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Abstract The overuse of pesticides can lead to residual problems, posing significant risks to both the
environment and consumer health. Consequently, many countries have implemented Maximum Residue
Limits (MRLs) for pesticide residues in agricultural products. This study evaluates the residue characteristics
and conducts a risk assessment of strobilurin-based pesticides, kresoxim-methyl and pyraclostrobin, in Avena
sativa L. (oats) grain and straw. Residue analysis revealed that the level of kresoxim-methyl in oat grains
were <0.01 mg/kg, while for pyraclostrobin the residue levels ranged from 0.02~0.08 mg/kg. In straw, the
kresoxim-methyl residue levels were between 0.30~0.92 mg/kg. and for pyraclostrobin it ranged from
2.96~13.36 mg/kg. A risk assessment for pyraclostrobin residues in oats using the 99th percentile exposure as
the highest risk scenario yielded Hazard Index (HI) values of 0.00435 and 0.00004, indicating a low risk
(HI<1). [Editor’s note: specifying the previous two value are for straw or grain would lead to better
understanding] Furthermore, considering realistic agricultural exposure scenarios, risk assessment conducted
on pesticide-treated plots at 14, 21, and 30 days after the final application showed a progressive reduction in
pesticide exposure risk compared to the day of harvest. (For grain, the HI value was 0.00004 for kresoxim-
methyl and 0.00109~0.00435 for pyraclostrobin, whereas for straw, the HI value obtained was 0.00028~
0.00076 for kresoxim-methyl and 0.03883~0.09581 for pyraclostrobin).
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P2 S AHEske Zleltt 3} |
e ksl HrEe ok w4t
HIZFE9] Q1A Bl o] S0l fral gt
o7 4] UrhPark et al,, 2013). A} =)
= 0131@ EARE WA S8l woF R8T
(maximum residue limits, MRL) 2 <QFAARE-7]Z(pre-
harvest interval, PHI)& "”43}04 Zald 2Ry 94 7|7k
Y AT E FEEE 313 FoFo] U= oAt 2HREHA|
A== #A2Isla Jok(Shin et al., 2022). 20199FE 27
5] 87IE0] AAFEA B2 2ol tai dEACE AR
F 0.01 mgkg 715S A&ate oS EAESREAE
(Positive List System, PLS)S =913le] MRLo] A% =]
0}_0_ D]E_% loaokoﬂ q}-a]- HZ‘]E;}} ,&24 Ak ‘:’_0_ \j}}g-g_i
#H7] 2 Z3 471 5 B AL FEE Bl e gw
3L Uth(Lee et al., 2020).

A&l (Avena sativa L.y= W3 Gramineae)d 3= i

F 7 SEA], Ao R He ek 23e 712
of iAol HatEm, AF B AR A=EA A
© 2 Au)== 2= tk(Stewart and McDougall, 2014). Th
& F=o vlal @A gk gl oopn|ieik o] ¢k,
linoleic acid, a-linolenic acid®} 7+ 4= A WAkS E3}31
tofsl ujgk JokAEs 388l glo] GUEHE 717} =uk
(Marmouzi et al., 2016).

“2017~2021 =RIGFEAE FLsAS ), Aol thet
ul=rel g AHFS 20174 0.73 gollA 20219 1.08 ¢
o= FIRtaL AUtk Aol F7tet A =l Azl AuiH
A& 20179 637.95 haollA] 2023 1,856.18 ha® S7ts}
AL, TG B9 = 2017d 6857914 2023 1,6937
o wpd 7 R} HeE Yk RGO AEE
Azl AuEA 3 2017 11.34 haollA] 175.40 haZ 10
) o1 S71SFATHMAFRA, 2017-2023). ©]o] vl =
5 779 ARSELL F 30TFE 2295 ), 7]
FEEFI A FF F A2 ol S, 53 M
Aol 7AY 5= T F77F 58T 02 Z(190%), 717H93
FOE 4 R 5% HoI9UthRDA, 2024a). At
Al 58F = 3629 A|Fo] FogFo|y Hkx| BHo=Z A}
$5)7 glow), ¥ ¥ PR Agsle AR 2
7} 15%, 7502 O F77F BESITHMEDS, 2024). ulel
A %’131011 AgHe =59 9 A7 dAld ol 87ks g
Aol vigk AR A7 2 asitt

StrobilurinAl A= 19961 azoxystrobin®] 7]#= 31
HAY7HA] kresoxim-methyl3} pyraclostrobing XE§3F oF 6
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Zo| AAA7E TEHUL, OF 40099F9] AE Hd#+S W
A As AR G2 89S 7HAL Slof ol
A gy o]g=o] Yrh(Park and Kim, 2022). BAF!
Strobilurusol A frEistden, nlEZ=2]ole] cytochrome
bellA Az AksHE9lel €22¢] cytochrome b9} ¢ AFe]<]
ARALE Waliste] ATP S JAlshs W0 At
244 Yehdti(Balba, 2007). Kresoxim-methyl 0019}
el Fo e A=olA Aol tig art
s, 37 AR o853 th(Yu et al, 2008).
Pyraclostrobin 53+ FE2pdo} oA B #AMYS-E A8l ot
T A=l gk A EH A WAl ARSE = sofolH,
53] =4, S7HEH, a0l o WA FE o]&HA
2ATtHSong et al., 2021). StrobilurinZ] A= 2 2H
oife] BAow AMgE] A8 &t A9 AR H2
A2 SFFS YAHOE UAA & FRFE 57T
Al71H &kst g4~ 9 indole acetic acid (IAA)} abscisic
acid (ABAYE S7HA 29 S-S 4 sla 524 &
AT A EEE AL Sl Strobilurin] AHEA]
E a0 ARSISS o, A=HAS} o] ALk
FHNE =55 = & AUth(Amaro et al., 2020).
FAO (Food and Agriculture Organization of the United
Nations)®] kresoxim-methyl 2 pyraclostrobin®] 2] =T]A}
o tigk X E Tl BalghEo] A& WollA tirte=
FHES IS Utk FAOO w=w A2jet 540] #
AFst 2HE?l "HollA] kresoxim-methyk #3524 22 BF490-
2 (490M2)2} BF490-9 (490M9)E Adtee= Zo = 3oy
ATHFAO, 1998). He] &3}t e=tol] At pyraclostrobin
3 2 tiakeel e 4 23 oA 28 3 BF500-3
(500M07)Rto] AZHASTS SRISIATHFAO, 2018). ©]A]
# strobilurin] FF 4] Al B3ltEF tlEe] dAEE
°] X}EE"J% Ao R B4 gAY 5SS IRIE
l‘é ﬁ?—t Al gk =1, S7FERs} e Fgoly
UAE EXHO=F ) strobilurinl l’;okgl ZH<! kresoxim-
methyl3} pyraclostrobin AZAIE =A A5 Azlol| 7
FAY F = W Fore AR 54 B Sei8 wWrkE A
Algte] Al F FRSE7E B bAMETIE AR
93 71225 2 FEstaat st

