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Abstract This study was carried out to determine residual characteristics of metrafenone in perilla leaf,
lettuce and ponytail radish called by minor crop and calculate biological half-lives using equations of
regression curves based on amount of metrafenone. Also, reduction period of residual concentration was
estimated using them. The metrafenone diluted by 2,000 times was sprayed onto perilla leaves and lettuces at
three times with 7-day interval and then samples were collected at 0 (after 3 hours), 1, 3, 5 and 7 days after
last application. Also, metrafenone was sprayed onto ponytail radishes at treatment plots that were different
spraying date before harvest and then they were collected at the harvest day. The amounts of metrafenone in
perilla leaf and lettuce were found to be decreased but dilution effect by the growth of perilla leaf was thought
to be low. The metrafenone applied onto foliage leaves was detected in root of ponytail radish because of its
systemic property. Both roots and leaves had higher residue in the close treatment plot to the harvest day. The
biological half-lives of metrafenone in perilla leaf and lettuce were 9.0 and 3.0 days, and those in root and leaf
of ponytail radish were 8.0 and 5.0 days, respectively. The period required to reduce the residual amount of
metrafenone in perilla leaves below its MRL for the crop was estimated to be 9.6 days. The periods required
to reduce the residual amounts of metrafenone in root and leaf of ponytail radish below 0.01 mg kg™,
reference level of the positive list system for pesticide, were estimated to be 23.3 and 46.4 days, respectively.

Key words Metrafenone, minor crop, pesticide residue, biological half-life, residue reduction estimation
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ZFETHKim, 2018). o] F8317] SJailM e AHE A 2}
5011 AR e B 558 ddiallof SRR w9k A
Z3|AL] 73 T2} o] oldo] Btk ol R E AlFE Y
o 2F32¢l Zo] Ado|tH(Lee, 2013). o] 3 £ S )4
317] 9eiA FEATH M 2HF A A=) I &
F A7 55 ARIE FAL glom, 2uF A e
aEskele] 98T Wollie A AR8 AIE A3E
s g £ JEE Awsslal YthPark et al., 2018).

FYFAEEARY YoM E FHT FAEY] 58S A}
Aol xptsle] AvjajolA obAS FAHES FEEka H4
S FEoE % FRIY FaE FolaAt AL
FakEe] tid gt RUEPE 199735 st
Ko, 1 AF}E F7N8IL UTh(Ahn et al., 2014; Noh et
al,, 2016). =7FlA = FHFEoR Qg FaHEe] FAg
A 55 AY, 288715

= 2]
= X1 o 1 1
FH T 29, 75 A T BAE F 2T5G A

2
T B =98 71eRon, 2 A3 19989 7.0%C10E
Aghgo] 2015d%E 1.4%Z A3 7HA3IITHNAQS,
2016). %%J%&%%—é&ﬂ de] At ofahd 2015
e 81Ie R 7HE =okor, E4(677),
]3-7(](61 4) 741/}3(5574) Hi$(3640), A5(334), &7t
(257), EFQ1AYT L FE ©IAUTHNAQS, 2016). ©] 4
;,H:_ HXJGLO_% 7L_/;\_0}7] _r]-sl- oﬂc %q_gb—/_ /\U:]X']
o= AujEar 9lt FAF 5ol A ALR/E SR
o8] FAe FAREe] WS S-S VFERAL 8
20149 = mﬁﬁl ZAel| M= -2uet %“101 7}
& Bl AFlste lafe 35st Adew A7 7}
7} 775 g7 1.88 gl Al HRe] TR Sl
o] A A ahRE HH ] Wil FEeel et
A grE Dzt defele] A wiadAe A
=) HHTQ’]' T2 AQdtal AAFE 7HEe AR T
7HE E2 AFES BolaL ITHKHIDL, 2016).
Metrafenone (3-bromo-2, 3, 4, 6-tetramethoxy-2, 6-

