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Abstract days and 21.5 days, respectively.

CONCLUSION: Based on the results, this study shows the
BACKGROUND: The present investigation was aimed to level of PHRL on cherry tomato is 0.27 mg/kg for
predict the pre-harvest residue limits (PHRLs) of the fluopicolide and 2.29 mg/kg for metrafenone at 10 days
fluopicolide and metrafenone on cherry tomato and to before harvesting. The present study indicates the residues
estimate their half-life and characteristics of the residues. of both pesticides on cherry tomato will be below maximum
METHODS AND RESULTS: Pesticides were treated once residue limit (MRL) at harvest.
on cherry tomato in field 1 and 2 under the standard
application rate. The samples were collected 7 times at the Key words: Cherry tomato, Fluopicolide, Metrafenone,

end of 0(2 hours after pesticides spaying), 1,2, 3,5, 7and 10 Pre-harvest residue limits (PHRLS)
days before harvest. Residues of fluopicolide and
metrafenone were analyzed by the LC-MS/MS. In this

study, the method limit of quantification (MLOQ) for both M E

fluopicolide and metrafenone in cherry tomato was found to

be 0.005 mg kg-1. Their recovery levels were 92.7 ~94.8% mha S AREE T e anldke] Balo] il
and 82.6~88.0%, shown with coefficient of variation of 4% FHNETF w2 Fakeel tisl B4 Ee HTH o=
less than 10%. Half-life of fluopicolide and metrafenone in ZAfsto] Eotd7] W #)7], =A% F sk welshal

field 1 and 2 were found to be 15.0 days and 12.8 days, 18.9 AtH(National Agricultural Product Quality Management
Service, 2014). 124 #-5 - BHA szl it A&
Q1 JEof HAbele Eetal w7Pd AN wad 1t
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Table 1. Physicochemical properties of fluopicolide and metrafenone

Fluopicolide Metrafenone
0 cl OCHj3 HsCO
|| o) OCHj3
N & ¢ I
S~
Structure X H ¢
OCHs
/
F3C cl cl B/ CHs H3C
2,6-dichloro-N-[3-chloro-5-(trifluoromethyl) 3'-bromo-2,3,4,6"-tetramethoxy-2',
IUPAC name -2-pyridylmethyl]ben 6-dimethylbenzophenone
Mol. wt. 383.6 409.3
3.03x10™ mPa (20C) 1.53x10" mPa (207C)
V:p. (mPa) 8.04x10* mPa (257C) 2.56x10" mPa (257C)
KowlogP 3.26 (pH 7.8, 22C) 43 (pH 4.0, 25C)

Solubility in water 2.8 mg/L (20C)

0552 mg/L (20C)

Ao F7tol|A= Ak sibEel didh HHhet A
715 Ashs AdEA g 2ARE st dok A
Z

Skl AlFOJOREPA AAlof| wet &3 10U e
SHA7IR] O] ZR587]15S AAste] AR AT =
SHA 71 & APgstcK(Park ef al, 2012; Hwang et al, 2012).

EntEE I well-being© 2 I8t AH| F7F=2 2004
e Ao o] Z7ks] AlRkstel 20074 7,353 hag 3
NAE 7|1E50tHPark, 2013). =rfollA AHiE= EntE
= YHIERES W EulET} Qlom, H7FAZo ke ¢4
O F 9I5| 2002WHE] Av|Fo] Z7lste] 20054 101 Enf
E 2HERe 101 kg2 20014 jy] 26 Z7jston], &
7R = w2 An|ERe Holal QItKorea Rural Economic
Institute, 2006, Ministry of Food and Drug Safety,
2014). T2} ke 9 WeENES dsoR SolEn 2
=2 FoFY] FARTIES A7) o8, TheEo] whe
Zol ofd Aoz FgEoe] tE AEEol v FoRRA
FA7E A&EHe 2 A7|Ea it (Choi, 2002; Ministry of
Food and Drug Safety, 2014). &3] AJArdtA 473]-87]
Z(Pre-Harvest Residue Limit, PHRL)S 557l 2%, 144
7 el diste] F 10117) 7|ze] Ao} gley EntE
o= 457) 45e] AAIEhA ARlg7IZ0] Yol A
AoltiMinistry of Food and Drug Safety, 2014). o]=
Ente QA 2hR587)E o] 27.6%°] Exfsto]
EntEo] A& FoF F59| A&AQl YAdA 2587
7ol g7t dagt Aok

weba 2 ot AR BEtE S oy 9 S7tR
H wAo] AMEE= AltA| fluopicolide 3! mertrafenone
O AAA ZHFHSE 2ARsto] FOF ZHRA