N

of
—r]fﬁ SFA| 2 kresoxim-methyl 50% /3538t

, Korea), pyraclostrobin 20% 93
0|9, Koreays Aste] AEaiaich

O, U
AN E589 24| 2 355 HAAol= kresoxim-methyl
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(98.5%, Sigma-aldrich, St. Louis, USA), BF490-2 (92.4%,
BASE SE, Germany), BF490-9 (99.7%, BASE SE, Germany),
pyraclostrobin (99.9%, Supelco, Germany), BF500-3 (99.9%,
BASF chemical company, Germany)E AFE-3ITH A2
Al 718vll= acetonitrile (HPLC grade, J. T. Baker, New
Jersey, USA)E ARSI, A9 formic acid (LC grade,
Honeywell, North Carolina, USA) ¥ QuEChERS Extraction
Kit (EN15662, CTK corporation, Korea)S AH&-3}932H
= DIAMOND Florentine syringe filter (0.22 pm, 13
mm, CTK corporation, Korea)S AF-3}31t}.

NP2 AR SRS T Ak A
) Al 2L AGSIACE FAE] D FAAE AIFPF
(FHEE 105 m)E wix|skaL A7 wApedS WA s
7] 913l 1 me] ASANE FAE A= A 7HA o]
AR vAE S RARIA 4 HEFHFE 40-
30, 40-30-21, 30-21-14, 21-14-7¢ A A¥)2 FA3IC
H, kresoxim-methyl 50% ’3<8H4] % pyraclostrobin
20% YAFIHAIS 3000802 3]4(6.67 220 Lysted A3
Z 4030 A A = A gAE Eels] sl
53 10 74 23] A¥E(10a G 174.6 LB o] 2 #19)
o A gte] A9 W A oA el gls) AT ¥ 7
o 744 33 AFE(10a G 174.6 L)3Iieh. o Arofer
(102 180.0 L) 2 32Jul<5=(3,00080 = 2+ 2] QHHAL
$71%8 sk AAEI.

ANFE AHE 20233 79 4Uol] ZE Ao st vt
Bk 43 1.0 kg, @ 2.0 kg o1 A A
A&7} 40 REF Polyethylene (PE) film bagell &
g Az o)F3It

O

APAZ e APl ¢FEHES, 2176 £ 075 g, n =
10) 2 (1 704, 2.96 + 0.13 g, n = 10)2.& Faalo] &
32 & gtk A $4 F AR Egfojofo] A
F7Fstd homogenizerZ w23}t o] F 5 g A s}
of A0 ARSI H A B -20°C of5te] =R Y
SHASATE AN H7HE 918 kresoxim-methylZ}
pyraclostrobin 2 Z} tAHE(BF490-2, BF490-9 ¥ BF500-
3) working solutiong 0.1 mgkg =7} HES FAH AR
5 goll A2lgh &, B4 A7 1H7 A5t Ui 2o w

Y5 H A3

EAY A M ¥ MY
7171 A #8HA (Instrumental Limit of Quantitation, ILOQ)

£ chromatogram 7 #4154 peak®| signal to noise ratio

(SN)7F 10 o]3R1 s&E AAsI3T) 7171 AFsHAldl 5
S F5t A ZAEFH(Minimum detectable amount,
MDA)S A=dt & AEF(g), 7171 FYUZH(L), T41&

Fol(ml) % IHRSE A5l ok 42 F

MDA (ng) x #F #3(mL) x 3|Auj5
7171 FYBHUL) x A F FA(g)

