DIONEX UltiMate 3000 (Thermo scientific, USA)
TSQ Quantum Access Max (Thermo science, USA)
Shiseido Capcell Core-C g (2.7 pm, 2.1 mm L.D. x 150 mm)

Column Temperature 40°C
Mobile phase 0.1% formic acid + 0.5 mM ammonium formate in Water : 0.1% formic acid in Acetonitrile=A : B
Gradient
Flow rate 0.3 mL min™".
Injection volume 1.0uL
Ion source ESI+
Spray voltage 3,500 v
Vaporizer temperature 350°C
Ton sweep gas pressure (N2) 1.0 unit
Sheath gas pressure (N2) 35.0 unit
Aux gas pressure (N2) 10.0 unit
Capillary temperature 320°C
SRM (Selected Reaction Monitering)
. Product ion
Precursor ion — : -
L Quantitation ion Qualification ion
Fluopicolide
145.0
383.0 173.0
365.0
Scan events
. Product ion
Precursor ion — : -
Quantitation ion Qualification ion
Metrafenone
166.2
409.0 209.1
227.0
o Fluopicolide 7.52 min.
Retention time .
Metrafenone 8.22 min.
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B 2R As ASs] fs FAe Al 20 gl
T oEok] mEEE 4 %Hﬁl A2 (el 8] 2HeE
AeFeAle] 108), 508 520 1 mg kg 1 mL, 5mg kg!

I mLE 7k 2ahA) zas;o}oq 30 %2
H4¢ B9 8582 AETAT.

bR, 3]

2mL (B) 1 (D)

0.05 _
X 1.0pL X =0.005 mg kg™
(A) (E*)* 20g(C)
A:AESA B ﬂ’"o‘ z C: AN 52 ¥
D: 3 4u 5 E 717 29F

A A (1)
dESY Y| A TRSBIIEY LUE

i o3t fluopicolide £} metrafenone®] AE38H4 Wk
FoJ PR oA AlFek ZHRAd AEAA IR
3l wore] YA FREE ol&dt] Est
o] U AFES =AE I HAEA AAHER

W78 Akl ArhdA ARsl8r1Es A st

ANE 7|12t & 7|4=713} 20|9 =&
[e) [e)

A& 717k 20169 49 29~49

Mk

~49 129, ¥ 2: 49 5949 159)F AR 2] F
F7 137 2914 19.8~26.9°C, 19.3~ 24.8
°COl°i°u% 63.8~88.1%, 46.5~88.6%°1ATE. T EA7+9|
P 2459 2= 2zt 0.2°C, 8.5%C| B 7| AY &
Afel= $THFig. 1). 7 289 oA X F 733 00]
o] B THLE 747} 183.6~198.0 g, 166.2~214.9 go] At}

20| & fluopicolide ¥ metrafenone2] EMH ZHZE

T 5% 34g 4 2 fluopicolides 74.2~84.2%,
metrafenone 84.7~97.2%= 2]F-2] FEPI A ol|A] A
e 34E W9l 70~120%9F ol A% (coefficient of
variation, CV) 10% 2] 715& 5315 tH(Table 3). 2.°]
= 59 fluopicolide®t metrafenone®] ¥5 7 AL
747} y=14739444.03x + 189470.7785 “+37157(R?) = 0.99869,
y =21686493.92x +241902.8045 ZAAAIF(R?) = 0.99934Z
T EF B e M-S YRSl F ofAle] B
AZhe ZkzF 7.52 min., 8.22 min.2|loH, A&+, 34
, TA 2 TS] i3 chromatogram Fig. 29} 2t}

to o

20| & fluopicolide ¥ metrafenone2| MESH HiZ}7|
B A= fluopicolide ! metrafenoneS A 3 10d

7+ AFFE A ste] AESH urE AEsigon,

fluopicolide®] %71 ZH¢ T&=+ X% 1, 20014 22t 0.068,

0.070 mg kg ' =2 1042}l = 0.006, 0.008 mg kg 'O= 1}

Field 1 Field 2
W Tem perature Relative humidity W Temperature Relative humidity
30 100 30 100
90 90
= 80 80
P20 N 7 g 0 &
’E 60 f: 60 §
21 50 E 50 E
: w0 £ ©
g1 30 i 30 'E
5 20 20
10 10
0 0 0
4/2 4/3 4/a 4/s  4/6 4/7 4/8 4/9 4/10 4/11 4/12 4/s 4/6  4/7 4/8 4/9 4/10 4/11 4/12 4/13 4/14 4/15
Days after application (Day) Days after application (Day)
Fig. 1. Climatic condition during cultivation period of cucumber.
Table 3. Recovery tests of fluopicolide and metrafenone in cucumber
o Add. conc. Recovery + C.V.Y MLOQY
Pesticide
(mg/kg) (%, average + C.V.) (mg/kg)
L. 0.05 80.5+4.6
Fluopicolide
0.25 76.6+29
0.005
0.05 88.8+5.7
Metrafenone
0.25 90.9+6.0

3 C.V.: Coefficient of variation
» MLOQ: Method limits of quantification
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FLUOPICOLIDE 2P

08 i 1g1 3m  pu  am 4p_ o1 ssssos 670 12 833 919 am
1 7 3 7 § ‘ 7 § ; I
Time (min)
ComponentName Area Area Ratio
FLUOPICOLIDE 20590510.49 29590510.485
RI: 000-1000 SH: 78
N4
100 TICF.+cESi SR
363,004 145 030145 022,
] 172683.172966,
365,047 366 048
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HEE
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0]
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; ; T T r r Pty T )
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Tene rin)
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g
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FLUOPICOLIDE 10176605.34