3| A
Z3I3oH, o]& of§sto] BabdA WReE7IE S ¢
3t Alg 2 g8l 2askch

iz X U

E Ao AREE fluopicolide (98.5%) % metrafenone
(99.5%) #=EZL2 Dr. Ehrenstorfer GmbH (Germany)
oA FFeJste] ARgSeH, EAAIYH ARE FoF AlE
fluopicolide 5% W/F=3pA|(AT: ATYE, vpo]d &7
AROIAA(F)) Y metrafenone 24.4% BAFRIIA|(AEE:
HIHHE, SRAE(F))= AS FolA sl ARg-st
Stk % okAle] skl olsfaly 4AS Table 17}
ZtHClive Tomolin, 2009).

Alek 2 2 7|7

Hrsoke]l A4S $8] AREEH acetonitrile> Merck
(Germany)AL2 58 F3to] AR-3F%, dichloromethane
4 ethyl acetater= Junsei Chemical?} Kanto Chemical
(Japan)AlollA] GRE-S T-13te] AM4-3819.2H, sodium sulfate
anhydrous, sodium chloridex= DAE JUNG (Korea)A] #|
2 AgatE AE Y8l ARE E NH; SPE cartridge(l
g)= Phenomenex (USA)ARS] AlE2 st ARESIGITH
g op] A1 A) wleje) 0412 Wl B)E ALgsis)
1, 27 5k B4 A] Rotary vacuum evaporator (EYELA,
Japan), homogenizer (Nissei, Japan)E 451%™, HPLC
(Shiseide mnanospace SI-2, Japan)e} ZFEA7] TSQ
Quantum ultra (Thermo scientific, USA)”7} LC-MS/MS &
o}g3to] RS AT

aroa Wi

Z2HA BH AW ZHEA 2)9] XA Jxpst
ALE ety 24 19 AF 1L 42 m’, 23 29
NPTFEE 40 m* o2 P A 3yk ujxjsiglon, 2t
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Fig. 1. Feld design in the study area (A : Dongnae-myeon, B : Dong-myeon).

Table 2. Guidelines for the safe use of pesticides and their MRLs

Safe use guideline

Pesticide Formulation ALY (%) MRL” (mg/kg) 9 D —
PHI” (day) MNA® (time) Dilution
Fluopicolide sc? 5 02 3 3 2,000
Metrafenone SC 244 2.0 3 3 2,000

YA L: Active ingredient

)MRL Maximum residue limit, MFDS
9PHI: Pre-harvest interval

1\/[NA Maximum number of application
SC: Suspension concentrate

Table 3. LC-MS/MS operating conditions for the analysis of fluopicolide and metrafenone in Lycopersicon esculentum Mill.

Instrument LC-MS/MS, Shiseide nanospace SI-2 (Japan)
Detector TSQ Quantum ultra, Thermo scientific (USA)
Column Imtack Unison UK-C18 (100x2 mm, 3.0 um)
Oven temp. 40°C [50C]
Flow rate 0.35 mL/min.
Injection vol. 2.0 uL
Mobile phase A:B = 0.1% formic acid in Water:0.1% formic acid in Acetonitrile
Time (min.) Flow rate (mL/min.) A (%) B (%)
Init. 0.35 40.0 60.0
1.0 0.35 40.0 60.0
4.0 0.35 95.0 5.0
7.5 0.35 95.0 5.0
8.0 0.35 40.0 60.0
Ionization mode Electrospray ionization positive (ESI+)
Spray voltage 3,500 V
Vaporizer temp. 350C
Ion sweep gas (N2) 0.0 units
MS/MS Ion transfer tube temp. 350C
Sheath gas pressure (Nz) 40 units
Aux gas pressure (N2) 10 units
Resolution 0.7 amu [FWHM] ON Q1 and Q3
Collision pressure 1.2 mTorr

AT Atelof 1 mo] SFFE Fil AFS =35} thFig. 71& 9 ZAE5L7]&(Maximum Residue Limits, MRL)
1). B2EutE] tiet Al ko] A= FoAREAIRIA Y & Table 29} Zth

PHARE7]REOl &sto] BlARE &, =AF 1 3 A} 2 Ao

HiEe] 49 ufEAl v‘i'-“u'—ﬂ% ARgsto]  Arskgict INE=5 B

(KCPA, 2014). Fluopicolide %! mertrafenone®] QHAANE- ok ALy DAI7F 32 QA2 5101 0, 1, 2, 3, 5, 7, 10