MLOQ (mg/kg) =

A A4S 9% working solution FAES $Is|
kresxoim-methyl 3% (98.5%) 5.08 mg, BF490-2 %
(92.4%) 5.38 mg 2 BF-490-9 5% 5 mg &3 5 10mL
volumetric flaskell 10 mL9] acetonitrileZ 8335t} 3
LMol FE7} 500 ug/mLe] E=Z primary stock solution
S AT 019 FY38HA pyraclostrobin, BF500-3 3
FH(99.9%)y2 27t 5 mgol H=m ¥ F 10 mL
volumetric flask®ll 10 mL9] acetonitrileZ £33t} 3
BN F&7} 500 ug/mLe] F=% primary stock solution
S ZAEII Y. ZAISE primary stock solutionS 0.0025,
0.005, 0.01, 0.025, 0.05, 0.1, 0.25 pg/mL FE=Z 343 I,
FAZYANEY acetonitrile FEES 1:1 (vv)E &S]
0.00125, 0.0025, 0.005, 0.0125, 0.025, 0.5, 0.125 pg/mL
&9 Matrix matched working solutiong ZA| 8}t
o]% LC-MS/MS9| kresoxim-methyl, BF490-2& 2 pL,
BF490-9= 5 pL, pyraclostrobin®} BF500-32 1 uLE
slo] 4951912 ™, chromatogram 32| peak area® EUZ
BT ARAE AT 2T AR AAS 34

o ok ARAF(?) Fho=2 1Tt

H2| & kresoxim-methyl ¥ pyraclostrobin 3|8 A&
e NP F R FAE A ¢ 2 A 4

A& 5 gl 2 0.5, 5 ug/mLe] working solution2 0.1

mL% FUste] HFEE 0.01 2 0.1 mgkee] HEE A

sto] SHHE- AEE FPsisivh. A48 A A &

o] 4% HAFTE 0.1 mgkg 522 Kresoxim-methyl

2 BF490-25 2] A 85 93 B¢ WErH(-20°C)

HO

o] MAE It g & Eg FYs FEoE
Kresoxim-methyl> 954, BF490-2= 93%, BF490-9= 78
d U YERAS T IFE AP TS o=
Z3te] A AlEe] AEAEL 1T ofeF &
WHO 2 pyraclostrobin 3 BF500-35 A 2|3t A2] &=
814, 78] &2 6449 FQF WEEAs T AN S

SEE=S

1 o o
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Hel & kresoxim-methyl & pyraclostrobin XF&4

A7 kresoxim-methyl¥} pyraclostrobin 2 Z}zbe] tgh
tJAES] 22 QUECHERS EN 15662 (MgSO; 4 g, NaCl
1 g, CHsNa,0; 1 g, CHNa,O; 0.5 g) S o83tk
(Lehotay et al., 2010). 23} A& 5 g (+ 0.05 g)& &
3t 50 mL centrifuge tubeo]l ¥, SHFF 10 mLE 3
7¥ste] 3047t 838 AIZTE 2 ¥ 10 mL acetonitriles
HA7F 3 127F shaker= 7daHA 18 FZ8i5ich 1" &
Sk AlZol| MgSO, 4 g, NaCl 1 g, sodium citrate 1 g3}

o1 AIXIY - OIXI - 51 - FlS

op>

RN - B4 - OlTE

disodium citrate sesquihydrate 0.5 g #7Fsto] 187+ W&
%, 4,000 rppmellA 10327+ A4 EEsiGiTh A AS 1mL
Fl3led DIAMOND Florentine syringe filter (0.22 pm, 13
mm)°l] $2A7] % 0.5 mLE F 3} acetonitrile 0.5 mL2}
4ol o] &9 1 uLE LC-MS/MSe it #4319t}
Kresoxim-methyl3} pyraclostrobin 2 tiAHES] 7]7] B4 =%
72 Table 19} 2t} &k 8% matrix matched
AL o]gste] Artsisitt.

FoFe] RIRMHERERE e tiakEo] QA Ee 3

Table 1. Analytical condition of HPLC-MS/MS for quantitative analysis

(A) Kreosim-methyl, BF490-2

Pesticides Kresoxim-methyl BF490-2

Instrument

Shimadzu LC-MS TQ8050 NX with UHPLC Nexera X2 (Japan)

Column Kinetex 2.6 pm C18 100 A, KC column, 150 x 2.1 mm

Ionization mode & type

Electrospray ionization (ESI), Positive (+)

A: 0.1% formic acid in water

B: 0.1% formic acid in acetonitrile

Time (min) A (%) B (%)

0.0 80 20
Mobile phase L5 80 20
4.0 0 100
7.0 0 100
8.0 80 20
10.0 80 20
Retention time 6.82 min 5.78 min
Injection volume 2 uL
Quantifier (CE?) 313.00/267.00 (8.0) 297.80/192.00 (17.0)
Qualifier (CE?) 314.00/116.00 (16.0) 297.80/116.00 (17.0)
(B) BF490-9
Pesticides BF490-9
Instrument Shimadzu LC-MS TQ8060 NX with UHPLC Nexera X2 (Japan)
Column Agilent Eclipse Plus 1.8 um C18, 50 x 2.1 mm

Ionization mode & type

Electrospray ionization (ESI), Positive (+)

A: 0.1% formic acid and 10 mM ammonium formate in acetonitrile/water (30/70)
B: 0.1% formic acid and 10 mM ammonium formate in acetonitrile/water (95/5)

Mobile phase

Retention time
Injection volume
Quantifier (CE?)

Qualifier (CE?)

Time (min) A (%) B (%)

0.0 100 0
1.0 100 0
4.0 0 100
7.0 0 100
8.0 100 0
10.0 100 0
5.58 min
5puL
316.00/116.00 (26.0)

316.00/180.00 (48.0)
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Table 1. Continued
(C) Pyraclostrobin, BF500-3

Pesticides Pyraclostrobin BF500-3
Instrument AB Sciex Exion LC with API 3200 (Japan)
Column Acquity UPLC® BEH Shield RP18 1.7 pm (2.1 x 100 mm)
Ionization mode & type Electrospray ionization (ESI), Positive (+)

A: 0.1% formic acid in water
B: 0.1% formic acid in acetonitrile

Time (min) A (%) B (%)

