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Abstract

The biological half-life and dissipation rate of azox-
ystrobin in crown daisy were calculated to establish
the pre-harvest residue limits (PHRLs). The pesticide
residues were calculated after washing with five differ-
ent processes to propose an effective process in the
household and conducted a risk assessment to confirm
dietary safety. Azoxystrobin was sprayed according to
the critical good agricultural practices (cGAP) in two
different field trials, and the samples were harvested
7 times. The limit of quantitation was 0.02 mg/kg, and
the mean recoveries of azoxystrobin were within the
range of 70~120% with below 20% coefficient varia-
tion at the concentration of 0.02 and 0.2 mg/kg . The
biological half-lives were 7.4 and 4.7 days, and the
dissipation rate constants were 0.0872 and 0.1217 in
fields 1 and 2, respectively. The average removal rates
were 58.13~78.13% by the different washing proc-
esses, and there were significant differences between
the washing processes (one-way ANOVA analysis and
post-hoc Duncan test, p-value<0.05). The residues of
azoxystrobin in crown daisy were safe levels from farm
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to fork after application with the critical good agricul-
tural practice (cGAP) registered in Korea.
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agricultural practices(cGAP)°ll #l[=:= azoxystrobin
21.7% WFr3A(Hle, Hanearl science, Taebaek,
Korea)Alss ARESIGITE AiAlS 9%t azoxystrobin
EFFS 5 99.5% = Dr. Ehrenstorfer GmbH (Augsbug,
Germeny), 7]&7li= HPLC grade?] acetone, dichloro-
methane, acetonitrile, n-hexane % waterE J.T.Baker
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o} AabdAlel A eghet Al 5.2 AlE el e FoRbR

A E 218 AFAES ARG AFA(EHA 5
WAA], Organic K, Chilgok, Korea), #[o]7] Ark(ghs]
100%, LG Household & Health Care, Seoul, Korea), Z
-2zl Eco biotech, Hwaseong, Korea) ¥ 2%
(¥x21%, Ottogi, Eumseong, Korea)s T4t ARE-s}

ALt

EFANE, AETR2| 2 HEeHEd

AP FoR R RAgRlE flgh A A 219
APFEZGE AP AQ] Apo] 3 oF
40 km?®] #ol7} Q= 27 E J—"—
TH AT, AT 22 A oAt 7}
A-EZS] AT ATt 3R, '1\’4‘7’ 1o
ZJITh Al soke] s st ZAlE wEXNTHA 1L
Algh QEAARS 7]l et Algs2Hazoxystrobin 21.7%
3578HAl) 5 mLE& Fste] 10 L == 2,0008] 34 skalck
(Table 1). ZA] A|@5oke] A= AF <zl w2 577
EL969-1(Perfect EL, Siheung, Korea)< AH8-3F3111, cali-
brations F&st] £57717F A 2sshe As 2l
3 5 ok 12 L/minZ QFAARE TS0l AeiA 7Y 744 2
3] AdA s Adlsek AENY AErgriA e 24
A 7132 2020 498 3UHE 49 3001910, Al
oF 23] A¥ S AR5 72 0 (HF X 2AF), 1, 3
5,7, 10¢ 4 1493t 1 kg o149 75 7Fa3 el
S5 polyethylene bagell #F|skaL, 2443t o|ujel] &5
A AR Rkl AdAE eukst AlgE wdd
¥} 3] 5 A|ASHLL, deep freezer(-70°C)°ll 24411t 52t
& YEst ARE villste] vAS § HIAIES A4

% rglste] A 8 A7k WEEE-20°C olshs)
o, H7|E 5eF AR 5 azoxystrobin®] FYA &4l
S Aol azoxystrobin EFENE 1.0
= Aglsto] L Bex(-20°C ©]
oA A AEU7H] Bkl

uu o
N
2,
ol
ol
N
do,
ol
ol
2
!
o>
,d
HU

~

Al mp 4o, r-\m >

=AY =8 ¥ 3 AR 24
A A =FeAl= signal to noise ratio (S/N)7} 10 ©]
AR HrHEHdow FH AR l?’*ﬂ](g) 7171 F4%Hul), &
Ag-e9] HEHI(mL) B Al g sho] AFEskgith
24782 azoxystrobin 1,000 mg/kg Ad3xEFE9 10 mL
A & ded 2789 01, 02,05 1, 2 9 5 mg/LS