J
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Table 4. Selected reaction monitering (SRM) condition of fluopicolide and metrafenone

Pesticide Precursor ion Product ion CE Q1 PW Q3 PW

144.95 47 0.7 0.7

Fluopicolide 383.01 172.94 23 0.7 0.7

365.01 17 0.7 0.7

209.00 14 0.7 0.7

Metrafenone 409.00

227.00 16 0.7 0.7
100 100
90 90

8 \‘\*/‘_‘_-. 8 \.—‘\o/‘—‘_-’
70 70
60 60
50 50
40 40
30 30
20 20
N 11 < ]
0 0
6.24 6.25 6.26 6.27 6.29 6.24 6.25 6.27 6.29
Days after application (Day) Days after application (Day)
= Temperature(C)  —®=Humidity(%) = Temperature(T)  =—@=Humidity(%)
A B

Fig. 2 Climatic condition during cultivation period (A: Dongnae-myeon, B: Dong-myeon).
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AR ARE 7 ANTER WET A B AAR S 2HTRS 4RHL BHE] Sdaj] $Ae weEnE
vislgom, Al rdEa FAsk, E3kste] 20T 0|5k A& 20 go] metrafenone Y fluopicoilde X8 1
Ysae 2 3 B A ARSIk mg/kg 1 mL, 5 mg/kg 1 mLE ZZF MLOQ 104}(0.05
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= FOAA EeARl 3 Y- =510 dichloromethane Fru i N k-

5 mLE &3] 3F3it). F <A Z5F SPE-NH; 1 g cartridge

£ o] g3ty on, AA WS FU5}¢}. Dichloromethane AR7I1ZE & 714z dn WEENES| B

5 mL& pre-washing3t SPE-NH, 1 g cartridgeo] $Z4 2014 64 2445 H 2014 7%_ 447k 9] /\]@7]{]’ 0
5 mLZ loading3}al, A7j-&ufj(dichlormethane:methanol ZA 1, 2 AAAAElA ] B2 2 19] %S¢ 21.0~26.

= 95:5, v/v) 5 mLE o|&3lo] oA E LEA|FH ) o] &5 4°C, ZA 2= 224~27.8Co| :q PASEE @_ﬁq}: z}z+
NS 7IoF =23} 11 acetonitrile 2 mLZ A-&3)5to] ZEl 69.4%~86.2%, 70.1%~88.6%°] A tHFig. 2). F+ EA7tof of
oJ7K0.2 um membrane filter) 3+ &, LC-MS/MSZ o]-& Sk 712 AL 37 AoluA] §okom, A 1, 2004 AlH
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Fig. 3 Rate of gain of Lycopersicon esculentum Mill. during cultivation period (A: Dongnae-myeon, B: Dong-myeon).

Table 5. Linear equation of calibration curve for the quantification of the pesticide residues in Lycopersicon esculentum

Mill.
Pesticide Linear equation R’
Fluopicolide y=89,638,824.1790x+1,721,671,6249 0.9998
Metrafenone y=82,210,198.3758x-1,160,404.6963 0.9923

Table 6. Recovery rate and MLOQ for fluopicolide and metrafenone in Lycopersicon esculenfum Mill.

Pesticide Fortification level (mg/kg) Recovery+C.V. (%, average+C.V.) MLOQ (mg/kg)
0.05 93.5+0.8
Fluopicolide 0.005
0.25 94.4+0.4
0.05 83.8+1.2
Metrafenone 0.005
0.25 87.1+1.1
A8l =2 e 2elskilrk(Fig. 3). w49 e wdshy] ffs MLOQ<] 108, 508 <
Fo NUE ST A% RE HFJREIAAY B
Fluopicolid & metrafenone =AM ZHM B 348 HYQl 70~120%E 513 0 H(KFDA. 2013),
A 8seke] EEACI fluopicolide ¥5%(98.5%) 101.5 Ho|Al4~(Coefficient of variation, C.V.) 10%°]3}9] 452

mg % metrafenone 3¥5E(99.5%) 100.5 mgS- acetonitrile
o =] 1,000 mg/kg stock solutiong XA5I3ATE o] &
WEERE Y] matrixE alEfste] & #EF 2T WAEE
845k 005, 01, 02, 05, 10, 20, 30 mg/kge]
working solutionZ XAt GAERZ 343 working
solutionZ ¢Hd F=sto] AN U e r =&
3 RAE] ARZ A AL85te] matrixE matched$t E
AT S AJeksinh e ErtE § Reet AFEAS
A3t FRAFAS AT 23}, T oA BE A7}
099 olFor & AMAS Hol HgFaAldd AgE &
Qletglon], AT 31441 Table 59 Zth

il

hig

S

FEEOLE 5 fluopicolide Y metrafenoned] 3t
A 7171789 HadEE, NS, 7171F
F, Mz ARTE L) AEstalen A ()t o] 4t
sho] BAHESHAE 0.005 mg/kgol o, F kAo o

