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Abstract

BACKGROUND: This study was performed to investigate
pre-harvest residue limit (PHRL) in Chwinamul, to estima-
te biological half-life for residue of each pesticide. Chwina-
mul was sprayed with pesticides of standard and double
application rate. Chlorfenapyr and fenarimol were sprayed
once on Chwinamul at 10 days before harvest, and it was
sampled 7 times and analysed the residual change of two
pesticides.

METHODS AND RESULTS: Chwinamul sample was ex-
tracted with acetonitrile and partitioned with dichloro-
methane, and pesticide residues were determined with GC-
ECD. Method quantitation limit (MQL) of chlorfenapyr
was 0.10 mg/kg and that of fenarimol was 0.02 mg/kg.
Recoveries of chlorfenapyr at two fortification levels of
1.0 and 5.0 mg/kg were 94.2+1.70 and 99.0+1.61%, res-
pectively. Recoveries of fenarimol at two fortification
levels of 0.2 and 1.0 mg/kg were 92.1+£2.14 and 83.1+
1.98%, respectively.

CONCLUSION(s): The biological half-lives of chlorfe-
napyr were about 3.5 days at standard application rate,
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and 3.4 days at double application rate. The biological
half-lives of fenarimol were about 6.0 days at standard
application rate, and 5.9 days at double application rate.
The PHRLs of chlorfenapyr were recommended as 13.02
and 6.25 mg/kg for 10 and 5 days before harvest, respec-
tively. And the PHRLs of fenarimol were recommen-
ded as 2.80 and 1.67 mg/kg for 10 and 5 days before
harvest, respectively.

Key Words: Biological half-lives, Chlorfenapyr, Fenari-
mol, MRL, Pre-Harvest Residue Limit(PHRL)
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A AQeAEL AAHA 1,000 ha v]woz AuiE=
g wehd, 2, S, v, A v B AL
ole]l &3trh, WA AujatEe] AIAANATEA] A2 OF 4H]
3 ol AASelA sHAS] B0 ® gt sok] o
Fof upet Anjzre] bl EAZE A71E 5 9leH, 4
At Gl FEol|l FF31E7]Fo] AAH o] A 2 A
o AFeleREebd el A8A el et AAnFO] B A
T T 7P w2 FHA 7] ALHER 2WA ApRE
T Az dgshs AES FATEE] =A YerT
(Lee et al, 2007). 219FgollXE 2010 12€ 31Y 7E2
2 420F°] Fokel djsl] FAkEe] FekRETES A4
3131, FAvkzells 20101 AAZEA] oF 199152] w2k o
3l Aslg7le] AEo] Atk MRLE Weh= skt
2E9 R E fE At o] FolA =, Ak 2
¥ T skl Hrks AEo ok, AlE B
T4, e E AT Sol sk ik el A
Agog FZ 2EE AaF T QAT ddEHe HAUE
& AEEAS A e G weE R &
A7 e] g 5Ao] Qirk FvhEe] of#gh 4] gl A
HIEANS Zeke of, HuHE AiAl AR wekel] FEE
9] /B B7h= EF A=l vlste] ddidow 5

gk 5= ltKLee et al, 2000). 58 & 2 HE¢t
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2008; Kim ef al, 2009). ©]¥ o2 RHEol 7|0 ~ Ak
| FekR5]-2715; Pre-Harvest Residue Limit(PHRL)'
ojr, 201097H] =l sAkaddde delA 4671 2z, 120
Zdatel] sl 681712 b s LT ES AW 1L
AlZitt, o]} o], FoRFEAIE A3 AL AR B
FollAl FElE = ¢ emE & o gzl skt H7t
AAE gsdato] dnkan|atze] elsibzel sl 741
T EQHES dlAazled & Bl @ Zow dddck

