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Abstract

BACKGROUND: Supervised residue trials were
conducted to establish pre-harvest residue limit(PHRL), a
criterion to ensure the safety of the pesticide residue in the
crop harvest, of amisulbrom for winter-grown cabbage in
two fields. Following to application of amisulbrom on the
crop, time-course study was carried out to obtain the
amisulbrom dissipation of statistical significance which
enabled to calculate the predicted values of PHRL.

METHOD AND RESULTS: During cultivation under
greenhouse condition, samples of winter-grown cabbage
were collected at 0, 1, 3, 5, 7 and 10 days after amisulbrom
application, and subjected to residue analysis. Analytical
method was validated by recoveries ranging 93.7 ~100.0%
as well as limit of quantitation(LOQ) of 0.04 mg/kg.
Amisulbrom residues in winter-grown cabbage gradually
decreased as time elapsed. The dissipation rate of the
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residue would be affected by intrinsic degradation along
with dilution by the cabbage growth. The decay pattern was
well fitted by the simple first-order kinetics.
CONCLUSION: Biological half-lives of amisulbrom in
winter-grown cabbage ranged 3.7 ~4.1 days in two field
conditions. Based on the regression of amisulbrom
dissipation, PHRLs of amisulbrom in winter-grown
cabbage were recommended as 8.86~9.47 and 4.21 ~4.35
mg/kg for 10 and 5 days before harvest, respectively.

Key words: Amisulbrom, Biological half-life, Pre-harvest
residue limit(PHRL), Winter-grown cabbage
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Table 1. Physicochemical properties of amisulbrom(MacBean, 2012)

Common name

Amisulbrom

IUPAC name

3-(3-bromo-6-fluoro-2-methylindol-1-ylsulfonyl)- N, A-dimethyl-1/#1,2,4- trazole-1-sulfonamide

Molecular weight : 466.3

Physical chemistry Melting point : 128.6~130C

Water solubility : 0.11 mg/L(20C)

Molecular formular : Ci3Hi3BrFNsO4S;
Log Pow : 4.4
Vapor pressure : 1.8x10° mPa(25C)

Chemical structure
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2 FEoie B8 w7BRHNE sAE F
ZH73]87]5(Maximum  Residue Limit; MRL)S A7
o] 7], 7H53kal Qlti(Lee et al, 2008).

SRS E7E(MRL)S 8 F E38tEw wAkE 9l 4
ol A7t 8 8H e Hd s EE oy, =
o= 2014\ 122 715 44059] sofoll hal sak=e] sk
AFs|g7)50] AR glow, 53] sidoluFoAs A
z¥ AL 23] 9952 skl thal s 8r o] AA
5o} 9ItiMinistry of Food and Drug Safety, 2014).

A AR TR 7Y T el
Al o]FAA =], MRLE 38t #4131 w1k tisiAl= o
Hat A7 HH, o]dl 2X|= sk AL e 2 A
H|8-& Fshs AR sl gjst &48 s
ok A A FEEY eIkl Wi #HorE &
3t & o A7 AAHAERE BAAIL AEEHE A
ojn] f-go] FxrEo] A7V Y W AA 2AE 317t o
Het s P RdE= Fet ojv] Fakd sAHEo]
ZHRP A f8E S e FAE oP|E Q7] o
woll $24% F Adskabe =9 B2 A ulg- 598 A
eto]thKo ef al, 2003; Lee et al, 2008).

upebA sAE0 skl sk b W7k Esh A
of o]Fofx]= Aol viaAE Zlo]W(Kim et al, 2002), ©]
23k HAR S sdskes 7P AAs S AAIRE Sl
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71l #& = = Fo|tiChoi et al, 2002; Ko et al,
2003; Seong et al, 2004; Lee et al, 2008; Kim et al,
2009). olfgt AYAhAA 5oL Pre-Harvest
Residue Limit(PHRL)S 233l Qlo] 2H&Eel Axe &
ok 8327 L VB 3 23 5 ofe] 2l AE
FA we S8 aae] el 1 el wak Jrvt Aolal

P 2(Hill and Inaba, 1990; Bentson, 1990), Ajuj7]7t & 1t
A e 1S T 7 & e A RS
FEato] siE T ARk Fass Hrletoiof gt