IS - B - B

(B3

dimethylbenzophenone)y> 317}FH WAd] &4 37}
e AFA R TAAGA o] glo] AL T s Bk A
o) 2¢k3k Fofo|th(Opalski et al., 2006). =3+ FUjoll&=
2], WE, ¥, 4%, A4, AT Fo 58] BUA
AR E AL 9l Eokolt), wheba] o] dts S A 2
UER]F F metrafenone®] FFEAS THEIIL AESH

WH71E AbEste] ok o AR X3 e 71 A

2 ggata 39 WAAe o83t MRL &= PLS 7]+
ol 0.0l mg kg2 ZFFo| FAhdhed A09E V7S
d&at7] flete] ekt

f

w7y

fd
e

|
A Tk AtA| metrafenones A4 313,
o= metrafenone 25.2% A/JTSHAlS ARESHATE A
FeEvet di AR EAd(EE 13) 4
1_% )% AR 7hgste] AFleke dETFRPHE
AAFGL, o8-S BF AWA A FER BFHEL 9
THSon et al., 2012). =3k A& ko] 7243 E23}oH4]
529 Table 191 AIA3ITE.
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4 WskE Fig. 190 A5k D} AT 10m? 2712 35
= WAL FAE T e F AlFEe] WA 40m?
ot EANLI FF= %kxﬂ— L000H]  3]4slo] Zz}
2018 39 2643} 20183 4¢ 20101] } dEEgon, 7
d AR 33 A F AT A J 0L RHEFA
A

A A7 BWNE 7ARIR] AAF o=

Table 1. Chemical structure and physico-chemical properties of metrafonone

In water 0.552 (pH 5), 0.492 (pH 7), 0.457 (pH 9) (all in mg L', 20°C). In acetone 403, acetonitrile 165, dichlo-

IUPAC name 3'-bromo-2,3,4,6'-tetramethoxy-2',6-dimethylbenzophenone
CH,0 0 OCH,
OCH,
Structure
OCH,
Br
Solubility

Molecular weight ~ 409.3

Vapor pressure 0.153 mpa (20°C), 0.256 mpa (25°C)

romethane 1950, ethyl acetate 261, n-hexane 4.8, methanol 26.1, toluene 363 (all in g L™, 20°C)
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Fig. 1. Mean temperature and humidity during field trial for perilla leaf (A), lettuce (B) and ponytail radish (C).

A A Fopo ok AX A} o) BEe ZAsto] Ak
Z3Ith EAY 13k} 23} AEA] AA] AEHL 1,920-
2,110 mLo|l o, 32} AZAlo= ZHEo] st upe}
O @e oko] A¥E o] 2,920-3,020 mLE A¥E3I3T) AF
o] A% 12} AEA 1,930-2,010 mLE A3 01| 23}
9} 3z} AFAlE 2,560-2,690 mLE AEEte] S}
A 2 2] Sl mEk Ak ool Skt
A AHE SAY FS HF 524.6+67.0-628.1 +
63.2 oIl em, JHAl Hat A= 2.7£0.4 g (=751
0] 79 e 704.5 £44.9-968.8 + 87.0 g& AF AL
o, A B FAE 9.1+1.6g n=75)°I0t}. MFAT Al

B 24 4YAE 7 Sejololel st B TR slel ¥
Bae F 20°Ce] WEIe] B4R nasid. Ee
AP sk MRS WAT 9F 9GS WA A%
of 9T iRSYOT, AR/ AEHY B
Aslgt sope] A Pch.

-

UefR o] TGS e FAHA FEE YRS
MFAEEA: FEF)O] AA shg2oa Fsiglon,
A&717F Fete] 712 A8 E Fig. 19 AAEA T A2+
= T o A4xds ZElste] 8 40T E 8
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ST 33] AEske /A 2FY] AHeTE(40-30-21,
30-21-14, 21-14-7, 14-7-0) ¥ix|8}F o, vHa o 10 m?
A 3RHE wjR]ete] FXEF X F AFEG] WA
130 m?] AT}, 2FAl= 2,0008) 8]413}e] 20181 49 279
FHzx AEEIa A AxE Feke] ok Ay 3 Fo
B3 Z2Hsle] A&t 8 4094 Axe] e
1,900-1,940 mLo|1 o™, 8 T Ahxo