RIS FEAI g BAH A 9 A
A 1009] 27 FESF, MO R SAss, BAE A
20 gofl EFENE A3t F, acetone 100 mLS 7}s}o]

-

fe BB
2,
D
_&

Table 1. The critical good agricultural practice(cGAP) of azoxystrobin on crown daisy in Korea

Application No. Pre-harvest interval

Formulation type Active ingredient (%) Dilution (Interval between applications) (days)
Suspension 2
concentrate 217 2,000 (7 days) 7
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2047t WRH250 rpm) 0% sle] FESIGAE FE2 buch-
ner funnelZ ©|€35}4] 110 mm< Whatman Grade 6 ¢
IA](Amersham, UK)Z 7¢t - o373t & 30 mL2 ace-
tones ©]g3to] FE87] 9 FF iaS AlFsHEA] o3
33itt 500 mL 2ol Foll F59, E3H4A4 20 mL 2
=7 80 mLE %7t & dichloromethane 100 mL 2
50 mLE 23] 288131, §7]8wZE sodium sulfate]
EIAA -5 #1718k, EYELA rotary evaporator N-
1110 Series (Tokyo, Japan)& ©]&3t] 7St s=al3ict
+% A3EE acetone/n-hexane (5/95, v/v) 2 mLZ A
233t & n-hexane 5 mLZ #JA7] Florisil SPE cart-
ridge (1 g, 6 mL)° A58 2 mLS Y1, acetone/n-
hexane (5/95, v/v) 10 mLZ A& 3t 3, acetone/n-hexane
(45/55, v/v) 10 mL% §%3}°] rotary vacuum evapor-
ator® FE3IHE FFUIES 2 mLY acetonitrile® A
4&l13}2 0.2 ym PTEE filter (Amersham, UK)Z ©}¥}3F
BG40 ul)S HPLC-DADE #41313itk. HPLC-DAD
(Agilent 1260 Infinity Series, USA)2| 717]371 Luna
Cis (250 x 4.6 mm, 5 /m, Phenomenex)< A5, o|F
A+e] Z4]8 water/ acetonitrile (55/45, v/v)<] isocratic.2.
2 748k, 745 1.0 mL/min, AIEFYF 20 pl, HEH
225 nm= A7gsISltk At EGAE A=, #7898
AlE B AIFAES] azoxystrobin®] i A2 3]TEA|
Ay FYst wH o R 3RkE it

AARA A A 3E2GATE A azoxystrobin 21.7% 4
ATEAE PAARE 7]l whet 2AlekaL, 23] A Aest
S AFH S 0(HF AE 2M7F), 1, 3, 5,7, 109 H 1443
o] 7N E F azoxystrobin® AAPE AR HAHkS
AEEAHEZ Excel (Microsoft Excel 2016)= ©]-23 3|4
B8 AABte] a2 (first order kinetics) 8 E C=
Coe™ (Ci A7, Co 2716 E, ke A2, 6 A17h 9 3
A2 F8l(MFDS, 2014), Ftest9} t-testo]l 23t 94
= gk &, W9} 95% AlEGEe] AT HAE
AF=3StTable 2)[5,10].
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b

T AEEL 19 HE A AE T 3UA ]| AFH s S
ARESIGITE MlA 3 AR SRS st AlRe APAE &
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g AFA, wolF At Zevher 9 Ax) 0w Al
11[12,13,15], A2 AlZol 7141E o] = ARl we)
TxE 6 L 7 BdALE AHAE 9 g wo) Arks
60 g, ZEIHT= 3 g B A% 300 mLe AHE-sto] 24
o 5, 7 AR 300 g AEEE A AlF 6 L)
o 13 B 9 & 7% 6 L/min® 32% &of 30x7t
23] AIABISITHMEDS, 2016). Al 3 A2-ox 715 A7
St A5+ deep freezer(-70°C)°ll 24A13F B2t w5 Wsst
=, v 9 A stste] FHRAEA 8 A7ER] -20°C o st
A s Baspleh AMAHAIRS] azoxystrobin 7 A
gAY FUS o R sk