0.0 80 20
Mobile phase 1.0 80 20
3.0 20 80
7.0 20 80
8.0 80 20
10.0 80 20
Retention time 6.70 min 6.60 min
Injection volume 1 uL
Quantifier (CE®) 338.00/194.00 (16.0) 357.80/164.00 (25.0)
Qualifier (CE?) 338.00/163.00 (34.0) 357.00/132.00 (15.0)
3 CE : Collision energy
o F&ehe FAo] e 79l Ak ARFES bt st ARFsIAaL, Aof Rl g &) ARTFS W

o] H7}819t}. Kresoxim-methyl®] Z-722 o]o] tjalEel Bea Jepglon, 21 thea} 2th3, 4).
BF490-2, BF490-9 % E3}gHEe] ¢o=2 Yepfslorn, ol =

pyrclostrobin®] ZH7#-& BF500-3 % E3}RIES] o= &) # 7%].9] N iii]z.o o
UERHITHLushchak et al., 2018). thAHeS ¥Egteh= B 1?37%141?%35—;;?;?21%)
kresoxim-methyls} pyraclostrobin®] % zZHREe zbzt

kresoxim-methyl®] ThAFE BF490-29} BF490-9, pyraclostrobin (4) 7g] ol tigh &=to] 2] (%)
o] thAFE BF500-32] z-53ol SHAlE 3k 3h2 Hs) _ AE g=re] Bt It AR F(mgkg)
AFESIATHNAS, 2018) (1, 2). Al o] Hst Gt 2 (mg/kg)

« A2l AL =) x 100
(1) Z3l3t=9 & 277 (mgkg) °

= Z3}gHeo] FHmgke) HHZt| A
ALE-9] 2=k AR 0] BIALA|IZ=
+(AFEe AR F(mekg) x AAFEe] ST ZHsoke] A 542 first-order kinetics equations B}
ol s _ EEEES A goz gl 2)9] AFrE AT o el =
@tk S = e e & W3] 42 g3t ZthBeulke and Brown, 2001)
( kresoim-methyl®] FAFTF(313.4) 0.99 (3, 6).
BF490-2, BF490-92] #-2}3(315.3) ’ (5) o AT ¥ A5 Hoke] 2HBE(C,)
Pyralcostrobini wAF(387.8) _ 1.08) = ae (a = 7] F=(mgke), b = B3 SE A,
BF500-39] #A}75(357.8) t=A7h
zoko] By zFZOrALS Flolsly] 93 ofz w »
o] Hopd 7R O_E geolsty] sl Az E-—‘l = = 6) 3rokol 15‘1-@7](11/2) = ll"l'g (b =%l &= )
o] S} ZFEFS olgste] ARl Ut Hofl gk woke b
RS Atsiant. a3 AgE ¢ Aow st
o 243 FA HolHE wEeR A T S Fe F elay Hot
FHE IfElGit). AP At 2] W o4& Kresoxim-methyl % pyraclostrobin®| &4He ZHFoll



g2 Bk Sl
A=

Bl g RAMATS

2l A3 = Al

O{N
_
aQ
ot
I
_(

SRR
T tArES] ZEEgel 3
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] dolA AFeh=
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A3 (Hazard Index, HI)=
Ll Th(7, 8)

Table 2. Method validation of the pesticides in Avena sativa L. (linearity of calibration curves, recovery, storage stability)

3511 THRDA, 2024b). ¢
A% 7 ¥ (Estimated Daily Intake, EDI) 2 934 37
ofgf o] 2]g o] g3t A3

HE ol&stier dY A3 o8 (Acceptable Daily
Intake, ADI)S EEX5H A
AF8]-8- (2023, 10y

Q] Q]

A 2024-55 “FoFe] 4

Q)

(A) Grain
Pesticide Calibration equation Fortification Recovery (%) cv?
(y"=ax" +b) level (mg/kg) 1 2 3 4 5 (%)
‘ 0.01 733 766 713 769 722 35
Krni(t’}’l‘;ln y= Pig?g%iilégzﬂx 0.9988 0.1 1031 781 829 812 793  I12.1
0.19 824 80.1 83.1 1.9
0.01 116.1 1009 954 1129 1094 80
BF490-2 y= 3’27(;‘2’35338'3357" 0.9992 0.1 929 800 84 816 813 63
T 0.19 78.0 748 794 3.0
0.01 875 850 927 838 843 42
BF490-9 Y= f?fzgéfgg’ Ix 0.9980 0.1 892 80 810 785 805 5.1
' 0.19 812 80.5 90.3 6.5
0.01 1178 1145 1190 1122 1177 24
Pyraclostrobin ¥ §7279"7‘35ﬁ§56x 0.9946 0.1 989 980 993 987 968 10
' 0.19 100.3 96.9 94.5 3.0
0.01 1162 1020 1151 107.8 1097 53
BF500-3 y= 4_43’1328'956249" 0.9983 0.1 1041 969 1033 1033 997 3.0
' 0.19 1024 99.6 99.8 1.6
(B) Straw
Pesticide Calibration equation 2 Fortification Recovery (%) cve
(y"=ax" +b) level (mg/kg) 1 2 3 4 5 (%)
‘ 0.01 1137 976 1083 101.0 1171 77
Krni(t’}’l‘;ln Y= f%éﬁffg 3x 0.9993 0.1 1192 1154 1173 1062 1178 45
0.19 117.6 114.9 1127 2.1
0.01 1158 1137 1198 1128 1189 27
BF490-2 y= i,24117,;5291.g;99x 0.9977 0.1 782 945 867 847 849 68
T 0.19 11222 111.3 1134 0.9
0.01 782 945 867 847 849 68
BF490-9 y= +4 3’2069 2'976917 3x 0.9999 0.1 760 8.1 910 927 8.1 76
0.19 85.6 78.0 87.4 6.0
0.01 109.5 1107 1078 1140 1123 22
Pyraclostrobin Y~ | jg?gg 412804" 0.9999 0.1 1059 1066 1013 1019 1055 23
' 0.19 99.7 101.8 107.2 38
0.01 1056 1157 1082 948 1125 175
BF500-3 y= 416?,3449%40574& 0.9995 0.1 1002 1033 985 951 979 3.1
' 0.19 93.1 94.0 105.0 6.8
YPeak area

