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Abstract

Although Aster yomena has recently attracted attention for its potential anti-cancer, antimi-
crobial, and immune-boosting effects, there are concerns about residual pesticides because
they are consumed in salad-like forms. This study investigated residual characteristics and
human dietary risks of the imidazole fungicide prochloraz applied to the herbal medicine
Aster yomena with different spray frequency and timing. Residual analysis of prochloraz and
its three main metabolites (BTS44595, BTS44596, and 2,4,6-trichlorophenol) in Aster yomena
samples was performed using the QUEChERS method and LC-MS/MS. Mean recovery rates of
the fungicide and its metabolites were satisfactory in the range of 80.1 + 1.2% to 108.2 +
3.8%. The residual concentration of the fungicide calculated as the sum of prochloraz and its
metabolites was the highest (4.14 mg- kg™) in the Aster yomenasample applied three times at
weekly intervals with the fungicide until immediately before harvest. The fungicide residue
concentration in the Aster yomena was below the method-limit of quantification (MLOQ)
when it was applied twice at the interval of 9 day until 21 days before harvest. The theoretical
maximum daily intake of prochloraz, calculated based on the daily intake of Aster yomena,
mean adult body weight, and the highest residue level analyzed in the this study, was safe at
< 80% of the acceptable daily intake of the fungicide (0.01 mg™-kg-bw™ - day). In conclusion,
the triple application method with prochloraz at weekly intervals until the harvest day is
recommended to produce safe Aster yomenafrom the fungicide residues and risks to humans.
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Introduction

ZJ;*Ol(Aszer yomena)= 3, Q1, HIEF A, B, C 5-2] 2] /3 /d2o| thdstA &+ Q
Stolgh gl gizkQ Hof| A 7|13, A 2] Sof] AR8-5FaL QAT Lee, 2015; Seo, 2019). &

] % | ch3h akekd] A2 &b, &, Akl &hx|ul, w2 Hoje] 221 Fabut o}l
o] B of e} &£ AY0] 5 o] &gt 22|, 7|5 A1E, MR 59 AriiEo] thedst
Y= 11 QITh(Lee, 2015; Seo, 2019). £3], £HAYo| FEE-L2 A 27| Z AP} 2

&
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Ir

TR 2ktof] thigh 7|5 d A E U B = 2019 R E] A1 F-0] FE QA of] 555 QU Th(Hwang, 2020). £-5-40]

2 12 A Fo|H(Jin et al., 2018), A2 7PEA| tlx] HAU Meje A 2 kg
EX0] Z23ltH(Lee, 2015; Seo, 2019). L&t} Z{umZ 0] 1,000 ha BT AFHZ] X
Hij 2F=0]7] wiEoll (maximum residue limits; XH-7-6]-87]15F) A7 o] 25| ISP =] 2] ¢Fot glufosinate 2k
pyrimethanil 2]olli= A7 =] 2] EQTH(Jin et al., 2018; MFDS, 2023a).

Al 551 B S A& prochloaz= BHIE B4 7]5-2 Asfiste] Mate] Ala2a} 51/ 4221 ergosterol A2t
3 A= imidazole A|F FF0]34/d AA| o] Th(Park et al., 2003). Y¥FH O & prochlorazZ} A1 &4 W= 3
F5H] =™ imidazole 112]7} Fo X HA] o -2 3l ThAF &2 2,4,6-trichlorophenol (2,4,6-TCP)2} N-propyl-
N-[2-(2,4,6-trichlorophenoxy) ethyl] urea (BTS 44595)2 EASH}(Choi et al., 2002; Table 1). x]2]¥ 2HE0] A=
B ARG B folls FAMEolM = tiAEE FEIZ 2HRE 4 QUTkal B AE| ]tk (Park and Choi, 2020). °] E8&
ofl thsl v|=F 2737 (Environmental Protection Agency, EPA)CIA = F & 0] 835t 58 A3 275 Edj= 5443}
A 2o d S 7 1 Qs -5l B2 A A5kaL QITHEPA and IRIS, 1989; Fang et al., 2017). A1 &2 kb
#}+= prochloraz®] MRL-Z @A 4671 s-4t2ol tisto] 4%, ALAlsto] QB ARE7 22 A4 sHA| AlgkstaL 1o
£570]= MRL 1]27 /o] CHMFDS, 2023a).

2019 FE] ol A & 2h7 52k QP /g g0l | @ Adof whet 52 5]- 85 A 55 W] A T (positive list system,
PLS)E ™ AJ8¥5to] MRLO] §l= &2kl tis 4 &4 9= 0.01 mg-kg' 2] 7|52 2-851aL JITMFDS, 2017a).
o] 2 Qlsf &5 o] 5 ATA Al AHE-2 55 5oFe] thgAd o] Alof FoF ARgol| ojE{Ro] Rtk o] & s4x5}|
Al w2 & oMM = 52 55 AH AlFE 386 231 Jlth(Bae et al., 2012).

ufEbA 2 Al 552200l A 9] prochloraz 2 TIAFE A Q] 2HR-/d-& 5L, flal/d& B7tsto] QFAARS:
71% % MRL Al A7 9] 277} E&= 712 AR & Al35h7] flel 3= .

o r

==

Table 1. Chemical structures of prochloraz and metabolites.