>,
o
i
ol
)
rlr
Sha

>

ol e o

2

=3I THTable 6). A17] 241 ¥ 2|3t fluopicolide
metrafenone®] HEE A7+ 717} 4.43 min., 5.26 min. ©]
om, LC-MS/MSE &A% A[defA e FA4 e E 34§,
A o] 24 A=utEIH Fig 43} Zth

jg]/\ A =gk X Alaﬂ@i%}z(mL) X ! = /k
F AR 1 ) A e

- Fluopicolide ¥ Metrafenone®] MLOQ

2 mL 1
x —— = 0.005 mg/kg
20uL 20 g

0.1 ng x

SEOE YT & TR Halo ME d=stH
7t

T2 EnlEZ fluopicolide H metrafenoneof tjste] <t
G715 34 Hjgo] Edto] 13] 7|esF A2 & 47



Establishment of PHRLs of Fluopicolide and Metrafenone in Cherry Tomato 333

RT.102-1000
NLS0ET

! TCF- 28152

“ 445,
17293172941,

Ll 365009363011 NS
NOKE §

Fluopicolide

13 LW 4 2% T 40 44 4B BIR A TM BA TOT TR ST 230 679 9% 9B
L . B B s s sy B B B B B S
2 3 4 § 4 7 3 g i

T mir)

C D

Rostusstniars

Fiuopicolide

Componeat Name: Fluopicolide

75T
1ty N . H
2400 n
““' PGB0 fe
200
L IS NONE
Qm-
i S oy
§ Componcat Name Metatencne
4 e
g o
£ ol -
] §
4 i3
w iz
b i e s s ot e om e an e e
s B
1t]
0% 17 200 29 204 13 A8 INANARAM D SM BN 6W TR TH 8 81 0¥ 0@ 1
CEMLRL L L LU L E L i »
1 3 ‘ 5 8 1 § ? i i
Time (min} fam = =3 = e == = e =hoe

[Teny— L]

Metrafenone

§
3 =
i
mssm’ do

i

H i -
il ‘% \

Eoaa R R = e = T

Fig. 4. LC-MS/MS chromatogram of fluopicolide (A: control, B: standard 3 mg, C: recovery 0.25 mg/kg, D: 1 day-
sample) and metrafenone (E: control, F: standard 3 mg/kg, G: recovery 0.25 m/kg, H: 1 day-sample).

H AREFE BEYE AESH B ARSI 0, 1, 2, 4b&et A3t fluopicolide 7]15E5F A ] Al AJF 24 10f|4] <]
3 2 A8(1~2 kg/HE Azt 471 %7] %= 0.10 mg/kg, E4 2042 27| Fk= 0.11
S &5t Ao RS mg/kgo| Tt Metrafenone®] -9~ AJEEA 104 0.79
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Fig. 5. Half life curve of fluopicolide (A) and metrafenone (B).
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Fig. 6. Recommended PHRL of flopicolide (A) and metrafenone (B) in Lycopersicon esculentum Mill. cultivation period.

mg/kg, Z% 204 0.67 mg/kgE A|FEATIO] 7] 7
T At e AE #el & 4 UUHFig. 5).
fluopicolide 2%} 1, 2 7|&3F 13] A& 10¥ & HHFS
Z¥zF 0.06 mg/kge]% 2™, metrafenone?] 739 7|&% 1
3 A 108 & 24 1, 29 AFF2 054 mg/kg, 048
mg/kg® WEVE 5 F ofA9 MR At Ao
we} ZAshs FS Btk WEErE 3 fluopicolide
9 metrafenone®] XA} 13 E£4 2 7+ 27| 5=+ U
of A WEEuLE gt F ¢FA|¢] MRL (fluopicolide:
0.2 mg/kg, metrafenone: 2.0 mg/kg) °|ste] HHFFS
Htk o= A el A AzE FoR AU 2%
oF Hfeof osff waff E I war, AE0) Ao Fagt v
A2 Soll ofef sofo] Mol Aad Ao HdEg]
CHLee ef al, 2009). T3 FoFo| o|alehs] E4, A=2 ¥
B8 54 9 FHou; FHO| Aol whep Az 5ok
AEA o F2kEe Fro AFAed Ae|7t 27 e 3
25745k 9P vz A o7 AHREHSon ef al, 2009).
53 A5 Q] FE P A of A
Alget A ARz Hdsto] 2442 Al 2o 2R
3|4 AkERt 23, fluopicolide®] 7
A y=0.0933e "R = 0.9214), ZA 20| 4=
y=0.0994e > R* = 0.9034)0]91.01, o] Alo] o]a] Az}
4 2REE Soto] RIS ARES A3 27 1914 15.0
&, 322} 20]| A 12.8U =2 UEFJTE Metrafenone?] 79 xA}¢