2 A9 A EQ] amisulbrom|[3-(3-bromo-6-fluoro-
2-methylindol-1-ylsulfonyl)- N, A-dime-thyl-1/F1,2,4-tra
zole-1-sulfonamide]< AlAZ 2.2 2007d0] Hx2 =49
sulfonamideZl] Ad A2 ML AU vEZ=Eole] 35
= AAgOoEN dtte] dEAor Agah= oAE &
24 lthMacBean, 2012). 2l=tollM= 5 2 7Hxke] A
Hl(US/EPA, 2011), st s 15, i3, 7L, <kl o),
T, BEntE, 30 5 opFet A=) Al Alell mat, e
=9, o9 9 ByASES Akl AR glor
(Korea Crop Protection Association, 2014), S1Zo]uj5
of 3k MRL- 2.0 mg/kgo2 A4=o] JtMinistry
of Food and Drug Safety, 2014). FHAME-7]E2 w52
Sty WAl 109 R 0® Astal, 8 797714 43]
ojUlZ ANFEE T5E $ItHKorea Crop Protection
Association, 2014).

wEhA] 2 AgelA= AHAl amisulbroms S Zolul|E
AANY 2ol Abarsta A VIiPEE g, doluE
=] A Fes AR BAlel SAIEH ool I

o=

ERLTETE

AleF & 715

B Aol A3 amisulbrom <=5 99% ©]4ke] #4
4 %5%5 Dr. Ehrenstorfer GmbH(Germany) =8
st ARESISItHTable 1). ¥5%2 stock solution
acetonitrile®] ¢ 1000 mg/L2] sxZ ZA5H -20C
o] WE oA Btsta, L Al vt} acetonitrile® 3415}k
o] ARE3ISIYE Florisil(60~100 mesh)< ]. T. Baker
(USA)ZH-E] 4lato] 130°C ol|4] aFut o)k 7+, 243}
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Table 2. Formulation and safe use standard (Korea Crop Protection Association, 2009)

Pesticide Formulation type

ALY contents(%) Dilution (mL in 20 L water)

Safe use standard
PHI” (day) MAF” (time)

Amisulbrom sc? 135

10 7 4

Abbreviations : Y Active ingredient, ? Pre-harvest interval, ¥ Maximum application frequency, 9 Suspension concentrate.

Table 3. HPLC operating parameters for the analysis of amisulbrom

HPLC system

Detector

Column

Column temp. 40C

Mobile phase

Flow rate 1.0 mL/min
Wavelength UV 255 nm
Injection vol. 20 uL

Agilent 1200 HPLC system
Agilent 1200 photodiode array UV detector
YMC-Pack Pro Cis RS(4.6x250 mm, 5 /m)

Water/acetonitrile(20/80, v/v)

3to] AREEIATE nHexane, dichloromethane, acetonitrile
% ethyl acetatex= %482, deionized water:
HPLCE2 J. T. Baker(USA)olA +13t] AHE-3lSAT) 7]
B} §718u 9 FUIAORS AR EE A S-S AL
£313ith 557 Eyela NE-1000SW(Japan)E AHE-sk31
a1, Szl Al nhf 9 dshs 1% SRAUlA
(IKA, Ultra-Turrax T-25, USA)E o]tk AL 5oF
Q1 amisulbrom 13.5% HAFIAI(NEY : W2he YT
A 27 5k Aol F4lSkGItHTable 2).

o = =

TAREQ Qe Rt rERe FTEETS T
Nato] AARE AT s(EF )% ARAET 2)°
SIHGE AANY F7RA AEtIh & APEA 7844
m’(£4 1) 9 782 m*(2F 2)9) ANFEH] AP TE 47
3WHE WAk, HHE 7F AFhE 1 m o) AAsko] wat

A :
A SFAIQ] amisulbrom dTEHA1(13.5%)E AL
7] Ha 7NEFHeRE AR & AeETUIE oldsty
(A2 3.0 kg/cm?) AL o] S goujFo| TR 55
AERE 13] Arapeleh sk A 5 247 (0¥, 1, 3, 5,
7 9 1093kl Wi F ASE 71 kg o) AfF ko] 242l
AR St AGAE AT sl el ¥
AleFolet. ALY A
(UK)AF] 255 data logger(EL-USB-2-LCD)E ©]-&-5t

=g33ct,

H

12

HPLC/UVD &AM xA

Sidolul T amisulbrom® FHFEAdl= Ake]SE
Z7|(UVD)7} 42 Agilent(USA) 1200 series HPLCE
A8l tHTable 3).