PResidual amount (ng)
9CoefTicient of variation
9Storage stability = compared to nominal concentration
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(7) EDI (mg/kgbw-day)
=25 kg T €Y 2F AFH FH(gkebw-day)
x k] ZHFF(mg/kg) + 100

EDI (mg/kgbw-day)
ADI (mg/kgbw-day)

(8) HI =

= =
2MY 43

&% ¥ kresoxim-methyl®} pyraclostrobin 2 Z+2+e] o
AFES #2498 matrix matched A#AL] AAAFE) =

Table 29} 7o) 0.00125 pg/mLelA 0.125 pg/mL H9IolA
0.99 o]doz AxAS It Arle] U3 2 HelA
kresoxim-methyl 2 BF490-2¢] A ZAE%2 0.002 ng,
BF490-59] #4 &% 0.005 ngo]™, pyraclostrobin 2
BF500-32] 4 AZ%2 0.00125 ngolth. Ag)e) &= 4
Zl| A kresoxim-methyl, pyraclostrobin % THAA| (BF490-
2, BF490-9 % BF 500-3)°] AZFsAl= 27 0.0025 pg/
mLO| AT}, kresoxim-methyl2} BF490-2 2 BF490-92] 72
2 A7 A F 3482 0.01 mgkg 2 0.1 mgkg FEolA
75.2~119.8%% YERA2H, pyraclostrobin 2 BF500-32]
3582 0.01 mgkg 2 0.1 mgkg F=olA 80.9~119.0%
2 etk AR A A3, e 229 5]489]
74.8~117.6% WHHAE A7 5 AT Ao = RlEr}. 3]
FEO HolAlFE BF 20% oo, w25 IA
A2024-55 AR AP 71 E Y] BAY A5
ol H8151 THRDA, 2024b) (Table 2).

o

HEl & kresoxim-methyl X pyraclostrobin®| ZHF §4

HA7] F kresoxim-methyl®} pyraclostrobin®] =] 53-8
71 Ao QA o, FAF ARl ZollA] kresoxim-
methyl®] FF3871% 7.0 mgkg, 71°¢ 2 Tl
pyraclostrobin®] 77387122 7217 3.0 mgkg, 0.3 mg/
kg To& JA|H o] UTHMEDS, 2024).

A7) ZolA kresoxim-mehtylt BF490-2 2 BF490-9¢]
23S 247F 0.37~0.09 mg/kg, 0.11~0.04 mgkg 2 0.49~
0.12 mg/kgelom, A dFoXe BE HFESEC] 4
gotA vvke 2 vehdt) Azl dellA 9] pyraclostrobin 2
BF500-3¢] #5732 747} 9.81~2.10 mgkg & 3.29~0.75
mg/kgeleH, #g] d=ollM= 22} 0.07~0. 02 mgkg %
0.02-0.01 mg/kg®.2 LFERITHTable 3).

] AoIA Kresoxim-methyl®] it 273 0.30~0.92
mg/kgl 2 747t HF HALE 14 - AelFolM A,
309 & ATolA Hag H 3} om, g BE A
ZellA 0.01 mgkg P|He] 2HF2S BTk Pyraclostrobin

Table 3. Residual characteristics of pesticides
(A) Kresoxim-methyl, BF490-2 and BF490-9 in Grain
Pesticides

Kresoxim-methyl (mg/kg)

Replicate 1 2 3 Mean CV? (%)
40-30 <0.01 <0.01 <0.01 <0.01 -
40-30-21 <0.01 <0.01 <0.01 <0.01 -
30-21-14 <0.01 <0.01 <0.01 <0.01 -
21-14-7 <0.01 <0.01 <0.01 <0.01 -
Pesticides BF490-2 (mg/kg)
Replicate 1 2 3 Mean CV? (%)
40-30 <0.01 <0.01 <0.01 <0.01 -
40-30-21 <0.01 <0.01 <0.01 <0.01 -
30-21-14 <0.01 <0.01 <0.01 <0.01 -
21-14-7 <0.01 <0.01 <0.01 <0.01 -
Pesticides BF490-9 (mg/kg)
Replicate 1 2 3 Mean CV? (%)

40-30 <0.01 <0.01 <0.01 <0.01 -
40-30-21 <0.01 <0.01 <0.01 <0.01 -
30-21-14 <0.01 <0.01 <0.01 <0.01 -

21-14-7  <0.01 <0.01 <0.01 <0.01 -
(B) Kresoxim-methyl, BF490-2 and BF490-9 in Straw

Pesticides Kresoxim-methyl (mg/kg)
Replicate 1 2 3 Mean CV? (%)
40-30 0.10 0.09 0.09 0.09 2.8
40-30-21  0.24 0.24 0.23 0.24 2.1
30-21-14  0.34 0.31 0.32 0.32 3.4
21-14-7 0.36 0.37 0.35 0.36 3.6
Pesticides BF490-2 (mg/kg)
Replicate 1 2 3 Mean CV? (%)
40-30 0.09 0.09 0.09 0.09 33
40-30-21  0.10 0.10 0.10 0.10 0.7
30-21-14  0.11 0.11 0.11 0.11 2.7
21-14-7 0.04 0.05 0.05 0.05 9.4
Pesticides BF490-9 (mg/kg)
Replicate 1 2 3 Mean CV? (%)
40-30 0.15 0.14 0.12 0.14 9.6
40-30-21 031 0.26 0.35 0.31 15.3
30-21-14 048 0.49 0.48 0.48 1.1
21-14-7 0.47 0.46 0.42 0.45 6.0