S;’nl?;non Prochloraz BTS44595 BTS44596 2,4,6-Trichlorophenol
Chemical CHs CH, CH, OH
structure CI\@[CI k'l“H C|\©:C| % cl cl H cl cl
/\/N o /\/N /O /\/N (0]
o o o
cl T cl T\;z cl \rﬁ cl
W [
N 0
IUPAC N-propyl-N-[2-(2,4,6- 2-Propyl-1-[2-(2,4,6- N-formyl-N’-propyl-N’-2 1-hydroxy-2,4,5-
name trichlorophenoxy) ethyl] trichlorophenoxy) ethyl] (2,4,6-trichlorophenoxy) trichlorobenzene
imidazole-1-carboxamide urea ethylurea

Molecular 376.67 g-mol” 325.62 g'mol” 353.63 g'mol” 197.45 g'mol’!
weight

Materials and Methods
Al 717

Acetonitrile (HPLC grade)-2 Fisher (USA)AL, acetic acid (99.5%)+ Samchun (Korea)At2] A &-& AHE-5HATE
WHF7]+= Coloriance (China)2] SHK, Q4]E2]7]+= Hanil (Korea)AF2] MF550S ARE31ITH Al & & T oll=
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QuEChERS original kit (4 g MgSOx, 1 g NaCl), A 2Hgolli= QuEChERS dispersive kit (150 mg MgSOy, 25 mg pri-
mary secondary amine)S Phenomenex (USA)AIOIA] LS} ARRSFITE 22 prochloraz (1,001.5 mg-L™),
2,4,6-TCP (1,001.6 mg'L")= Kemidas (Korea), BTS44595 (1,000.0 mg-L"), BTS44596 (1,000.0 mg-L™ )= Accu-
standard (USA)ALS] Al &S A8-510] AB Sciex 4000 Q TRAP LC-MS/MS system (USA)2} Agilent 1260 series
HPLC (USA)Z 45} Th(Table 2).

Table 2. The instrumental condition of LC-MS/MS for quantitative analysis of prochloraz, BTS44595, BTS44596,
and 2,4,6-Trichlorophenol in Aster yomena.

Instrument AB 4000 Q TRAP LC-MS/MS system with Agilent 1260 series HPLC (USA)
Oven temp. 40°C
Run time 10 min
Mobile phase & A:0.01% Acetic acid in water
Column B: 0.01% Acetic acid in acetonitrile
For prochloraz, BTS44595, BTS44596 For 2,4,6-Trichlorophenol
Time (min) A% Flow (mL-min™")  Time (min) A% Flow (mL-min™")
0.00 30.0 0.3 0.00 17 0.4
3.00 5.0 0.3 10.00 17 0.4
5.00 5.0 0.3
5.01 30.0 0.3
10.00 30.0 0.3
Column Phenomenex, Kinetex® Column Phenomenex, Kinetex®
C18 100A, 2.6 pm, C18 100A, 2.6 um,
100 mm x 2.1 mm 100 mm X 4.6 mm
Injection volume 3uL Injection volume 7 uL
Temperature (TEM) 350°C
Gas CUR: 25 psi, CAD: medium, Gas 1: 50 psi, Gas 2: 50 psi
MRM condition Compound Precursor ion Product ion Dwell CE Polarity lonspray = RT
(mz" (mz" (msec) W) voltage  (min)
Prochloraz 376.139 308.200 200 15 + +5,500 vV 1.51
266.100 23
BTS44595 324.873 282.200 19 1.42
308.100 45
BTS44596 353.090 308.100 21 1.25
70.100 27
2,4,6-Trichlo- 194.840 35.100 500 -44 - -4,500V  3.07
rophenol 196.875 34.900 -50

LC-MS/MS, liquid chromatography-tandem mass spectrometry; HPLC, high performance liquid chromatography; CUR, curtain
gas; CAD, collision gas; MRM, multiple-reaction monitoring; CE, collision energy; RT, retention time.

BE Mk R=

Prochloraz, BTS44595, BTS44596 E52-& acetonitrile (0.4% acetic acid T2 3|45+ Z+2+2] 100 mg L
stock solutionS ZA3F & AAZFS F31] 0.004, 0.01, 0.02, 0.04, 0.1, 0.2, 0.4, 1, 2, 4, 10 mg-L" =%} working
standard solutionS ZAISIRATE 2,4,6-TCP= 5Y -0l 0.005, 0.01, 0.02, 0.04, 0.08, 0.1, 0.2 mg-L"'9] &=
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working standard solution=- ZA|5FATE ZA|et 2} 5 =.2] working standard solutionS %] 2] 7L A| 5.2 5 =]
S Aot BX 2 A& FE2A3 S3N(1 : 1, v : v) 51°] matrix matched standard solutionS ZA|5to] ZATFA
A1 W AT Aol ARgSEIT