NEEA 19 HFokA| Ax & 3Ux} AR AF A -
$-9] azoxystrobin®] GO ERE MH ] gt sk
AAE(%)& Aol

o

=

it

AH 5 57 mg/ k)

FF AARG) = (1-
VRO = O o e avamg g

) x 100

AR sk AZES] F4dE SPSS (Statis-
tical Package for the Social Science, Ver. 18.0, SPSS
Inc., Chicago, IL, USA) Y¥tAHE4](one-way Analysis
of variation, ANOVA)Z} AFEE-X(Duncan test)S 19
T 0.05014 skt

AL 290 MF|ol 2 azoxystrobin 23HA 7t

= 5 AFsere] A e JAEEER] A
“J*H estimated daily intake, EDI)Z} Q14 QHd7]|FE o=
J=lo] Sl UUAIF8]-8FHacceptable daily intake, ADI)
Hlwalo] 7kskar 9lom, Codex U 2ok ol Ao Q)
+ azoxystrobin ADI 0.2 mg/kg-bw/day°|tHMFDS,
2008)[16]. & A= &%k AYAFdA A azoxystrobin &
SRR A9(0UA}), ARSI FEUA(7LAY) Y
Aol oJgt AAES st AnaA Y R wEHHE
] 18t 2020 FRAGGGZAL A87TeA AATSt
1= 3=l AR St dAH TN HaATE 283t
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Table 2. Dissipation regression analysis and biological half-life of azoxystrobin in crown daisy

Crops

Crown daisy

Field No. Field 1

Field 2 Average

Dissipation regression curve® y =19.5726e " (R*=0.9963) y = 27.5774e15* (R* = 0.9754) y = 23.5022¢ "2 (R? = 0.9849)

Biological half-life 7.4

Dissipation rate constant” 0.0872~0.1004

4.7 5.7
0.1217~0.1761 0.1044~0.1390

% Significant at p<0.05 by the Ftest.
Y Significant at p<0.05 by the t-test.
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WL, ==B7F A= ADIS) vluste] ffsids BrlskSit
(KHIDI, 2020)[17,18].

EDI(mg/kg - bw/day) =

EDI kg - bw/d
%GADI = (mg/kg * bw/day) x 100
ADI(mg/kg - bw/day)

Zo W o

My sz

Azoxystrobin®] 4% JFA= 0.02 mg/kgE 2ok
A A ok RS vl (2014)0 AIAE 0.05 mg/
kg oIl Agsiginh Hapd #58990.1, 0.2, 05,1, 2 2
5 mg/L)9] AZvETH 37 WA g o]gste] A
¥ 3|94 y=2.64215x+1.47726°|30 31, A= °=0.999
2 AAAE gRlsiith A el 9 A 100
9] 3§ U ol Al5x(Coefficient of Variation, CV)+=
2}7} 73.9-101.6%, 2.3-11.7%% 3442 70-120% % CVE=
20% olat= Aok ] A 387w AL, H5t &
azoxystrobin Ao] ¢k ¥= 5191 -20°C ©o]3}e] 4
FRAZAANN 358 73.9-80.4%, CV 4.1%%Z <HEsdtt
(MFDS, 2014).

HI
o

35

AField 1

25

20

15

Residue (mg/kg)