] ?&*& Fge Ao A9 2.96~13.36 mgkg %P%S}gip_
H, HF oA Ax 7Y i Aol A HehF A
gollA Hawk FRalen, °b—4 735 002~0 08 mg/
kg THFBIACH, HF oA A 79 T APl FHulE,
A F Aol Hag ﬂ%%}“W(Table 4).
A oFAle] =4 T HlaEis o, Ml &

A8 kresoxim-methyl®] K5 0%)01 pyraclostrobin®]

N
J
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Table 3. Continued
(C) Pyraclostrobin and BF500-3 in Grain

|= - Ol - el - X - X - &5 - 22

Pesticides Pyraclostrobin (mg/kg)

Replicate 1 2 3 Mean CV? (%)
40-30 0.02 002 002 0.02 8.9

40-30-21  0.05  0.04 0.04 0.04 11.7

30-21-14  0.05 005 006  0.05 2.7

21-14-7 0.07 006 007  0.07 7.1

Pesticides BF500-3 (mg/kg)

Replicate 1 2 3 Mean CV? (%)

40-30 <0.01 <0.01 <0.01 <0.01 -
40-30-21 0.01 0.01 0.02 0.01 10.4

30-21-14  0.01 0.01 0.01 0.01 6.3
21-14-7 0.01 0.01 0.01 0.01 2.5
(D) Pyraclostrobin and BF500-3 in Straw

Pesticides Pyraclostrobin (mg/kg)

Replicate 1 2 3 Mean CV? (%)
40-30 2.10 2.72 2.44 242 12.9

40-30-21 433 5.18 5.10 4.87 9.6

30-21-14 592 6.55 6.32 6.26 5.1

21-14-7 9.81 8.88 7.14 8.61 15.8

Pesticides BF500-3 (mg/kg)
Replicate 1 2 3 Mean CV? (%)
40-30 0.82 0.75 0.85 0.51 6.4

40-30-21 1.31 1.51 1.26 1.36 10.0
30-21-14 1.89 2.00 1.53 1.81 13.7
21-14-7 3.29 2.58 2.38 2.75 17.5

ICoefTicient of variation
FF%ET Edle el A F3 Lol
pyraclostrobin®] B8 =7 R385 SR1sHATHTable
3). Pyraclostrobin} kresoxim-methyl®] vapor pressure=
20°CAlA 22 1.95 x 107, 1.72 x 10" mmHgZ kresoxim-
methyl®] JTH& 22 pyraclostrobin®l] B]3l] 21, kresoxim-
methy] fe 571l efall Az seke] ARt 571
olsf HE WAlshs x4 tk(Ypema and Gold,
199, 410 2210 So15e ol e G0 498
ole] gQlo® Aztat7]of ol zo] Utk FLF strobilurin
A &l AWt kresoxim-methyloll H]3] pyraclostrobind 3
< AF B oS JERER 7 oo g R
Zpol7t et 2102 F59h gk 2= Al 5 5 A}
H 7= Qs T B ol Aol =2 FoFd 284 e
FFe] AFF Aozt g A vEh b HAE AL
A7 thFig. 2).

Y AP kresoxim-methylS 2|t G F(FLEM)
71l gk Ao e S HAEE § 7 ] 3l
214akellA ZF2F 0.98 mg/kg, 0.90 mg/kg 2 0.31 mg/kg®l

op>

RN - B4 - OlTE

Table 4. Total residual characteristics of kresoxim-methyl and
pyraclostrobin

(A) Grain
Pesticides Kresoxim-methyl” (mg/kg)
Replicate 1 2 3 Mean CV9 (%)
40-30 <0.01 <0.01 <0.01 <0.01 -

40-30-21 <0.01 <0.01 <0.01 <0.01 -
30-21-14 <0.01 <0.01 <0.01 <0.01 -
21-14-7 <0.01 <0.01 <0.01 <0.01 -

Pesticides Pyraclostrobin® (mg/kg)

Replicate 1 2 3 Mean CV? (%)

40-30 0.02 0.02 0.02 0.02 -
40-30-21 0.06 0.05 0.06 0.06 10.2
30-21-14  0.06 0.06 0.06 0.06 -

21-14-7 0.08 0.08 0.08 0.08 -

(B) Straw

Pesticides Kresoxim-methyl® (mg/kg)

Replicate 1 2 3 Mean CV? (%)
40-30 0.34 0.32 0.30 0.32 6.3

40-30-21 0.65 0.60 0.68 0.64 6.3

30-21-14 0.92 0.90 0.90 0.91 1.3

21-14-7 0.86 0.87 0.82 0.85 3.1

Pesticides Pyraclostrobin® (mg/kg)

Replicate 1 2 3 Mean CV? (%)
40-30 2.96 3.53 3.36 3.28 8.9

40-30-21 5.74 6.81 6.46 6.34 8.6

30-21-14 7.96 8.71 7.97 8.21 52

21-14-7 1336 11.66  9.71 11.58 15.8

“Total amount of kresoxim-methyl = amount of kresoxim-methyl +
(BF490-2 x 0.99) + (BF490-9 x 0.99°)

Total amount of pyraclostrobin = amount of pyraclostrobin +
(BF500-3 x 1.08")

Coefficient of variation

Y9Molecular weight of kresoxim-methyl (313.4)/molecular weight
of BF490-2 (315.3)

“Molecular weight of kresoxim-methyl (313.4)/molecular weight
of BF490-9 (315.3)