HEATM 3 2AYESH

Amisulbrom®| stock solution® 3]43}o] 0.05~10
mg/Le] s/t HEF vl 89S Aleka, 7 20
uL# HPLCell T3] YEhd peak®] W4 7|FO0% %
THFAS AAsIITE A AEsAle ddolns o
Z ARolA IHdEHe] EAlSHA Ses ERIS ¥, 4
71719] AEsAst Al 9 B4 Fo s5Ee
qkato] ofefe] ARAlel] ofsf AREERGlow(Lee et al,
2011), Y 427 amisulbrom= A3 J5& A|HO
= Al

LOQ(mg/kg)=[717] dZsA(ng)/ U L) X[ 58
i(mL)/ A E%(g)]

2M71712| xHEM(Reproducibility) H#E

Amisulbrom X%F€%(0.5 mg/L)< HPLCe| 1591 +
dete] Z=rtETH A9 retention time % peak area?
HolE Bl HEsto] 471719 A@de H7keklth

SiZ0|ti= & amisulbrom ZHREAM A|R2| £& 2 M|

Sizolulj 3= A% 25 gol| acetonitrile 100 mLE 7}stal &
BAo] A AdellA 2387 11457E(12,000 rpm) FE8ISATH
FEEe %A (Toyo No. 6, Japan)7} 2% Buchner
funnel AellA oFstal Alg 9 SEAV]A S o]
acetonitrile 50 mLZ 0] 2b4 2] oz} &51ic) gzl
FENE 1 L &9 FHolFol &713 239 50 mL
9 TH4 450 mLE 3713 ¥ dichloromethane 50 mL
2 23] ) F=35th %1 dichloromethane FE94-&
7= sodium sulfateol] &3}A[A B8 & 40C oA 79t
5=, A0St A5 HFEL n-hexane 10 mLof A&

&) skick A, W7 1.5 em, Zo) 40 cm) eld ol &
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48170 Florisil 10 g 714 4% %, 3 g9 7+ effect— 5 UAPH amisulbrom %)
sodium sulfateE 7 9o 715}tk AHe| n-hexane
50 mLE 7}ste] Abete]l A9 prhexane®] B LR £ MESEM Hi2t7] 2l pre-harvest residue limit(PHRL) A=

Z21A WY 5 phexane 10 mLol =91 A5 £9& 7}s) AN o2 AQF s QZdolaF A& T amisulbrom FHF
o] % 3 mL/min?| %502 FEAZTE F31A] EHo] = A FAE w14 Rk o= a4, 3]914s &
Z57] 2% nhexane/ethyl acetate =3-8-9(95/5, v/v) 2 A5 (least square method) .2 AFESH §- HAAl 24

100 mLE #&A17 WA $ A3} n-hexane/ethyl acetate B AETH w77)E AESItHChae ef al, 1981, Gomez

E3hgoN@5/15, v/v) 150 mLE £EA7A Wkt et al, 1984). 3|7121¢] FAA NS A8 SIaiA
Amisulbrom®] §&% F82 40C oA 74 &5, A3}t AAGe] AF9) A A A5 coefficient of correlation, )9}
11 A5FE-S water/acetonitrile (20/80, v/v) 10 mLol| A RS AM EAYES 894L, PHRLS 584
g-3f5lo] HPLCE #4181tk FATE oA st vpel] mt AAsGich =, s
QA 3| AAT diste] £33 53, Foido] A 3
38 A AAG thste] 95% A&7k 3k, o] F sekpte 7
FAe] olzolujZe] amisulbrom ZFEE9S 747t 0.4 AR ARSIt ekl WREFS AETA §8E
2 2.0 mg/kg®] HEF 3RHE o2 AT, E3let & V] o= gigidt ¥ F3k A 1097149 99 FAREE 34, A
e At g 9 B4 eakE AREselth =39 PHRL= A4t
%iZI0|HHZE = amisulbrome| 3A{E T} Za} U pE
2 A2 amisulbrom®] FEEst ddolu)F A
W3S 783ko] dilution effect(A)$} dilution effectE i AZolulS= THHl B AlM el 2 - &= R NZO[H F2
Agt amisulbrom® FFEE(B)E oY Ao g3 A= SHE
ato] AFaTAS AAdsit ARA7IZE 109 s_ke] A W 71 21 9 2004
A=(027} amisulbrom HEx02 3} ozl 3 B7)/ 247t 232~302°C, 22.8~29.6C W on, £ 27
228} olapd Slzto|u)E LA 51.6~65.2%, 49.9~65.6% RIS tHFig. 1). oA Axd=Z
B=097} amisulbrom 73— (52 AP dilution HE] A B 107bA] Sizolu|Eee] BWHERA ek ¥
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Fig. 1. Changes of temperature and humidity during cultivation of winter-grown cabbage.



124

Ahn et al.

100 -
90 | m Field 1 = Field 2
80
70
60

50

Weight (g)

40

30

o 1 3 7

Harvest day

10

Fig. 2. Growth of winter-grown cabbage during experimental period.