2 = A5A| chlorfenapyr 9} 24 fenarimol 2] %
Us T ARseHRAE Jhdste] gRlata, Al Al o
© FvkEel] sl A AIREE FHvsE T AR 24
oF] AR TS IAket] Aok A S A=
T4 715 AbEsto] A Fueell thigt chlorfena-
pyr$} fenarimol 9] g A SRR E S A
gsto] T3

s 3

AIEIOFH, Al2f % 717

Chlorfenapyr(35# <% 99.7%)%} fenarimol(3E#
TE 99.5%)> w48 BFEs AHESISITHTable 1). Chlor-
fenapyr$} fenarimolitAell AHE-E AJeF 9 7]7]= dichlo-

Table 1. Characteristic properties of chlorfenapyr and fenarimol (Tomlin, C.D.S., 2009)

Common names Chlorfenapyr(insecticide) Fenarimol(fungicide)
M.W. : 407.6, MW. : 3312,
Log Pow : 4.83, Log Pow : 3.69,

Physical chemistry

Vapor pressure :
<12 10" mPa (20C)

Vapor pressure :
0.065 mPa (25C)

MRL(Chwinamul) 3 mg/kg 1 mg/kg
CH,—CH
(lj/ 2 3 Q /N\”
F (I:H2 ) ci N
Structure F\F" N HO™
SR
Br

Cl
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romethane(Merck, HPLC grade), acetone(Burdické&Jack-
son, HPLC grade), n-hexane(SKY SOLTECH, for pesti-
cide residue analysis), ethyl acetate (Burdické&Jackson,
High Purity Solvent), sodium chloride(Junsei GR, Ja-
pan), sodium sulfate(Junsei GR, Japan), SPE cartridge
(SUPELCO ENVI-Carb SPE Tubes), Rotary vacuum
evaporator(EYELA, Japan)& AHE-3ISiTh

MG poke Akl 2] sobleld sieia, At
ol thgh Al#2] RBHALE7 ]2 chlorfenapyr 5% rAlI(%d
#9; gello)A] A7k 20 Le) Eell °F4 20 mLE 4o
10008 34 <=2hd 79 33] A, fenarimol 12.5% Al
(d3Er; S fA)E 20 L] ol oFAl 6.7 mLE 4
°] 30004 34 =2hd 39 23] Aol

Al ZFE XY HY

NEHZES FHUE(SY: Aster scaben 24 SHEE =4t
Al k= Adeel A A AEIA 155 YAkl deol
70m % 5 m =350 m*9] AlHEA] APTE AT
W 7)) wjEEe 7 3ukE wix| skl wake 9S WAE)
ate] A E Al 2 m4 ARE FoUth B3
CSHEEAZ AFRE F AAAEY] 25 SR SHS
ARt

OFR[&tiE 3 AlZXHF

Chlorfenapyr 5% +#1%} fenarimol 12.5% A& <t
ATl mEt 7S wEEo R ZAlste] ST
o] g3to] o] T3] e EEF 5E AEE 13] A
SIITE SORME - oA} viE S Elstal 24]7F oy
0¥€2h), 1, 2, 3, 5, 7, 104xH0L A}l A2t e} FLst
AZE 24 10A)el ARE A TER 1 kg FEH AFH st
of Z}zte] FAE 4% $ AFFAS Atk

w2

EFZHYM Y

Chlorfenapyr 3% 100.3 mg< 100 mL acetone®]
0§ 1,000 mg/Le] stock solutions Y=t ©l& |
W2 8]4181e] 0.05, 0.5, 1.0, 3.0, 5.0 2 10.0 mg/L2] wor-
king solutions %F=1l, fenarimol<- %% 100.5 mge
100 mL acetone®]l ] 1,000 mg/L2] stock solution<
TESITE o]F wAMR 34ste] 0.01, 0.05, 0.1, 1.0, 3.0
4 5.0 mg/L9] working solutione W= ¥ 77} 1 LA
GC-ECDel| F9J5to] vehd Azvke 13002 peak 4]
7Eo R HEde Al

HEFREMSH|(MQL : Method Quantitation Limit)
AFrAse Ha45% AES 2 2428 59 54
&2 arefsto] A1)l oJal AXtsRith

A5 HmL) A

A A7 2=
ﬂ_x‘%ﬁ%}(ng) 717159 %‘L‘(LLL) i Al —‘E;—(g)