2340 mLE AU et FLsHl &
Ht) Aoz st} 2HE Ao 1 Axsy] 93k
T A7 TFE o] B FS AT gERIFE
st} AVHE B AFH s om, AFHT AR e
A 559.9+64.9-751.4 + 1253 golAct. T 7NA Hat
FAE 12441506 g (n=90)°]19 2™, FH2 75 79.6 +
21.9 g (n=90)°|t}t. AHAT A8 T A3He Fo] A=
2#o] BS o] gdle] & AlAslaL Egto]ofo]2s} dHA
mRfste] EEslek & -20°Ce] WaaLel TAH7A Baat
Aok ek xg|Tet wHEre] wapakre] ofdt oHS
2A517] Slste] SFUlE wiAEIAe™, Ald717elE Al

o ok A918 soke] AT .

>
f\

o o

A A T2

Metrafenone ZTEF] TEE 99.9%°019 S, Sigma-
AldrichAtoll A Fdste] ARE-slTh. A2 ol ARe-s
acetone, dichloromethane, n-hexane 2 ethly acetate> SK
Chemicals*HKorea)2] PR (pesticide residue)sa-2 A3}
nom, 7|78 AHE-E acetone> Burdick & Jackson
(US)®l HPLC Sw< ARESISITE. Sodium  chloride®}
sodium sulfate= 22} SK Chemicals*H(Korea)2} Junseirt
(Japan)®] A& AH&-etA M, Aol AME Florisil}
silica SPE (1 g, 6 mL)2 27} Fluka*HUS)¥} Phenomenex
AHUS)] AES T ste] ARt

EEEY =H|
Metrafenone®] ¥3(99.9% purity)S F 20.02 mgS 4
Fatod 20 mLe| acetone®Z &3t 1,000mg L9

N

o - HelE - E1d

stock solutionS ZA|3}912H, ©]& HPLC gradient grade
acetone® 2 3|43l 100 mg L9 working solution®.Z
ZA AT 3 S&E ARsl] 13 Smg LT L
2 gJ4st 34s APE g FFEY0E ARSI
A 298 ZFEY9E 001, 0.05, 0.1, 02 2 0.5mg
L2 Azt

A, A5 2 delFEA X3 F metrafenone)
A2 Kabir et al. (2016)2 Choi et al. (2018)9] 24
sto] 88 BAEE dYaiion, Syt A4

3t 2ok AR 10 gEAYLS 522 300mL tall
beakerol] ¥ 100 mLe] acetone> 7131 10,000 rpmol|A]
37 AL Celite 5455 A 521 A2sE 50
mL®] acetone® = §7] 9 ZA}E Alof 9o of 7ol } gfa}
At o3l S 100 mLe] E3AAG9}F 400 mLe] FTH
7 E9de 1L 29 oFo] %7132 50mLe| dichloro-
methaneS 71t & 270 rpmellA 1087 JESl= WHoE
28] E3}3eH, dichloromethane E4] 8-S sodium sulfate
02 gsle] 35°CA A w53t S, 4 2
UEFR]F(RIBHE )= silica-gel SPE cartridge (1,000 mg,
6mL)yZ o]&-3to] FAS19em o] cartridge= n-hexane® 2
AlF st QFFsE AlFT 7] SFAIE XS 2mLe] n-
hexanedl] o] SPE cartridge “d+-0ll 7}gt T3 n-hexane:
ethyl acetate (95:5, v/v) 10mLZ A& 10mLe] »n-
hexane: ethyl acetate (85:15, v/v) E3-87Z metrafenone
S &&3t 35°ColA AY sET FF5ULAEE S
mL2| acetoned] A|-83]3t & Table 22 ZAsINA GC-
ECDZ #4319 th. ¥ open column chromatography
WS olgate] AAlsislen, A #e oS3
130°Cel|A] 5A1ZF o)’ B2 8)st Florisil 5 g& glass column
(Iem LD. x35cm L)l A4 S#3 & <F 2 ¢9] sodium
sulfate  Florisil Ao 23 50mLe n-hexaneQ 2
columns AlFsted g3t A Zth 7] SFAE E
SmL2| n-hexaneoll o] column Ao 7}ste] Sefu]g]x

fo o ME
2(_:{
fd

Table 2. Instrumental analysis method for the residual analysis of metrafenone in perilla leaf, lettuce and ponytail radish

