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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-1) in the Aster yomena sample 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-1·kg·bw-1·day). In conclusion, 
the triple application method with prochloraz at weekly intervals until the harvest day is 
recommended to produce safe Aster yomena from the fungicide residues and risks to humans.
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Introduction
(Aster yomena) , , A, B, C 

, (Lee, 2015; Seo, 2019). 

, , , , 

, , 

(Lee, 2015; Seo, 2019). , 
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2019 (Hwang, 2020). 

(Jin et al., 2018), 

(Lee, 2015; Seo, 2019). 1,000 ha 

MRL (maximum residue limits; ) glufosinate

pyrimethanil (Jin et al., 2018; MFDS, 2023a).

prochloaz ergosterol 

imidazole (Park et al., 2003). prochloraz

imidazole 2,4,6-trichlorophenol (2,4,6-TCP) N-propyl- 

N-[2-(2,4,6-trichlorophenoxy) ethyl] urea (BTS 44595) (Choi et al., 2002; Table 1). 

(Park and Choi, 2020). 

(Environmental Protection Agency, EPA)

(EPA and IRIS, 1989; Fang et al., 2017). 

prochloraz MRL 46 , 

MRL (MFDS, 2023a).

2019 (positive list system, 

PLS) MRL 0.01 mg·kg-1 (MFDS, 2017a). 

. 

(Bae et al., 2012).

prochloraz , 

MRL .

Table 1. Chemical structures of prochloraz and metabolites.

Common 

name
Prochloraz BTS44595 BTS44596 2,4,6-Trichlorophenol

Chemical 

structure

IUPAC 

name

N-propyl-N-[2-(2,4,6-

trichlorophenoxy) ethyl] 

imidazole-1-carboxamide

2-Propyl-1-[2-(2,4,6-

trichlorophenoxy) ethyl] 

urea

N-formyl-N’-propyl-N’-2 

(2,4,6-trichlorophenoxy) 

ethylurea

1-hydroxy-2,4,5-

trichlorobenzene

Molecular 

weight

376.67 g·mol-1 325.62 g·mol-1 353.63 g·mol-1 197.45 g·mol-1

Materials and Methods

Acetonitrile (HPLC grade) Fisher (USA) , acetic acid (99.5%) Samchun (Korea) . 

Coloriance (China) SHK, Hanil (Korea) MF550 . 
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QuEChERS original kit (4 g MgSO4, 1 g NaCl), QuEChERS dispersive kit (150 mg MgSO4, 25 mg pri-

mary secondary amine) Phenomenex (USA) . prochloraz (1,001.5 mg·L-1), 

2,4,6-TCP (1,001.6 mg·L-1) Kemidas (Korea), BTS44595 (1,000.0 mg·L-1), BTS44596 (1,000.0 mg·L-1) Accu-

standard (USA) AB Sciex 4000 Q TRAP LC-MS/MS system (USA) Agilent 1260 series 

HPLC (USA) (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℃
Run time 10 min

Mobile phase & 

Column

A: 0.01% Acetic acid in water

B: 0.01% Acetic acid in acetonitrile

For prochloraz, BTS44595, BTS44596 For 2,4,6-Trichlorophenol

Time (min) A% Flow (mL·min-1) Time (min) A% Flow (mL·min-1)

  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®

C18 100A, 2.6 µm,

100 mm × 2.1 mm

Column Phenomenex, Kinetex®

C18 100A, 2.6 µm,

100 mm × 4.6 mm

Injection volume 3 µL Injection volume 7 µL

Temperature (TEM) 350℃
Gas CUR: 25 psi, CAD: medium, Gas 1: 50 psi, Gas 2: 50 psi

MRM condition Compound Precursor ion

(m·z-1)

Product ion

(m·z-1)

Dwell

(msec)

CE

(V)

Polarity Ionspray

voltage

RT

(min)

Prochloraz 376.139 308.200 200 15 + +5,500 V 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-

rophenol

194.840   35.100 500 -44 - -4,500 V 3.07

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.