= MQL(mg/kg) (1)

Z|L}E & chlorfenapyre} fenarimol| S|

FAY HAvE AEE vBist 20 g& st AES
712l 108, 50017} H =% Az, 31814 1.0 mg/kg 2 5.0
mg/kg®] %% chlorfenapyr 3+89& A2lstal, 0.2
mg/kg ¥ 1.0 mg/kg®] ¥%5 fenarimol ¥FEN%
28t T2, 70 mLY] acetonitriles H7}sto] 3087 S5
g3}t £3], fenarimol?] 3¢ Ejkgolr F453)
3w = Eg)3ket4] E4(Tomlin. C.D.S., 2009) W&ol 2
o AREE 2A|TE EFvlE SYE 2] W »
2 HAust Uitk 1Y & #FAAIEE Whatman GF/A
filter paper9} celite 5455 ©]-8-3t°] Biichner funnel®|A]
Foloyst & 20 mL9 acetonitrileZ £7] B FAE A
o] ko] oy} Fato] 40C A AdsEISL, SFA
Fo 3P UG5S 50 mL, S 400 mLE F7REE 5, &
adlod o]l £ dichloromethane 70, 30 mL¥ S & 23] &
Hgk £ f7]-8113-5 anhydrous sodium sulfate®]l &Z}A]
A Fie AAske] 40C oA rotary vacuum evaporator
£ olgste] ksEsIsitt 5 119 AEE mrhexane
mLol| 483130tk 7] A& F 1 mLYE rhexane &%
%%IA1Z] Envi-Carb SPE cart.°l| loading%tth. dichloro-
methane:ethly acetate = 7:3% 15 mLE WobA 755
313tk HAaE-S thA] acetone 5 mLE g3 tRe A7) A
£3 GC-ECDell 1 uLE %, chromatogram’gell LFept
peak®] WAE SAHstal mEHFAel gl s At
Zooleh 28]al oA 9] EA IS 33] Aato] srEs T

agieh

o Hr o

o]

71712 Z=Z(GC-ECD)

F&= ¥ chlorfenapyr9} fenarimol®] 412 micro-
electron capture detector(u-ECD)7} ¢ Agilent 6890
plus with 7683B autosampler(USA) GCE A3kt
(Table 2).

Table 2. GC conditions for the analysis of the pesticide
residue in Chwinamul

Agilent 6890 plus with 7683B

Instrument
autosampler
Electron Capture
Detector Detector(u-ECD)
DB-5 30 m 0.25 mm, 0.25
Column
um)
INJ (260°C), DET (280C),
Oven 80C (2 min) - 15C /min -
Temperature(C) 250C - 10C/min - 280C(5
min) - 15°C /min - 300C(10
min)
Flow rate Carrier gas(Nz), column (1

mL/min), total (53.3 mL/min)
Split ratio 50:1

Injection volume(uL) 1
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Z|L}E = chlorfenapyrt fenarimol2| &AM

oA A 5 02A1RE o), 1, 2, 3, 5, 7, 10244 Hub=
A 55 AFS] chlorfenapyrs} fenarimol?] 3|34
W Fds g og BAS AAEh

1ok

Z|LIE = chlorfenapyr?} fenarimol2| s|M&n} 2AM

A2PE chlorfenapyr$} fenarimol o] M5 59} FU=2
A WskE 7#ste] growth dilution effect( 1) 21(2),
growth dilution effectE WiAIEH softe] AiFwia(ll)=
2@)ell fsto] AEaila, ol 2R IRftaade 2
JBFATHKIm et al, 2009).