Instrument 7890A gas chromatograph, Agilent Technologies
Column DB-5,30 m L. x 0.320 mm L.D. (0.25 pum film thickness)
Detector Electron capture detector (ECD)
Oven
- Initial 200°C, hold for 1 min, increased to 280°C at a rate of 20°C/min, hold for 5 min and increased to 300°C
Temperature at a rate of 20°C/min, hold for 2 min for perilla leaf, lettuce and root of ponytail radish.
P - Initial 230°C, hold for 1 min, increased to 290°C at a rate of 10°C/min, hold for 5 min and increased to 300°C
at a rate of 10°C/min, hold for 7 min for leaf of ponytail radish.
Inlet : 250°C, Detector : 280°C
Injection volume 1.0 uL

Split ratio 100:1




SN, &5 & LEEF & dud metrafenoned| UF 54 H URsE ZA 05 95
=281 S5mLE Ao T 20mLY n-hexane:acetone A1} al n&
(95:5, viv) EF-EME A Fste] ZHHFE O, A&EA F
41 80 mLZ metrafenoneg &3} 35°CollA] 79t = EMH 43S
3I9Th 54 AIES 10mLe] acetoneol] A|-&3fet & A 248 EFENE B8t L2 peak HAS 7]
Table 201 A|AgH WS o83t GC-ECDZE 41313t FOoT BFE AL 3}@5}%‘\‘3}. LA AF F
metrafenoneS 41317 9l8te] FF ALl Al 7t

38 A

28 EAY AE 5ol 3o R AX FErt 013
0.5 mg kg'°] H=% 0.59} 2.5mg L™ metrafenone EEE
A 1mLE ﬂﬂo}‘ﬁgﬁ, 37 7S FAE AR 10 ol
NEEo 2 A F=7F 0.13F 0.5mg kg'o] H=F 1.03
5.0mg L' metrafenone %89 1 mLE A2|d & A7
FHEeF B4 e YsSB4t 3rES ANEst
At gERRIF= FAE FoF 74 10 ol 3HEo 2 A
%7 22 0.059F 025mg kg' 2 0.13 0.5 mg kg'©]

T 059 25mg L' 2 1.03 5.0mg L™ metrafenone
1 mLE 39 A3t & A7) 25 B4 st st

Al 248kl S AT

metrafenone] ZA]A ZEIFS 0] L3}
o] i]‘ﬂ%l’ﬂ% 3}"35}":‘1 C=Cy + e™(Cy oA 72,
& AR 1 A7E) 02 o] gdke] Hizk

7} y=2,007.6624x + 13.41029} y= 2,209.2028x - 4.25430]
Rom, R% 72t 0.99972 0.9930])th. LERF-9F £ <]
AL AMAAL 72 y=5432620x +0.89959 y=543.7162x
+3.94870]1902M, R* 7z} 1.00002 0.9997= R FA
3L Fsatr.

S & metrafenone®| 3582 Fig. 20 A|A|g vk}
7o) 83.3-95.6%C10 01, 4472 749 91.5-100.7%° AT}
UdelE) e} A F metrafenone®] 35 77t 71.5-
79.02 74.4-88.5%= A 3|4E ML 70-120%F5 W
SIATHFAO, 2016).