Prochloraz, BTS44595, BTS44596 acetonitrile (0.4% acetic acid ) 100 mg·L-1 

stock solution 0.004, 0.01, 0.02, 0.04, 0.1, 0.2, 0.4, 1, 2, 4, 10 mg·L-1 working 

standard solution . 2,4,6-TCP 0.005, 0.01, 0.02, 0.04, 0.08, 0.1, 0.2 mg·L-1
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working standard solution . working standard solution

(1 : 1, v : v) matrix matched standard solution

.

, 

10 m2 3 , 1 m . 

50% ( , Hankooksamgong, Korea) 2,000

(m2) 1 L .

10 g 50 mL 1% acetic acid acetonitrile 

10 mL glass bead 700 rpm 1 original-QuEChERS kit 

(4.0 g MgSO4, 1.0 g NaCl) 700 rpm 1 . 4,000 rpm 6

acetonitrile water . 1 mL QuEChERS dispersive kit (150 mg MgSO4, 25 

mg PSA) 1 (12,000 rpm, 2 ) . PTFE 0.2 µm syringe filter

acetonitrile (0.4% acetic acid ) (1 : 1, v : v) (Table 2) LC-MS/MS

.

(Instrumental limit of quantification, ILOQ), (Method 

limit of quantification, MLOQ) , . ILOQ

(signal to noise ratio, S/N) 10 . MLOQ

ILOQ (injection volume) (minimum 

detectable amount, MDA) , , , , (1)

(Lee, 2018).

MLOQ mg·kg 
Injection volume μL×Sample weight g

MDA ng×Final volume mL×Dilution factor
 (1)

MLOQ 10 MLOQ 5

(Park et al., 2022).

10 g prochloraz 3 10 mg·L-1 0.1 mL 0.1 mg·L-1

. -20℃ LC-MS/MS

.
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MRL

(theoritical maximum daily intake, TMDI) ( (2), MFDS, 

2023a; Oh et al., 2022). (MFDS, 2023a) prochloraz

(acceptable daily intake, ADI) 0.01 mg-1·kg·bw-1·day , TMDI % ADI ( (3), 

MFDS, 2023a; Oh et al., 2022).

TMDI mg·kgbw

·day ∑
  



Body weight kg KHIDI 

MRL mg·kg

×Food daily intake kg·day


 (2)

ADI 
ADI mg·kgbw

·day

TMDI mg·kgbw
·day

× (3)

Results and Discussion
QuEChERS Prochloraz LC-MS/MS 

(National Agricultural Products Quality Management Service, NAQS) QuEChERS 

(quick, easy, cheep, effective, rugged, safe) prochloraz 2,4,6-TCP GC-MS/MS (gas chromato-

graphy tandem mass spectrometry) , BTS44595 BTS44596 LC-MS/MS (liquid chromatography tandem mass 

spectrometry) (NAQS, 2022). QuEChERS , 

(Kim et al., 2017; Gu et al., 2023). Prochloraz 

QuEChERS , (EURL-SRM, 2014; Zhao et al., 2019; Tian et 

al., 2022). EU LC GC , GC prochloraz TCP

, (EURL-SRM, 2014). 

prochloraz 3 GC-MS . , 2,4,6-TCP

y = 98,908,078.1095x - 30,664.3682 , R2  0.999 . Prochloraz 0.5 mg·kg-1, 

BTS44595 0.1 mg·kg-1, BTS44596 0.1 mg·kg-1 2,4,6-TCP GC-MS 

2,4,6-TCP . 

, prochloraz 3.9%, BTS44595 69.6%, BTS44596 34.0%

2,4,6-TCP (Table 3; Fig. 1). LC-MS/MS

prochloraz, BTS44595, BTS44596 2,4,6-TCP 2.69, 0.42, 0.86, 0.02 mg·kg-1 . 

GC-MS 2,4,6-TCP 2,4,6-TCP 

0.41 mg·kg-1 LC-MS/MS 0.02 mg·kg-1 20 (Table 3). 

prochloraz LC-MS/MS 1.2 . EURL pro-

chloraz LC GC LC 1.3 - 1.5

(EURL-SRM, 2014). LC 2,4,6-TCP

2,4,6-TCP fragment . LC GC

prochloraz . LC-MS/MS
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prochloraz (sum) , (EURL-SRM, 2014; Shim-

shoni et al., 2020; Tian et al., 2022).