092} sk I 0¢AF FHvk= S
I =
T2 A2 FHvsE (
I YA} k] 2 - (1 2] - 8 dapd
- 5o12) 17 ©

MAEH SUTUFRFEV|IE

AP 551871 (Pre-Harvest Residue Limit)
- chlorfenapyr$} fenarimol 2] 8&3H4] Wil |04 AkEsh
AitasAdE aesAEEAde dols WLt SafeQ
IN®| SPSSEAZZ o] 2]8-3to] AA3}3iTt

=}

23} » px

=

FL= THul7 [2HE AVEREiS2] 7 [AEA H MAHE SHIE

10472 AH713E 9t FAvE AiA U] Hit 7]

23.8-451C, HEEEE 53.8-95.1%0]ck SkAAE 109

o] HUE GNAIY TR 2710k Ao vlgke] 291
2(155.6%)% 78ISt

H2M =Y

Chlorfenapyr3=8-°4 0.05-10.0 mg/L& #4ato] &
A o] 3922 y = 32398x - 348.13 (R” = 1.0000),
fenarimol £7-8-9 0.01-5.0 mg/L-S #4510 A& A=A
9] AL y = 25751x - 70.259 (R* = 0.9996)2 24
do] da] skl

HEEME2| MY

Sl Zsek B L] 71 4171719 AESHAIE GLC
o] 745 S/N=3<1 3129 Fow qraskaL vk wgh 4
He] AEE A5 79 0.05 mg/kg ©15HE TEEAA
FAo] AFEL7IHMRL) ) 1/2-1/107H4] AEsES 114
St QAtHLee, 2009). & 18] A TA(MQL)= 2(1)
315k chlorfenapyr”F 0.10 mg/kgeldl, fenarimol
0.02 mg/kgO A AFe]oREbdola FH sk 5

Ay 7)EE B,

|

e

Mr o 2

Hol 2|+E A

358 A5 flsto] vRAg A Fvke Al 20 gofl chl-
orfenapyr$} fenarimol X895 =12l 100, 509
7} HE=5 Aefeta gAsAl 3kt 5 247 S o] 249
& 33] Hkgslo] Blags AEsISitt FvkE AlEelX e chlor-
fenapyr2] M5 A7k 15.37 min, fenarimol-> 18.55 min
ojglon, 5 oFAe] peaksl TH = WelmdS Skl
ARvHETRE (Fig. 1)l AlA8FITE Chlorfenapyr?] 3]
& 2% 1.0, 50 mg/kg 9| F FEolM 247 94.241.70%F
99.0+1.61%, fenarimol:>- 0.2, 1.0 mg/kgelA 212t 92.1+
2.14%9} 83.1+1.98% .2 AF2| oA bR oA Agsh= 3
T& 70-120%, HOIAIFHCV) 10% ©IH9] & &5 =
stolx] EA/de] At G84S 158kt Lee, 2009),
(Table 3).

ML

1z
lo
loh
ol

o
L

,chlorfenapyr chlorfenapyr

fFenarinol

Fig. 1. GC-ECD chromatograms of chlorfenapyr(A; reco-
very, B; sample) and fenarimol(C; recovery, D; sample).

Table 3. Recoveries and MQLs for chlorfenapyr and fenarimol on Chwinamul

Pesticide MQL(mg/kg) Fortification level(mg/kg) Recovery+CV*(%)
1.0 94.2+1.70
Chlorfenapyr 0.10
5.0 99.0+1.61
0.2 92.1+2.14
Fenarimol 0.02
1.0 83.1+1.98

UCoefficient of variation = (Standard deviation / average)

100
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6.000
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6.000 | o Double rate

5.000 4

4.000 1

Residue(mg/kg)
w
8

2000 4

1.000 -

0.000 -+

Days after treatment(Day)

B

Fig. 2. Dissipation curves of chlorfenapyr(A) and fenarimol(B) on Chwinamul during cultivation period.

FUE T s NRY W

FAEC) AP F AR 5oke] AHERS okAle] B
sieta B4, AE, 71788, AR, Az, oAt
& o] Al 2HEA| 0 g o7 Qg AR T}
of oJ&f J&FS Wi=th(Jeong et al, 2004). & AlA] chlor-
fenapyr FA1E 71592 wiEF Aarek o dAst 717t
Ak - soke] AFES S5t} oY) RS S
A7} chlorfenapyr 715% AEA] 27] ZH7 3.23 mg/
kg™ MRL 3 mg/kghth B 352 XG0, vljgF Ara
27) AFELS 659 mg/kg® MRLETF FHlE AF3]ah=
FAE JERIAARE, 109 ol 71529} wigellx] 242}
0.41 mg/kg, 0.73 mg/kgC & 5 MRL o|alZ Holxlom,
NFEFe 7] ARHRT 1/7.87, Mige 7] AFERg
1/9.02% ol thFig. 2). chlorfenapyr?] #H#41as 31714
& 7)FHIA y = 25155 (R* = 0.9536), WlH y =
5.3734e " (R? = 0.9671)0]91 1, o] 21& o] g-3lo] A=H
chlorfenapyr?] A 5 AE3H] W)= 7= vilm A
YAl 247} 352647} 3.3840] 9l