2| oM U ==

Z AL SHEE IAE Qb 2 2] Az o] AJAdzful 2ol A AAISHR o, Al 2 A
& TR Astel 10 m? 3719] 3HKS T7h0 2 H|ABHAT, R e ol me] $5 10 X/ shich £
ojo] 2 Z2ak= Y= 50% 43HA|(AE 22, Hankooksamgong, Korea)S 2,0008l 345t EX 2|7} E 0]
&35to] ] WA (m?) 2]2] 2Fo] 1 L7t H = Ego T3 513t

AE FE Y 7P|

Ealo|ofo] AQ} SHA| npafigh 2200 A|RE 10 g HEFoH] 50 mL FEO| Bo} 1% acetic acid S acetonitrile
10 mLe} F&2] FABLE 2I5}] glass bead & ¥ 3L WREZ| 2 700 rppmOl|A] 1827t X1&SH S original-QUEChERS kit
(4.0 gMgS0y, 1.0 g NaCl)E €11 700 rpm 0.2 127 2R3 2EE-2 YL 7|2 4,000 rpmol| A 627F
AAE2]51o] acetonitrile 32 waterg = 2| 5HATE A H 1 mLE QUEChERS dispersive kit (150 mg MgSOy, 25
mg PSA)0]| go] 1 27F 1ot th3- A4l E3(12,000 rpm, 27) 3]‘0451' /37 98-S PTFE 0.2 pm syringe filter= o1}t

St 2 acetonitrile (0.4% acetic acid$H-H)= 341 : 1, v: V) 5kl Y= (Table 2)= FU5H] LC-MS/MSZ 2445}

}\}\r;]-'
B s
Aol HES 98l 71713t (Instrumental limit of quantiﬁcation ILOQ), £ 2] XJ&FsHA|(Method

limit of quantification, MLOQ) ¥ &A1 9] 2| A& 31, 3|48 AlE-S £35H3t) ILOQE A ZntE 1334t
213 off ZH3-H](signal to noise ratio, S/N)7} 10 0|39 s =2 A% 01-0:‘11]- MLOQ=ZA B4 1A & &5l EAE
AS AHF T 4 U= FHA w224 ILOQ 52} 7]7|5FU K (injection volume)S &0+ 2| A7 E (minimum
detectable amount, MDA)= AHE611L, Al &, 77| UE, 3]4], 55 vli4= 55 2lefsto] A1) 2ol Altstd
THLee, 2018).

MDA (ng) x Final volume (mL) X Dilution factor

. -1y =
MLOQ (mg-ke™) Injection volume (uL)x Sample weight (g)

S8 A2 A Al 2ol ZH /20l MLOQ& =2t 10 MLOQ 557t B =5 sEHE-0 2 2|3t & X513
KJ(Park etal., 2022).

xgerdd

AR LR PYSE AT e 00 R 5 Lok =ehlcl g
28] A& 10 gO| prochloraz?} A2 352 B mg-L'E Z2}0.1 mLE 7o 2HR340] 0.1 mg L
7} H e & ZASIITE. 7L sHA £3ste] -20° A A7HA] Bkt Th- LC-MS/MSE #4510 34

28 AT

r‘l‘Io
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5 QP 7S flol e 5ok JRE-& 7ol 1A HoflE MRLYF RIS EA1] A58 AH gt
A5 o] gsto] o] 22 U x|t 443 FH(theoritical maximum daily intake, TMDI)2 AFE35HTHA!(2), MFDS,
2023a; Oh et al., 2022). A1 F-2] 2 FEHAX|(MFDS, 20232)2] H751-8 7|0l 55 prochloraz®] Y UHH 5187
(acceptable daily intake, ADI)<=0.01 mg™”-kg-bw"'-day®] 1L, o|of| thgt TMDIS] H|- &2 % ADIE AFESFITH A (3),
MFDS, 2023a; Oh et al., 2022).

()

b

MRL (mg-kg '), xFood daily intake (kg-day '),

. *1. -1 — no v
TMDI (mg-kg;-day™) = 2;—; Body weight (kg, KHIDI, 2021) @)

TMDI (mg-kg, L-day™')
%ADI = N <100 ©)
ADI (mg-kg; .-day ')