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

Compound

Concent-

ration

(mg·kg-1)

TCP

conversion

factorw

Converted

concentration

to TCP in

GC-MS

(mg·kg-1)

Calculated

TCP resultx

(mg·kg-1)

Conversion

rates to TCP

in GC-MSy

(%)

LC analysis

result maximum

conc. in

Aster yomena

(mg·kg-1)

Calculated

TCP result in

Aster yomenaz

(mg·kg-1)

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

2,4,6-TCP

0.02 0.41

TCP, 2,4,6-trichlorophenol; GC-MS, gas chromatography-mass spectrometry; LC, liquid chromatography tandem mass spectro-

metry.
w (TCP conversion factor) = (TCP molecular weight)/(compound molecular weight).
x (Calculated TCP result) = (Converted Concentration to TCP in GC-MS) × (TCP conversion factorw).
y (Conversion rates to TCP in GC-MS) = (Calculated TCP result)x/(Concentration) × 100.
z (Calculated TCP result in Aster yomena) = (LC analysis result maximum conc. in Aster yomena) × (conversion rates to TCP in 

GC-MSy) × (TCP conversion factorw).

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

BTS44596.

matrix matched standard

R2  0.995 MFDS (R2  0.98) (Table 4), MLOQ

0.01 mg·kg-1 , PLS (MFDS, 2023b; Table 5).

Prochloraz BTS44595, BTS44596, 2,4,6-TCP MLOQ 90.4 ± 3.1, 

76.0 ± 2.2, 89.1 ± 2.4, 107.3 ± 4.9% . 10 MLOQ 84.8 ± 1.6, 91.5 ± 3.4, 75.0 ± 1.8, 109.1 
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± 2.0% . prochloraz 10 MLOQ , 

10 mg·kg-1 80.1 ± 1.2% , NAQS 70 - 

120% (NAQS, 2023; Table 5).

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

Compound Linear equation R2

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 yomena.

Compound Fortification (mg·kg-1)
Recovery (%)

MLOQ (mg·kg-1)
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 ± 3.4

BTS44596 0.01 89.1 ± 2.4 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.

Prochloraz

Prochloraz, BTS44595, BTS44596 160 , 2,4,6-TCP 201 . prochloraz 

84.6 ± 2.5%, BTS44595 71.1 ± 0.6%, BTS44596 81.5 ± 1.7%, 2,4,6-TCP 88.8 ± 2.6% (Table 6). 

70 - 120%

(CAC, 2010).

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

Compound Storage conditions
Fortification 

(mg·kg-1)

Recovery (%)

Rep 1 Rep 2 Rep 3 Mean ± S.D.

Prochloraz -20℃ (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℃ (201 days) 88.5 92.1 85.7 88.8 ± 2.6

S.D., standard deviation.
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Prochloraz

Prochloraz 2,4,6-TCP GC-MS/MS , BTS44595 BTS44596 LC-MS/MS prochloraz 

(sum) GC 2,4,6-TCP

. LC-MS/MS prochloraz (sum)

.

50% . 

Prochloraz BTS44595 BTS44596 , 2,4,6-TCP

. (4) - (6) 1.16, 

1.07, 1.91 (Kim et al., 2021).

BTS  conversion factor 
BTS  molecular weight  g·mol

Prochloraz molecular weight  g·mol
 (4)

BTS  conversion factor 
BTS  molecular weight  g·mol

Prochloraz molecular weight  g·mol
 (5)

TCP conversion factor 
TCP molecular weight  g·mol

Prochloraz molecular weight  g·mol
 (6)

Prochloraz 3.82 ± 0.23 mg·kg-1 , 7 1.92 ± 0.16 mg·kg-1

0 49.7% , 14 0.87 ± 0.11 mg·kg-1

77.2% (Table 7).