Table 4. Reproducibility of peak area and retention time of amisulbrom in HPLC

Parameter Retention time (min) Peak Area (mAU)
Minimum 8.243 13.5
Maximum 8.324 14.9
Mean 8.281 14.5
SD 0.02 0.39
CV (%) 0.30 2.68

*Abbreviations :

SD, standard deviation; CV, coefficient of variance.

Table 5. Recovery ratio of amisulbrom in winter-grown cabbage

Pesticide Fortification (mg/kg) Recovery ratio (%)1) SD CV (%)
0.4 93.7 2.3 25
Amisulbrom
2.0 100.0 1.3 1.3

Y Mean values of triplicate samples with standard deviations.

1914 02U} thu] 44.5 g(53.4%), T4 204 093 thn)
427 g(50.6%) 7kt 202 ERISITHFig. 2).

HEHTMO| MY A EMTZRH

Amisulbrom®] 558 XF84(0.05~10 mg/L) 20 uL
2 HPLCY] F¢, B3l A& kAo 3L
y=29.63x-0.22("=0.9999*) 2 $-73t 2448 Yehjgich
‘:'**717191 AFSA(LOQ) St NEFH 18)ar A9y F9

LT S

o AxFste] Bao] HERAIS ALt oz
ojufjF /\1»01]*1 EAC] EABHA ke ERIS § AT
%% amisulbrom?| FFSHAIE 0.04 mg/kgolloH, =
#7121 Codex(Codex Alimentarius Commission, 2003) %!
A ookEekd A (Lee, 2009)°M ARTH gAY
71749 0.05 mg/kg ©l8k i 8§71%2] 1/2 olate] %
SHA| 71l Ak

=AM71719] T d(Reproducibility) E7t
w4 71719 Ad 47FE #1805 mg/Le
159 HHEg 9] 241519 retention time ¥ peak area®
HOJAIHCY, %)E AR B4 A H7ks AAs @
o, AR zﬂt‘"‘i B F 27%% =S
L]'EMM 7171 24 Al Aol AR
St Table 4).

gl

IFEQ oS
AL 1=

Al whafet Fx7] A=) amisulbrom
FAA 10 9 50019 7t HES %7}6}
B A 3as HESI ol AR
AZvtE 734 amisulbrom® WHFE /\]ﬂ
o] 2w, amisulbrom peak®t T3 =& Wl
%}‘iiﬂ(ﬁg. 3). oA 108] F=olM= 93, 7%, |
508 oA E 100.0%2] FEet 35S B
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Fig. 3. HPLC chromatogram of amisulbrom. A; standard(10.0 mg/L), B; control, C; recovery(5.0 mg/kg), D; a field
sample.
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Fig. 4. Dissipation curves of amisulbrom in winter-grown cabbage during experimental period.

T gmate] B oA A 25%% A Aggsol
Al AFEA7IER] S7E 70~120% HSleF AL
2k 10% ©JWlE #H53leltHTable 5).

A2 T E=N |1 i Pl i i e e

FARES] AE7IZE T AR Foko] WFES kA9 &
gt 54, AF, 71, dAAE w, Az, oFA A
XS 5E Aoy U AEA 0 A0 F Qs A St
of o3l QS WH=THJeong et al, 2004).

Sgolus Au) Al AFA] amisulbrom IAIS
V|Eo 7 13] AXE F 109 B¢ Aok ARES
S7ste] obA|9 RS B4 A, 2] AR

% 1914 8.16 mg/kg, X4 2014 7.43 mg/kg % MRL

]l 2.0 mg/kgk.th oF 4ul] F<Fol| ajFasl= A5 HERS
o1}, 109 Foli= 24 13} 2614 B 127 mg/kgO& %
AE]o] MRL ©]tz SolSth(Fig. 4).

Amisulbrom®] A4 55 7HA S w14} 7
WSO = 3|4, 3928 #HAAsH (least square method) S
2 akEsiGity AT AlERl A AT (coefficient of
correlation, A9 FARAS Ax ERAL F3s A,
T X4 BFolA amisulbrom® HAA HREF sl of
ot 31948 BAIEE felAdol 9% FEelA JAFEHSNAL
(Table 6), ©] 3]H 2ol &J3] A=% amisulbrom®] Aul7]
7t = AESE W 77 3797 4190130 394
ol tist £ 2] A}, F T BFIA 9% oA &
AT ool QA ATHTable 6). Wl =HsAHEZ
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Table 6. Regression for the dissipation of amisulbrom residues in winter-grown cabbage