Fenarimol A& 7153 vl Aazsta 97 7H4nict
FoF AFES S5t ok ARtS detsl A3 fenar-
imol 7155 AEAl 7] AR 3.59 mg/kg= MRL 1.0
mg/kg Bk 31 & FAGLom, wigF Al 7] AR
6.56 mg/kg >.= MRLEL} 6115 3]sk 5415 LR
A9 109 Foll= 7133 wiellA] 242t 1.07 mg/kg, 1.80
mg/kg O & W MRLe| A8 wobglon, 7 27
ARt 1/3.35, M@ 7] ARRRT1/3.645 ol
CHFig. 2). o|=Z4] w0l & uf 7] Fafego] W AJeolA
FHEe] A F7F EEgh 4] Slot HhREo] et B A
02 oZHt) Fenarimol?] Z-77h 3|92 75wl
y = 334467 (R® = 0.991), ¥lZe y = 5.822¢""7% (R?
= 0.9746)°]3111, o] A& o]g3to] AHEH fenarimol &] AW
= AESA W)= Z1EgEt g A2lal 242 5,993 7

5.884 ]3It}

Z|LIZ2| ZH|20| 2|5t chlorfenapyr} fenarimol2| &|A4
k=anl}

ok Al Y T M &
o] njeAy ol W okA¢] M ar= S tHMarin et
al, 2003). FH=S AEAAEEA FEHETE T2 ofEf
ZrEo] B3l wWEXRE 2 Aol ekAlIAE 3 109 B3t
A 3 SRkl A Ak Al AiA 39
dFE 5Y Fekeol FEAIISIoY, I JiAIYe] 59
17924 FHES] Aol A2 Ed ARelgla, o)
o &) sheA Wl 257 HE i 50T ol Sutete] FAE
2-gof ogt 2 o o] A7k ol glont ekl
T4 71 wiiol] v Ao oFt FREHEE S ool
o] 58k o] FHH FHupmo] At o] rell YAl
LEREY] wiEo s ot

WAFTHF S7l b Fsere A ads (Fig. 3)°l
AABIAaL, 71E%E A 24l chlorfenapyr AHda=dE 7]
oz vuaRd, e A Tl ©WE chlorfenapyr®]
Mg = wiASE gt 1k AR A Akt
WA 234th Fenarimol©] ¢ =8t chlorfenapyr$l 20|
zpo7} A ¢kgkan, @318 A2 Hlssgt ol itk Fbe
ALAHEEA BAF FTEEETE wE Aol W, b
At Az 22 S0 F Q& AAH 7P AA ek
A Zseke] 34 gvks E5(Kim ef al, 2009)9F 20]
vty go] 22 A=3) vlsest A ke glek

ko

QA Folle 2=

il
B r

o=

MAICH]| =2AkR 5127|F(Pre-Harvest Residue Limit;
PHRL) A&
A FeRET 8187 IS(PHRL) 724 ZH730] MRL
A g E A ARGEYE - 78 109)
o ==

=
S s 71X 24 Chlorfenapyrﬂ- fenarimol 2|

10 o
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Table 4. Predicted time of pesticide residues below MRL in Chwinamul

Pesticide Application Half-life Initial concentration Days required reaching
PP (day) (mg/kg) below MRL(day)
Standard rate 3.5 2.52 -
Chlorfenapyr
Double rate 34 5.37 2.8
Standard rate 6.0 3.34 104
Fenarimol
Double rate 5.9 5.82 15.0
3.500 4,000
S @ Standard rate A A .
3.000 - O Growth dilution effect 3.500 t A A
S A N A Only chlorfenapyr ~ A