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

Test crop Spray day before harvest
Prochloraz concentration (mg·kg-1)

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.

TMDI ADI 80% 

(MFDS, 2017b). MRL 4 , , , , 

80% (KCPA, 2013). prochloraz MRL 46

TMDI ADI Table 8 . (highest 

residue, HR) 4.14 mg·kg-1 (Table 7). prochloraz MRL (MFDS, 
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Table 8. Percentage of TMDI to ADI on the prochloraz.
ADI of prochloraz 0.01

(mg·kgb.w
-1·day-1)

National mean (62.5 kg) Age 1 - 11 (22.1 kg) Age  65 (60.7 kg)
Women (child bearing age 

19 - 49, 58.9 kg)

Food MRLy Food intake

(kg)z
TMDI by food

(mg·kgb.w
-1·day-1)

Food intake

(kg)z
TMDI by food

(mg·kgb.w
-1·day-1)

Food intake

(kg)z
TMDI by food

(mg·kgb.w
-1·day-1)

Food intake

(kg)z
TMDI by food

(mg·kgb.w
-1·day-1)

Egg plant   2.0 224.0 × 10-5 7.2 × 10-5 33.3 × 10-5 3.0 × 10-5 564.0 × 10-5 18.6 × 10-5 80.5 × 10-5 2.7 × 10-5

Persimmon   2.0 901.0 × 10-5 28.8 × 10-5 256.7 × 10-5 23.3 × 10-5 1,354.0 × 10-5 44.6 × 10-5 602.5 × 10-5 20.5 × 10-5

Mandarin   3.0 1,340.0 × 10-5 21.4 × 10-5 1,604.3 × 10-5 72.7 × 10-5 1,660.0 × 10-5 27.3 × 10-5 1,015.5 × 10-5 17.3 × 10-5

Sweet potato   0.05 1,582.0 × 10-5 1.3 × 10-5 805.7 × 10-5 1.8 × 10-5 2,561.0 × 10-5 2.1 × 10-5 1,249.5 × 10-5 1.1 × 10-5

Sweet potato stalk   0.05 88.0 × 10-5 0.1 × 10-5 22.3 × 10-5 0.1 × 10-5 179.0 × 10-5 0.1 × 10-5 36.0 × 10-5 0.0 × 10-5

Green pepper (fresh)   3.0 491.0 × 10-5 23.6 × 10-5 30.0 × 10-5 4.1 × 10-5 732.0 × 10-5 36.2 × 10-5 231.5 × 10-5 11.8 × 10-5

Chard 25 17.0 × 10-5 6.8 × 10-5 14.0 × 10-5 15.9 × 10-5 9.0 × 10-5 3.7 × 10-5 2.0 × 10-5 0.8 × 10-5

Oyster mushroom   0.1 133.0 × 10-5 0.2 × 10-5 131.7 × 10-5 0.6 × 10-5 104.0 × 10-5 0.2 × 10-5 159.5 × 10-5 0.3 × 10-5

Balloon flower   0.05 61.0 × 10-5 0.0 × 10-5 10.7 × 10-5 0.0 × 10-5 93.0 × 10-5 0.1 × 10-5 26.5 × 10-5 0.0 × 10-5

Perilla leaves 50 231.0 × 10-5 184.8 × 10-5 18.7 × 10-5 42.3 × 10-5 337.0 × 10-5 277.6 × 10-5 179.0 × 10-5 152.1 × 10-5

Strawberry   2.0 394.0 × 10-5 12.6 × 10-5 1,303.3 × 10-5 118.1 × 10-5 250.0 × 10-5 8.2 × 10-5 424.5 × 10-5 14.4 × 10-5

Garlic   0.05 425.0 × 10-5 0.3 × 10-5 178.3 × 10-5 0.4 × 10-5 399.0 × 10-5 0.3 × 10-5 345.5 × 10-5 0.3 × 10-5

Crimson glory vine   3.0 3.0 × 10-5 0.1 × 10-5 0.0 × 10-5 0.0 × 10-5 9.0 × 10-5 0.4 × 10-5 10.5 × 10-5 0.5 × 10-5