HFs 24 A

S 5 metrafenone®] ZHF3-S Fig. 30 A|A 3k vle}
7o) Hg oA AE FULS Hd 3171 mg kg oA 1Y
2b, 39}, s9ak WO 7YAbe] Wt R 77 27.04,
23.94, 2125 % 18.60 mg kg '& A F o7 7FislE
S UEPIARE S oy] 74 Z7HEe] v S &

%smv}moh etal, 2018). =P AEE wo) W PS v A7 FAo) W wofe] I Egurt
FEo] A7F3]47]5 (maximum residue limit, MRLYS % oF A o] Bl © Ao o3 7HAeky FHEATHLee et
ZH3t AL 3" MRLE tdste] MRL v|ghe 2 z-Fao| al., 2007). “35 5 metrafenone®| ZH-73-S Fig, 3] A S
ashed ADE AL dZHU0n, MRLO QB 2 sk o] A% okl AT 9, 197, 397, 597 % 7
=9 72 PLS A& 71221 0.01 mg kg wRkeg 7Has} ARl A Zk7F 21.17, 1742, 13.43, 6.23 B 3.11 mg kg'®]
£ Aele A% o2, Wit ARFS uglor], AU FUsH) JAHoE 2
120
100 -
80 -
S
§ 60 -
S
&
40 -
20 -
0 -
0.1 mg/kg ‘ 0.5mg/kg | 0.1 mg/kg‘ 0.5 mg/kg 0.05 mg/kg‘(].ZS mg/kg| 0.1 mg/kg ‘ 0.5 mg/kg
Perilla leaf Lettuce Ponytail radish (root) | Ponytail radish (leaf)

Fig. 2. Recoveries of metrafenone in perilla leaf, lettuce and ponytail radish.
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y =30.272¢0071x
R*=0.9739

Residue (mg/kg)

= 23.796e 0274
R =0.9638

11

0 T . T ‘
0 1 2 3 4 S 6 7
Days after last application

Fig. 3. Dissipation curves and regression equations of metrafenone in perilla leaf and lettuce.

Table 3. Time-course changes in perilla leaf and lecttuce weight (g) during field trial

Days after last application

Crop Mean = SD
0 1 3 5 7
Perilla leaf 25+04 3.0£03 26%0.5 26104 26+0.3 27+04
Lettuce 7.7£1.0 8.8+1.6 92+1.2 98+1.8 104+1.2 9.1%1.6
u Leaf ¢ Root
20 r 0.10
1 0.095
i
0.08
15 -
y = 0.0883¢0-093x y = 18.692¢-0-162x
R*=10.9736 R*=10.996
e; - 0.06 B
) B
E10 g
E 5
= - 0.04
& &
5 Al
0.02
0 T T T T = 0.00
0 S 10 15 20 25
Days after last application
Fig. 4. Dissipation curves and regression equations of metrafenone in ponytail radish.
FYol BaSREd FFE Table 3 AN W Lol FEh WE o2 BRAG. TALS 4F F metra-
SANT HE2A A5l e Fe AT B FeolV] fenone«] HE oA 2 9o ARFe v EAY
o] FoF Al ol R As B HE Bl e Rl A% ARFuk o L) B 3L el
ope] 814 B2 913kl SAUNT metrafenoned] 3| & SAU FE] A ol GAH W& Fol7} 5o
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Foll dFE mxIths A4 (Son et al., 2012)9F 54
SHAl o] A= EANT 5 A v GHEA <]
H]&2jo] 2 7Y 7]0lE Zlo 7 Ay}, ik A¥d &
oFo] ¢ o]t A ol et E4Y T metra-
fenone®] ZHFo| AFHET B2 A2 EAUL & B
Oﬂ _-_qu] o]oq_ /\]-24 El?i% Uﬁﬂ‘j’éﬂ EHE”OH 753014
%7] F&go] & 702 AT tH(Choi et al., 2018).
LEFEF- 5 metrafenone®] ZHFE-S Fig. 40l AAISH v}
o} 7o) 423} 21U 33] AE3 A g Pl Hh 0.015 mg
kg'o] AEENoM, £3F 1494, 794 2 094 33 A
23 AgTolx] Z2F ) 0.021, 0.048 2 0.106 mg kg
o] AZHUh. ¥4 7= & 21¢94FE 2= 0.60,
242, 657 2 18.16 mg kg'9] Hu FFIFS B ?ﬂm
o Q1gste] Aaeh At JRTe] EUTh F

o '_l E
013’%_::15} T Foo] =EHA F2 AsHE IR v“i*@‘f?}
A} 8 219400 ZEF Aol Fofo] HEE A
= metrafenoneol HFolg) EAL Holy] w&Folzta vt