Results and Discussion
QUEChERSHE A}23t Prochloraz®| LC-MS/MS &A1

A2 = 5ARE-E A ] 9 (National Agricultural Products Quality Management Service, NAQS)< QuEChERS
(quick, easy, cheep, effective, rugged, safe)td2]S 2]-8-5}9] prochloraz®} 2,4,6-TCP+= GC-MS/MS (gas chromato-
graphy tandem mass spectrometry)=, BTS445952} BTS44596-2 LC-MS/MS (liquid chromatography tandem mass
spectrometry) 2 2A15H 2 5131 QITHNAQS, 2022). QUEChERSH2 & §-80] FHojula, ThA|7H 242 35
Azle] 2k kA 1} H|-8 A 7FS AA T 4 Q=W o|th(Kim et al., 2017; Gu et al., 2023). Prochloraz £-412 9
3t QUEChERSHS 23, 43 5 slj QoA = &Hls] AR8E] 11 QICHEURL-SRM, 2014; Zhao et al., 2019; Tian et
al., 2022). EU+ 24 A] LC2F GCE At B4, Geol & 3710114 prochloraz®} thAFE R A E 7} TCPZ
Hgho] Loy, 717] 2713} Al & AEljof| whah ek A & 2o 7} 9l3-& B A5 THEURL-SRM, 2014). 2 -
of| A= AT o]l 9FA] prochloraz®t ChAFEZ 35:-9] EE E2-S GC-MSE 24 AESHITE 1 A3}, 2,4,6-TCPL]
AYP3| AL y = 98,908,078.1095x - 30,664.3682 ©|1L, AL R? > 0.9990]31T}. Prochloraz 0.5 mg kg,
BTS44595 0.1 mg-kg', BTS44596 0.1 mg-kg' 9] EFE232,4,6-TCPL U 271 0 2 GC-MS 243 A A7k
< A 3| Aol thdste] 2 A EE0] 2,4,6-TCPE A 55 ARSI 4AFESH 5ol $HAE A& H5to]

St A3hE X2 = 2 AASE AT 2] 5 tiH] prochloraz2] 3.9%, BTS445952] 69.6%, BTS445962] 34.0%
7}2,4,6-TCPE Z2He 215 SHRIg 4= QITHTable 3; Fig. 1). £FA40] F 7S LC-MS/MSE A3 Bt
prochloraz, BTS44595, BTS44596 12] 11 2,4,6-TCP 2 & X|t&Fo] 2.69, 0.42, 0.86, 0.02 mg-kg ' @& LFEFIT}
0|2 4}7|o] M&H GC-MS FYUT 20| 2J3]] 2,4,6-TCPZ M S+ H|-8-3 283l A|ASH 232 4,6-TCP Zho] &
0.41 mg'kg' & LC-MS/MSRHO & BEAI5H0.02 mg kg H T} 2k 208 =7 YEFGTHTable 3). 0] S T 5to] Alat
H prochloraz 4| @A ZHR2R2 LC-MS/MSE B4 St ZhgaFE T .28l =4 AlAHE It EURL E31A+= pro-
chloraz2} 71 thAA S LC2F GCE L}ro] BA51al AR S shiatst 790l LC THe2 B35 ZhErt 1.3 - 1.54)
7+ A Uebstths AE A AISHICHEURL-SRM, 2014). £3HLC B 24422 4 6-TCP7} THE AR 2 2
SHYE]E 2,4,6-TCP fragment 256 £2)7} S5kt Huska Qlok Zuol| A AR&E 2 9= Le2h Geeol mxt
A1 Akx] 2 gholl gt prochloraz”d -2 A7t Q& A 0 2 Alg Htk. 2B 2 2 AFojAl= LC-MS/MSRF
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2 AF8-510d prochloraz (sum) S 2A], A2Feho 24 ekt Az S = &5} 1A} SFITHEURL-SRM, 2014; Shim-
shoni et al., 2020; Tian et al., 2022).

Table 3. Degradation of prochloraz and its metabolites to TCP in GC-MS.

Converted . LC analysis
. Conversion . Calculated
Concent- TCP concentration Calculated result maximum .
. . . «  ratesto TCP . TCP result in
Compound ration conversion to TCP in TCP result . cong. in
i w P in GC-MS’ Aster yomend”
(mg-kg™) factor GC-MS (mg-kg™) %) Aster yomena (mg-ke™)
: 0 i :
(mgkg") (mgkg")
Prochloraz 0.5 1.91 0.010 0.019 3.9 2.69 0.05
BTS44595 0.1 1.65 0.042 0.070 69.6 0.42 0.18
BTS44596 0.1 1.79 0.019 0.034 34.0 0.86 0.16
2,4,6-TCP - - - 0.02
Total 0.02 0.41
2,4,6-TCP
TCP, 2,4,6-trichlorophenol; GC-MS, gas chromatography-mass spectrometry; LC, liquid chromatography tandem mass spectro-
metry.

" (TCP conversion factor) = (TCP molecular weight)/(compound molecular weight).

¥ (Calculated TCP result) = (Converted Concentration to TCP in GC-MS) x (TCP conversion factor").

¥ (Conversion rates to TCP in GC-MS) = (Calculated TCP result)*/(Concentration) x 100.