2

Decay coefficient (day™)

Field Regression curve r Ftest ttest - - - 2
Regression Min. of 95% confidence
Field 1 Y=8.936¢ ¥ 0985+ 267.16* = 16.35* 0.1873 0.156
Field 2 Y=7.172¢ 16X 0.993** 562.28*  23.78** 0.1685 0.149
n Significance at 95% (*) and 99% (**) probability.
2 The lowest value of 95% confidence limit.
1 Field 1 1 Field 2

0 1 2 3 4 3 6 7 8 9 10

Days after treatment (Days)

0 1 2 3 4 5 6 7 8 9 10

Days after treatment (Days)

Fig. 5. Dilution effect for the dissipation of amisulbrom during experimental period.

Field 1

Residue (mg/kg)
R
//
©
R
o
)

10 9 8 7 6 5 a 3 2 1 0
Days before harvest (Days)

Field 2

)

«
@
©

Residue (mg/kg)
/4
o

63 y=10.288e014%x
R?=1

10 9 8 7 | 6 5 4 3 2 1 o
Days before harvest (Days)

Fig. 6. Pre-harvest residue limit of amisulbrom for winter-grown cabbage.

Al delA g vtell wet g7l tate] 95% Al
77 L=t toosen (s/n'?) Aol dalo] 8, o] F
&13HgkS PHRL AHS 9% Z.}ié}*i sz Zlol 7t
Stk £ 1 9 2004 95% ATk sk 7t
0.156 % 0.149 day'°]lth

ciztoluf =2l ZHIE0H E amisulbrom?| &M &1}

;d_ﬂv/] &r_o}: z} /Hoﬂ oé—cﬂ:_(l _f‘: ].;d— = Qo % 14.
2 AEe vt el wE oe sMERE & ¢ vt
(Marin et al, 2003). X748 17 29 7l&% A Al
amisulbrom 7 HAAE 7]FO0R dto] Sldolu|Fe]
FAS7 e WE amisulbrom® 3 &= wiAsE A=t
g v B 7 R AN AR el A

#) SkIekFig. 5).

Sldoula 164“111 o] A AFE F AVM M%
Aol FA% A=o] of7] wiitel FAE] e
oko] FAF 3= Q0|(Lee ef al, 2008)} o] F4 ol *M}
k= Aol vlsl 34 ¢ Aow dekEch

L

L
A}
Az

Pre-harvest residue limit(PHRL) A&

PHRL:> # 7% A §oF 7ol MRL& 23514
AEE 75 A I A ARFS AP 7EFAEA
amisulbrom® 7|5% A A] SlZo)ulE = amisulbrom
o] 73] A o m T E AR 3|AAITE] 95% AlE T T
aletghs 2431t =, Table 62 95% A #13F 5 &13kgk
S A3k 399218 2H27F Y=11.062¢ " 2 Y=10.288¢ 4

=

ojn, o] 3]7]21& o]g-ste] PHRL 245 2M33I3{tHFig. 6).
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HAEH| st TRSEIIE =

PHRL =& Z7]% sfo] Sldoluja 522k 1094 7
o] 8.86~9.47 mg/kg = 5] 4.21~4.35 mg/kg
olstehd =& A] amisulbrom® FFEE=7F MRL < ©]
St R Zo% oS5Ho] ofF SlZolufFel thek Ak

=
W ok ARHEIEE FAL 5 AL Aol

x i

o)

Aol sldoluls A7 13t 5 At Al amisulbrom
& sk, FoF A 5 02417 ©l), 1, 3, 5,7 B 109
of sizoluj3 Al5E AFHste] amisulbrom= A5k
amisulbrom?] A& W7 S 4bEste] BATDA woF
Z+5+8]4-7]55(PHRL; Pre-Harvest Residue Limit)S 473}t
Ak SidolnFe] FFe amisulbrom  acetonitrile¥}
dichloromethane®.2 Z}Z} F& % FulE gsto]
HPLC-UVDZ #4331 th. Amisulbrom?] #4174 %3HA+=
0.04 mg/kgo] M, B 31582 04 2 20 mg/kg®] F
ol 247F 93.7+2.3%9} 100.0+1.3%C] ATk Amisulbrom
= 7IEFoR 13] A2 A QAo Fo B8 vt
e T4 1 9 2004 247 3799 4192 AitEglon,
A 2 34 a7} amisulbrom®] HFE el 5
QAR AgsA= okt ARHA 3]94E o8 A
AP ok 5318712 78 10974 8.86~9.47 mg/kg,
T 594l 4.21~4.35 mg/kg & b3t

it
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