-{oi'
i)
ot
o
o2,

=] ATH(Opalski et al., 2006). B=&F 5oF A %]

g A oA 7h BA o2 093 el 7HE

FE Hole AL o] At BEF HHl %EM Al

Hof wefell AH =2 wiedl AR AdEd.

AgH oz e Tk FLM éﬁé}ﬂﬁ‘rt 2Ee] 9
A

2 A} 528 & 9

R olg
4 Fig. 39 ANSIGOH, 37

42 olgsto] WEF W)= 47t 0.05 30U S
N o 717k RS RO edth. olejs Ak
ALE FelH O FOF FAPo] WA FA w2 ¥

=
=
Al Wstgo] Hol Fhd o Fofo] 24 & e 29l

[ HO ol ot

Table 4. Persistence (%) of metrafenone in perilla leaf and lettuce

T & ATA metrafenone?| MR Ed 3 ARSsE UL OIS 57

Fo] A4 w1y e FHORE Ql3l %7]
o] EAYETE A3 ASo] YAt 340 o3l &
Ag)= oko] W) UH'E—OL o=z r‘L_‘r‘i]rfﬂ]5\’4,\1:1r(Pa:rk et al.,
2009; Choi et al., 2018).
9 metrafenone— A g
B A5 e 22- 23° ojon, 7k 59 7§
5.040]21 E}~— Kabir et al. (2016)2] X319} FA}SH
e gele]Fol 74 F metrafenone®] WH1]
4ol AAIgk 3|7 WA 2E o] &3t 2SI
7 5.0 2 TR} FollA metrafenone®] £ =
ZFeke Ao® et olyst Ade e EY &
Al AP el Ak $Hell 2R =EE e
AR Foke] A4 e E8 2 F e 8] A7)
B Zes A 27 REE EHH] AR HNHLE
AL FFe AE F 783he] ARFE o] §ate] Foke

AEZL ANZE9 o, A7E Table 49} 50 A skt

-|—:v
\'(
9;
:i
TN‘
N
=
Is';
9{_,
o,
*
N

= 2
‘LF’
o0
(=)

=]
T
x7

SAY = metrafenone®] =82 0UA} thv] 79x}e] 7+
&2 553%0100H, A AS- 17.5%01% Tk 3 F
o} ¥4 % metrafenone®] 0L} EHH] 2193} 7hFake] &
=80 7h7} 1473} 32%= LFERdT)

s UFRT HL S

S9! T metrafenone®| FF ofA| HE 7Y F o 1

2 18.78 mg kg'E MRL? 15.0mg kg'& ZI3)=

ru% u
fm

R e of @ el Wet Foke 4T
spll |9 RAG AR B49 PsAel Tk wei
g W3] 9i5tel 3 P2 ol gstel MRL V)%
2 AEs L0500 AFaden, 42 o
= MRLS! 150m kg wgto g 7hAE
FEIRSE 2L MRL

°] @i@-ﬂﬁ l 0} PLS7} 485 Aol wiel
A FoFo] PLS 7|5 0.0l mg kgt F]vkoZ 7HAs)

Persistence (%)

Days after last application

Perilla leaf Lettuce
0 1 3 5 7 0 1 3 5 7
100.0 87.3 727 64.9 55.3 100.0 82.5 60.6 29.4 17.5
Table 5. Persistence (%) of metrafenone in ponytail radish
Persistence (%)
Days after last application
Root Leaf
0 7 14 21 0 7 14 21
100.0 474 21.1 14.7 100.0 352 12.3 3.2
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