10

@ Field 2

30 O_——T ________________

AAAY £kl Azoxystrobin 21.7% WVITEAIE <t

H

g ANEER 1, 2004 247t 19.1426
mg/kg, 30.2£2.0 mg/kgoI3al, HFHA AE F o
QD 792ke] AEEA 1, 2004 Bt B3 47 9.840.5
mg/kg, 8.8+1.1 mg/kgo|tHFig. 1). %3t & azoxy-
strobin®] MRL<> 30 mg/kgO.= A= o] glom, AJ§x
&1 9 2004 22t ok A $ 0UAF Bl 1UAHRE] 1S
871 olsklaL, U 79 AP 1, 2014 A7
e 871 3258% E 29.26% TFwolSith &%t &
azoxystrobin®| UAPH FFo e AET 3|74 APE
10014 y=19.5726e " (R?*=0.9963), AHEZ 2014
y=27.5774e1¥%(R?=0.9754), 271l A|FEA AAPH Hof &
T 394 y=23.5022¢"27(R?=0.9849)°]9)1, 3]
29 Zavdarel et 95% A5k AAEA 1, 2014 2}
7} 0.0938+0.0066, 0.1489+0.0272, 270 AHEZ AxpH 3
o AR fasdgel ddh 95% AlEThe 01217+
0.0173°]3/tKTable 2). A 1, 29] #aAr Hoghkes
77} 0.0872, 0.1217, 271 M@ dAPE Fat el 9
S ZHaT H gk 01044500, AIFEA 1, 298] BESH
W71 247 749, 479, AEAR 1, 29] Fat ARl
°ojgh A=otA W)= 57903t Table 2). A1FellA
azoxystrobin®| =84 W)= A7) v 1079, <ol
5-8Y, AluAl 7.9-13%, SldoliF 6.3-7.4%, 272 49-5
o, A5 4.87-6.23YU% 47t T azoxystrobin®] WHF7|$}
FAFSIHFTHMFEDS, 2019; MFDS, 2022)[19-21]. A3AFHA|

N

Average

MRL
(30 mg/kg)

Day after treatment

Fig. 1. Residual patterns of azoxystrobin in crown daisy under green-house condition trials reflecting critical

good agricultural practice.
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' 0.06 0.083
0
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Fig. 2. Dissipation rate constants evaluation of azoxystrobin on crown daisy with leafy vegetables proposed by MFDS.

TAEOIG)E azoxystrobin®] HAF(,
28, *J% Al% 1, S, FuE)ol Hadrekdl
J sttt A A3 Wt 2SDE 95%
7 dAste] wlust 43, &7t F azoxystrobin £F
i*o*#t 95% el EFu o] AT HASA
7} FAFIATHMEDS, 2022, Fig. 2)[22-24].

M&oll g TRsef M7HSs} Hlm

2710 2ol uh azoxystrobin®] A1F M3} 2
HFFOERE AEd FHAAES FRE AL Al
A, Wlo]Z A, ket 9 A xellx 747} 58.13+11.69%,
78.13+7.87%, 70.29+3.65%, 62.76+8.40% 2 75.11+9.78%
o, %7t F azoxystrobin®] AZEHE AAEL- SPSS

EAZZ IS o]gst ANOVAREA S AREEA)(Duncan
test) A3}, AFWH(TFREE, FAANLE AHA, wlolF A,
7L/\y4._?.13 /\1_;;’\_)7} H]_u_f’ﬂ/ﬂ jq_O]jH_/J’\__Q_ /{ﬂi—]z-]] o] N}__E_
o] &gt AAH ] FFEoF A& FEES olEF AH
W O] A ALY 72402 HTHTable 3). Kim 5{25]
& EAAFONA HoF A & 0UAF AFH ] dF2] =41
E%Oﬂ 1% 34 & B8 F 3053k #oFHA *ﬂ%)oﬂ
$t azoxystrobin A|A£°] 75.3%%11L, Yang 5{26]<>

BA

= A, AleA] 9 A4S F azoxystrobin®] E"Ur =
%’% AASRE AL EAF ] e A ] 64% ©]

oE B AT E A wE woF AAL AT
[25,26]. AaF F woko] AHo) W A7 g ATSS 5ok
A

El_ o 1

VAR A AEE H45h 9

Table 3. Residue concentration and removal efficiency of azoxystrobin in crown daisy after washing

Test plot number

Mean+Standard Deviation

1 2 3
3 Days of residue concentration (mg/kg) 17.68 12.83 13.69 14.73 £2.59
Water 5.25 5.50 7.26 6.00 £ 1.09
. . Type 1 detergent” 2.26 3.41 3.59 3.09+0.72
i‘:;d:vzs(}ii";‘gceg::;‘fg“) Baking soda 453 3.96 447 4324032
Calcium powder 4.87 5.46 5.70 5.34+£0.43
Vinegar 2.60 4.39 3.53 3.50£0.90
Water 70.28 57.15 46.96 58.13+11.6%a
Type 1 detergent 87.21 73.40 73.77 78.13+7.87b
Removal efficiency (%) Baking soda 74.37 69.17 67.33 70.29 £ 3.65ab
Calcium powder 72.45 57.46 58.36 62.76 + 8.40ab
Vinegar 85.31 65.82 74.20 75.11+9.78b

) Type 1 detergent for fruits and vegetables wash.