"Molecular weight of pyraclostrobin (387.8)/molecular weight of
BF500-3 (357.8)

Hdl 7S JERIISH, pyraclostrobing A 2] $F 917
AFERINME HE FALE $ 74 2 14°]7<}°ﬂ"1 Edy
7} 12,65 mgkg 2 5.57 mgkgd] Ho) ZFHL JeERNA
tH(Hwang et al., 2016; Park et al., 2012). Kresoxim-methyl
o] 79 YA FEAETF(44.2%)°0] o= A
Holae] HrjzbFrako] Mo Blal] oF 3] Wtomn,
pyraclostrobine 72| & ol A /Hago:];qu. SRS REEEe

UERROnt £ ATeld ALgE opAlel FRAEYo
QAT (63%)pel sl 39 o) %—e— 2e 2ANRE W,
T B0 g A8 vla) Ae] A AFFL FASHY
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Table 5. Residual ratio of pyraclostrobin

Residual amount” (mg/kg) + SDY

Pre-harvest Residual ratio”
Pesticide application Compartment of Avena sativa L. Weight ratio® o
interval (o)
interva Grain Straw
40-30 0.02+0.00 3.28+0.29 0.48 0.30
) 40-30-21 0.06+0.01 6.34+£0.55 0.50 0.47
Pyraclostrobin
30-21-14 0.06 +0.00 8214043 0.59 0.43
21-14-7 0.08 £ 0.00 11.58 £ 1.83 0.44 0.31
Mean of triplication

®Standard deviation
9Weight ratio = weight of grain / weight of Straw

9Residual ratio = (total amount of pesticide in grain / total amount of pesticide in straw) x weight ratio x 100 (%)

ThTable 3). o= W} 22l Fgle] Azl FE|E 4
4Oo8 Q1% Ahaolo] Ray 2hA-o) B Ao JEiA
gl wE WA ZJol2 Qs thFFe] A om Mg
ol H]sf shopxl Ao g J&%:at‘r(Feméndez et al., 2017).
A3} & ] 772 kresoxim-methyl % pyraclostrobin
R oA o] 2kl 108 ol e AL ERlskiith
(Table 5). oli= ] 918 wof 2 FEFd] thet A
FATFot Hlwsils W 2 Pl B, A= “‘Tjr
PR 2 A4 SYaR] FHE
FASE g el Zlo® 28 (Kang et al, 2016)
Al Ao 2Rkl tigh 4= ARG vES Altsd,
kresoxim-methyl®] 73-¢- &F2] zHFFo] kA mire
2 Ueht A3 =] RS Hlashrd] ol wol A
9, pyraclostrobin®] 7-$- Ag] Aol thek &=te] ZHFFF v
£l 030~046%= YA "ol A2|gh fludioxonil
(0.26~0.31%)H.t} =21 metconazole (0.72~1.05%)=.Ch
= %2 FXE YEMUTH(Table 5). ol IFAE 5
metconazole?} pyraclostrobin®] H]ZF/d &<kl fludioxonil
B4 2 HEE g0 2 AFsY] o s 54T
A @ 2 &gl 9] kresoxim-methyl 2 pyraclostrobin
o] It RIS RO E S 7 k] Ad A
Fig. 13} 2tk A €3olA kresoxim-methyl®] ZH7a-s
RIS o, ZE AzlFolM #2717 &t w29 ®is)
5 I F Qo] v71E ST 5 /I, AE ZollA
kreoxim-methyl®] ¥F}7]= 117592 vepyit), A2 4=
ol 4] pyraclostrobin®] W17 13.86Y, Al AelA<] uk
7)€ 12.8429 2 YEPTH(Table 6, Fig. 1). A2t el
2 EAol frakek A= 5 sl B Lol X9 kresoxim-
methylZ} pyraclostrobin®] ¥H7](kresoxim-methyl : 5~10
pyraclostrobin : 7.62)¢} H|Z A], kresoxim-methyl
Hl 27} 758N pyraclostrobin Ag§ -] 1] Wb
A717F FE oz 71 2L 15 th(Wang et al., 2022;
Zhao et al., 2021).
Al &3 FolA  F™FS= kresoxim-methyl

A |

0.5
~ 0.45
E’ 0.4 y = 0.6479¢0-05%
?n 0.35 [ ] R?=0.8444
8 s Half life : 11.75
= 0.
2025 °
g8
= 02
3 0.15
’5 0.1 ®
~0.05
0
0 5 10 15 20 25 30 35
Days after treatment (days)
(A)Kresoxim-methyl in straw
0.08
5 0.07 o y =0.102¢005
e 0.06 R2=10.9321
E" ’ Half life : 13.86
<= 0.05
=
£ 0.04 °
s
£ 0.03
2 0.02 *
)
© 0.01
0
0 5 10 15 20 25 30 35
Days after treatment (days)
(B) Pyraclostrobin in grain
10
o B © y =13.277¢0.05%
= 8 R?=0.9757
g7 Half life : 12.84
<6
=
ss o
]
s 4
g3
g 2
L
0
0 5 10 15 20 25 30 35

Days after treatment (days)

(C)Pyraclostrobin in straw

Fig. 1. Dissipation pattern of Kresoxim-methyl in straw (A),
pyraclostrobin in grain (B) and pyraclostrobin in straw (C).
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Table 6. Half-life of the pesticides in Aruncus dioicus var. aethusifolius and linearity of dissipation equation