C

Fig. 2. Chromatograms of fluopicolide in samples (A: standard 2.0 mg kg™', B: recovery 0.25 mg kg™,

RT:0.00-10.00 SM: 78
o6 NL:6.00€8
Bz TICFi< cesisAu mez
09,092
usszm 18208
09100209
803 227005227 008 us
METRAFENONE 20

031 074 130 185226 297 357 433 500 541580 620 669 7.3 777 895 943
1 2 3 H H 6 7 8 s 10
Time (min)

Component Name Area Ratio

METRAFENONE 43131861.00 43131861.001
RT: 000-10.00 SH: 78
g N 6.0088
TICF: + c ESI SRU ms2
- 400.002(166.201-166.203,
200100209102,
227003227005 WS
80 METRAFENONE_RES0-1
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£ 821
5 w0
H
2 50
5w
%
2
103
023 077 127 169 230 _ 300 342 305 444 504 568 610 676 7157 905 949
T T T T T T T T T )
1 2 3 4 5 6 7 8 9 10
Time (min)
ComponentName AreaRatio
METRAFENONE 26610212.72 26610212716
RT:0.00-10.00 SM: 78
e L S
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100209
22300527 008 ws
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. 1
fo
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5 4]
H
£
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1 2 H ‘ H s 7 s s 10
Time (min)
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METRAFENONE 21748062.05 21748062.047

F
C: sample 0 day) and

metrafenone (D: standard 2.0 mg kg™, E: recovery 0.25 mg kg™', F: sample 0 day).

EFtTh. Metrafenone®] 749 %71 XP-,T T(0dxhE 2
A1, 2914 0208, 0.223 mg kg2 10d2}lE 0.010,
0.009 mg kg & Ut Axd F ‘%k R A7k
733kl me} Rl Aaeke ATE HACH, o
27] 2% R0 104 T 55 BF 01

e 7*% Hoiﬁ}(Flg 3)

::_'L_
ﬂuoplcohde 4 metrafenone °“"V\§P<ﬂ (5%, 24.4%)°] %7
Zhsae ZbzF 0.10, 0.67mg kg'Z _]1_]__]_0]' Ik, EEE

L:Ok,] =7

st

_4.|_4_4

Hwang S(2012)& WS ErRE 2 9ole] 7
abgro] withal HAgh up glom, AJHAu)A| o] e
T ANIAY F2 5= od) sl 9 Fdo] o] F
oA 3L #EAE S0l oJaf AHF o] Foko| FFEe M}
A A BE ltk(Lee et al., 2009). 04—?7:‘4%—

=34 & u fluopicolide 2 metrafenoneS 90| ¥ W&
nREe] AEEAS Al Tkl 27] 2> MRL tiH]
< Ad¥4E BT, ole vizee FHEAHSR <5
N FoFEo] gk 7] Fato] v AEEAS a1l
S AEAR g oA FoF el B 3 ThsAdo] =
w9l Floz %%%u}(Lee et al., 2009).
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Fig. 3. Half life curve of fluopicolide and metrafenone during cultivation of Cucumis sativus L.
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Pre—Harvest Residue Limit (mg kg-')

Days after application (Day)

Metrafenone
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20 1

Pre—Harvest Residue Limit [mg kg-']

Days after application (Day)

Fig. 4. Recommended PHRL of fluopicolide and metrafenone in Cucumis sativus L. cultivation period.
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&7 H| Fluopicolide ¥ Metrafenone2| 20|(Cucumis sativus L.)
dAEH & ARSY

st
L Eo ook A E ol okEekan Y AENS WA AFEAD

2 o B AFE= AAN] Qo] F AA| fluopicolide & metrafenone & &8 wkl7| S AlXbelar, AARAHA
21871 ARbetaat wofF Aol e Qo] A7|7 F FREES Fetetlth. AlFFAle] FARE 7
ol F8le] X 1, 2 AQ R o] 71EF Asiion, soF A A7 $5 09A= 819 0, 1, 2,3, 5, 7,
10UA7HA] 78k A7 7hstete] Qo] Al E AjFelar 431tk AlEe AAE] A4S AA LC-MS/MSE o|&
slo] BA3199om, MLOQ(Method Limit of Quantitationy= 0.005mg kg'ollth. A& A1 fluopicolidest
metrafenone®] 3|58 ZH2; 74.2~84.2%, 84.7~97.2%013]th. Q0] 5 ZHzte] Foko| tgk ¥H7]= fluopicolide®]
AL 3.08FF DI 339FEF 2)2 VRS metrafenone®] - 219 (EF 1), 2.02(FF 2)2 Uehdth F
oFAlol ek Qolof| tek ZFaRe ZHEo] thdl e ok RatEko 7 Qe 27| zhFgo] W EA whE Y
o e M a3, & skl mE MR A Aol T oHAY] 2 A 394 AAAIRSE71E ARl
9 &S FAUk. Fluopicolide 2 metrafenonedl] thall 28 10d A 7o) 242 2.92 mg kg, 9.73 mg kg™' ©|sI&
AZHUH, 3 A9 AFFS MRL < ©]351d Aoz dAdte B A3E T8 Adojxl 20| 5 fluopicolide2t
metrafenone®] LA ZERE]-8-71E AA o] =] AL FhkEel tist 2HRsek ke d] 92T & S Aot

M010{ 2], Fluopicolide, Metrafenone, AJ2FtA] 53]8-7]5, MRL

®
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