» Removal efficiency (%) = (1-Residue Concentration after washing / 3 days of residue concentration) x 100.

Different letters are significantly difference between the groups as a result of one-way ANOVA analysis and post-hoc

Duncan test (p<0.05).
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-2 vears(l2.d kg) = 3--5 years(18.5 kg) 611 years(34.2 kg)
12~ 18 years(61.0 kg) 0 19-29 years(68.7 kg) 7 30-49 years(69.7 kg)
B S0-64 vears(65.8 kg) =R 65 years(60.4 kg) e Residue concentration(mglg)
35 ni1g
10 FO16
E F 014
Bl
5 25
= F 012
2
£ 20 Loto B
g -
z
s s B
E 15 o008
e
E 0,06
= F .06
=
% 10
=
F0.04
5
F o2
0

0 days after pesticide application

7 days after pesticide application

After washin

Fig. 3. Dietary risk assessment for azoxystrobin residues in crown daisy.

om, o] FAkEel sofo] FAE = Ajggo] vidwA] ¢
S ARE 7EoRE AHe A% 1Hsoke] AlAEo] AR
TH12-14,27]. ¥ QA7ellA= ApldAlelx] sk A & A
7re] e e E4HE2] epicuticular wax 9 cuticular
membranedl] F2%= ARES dgshal, Rt B2 AR
Fom Ao o AAES AFEe] oHe s 13}@31
0 AEE 3 5000 2ok 70 AR AReK) 1 7
eIt 26,27]. 4%t & azoxystrobin®] FHiEokS 2ok
Aelx] AAshE EAIH (T B F 3021 23] AlA) 0w
it 600 70| AV, Akt A B A% o
9“5]’ AF o= Bt 75% ]’2}0 A=, 71 01]’\1 A& 27
Foto] sk et moAE 2ls ERIEIT

20| A azoxystrobin EtE20]| 2 Q|sHA Tt
78 AWA] azoxystrobin®] AL A0}, U7
20 9] =EH7E 9 AR AEEA 19 28] Hat 2
2F Z = =0 z}EF)co OO]X]—-— 30.19 mg/kg(}\]fﬂﬁxl- 2),
Uxk= 9.78 mg/kg(Alféi% = A&y, 799 ¥
Al e o3t 72 4.09 mg/kg % worst case(EA|F,
58.13%)2 AAEE HHgsto] AREsIGitt =&/ =
A7GGdzA =l A FitAlTkg) ¥ AFE S5 A
d HFHkgS AE 0}0% Fslal, wE 7 d9E
azoxystrobin ADI$} Hlwsto] 984 7+ 33sisith
(KHIDI, 2020)[1,2,28-30]. =W17A73%4oF FAtel] AT 4
72 AHEE 124 0.04 g, 3-114 0.09 g, 12-184]
0.08 g, 19-294] 0.18 g, 30-494] 0.61 g, 50-644] 0.47 g 4
654 o]’ 0.68 go &, AFUH Ft A5 479 azoxy-
strobin F#S 1H3 wEH7} A= ADIS v s
%ADIE ARzt A}, e 015604 kg) tH] Z7t 4

1

:(m mS

\]

AF o] Wl 654 o|Ake] %ADIZF 7H =9ko) ok AF
3 AH092h 2 FEUA7LAN ] azoxystrobin LR
3712* %ADI7} 242t 0.17% 2 0.06% % S1eldo] w4 o

< A A, el Al Sl el of%t
J@Jéﬂ e AGoto] A= %BADIZF 6541 o delA
0.03%2 AFE5]0], 27ke) ANRARE 20 AR azoxy-
strobin®] AFFL- oA Yado] mfg e RS el
CHFig. 3). A4 AT WA Anleel] 253
F Qe ok el diat e A4 LR 4Hd) o
ol i 2nlxte) QLS HAR: V1EARE @
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