(A) Grain
.. Dissipation equation Half-life
Pesticide () =ae™, x = half-life) v (day)
Kresoxim-methyl - - -
Pyraclostrobin y=0.102¢7%% 0.9321 13.86
(B) Straw
.. Dissipation equation Half-life
Pesticide (v = ac™, x = half-life) r (day)
Kresoxim-methyl y =0.6479¢7"0%* 0.8444 11.75
Pyraclostrobin y=13.277¢ 0% 0.9757 12.84
JResidual concentration of pesticide at time
70 35
60 30
50 pa— 7~ 25 O
-~ _ 4 T — - / :
e LV E
= 40 20 &
2 2
g ]
£30 15 =
g
20 10 -
10 5
. ||. | 1 .
2024-05-25 2024-06-01 2024-06-08 2024-06-15 2024-06-22 2024-06-29

mmmm Percipitation

=== Average Temperature

Fig. 2. Average daily temperature and precipitation during the pesticide application (Cheongju Chungcheongbuk-do, 2024.5.25~

2025.7.4).

pyraclostrobin®] Z38}5HE-2- A|7te] Agle] we} st
AEH 07 2HAshs SR1sISITH Table 3). skAIRF thARA| 9]
A AERS] g stEe] 2 9 3R 5
TR Q9lel] oJal JEE W] wfjiTol] RE=A] A7 o]l
w2} ZATES Rol#] ¢F=TH(Van Eerd et al., 2003). ©]
= A 29 BF490-29} BF490-9¢] A7 T3 ole
= 9om, 2] oA kresoxim-methyl®] A+ 273k &
3k giAkAl ol oJaf 8 21-14-7 Aol AE 3 Z o] 2F
HT} 8 30-21-149 ol st Fo] R =28
315} THTable 4). ©|AH StrobilurinA] &2Fe] ¢ A
Ao A7 mEt FHFEgo] FojEe S Kol
A|Rh, ZF 9 olge] JAS wo] Ax F A W 7P =
ZAF%-S Hol7|% STH(Cho et al, 2011). B=3F 4 A
g T Aede] FAHE EAlsie™, 53] 78 30-21-14
A A AP 33k AED (20243 69 209) 2 & 21

o

1479 A AgF9] 2, 33} AEL (20244 62 20, 2024
W 69 27%9)9 AR AE T Fo] AEAYRE T3
FrEA Bk AA W 7F o d 2 A3E vElS
7FeAdol EASTHFig. 2). E3, ¥4 Ax 2elgHEQ
kresoxim-methyl> A3 5 A|7ko] Z'gol] whe} ZHAgIA| T,
BF490-2 9 BF490-9= 21-14-78 A A2l737F 30-21-14Y
2 Aol Hlsl ZHREke] WAtTh(Table 3). 3 Aol A
2238 548 % 3% (kresoxim-methyl, BF490-2, BF490-
9)0. & o]& o]g3f SRR FS AKIARE AA| o] ¢]q
T tiat=o]l EAE 4 qdnk. olof gk e AS
}e}sl7] 9184 kresoxim-methyl®] A Z wjof 5 3
7HAR1 A7t 9o s Aoz A7t

flaid "ot
Kresoxim-methyl®} pyraclostrobin®] LU4F 3]&Fe
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Table 7. Hazard index of treatment group 21-14-7

. Hazard index (Exposure Scenarios)
Pesticide

P99 Average
Kresoxim-methyl 0.00004 0.00001
Pyraclostrobin 0.00435 0.00051

299th percentile of the distribution of intake amounts

ZF7F 0.4 mg/kgb.w./day, 0.03 mg/kgb.w./dayZ 474 = o]
ATHMEDS 2024). Kresoxim-methyl2] Z o 2-73-& 29|
A HF AR 144 T IS A TollA 0.92 my
keol$lom, date] 3¢ BE A FelA 0.01 mgkg v
S 2 YERTE Pyraclostrobin®] Hu 7HRake 2] A4
HF AT 74 T 5 ATl 13.36 mgkgel A
om, &=te] A9 HF oA AX 7Y F g A
A1 0.08 mgkgS 2 YERITHTable 4). Yoz 2F0
2 olgste AT el ARFL 7o E S HA A
2 AFAEe 99uAlErd o] HAFHHF ked 1.63 g HF)
2 A AF ] e Ha @S kg 0.27 g AF)e= 7+
Z+e] HIZ A3l THKHIDI 2021). A #3384 wjwke] 25
&9l kresoxim-methylS 0.01 mgkgl® IH3HE o
0.00001 2 0.00004, pyraclostrobin 0.00051 2 0.00435
2 glEglon, BE A3y} 177 HIE Y BE 9
sl/do] wrhar #sk 4= QIth(Table 7) (EPA, 2005). 3
A= AT X 79 = £ AT fEd Bt
Aztoln], AA L Wl HHA AU EHT AAE
% 14, 21, 304 AIHE FHH o= FFs)of it 7
Aaliage] e Alve el [A Azl AFHA] 995 AlErd
S e g AzlTe HIE A 23, kresoxim-
methyl®] ¢ EE AgFllA 0.000049] HIE YERHL,
pyraclostrobin®] 3¢ AE 3 149, 219 2 30 Aol
21 0.00326, 0.00326 = 0.001090]0H, HF Ax 7d &
T Ay 200 HlEl flsl/de] WkTt(Table 8). Kresoxim-
methyl®] 75 2 AHg]FlA 2] 0.01 mgkg 7T
° 2 FHd HI= 0.000042 YERET, pyraclostrobin®] 735
Ho AFFE el HF X F 7d T ZH2FolA HI
7F A 0.0043502 A AFH A FF == Hsidol )
T 2SRt (Table 8).

¢

A7 IES 5 7H A 33] AEE AQMeItE & A
[¢) 7]
= 2 ARs87IE A 7IxAERE &84 vk
=1
#Ale =

B oop= 22054 A7 @AMs: RS-2023-
[e]
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