* (Calculated TCP result in Aster yomena) = (LC analysis result maximum conc. in 4ster yomena) % (conversion rates to TCP in
GC-MS") x (TCP conversion factor™).

intensity 196.00 196.00 196.00 196.00
4000000 74,000,000 ]

35000003
3000000
2500000
2000000 \
1500000 i
1000000-] (|
5000007 A
:g.,/\_,ﬂ-l NS -

0 ~ e |

LA S R A W T T T
48 49 50 51 53 5.0 53 4.7 5.0 5.3 4.7 5.0 53
min min min min

[ENENEERETE FRNTE RRTTE FRTRE RTE
1
1

REREEREN

:P_ 57&,\4: .‘\__2__ ] 4,\_,] ‘!__

[=]

=
]

A B C D

Fig. 1. 2,4,6-trichlorophenol analysis chromatogram using gas chromatography-mass spectrometry (GC-MS).
(A) 0.025mg - kg™ 2,4,6-Trichlorophenol, (B) 0.5 mg- kg™ prochloraz, (C) 0.1 mg- kg™ BTS44595, (D) 0.1 mg - kg*
BTS44596.

AFAZ 2ol 48 A= FZ -8 O & matrix matched standard & ZA|oFo] BA15H At gk o] 244
2248 BE R = 0.9950 2 MFDSOA 185H= AR HF 715R? = 0.98)0ll A 33 2(Table 4), MLOQ
+0.01 mg-kg'olRom, =l Al3Y 21 PLS 7|50l A &sHATHMFDS, 2023b; Table 5).

Prochloraz & 1 thARAQ] BTS44595, BTS44596, 2,4,6-TCP2] 217} 3]4~8-& MLOQ 5=l H+H90.4 + 3.1,
76.0+2.2,89.1 +2.4, 107.3 +4.9%°]| It} 10 MLOQ 5-%£2] 3|4-8-2 B F 84.8+1.6,91.5+3.4,75.0+ 1.8, 109.1
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£2. 0%0] Atk =g 24|91 prochloraz Al A|&2] ZHFE0] 10 MLOQ 525 2ioh= 57t &5 o], Z o %+
5 10 mg-kg ol TS 308 A5S AAISH A3 HF 80.1 + 1.2% 2, BE 3]480] NAQSOIIA IAISH70 -
120% 9 S T3 THNAQS, 2023; Table 5).

Table 4. Linear equations of calibration curves for the quantitation of prochloraz and metabolites in Aster

yomena.

Compound Linear equation R’
Prochloraz y =6,391,392.1999x - 11,695.1706 0.9999
BTS44595 y =57,549.6012x - 870.7081 0.9984
BTS44596 y =1,094,781.8539x - 2,217.1033 0.9985
2,4,6-Trichlorophenol y =40,082.5132x - 21.0037 0.9972

Table 5. Recoveries and MLOQ of prochloraz and metabolites in Aster yormena.

. . ¥ Recovery (%) y
Compound Fortification (mg-kg™) MLOQ (mg-kg™)

Mean + S.D.

Prochloraz 0.01 90.4 +3.1 0.01
0.1 84.8+1.6
4 80.1+1.2

BTS44595 0.01 76.0+2.2 0.01
0.1 91.5+34

BTS44596 0.01 89.1+24 0.01
0.1 75.0+£1.8

2,4,6-Trichlorophenol 0.01 107.3+4.9 0.01
0.1 109.1£2.0

S.D., standard deviation; MLOQ, method limit of quantification.

#HTH0| = Prochloraze] XZoPdM

Prochloraz, BTS44595, BTS44596-2 1609, 2,4,6-TCP=201Y 7F B+ & BA519) T} 3]48-2 W+ prochloraz
84.6+2.5%, BTS44595 71.1 + 0.6%, BTS44596 81.5 + 1.7%, 2,4,6-TCP 88.8 +2.6% OI%E}(Table 6). TA A=A
D37 A B8 58 R 70 - 120% 5 25 TSI 2ol A5 8 S Byt aby Fotmjd g 2
T 2ol P A 2oL P Fickar ST CAC, 2010).

Table 6. Storage stability recovery rate test results for prochloraz and metabolites in Aster yomena.

.. Fortification Recovery (%)
Compound Storage conditions 1
(mgkg™) Rep 1 Rep 2 Rep 3 Mean + S.D.
Prochloraz -20°C (160 days) 0.1 82.5 88.1 83.3 84.6+2.5
BTS44595 71.1 7.8 70.4 71.1+0.6
BTS44596 79.3 83.6 81.7 81.5+1.7
2,4,6-Trichlorophenol -20°C (201 days) 88.5 92.1 85.7 88.8+2.6

S.D., standard deviation.
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&BxH0| ZiH = Prochloraze| Zta EM

Prochloraz2} 2,4,6-TCP+= GC-MS/MSZE, BTS445952F BTS44596-2 LC-MS/MS 2 14510 J181= prochloraz