o
el
o
—_
=2

1014 y=0.772¢""(R* = 0.988) EA 204 y= 0.634e**™*
(R* = 0.794)0]%loH, A 12 1899 XA 2+ 21529
W77 ekt of sEtolut ©o)ef 2he Wikl AR v
T8 e 54 AxE ok disl W2 22 7
Qo] g2 w71 S Bt Hwang ef al, 2012). 12y
B A7 g AEel HEEuES] A9 wjnze Y &
& 7ML QAR B2 AR 2ok 7 21 A
UGt ol cfzufolut Qojof 2 wlalaAs
AEEE7E wiEn, 25| Aol ulet Az 5oko)
wo] 2HE9| FAFol wE )X Aol vlEHA 9| zjo]7
Feo] P vA7] g dHor FAe] A,
|EHAo] 2 WEENES 7| A4 Yepd AoR
A= ATHKIm ef al, 1997; Lee et al, 2008; Lee et al,
2009; Park et al, 2009).

ox

3 2~
Qg 4

)

I [

j.rLD:

UF5E7IE ¥

AAFA 7 58]-87]&(Pre-Harvest Residue Limit,
AAA Y SStdA7IA] 2hREeke] Haby=
= sjofelo] 2Bl MRLS 23t 9w el
+ 7IolH, SN AR sl thgt b
SHRE & 4 A dAste 7IEolti(Park ef al, 2009). 4
AGASEENLE F YA RS 0]8-5to] fluopicolide
4 metrafenone ] AAHA H7387|ES ARSIt W
ZEOLE Z fluopicolide®] MRL2 0.2 mg/kgo|3l o,
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metrafenone®] 7% 2.0 mg/kg2 = fluopicolide?] <=2t
109 A AAlEkA REE18712S T4 1014 027 mg/kg,
EAF 294 0.28 mg/kgo| T} Metrafenone®] =& 104 &
AR RE587128 T4 1614 276 mg/kg, A 2]
A| 229 mg/kg2 YEFIT] Fluopicolide % metrafenone 2]
8 10¢ A #FeFo] 2442 0.27 mg/kg, 2.29 mg/kg ©|
st2 Uehdtid HEERE =8 A] JFE2 fluopicolide
°] MRL¢! 0.2 mg/kg, metrafenone®] MRLSl 2.0 mg/
kg = olote MR Aow AtREHFig. 6).

2 o

2 At A BHEERE F fluopicolide %
metrafenone®| A4 AFHSLE ARGt WH7IE AbE
SogA AATA RsETIESs AAsaAr askdich
Fluopicolide ¥ metrafenone &9FS SPAARE7] F3)
o] Z¥zh A1, 2% 2 AYL R Uro] 7|EF APl
], OFAA Y 2A17F 5 0UAFRSH 0, 1, 2, 3, 5, 7, 10Y
2o AmE AFIste] EAEITE F oAl 2% LC-MS/
MSE o] &3le] B4 on, MLOQ(Method Limit of
quantitation)+= 0.005 mg/kgo| it} E44 1}, fluopicolide
3|4EL 92.7~94.8%0]9 11, metrafenone?] 3|42 82.6
~88.0%0]31oH, 7 oA HF #FHAN= 10% v]Rto] itk
WEEUE & 772k FoFof tfgh ¥i)7]+= fluopicolided]
A% 15.09(2% DI 128YU(EY 22 UEyiow,
metrafenone®| 7% 18.9U(XAF 1), 21.5U(EA 2)& YEL
ok fluopicolide Y metrafenoned] sty H-EEULE
581109 A ZH7ero] 47 0.27 mg/kg, 229 mg/kgolst
2 uehdrhe 59t A 4R MRL 5% olslel AoR
et
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