2.500

2.000

1.500

Residue (mg/kg)

1.000 -

0.500 -

0.000

Days after treatment(Day)

A

3.000

OStandardrate

2.500 @ Growth dilution effect

A Only fenarimol
2.000

Residue (mg/kg)

1.500
1.000 ©
0.500

0.000 -+

Days after treatment(Day)

B

Fig. 3. Dilution effect for the dissipation of chlorfenapyr(A) and fenarimol(B) during cultivation period.

Q
N
12 3
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&
\ @ fenarimol
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10 «
~
- N
% p = y=13.022¢0-147x
£ e
s RGN
B 61 ~
» s
i o
6 -~
4 SO
y=2.8026e 0-10% e

10 9 8 7 6 5 4 3 2 1 0

Days before harvest(Day)

Fig. 4. Predicted dissipation curve of chlorfenapyr and
fenarimol in Chwinamul during cultivation.

WA s S B R A LelA /e SafeQ IN
] SPSSEAIFZ 1] A gdlo] AbEE ghO® PHRL= =
AA A Fig. 4). PHRL=AS AR A sobdH
887178 48 chlorfenapyrs 478 1044l 13.02 mg/
kg, 8 54l 6.25 mg/kg, fenarimol-> 422+ 10471
2.80 mg/kg, & 5UMNE= 1.67 mg/kg olatd FEhAlofl=

o]

o).

AE7k MRL % ofshz Re Zow o=

e

SUALRT[E [ME XFE HF
TS 2LE Folo] 27] oRAEAl A R
B MRLe| =83z 7|3+ ARt 243, chlorfenapyrg 7]
T Aol Hx AEYTH MRL vlRkelqla, wig A
Al 2.8%0]910H, fenarimol @] 7% 715% #2)A] 104,
i Aol 15,0901 K Table 4).
FORPAAETEOR SHAlE XA A9 Fokh
TEE dF] Qo] T okAg TIER A
5]7124]& Excel(Microsoftrhell 2]8sto] (Fig. 5)°] A=<
|53l H3kth Chlorfenapyr 5% A1E 7169 424 104
A0 % QEAARS V(T8 794, 33] Aka)ol| uje} st
WAl ARSEE 7ol 8] HE 2HiEE7 0.74 mg/kg
1931, 79 A0 ® QPAARS V(T 794, 33] )]
WA 749 557t 0.84 mg/kgSE MRLET
S =i B3 fenarimol 12.5% FAIS 715 Az
A 109 A 0% QPIARETIE( e 394, 23] Aol wlet
A7 A AREE Aol T HFE ARsEs
3.11 mg/kgelal, 74 AR QHAAME T (S 394,
23] 2baryel| wheh WAE Aol 342 mg/kg ©E MRLEC}

£

N

¢

o!
X

o
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8 10 days interval, 3 tilnes Standard application
application
o
=z 6 1
W
;_E, 1st ond 3rd
=
E 4 \b chlorfenapyr
- | MRL : 3 mgkg
£ 2]
E
2 0

0 10 20 30 40 50
Days after the first application

A

10 days interval, 2 times
application

Standard application

Residue in Chwinamul (mg/kg)

Days after the first application

C

7 days interval, 3 times
application

Standard application

wg/kg

Residue in Chwinamul (mg/kg)

0 10 20 30 40

Days after the first application

B
8 . .
7 days interval, 2 times Standard application
application
2nd

Residue in Chwinamul (mg/kg)

Days after the first application

D

Fig. 5. Predicted final residue levels of chlorfenapyr(A, B) and fenarimol(C, D) in Chwinamul when calculated by
dissipation curve utilizing “pre-harvest interval' (A, C; 10 days interval, B, D; 7 days interval).
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This study is part of the establishment of Pre-Harvest
Residue Limit(PHRL) in 2010. Authors give a sincere
thanks to the National Agricultural Products Quality
Management Service for their research grant.
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