(sum) A BAH.S GCo] Y Hol|A] 24,6 TCPE HEA M-S m]a 4~ Qo B E Hef o 22 Zajdt 2 9lg
< 9lollM 5T LC-MS/MSTEOE prochloraz (sum) S 24 5H= 7o) 714 7hebsal g aksh gl g &hel
sf3L 3 Aol 2 8sf3ict
zagzelz PRIZ s0% 489 1% ok 2] % 43 Qo) e TR e S BAIRI
Prochloraz2) ZP'%‘%‘EE BTS445952] ZH5F BTS44596°] 2R, T12|11 2,4,6-TCP2] ZhFfol| Z+2ke] SHitA|
2 F3 5 gksto] A B AFLE AESIQTE FA Al A9 - A(6)2] Ao TEa 2 116,
1.07, 1.91&74&6‘ ATHKim et al., 2021).
. . _1
BTS 44595 conversion factor — Prochloraz molecular We%ght (376.67 g mol_l) @)
BTS 44595 molecular weight (325.62 g-mol ')
. . 71
BTS 44596 conversion factor — Prochloraz molecular We%ght (376.67 g molil) 5)
BTS 44596 molecular weight (353.63 g-mol™ ')
. . 71
9.4.6—TCP conversion factor — Prochloraz molecular weight (376.67 g-mol™!) ©6)

2,4,6—TCP molecular weight (197.45 g-mol™ 1)

Prochloraz®] 14| gk Zhgeko 27] Zhgefo] i 3.82 +£0.23 mg-kg' 0|2, 7Y Fofi=1.92+0.16 mg-kg
SR F ﬁé%& REFF TiH] 49.7% 24513l o, 149 Fol= 3 0.87+0.11 mgkg ' 2.2 7] ZHFfo]l H]s]
A
=T

Table 7. Residual concentrations of total prochloraz in Aster yomena.

Prochloraz concentration (mg-kg™")

Test crop Spray day before harvest : =
Rep 1 Rep 2 Rep 3 Maximum residue
Aster yomena Untreated <MLOQ <MLOQ <MLOQ <MLOQ
30-21 0.01 <MLOQ <MLOQ 0.01
30-21-14 0.87 1.01 0.74 1.01
21-14-7 1.78 2.15 1.85 2.15
14-7-0 3.70 4.14 3.62 4.14 (highest residue)

MLOQ, method-limit of quantification.

L E Wt

AlZojokZ ok xjof| wh2 M M A AlE Z 2Hasok AF 7Hs HtiE-S TMDIZH ADIC) 80% o562 e & =2
EA|EITHMEDS, 2017b). MRL A4 7]2-& 47§2] 18 &, Ao}, 13, QA ZnimF o2 1}izo] Zizke] &

HE7180% ©fsH= H7HFETHKCPA, 2013). T4 2-2]Uk2}ol| A prochloraz MRLO| 55 467l =0l n|-5-5/4
gfjo] L2240l = x3lsk TMDIS] ADI H|-E-2 AHE35HH Table 83 2t 2 AY ZAvtof b2 2|11 ZH3H(highest
residue, HR)2 4.14 mg-kg ' ©] ICH Table 7). ©] 2|tz prochloraz] FAMRLE 7Hg 5o th st A 3=(MFDS,
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Table 8. Percentage of TMDI to ADI on the prochloraz.

Al)(:gf'ggzcwl?‘lf::;'%OI National mean (62.5 kg) Agel-11(22.1 kg) Age = 65 (60.7 kg) WO“T;‘_(Z};l‘; ;Zaf;g aee

Food MRLY Food intake TMDI by food Food intake TMDI by food Food intake TMDI by food Food intake TMDI by food
(kg) (mgkg, " day™) (kg)* (mg-kgy-day™) (kg)’ (mgkgy ' day™) (kg) (mg'kg, " day™)
Egg plant 2.0 224.0 x 10° 72x10° 333 x10° 3.0x10° 564.0 x 10° 18.6 x 10° 80.5 % 10° 2.7 % 10°
Persimmon 2.0 901.0 x 10° 28.8 x 10° 256.7 x 10° 233 x 107 1,354.0 x 10° 44.6 x 10° 602.5 x 10° 20.5 % 10°
Mandarin 3.0 1.340.0 x 10° 21.4x10° 1.604.3 x 10° 72.7 % 10° 1,660.0 x 10° 273 x10° 1.015.5 x 10° 17.3 x 10°
Sweet potato 0.05 1,582.0 x 107 1.3 x10° 805.7 x 10° 1.8 x10° 2,561.0 x 10° 2.1x%10° 1,249.5 x 10° 1.1x10°
Sweet potato stalk 0.05 88.0 x 10° 0.1 x10° 223 x10° 0.1x10° 179.0 x 107 0.1x10° 36.0 x 10° 0.0 x 10°
Green pepper (fresh) 3.0 491.0 x 10° 23.6 x10° 30.0 x 10° 4.1x10° 732.0 x 10° 362 x 107 231.5x 107 11.8x10°
Chard 25 17.0 x 10° 6.8 x10° 14.0 x 10° 15.9x 107 9.0 x 10° 3.7x10° 2.0x10° 0.8 x10°
Oyster mushroom 0.1 133.0 x 10° 0.2 x10° 131.7 x 10° 0.6 x 10° 104.0 x 10° 0.2 x10° 159.5x 10° 0.3 %107
Balloon flower 0.05 61.0 x 10° 0.0 x 10° 10.7 x 10 0.0 x 10° 93.0 x 10° 0.1 x10° 26.5x 10° 0.0 x 10°
Perilla leaves 50 231.0x10°  184.8 x 10° 18.7 x 10° 42.3x10° 337.0x10°  277.6 x 10° 179.0 x 10° 152.1 x 10°
Strawberry 2.0 394.0 x 10° 12,6 x 10° 1,303.3 x 10°  118.1x 107 250.0 x 10 82x 107 424.5x 107 14.4x10°
Garlic 0.05 425.0 x 10° 0.3 x10° 178.3 x 10° 0.4x10° 399.0 x 10° 0.3x10° 345.5 % 10° 0.3x10°
Crimson glory vine 3.0 3.0 x10° 0.1 x10° 0.0 x 10° 0.0 x10° 9.0 x 10° 0.4 x10° 10.5 % 10° 0.5x10°
Pear 2.0 592.0 x 10° 189 x 10° 657.3 x 10° 59.6 x 10° 548.0 x 10° 18.1 x10° 329.5 x 10 11.2x10°
Raspberry 3.0 0.0 x 10° 0.0 x 10° 0.0 x 10° 0.0 x 10° 0.0 x 10° 0.0 x 10° 0.0 x 10° 0.0 x10°
Peach 2.0 752.0 x 10° 24.1 x 10° 788.3 x 10° 71.5x10° 1,085.0 x 10° 35.7x10° 438.0 x 10° 149 x10°
Apple 0.5 3,907.0 x 10° 313 x10° 2,643.0 x 10° 59.9 % 10° 5,539.0 x 10° 45.6 x 10° 2,397.0 x 10° 20.4 x 10°
Ginger 0.05 29.0 x 10° 0.0 x 10° 9.3x10° 0.0 x10° 33.0 x 10° 0.0 x 10° 28.0 x 10° 0.0 x 10°
Onion 0.05 3,060.0 x 10° 24x10° 15117 x 10° 3.4 x10° 2,390.0 x 10° 2.0x10° 2,606.5 x 10° 22x10°
Cucumber 1.0 1.505.0 x 10° 24.1 x10° 492.3 x 107 223 x10° 1,581.0 x 10° 26.0 x 10° 1.688.5 x 10° 28.7 % 107
Plum 0.3 276.0 x 10° 13x10° 163.7 x 10 22x10° 111.0 x 10° 0.5x10° 335.0 x 10° 1.7 x10°
Korean melon 0.5 822.0 x 10° 6.6 x 10° 406.0 x 10° 92x10° 1,288.0 x 10° 10.6 x 10° 4725 x 10° 4.0x10°
Cherry 2.0 42.0x10° 13x10° 37.7x10° 3.4 x10° 18.0 x 10° 0.6 x 10° 28.0 x 10° 1.0 x 10°
Tomato 2.0 1,740.0 x 10° 55.7x10° 309.0 x 10° 28.0 x 10° 2,098.0 x 10° 69.1 x 10° 1,843.5 x 107 62.7 % 10°
Welsh Onion 7.0 1,077.0 x 10° 172 x10° 399.7 x 10° 18.1 x 107 1,046.0 x 10° 172x10° 878.0 x 10° 149 x10°
Grapes 1.0 604.0 x 10 9.7 x 10° 710.7 x 10° 322107 327.0 x 10° 5.4x10° 643.0 x 107 10.9 x 10°
Soy bean 0.07 243.0 x 10° 0.3 x 107 93.0 x 10° 0.3 x10° 511.0 x 10° 0.6 x 10° 100.0 x 10° 0.1x10°
Jujube 3.0 18.0 x 10° 0.9 x 10° 153 x10° 2.1x10° 31.0 x 10° 1.5x10° 10.5x10° 0.5x%10°
Bonnet bellflower 0.05 19.0 x 10° 0.0 x 10° 3.0 x10° 0.0 x10° 33.0 x 10° 0.0 x 10° 5.0x10° 0.0 x 10°
Watermelon 1.0 1,252.0 x 10° 20.0 x 10° 1,316.0 x 10° 59.6 x 10° 795.0 x 10° 13.1 x10° 1,015.0 x 10° 172 x10°
Ginseng (fresh) 0.3 13.0 x 10° 0.1 x10° 11.0x10° 0.1 x10° 17.0 x 10° 0.1 x10° 6.0 x10° 0.0x10°
Rice 0.02 12.657.0 x 10° 4.1x10° 10.809.3 x 10° 9.8 x10° 14,222.0 x 10° 47x10° 8.751.0 x 10° 3.0%10°
Mushroom 0.5 51.0 x 10° 0.4 x10° 20.3 x 10° 0.5x10° 20.0 x 10° 02x10° 69.5 x 10° 0.6 x10°
Green garlic 2.0 3.0 x10° 0.1 x10° 0.0 x 10° 0.0 x 10° 2.0x10° 0.1 x10° 4.0x10° 0.1x10°
Sweet pepper 3.0 65.0 x 10° 3.1 %107 43.0x10° 5.8x10° 22,0 x10° 1.1x10° 78.0 x 10° 4.0x10°
Squash 0.9 814.0 x 10° 11.7 x10° 398.7 x 107 163 x 107 1,428.0 x 10° 21.2x10° 514.0 x 10° 7.9 x10°
Coastal hogfennel 0.07 12.0 x 10° 0.0 x 10° 0.0 x 10° 0.0 x10° 20.0 x 10° 0.0 x 10° 2.5%10° 0.0x10°
Fresh pepper leaves 0.05 18.0 x 10° 0.0 x 10° 0.0 x 10° 0.0 x 10° 40.0 x 10° 0.0 x 10° 3.5%x10° 0.0 x10°
Orange 2.0 336.0 x 10 10.8 x 10° 395.0 x 10° 358 x10° 459.0 x 10° 15.1x10° 239.5 x 107 8.1 x10°
Sesame seed 0.03 1.0 x 107 0.0 x 10° 0.0 x 10° 0.0 x10° 2.0x10° 0.0 x 10° 0.0 x 10° 0.0 x10°
Oak mushroom 3.0 155.0 x 10° 7.4 %10° 147.7 x 10° 20.1 % 10° 209.0 x 10° 103 x 10° 130.0 x 10° 6.6x10°
Cattle meat 0.1 2,343.0 x 10° 3.7x10° 2,103.7 x 10° 9.5x10° 1,526.0 x 10° 2.5x10° 2,274.0 x 10° 3.9%10°
Cattle by-product 5.0 108.0 x 10° 8.6 x 10° 24.7 % 10° 5.6 x10° 44.0 x 10° 3.6 x10° 71.0 x 10° 6.0 x10°
Cattle fat 0.5 0.0 x 10° 0.0 x 10° 0.0 x 10° 0.0 x 10° 0.0 x 10° 0.0 x 10° 0.0 x 10° 0.0 x 10°
Milk 0.05 6.994.0 x 10° 5.6 x 107 17.898.7 x 10° 40.6 x 10° 5,564.0 x 107 46x10° 5.849.5 x 10° 5.0%10°
Aster yomena 4.14 1.0 x10% 0.1x10° 0.0 x10° 0.0 x 10° 4.0 x10° 0.3x10° 0.0 x10° 0.0 x10°
(HR)

TMDI (sum) 556.8 x 10°° 798.2 x 10°° 729.5 x 10° 457.5x10°
TMDV/ADI (%) 55.68% 79.82% 72.95% 45.75%

TMDI, theoritical maximum daily intake; ADI, acceptable daily intake; MRL, maximum residue limits; HR, highest resiue.
¥ Adapted from MFDS (2023b).

* Adapted from KHIDI (2021).

Bold type font indicates a value calculated using a provisional MRL.
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2017b) Table 801 .o 2|+= Bfe} Zho] A47] 7] &gt 47l 18 AR 79.82, 72.95, 45.75, 55.68% 2 & 1 50A]
ADI®] 80%0l| B X|A] Zoh= 4270l H, o] 5H 52t prochloraz”t 55 2E A F-S &l 2o 17 5183
R AFstol = A AH 5182 2aekA] ¢7] el Fdstths Z4& UERATHRDA, 2020). FE3H &5 0]

FEE(EDC 71548 952 S5 Holglenz HHFe S7MIAM S ARt 7 1Y) 7

LTS 2 g 22 ARSI 9l om 11 o) g A9 AL 7Hs g0l ATHAL A A U Th(Lee, 2014). £5-740]

FELFE 9F90%Z(MFDS, 2023¢), 018 &R A 0| 2 Bhatslel e wf, A 2 oh A2 20 g 02 7Hg5HL
2-g3t0] AFE3H % ADIFES 68.9% 2 LFERGTE Theh faoh, QARR, g8 Sx Qik Azt m]u] 2 7}
LA E AL = Aoll= Folsiof gk wofe] 7R AlH IpAoll 2HE 740l et thaA)
7k 2] Fof| R o) 2 52F0] 80% o4k AAE tHE AT E 7 Yl WK (Youetal,, 2011), 433 o]
HIRICHA 27 ffsll = nju|ed 20 2 o). 47 9] B3ks S0 ofl that prochloraz2] MRL Aol $-2
gH7|ZAE R 282 4 S AR AlsHTh
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Conclusion

279 AP H A 5o AU IR s 2.15 mg-kg ' 2 0L}l B] 3] 48% A7 0. 2 UERGTHTable 7).
5 Zro 2 2Bao] 713 Buko] M aR AL EAY 0] 20 ¢) 2021 H = FRIPF BRAS o] &slo] A7|et 5
A AH=35t 9% ADIGERS 62.6%2 WEFGTE. 0= prochloraz manganese 50% 3141 S &5 o] 48+ 7L XA 7}A]
A 2]sto] & QPSS Uehdith. 2 Al Aol w53 oo tigk oFd ARE-7 & 72 2,000
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