Pear   2.0 592.0 × 10-5 18.9 × 10-5 657.3 × 10-5 59.6 × 10-5 548.0 × 10-5 18.1 × 10-5 329.5 × 10-5 11.2 × 10-5

Raspberry   3.0 0.0 × 10-5 0.0 × 10-5 0.0 × 10-5 0.0 × 10-5 0.0 × 10-5 0.0 × 10-5 0.0 × 10-5 0.0 × 10-5

Peach   2.0 752.0 × 10-5 24.1 × 10-5 788.3 × 10-5 71.5 × 10-5 1,085.0 × 10-5 35.7 × 10-5 438.0 × 10-5 14.9 × 10-5

Apple   0.5 3,907.0 × 10-5 31.3 × 10-5 2,643.0 × 10-5 59.9 × 10-5 5,539.0 × 10-5 45.6 × 10-5 2,397.0 × 10-5 20.4 × 10-5

Ginger   0.05 29.0 × 10-5 0.0 × 10-5 9.3 × 10-5 0.0 × 10-5 33.0 × 10-5 0.0 × 10-5 28.0 × 10-5 0.0 × 10-5

Onion   0.05 3,060.0 × 10-5 2.4 × 10-5 1,511.7 × 10-5 3.4 × 10-5 2,390.0 × 10-5 2.0 × 10-5 2,606.5 × 10-5 2.2 × 10-5

Cucumber   1.0 1,505.0 × 10-5 24.1 × 10-5 492.3 × 10-5 22.3 × 10-5 1,581.0 × 10-5 26.0 × 10-5 1,688.5 × 10-5 28.7 × 10-5

Plum   0.3 276.0 × 10-5 1.3 × 10-5 163.7 × 10-5 2.2 × 10-5 111.0 × 10-5 0.5 × 10-5 335.0 × 10-5 1.7 × 10-5

Korean melon   0.5 822.0 × 10-5 6.6 × 10-5 406.0 × 10-5 9.2 × 10-5 1,288.0 × 10-5 10.6 × 10-5 472.5 × 10-5 4.0 × 10-5

Cherry   2.0 42.0 × 10-5 1.3 × 10-5 37.7 × 10-5 3.4 × 10-5 18.0 × 10-5 0.6 × 10-5 28.0 × 10-5 1.0 × 10-5

Tomato   2.0 1,740.0 × 10-5 55.7 × 10-5 309.0 × 10-5 28.0 × 10-5 2,098.0 × 10-5 69.1 × 10-5 1,843.5 × 10-5 62.7 × 10-5

Welsh Onion   7.0 1,077.0 × 10-5 17.2 × 10-5 399.7 × 10-5 18.1 × 10-5 1,046.0 × 10-5 17.2 × 10-5 878.0 × 10-5 14.9 × 10-5

Grapes   1.0 604.0 × 10-5 9.7 × 10-5 710.7 × 10-5 32.2 × 10-5 327.0 × 10-5 5.4 × 10-5 643.0 × 10-5 10.9 × 10-5

Soy bean   0.07 243.0 × 10-5 0.3 × 10-5 93.0 × 10-5 0.3 × 10-5 511.0 × 10-5 0.6 × 10-5 100.0 × 10-5 0.1 × 10-5

Jujube   3.0 18.0 × 10-5 0.9 × 10-5 15.3 × 10-5 2.1 × 10-5 31.0 × 10-5 1.5 × 10-5 10.5 × 10-5 0.5 × 10-5

Bonnet bellflower   0.05 19.0 × 10-5 0.0 × 10-5 3.0 × 10-5 0.0 × 10-5 33.0 × 10-5 0.0 × 10-5 5.0 × 10-5 0.0 × 10-5

Watermelon   1.0 1,252.0 × 10-5 20.0 × 10-5 1,316.0 × 10-5 59.6 × 10-5 795.0 × 10-5 13.1 × 10-5 1,015.0 × 10-5 17.2 × 10-5

Ginseng (fresh)   0.3 13.0 × 10-5 0.1 × 10-5 11.0 × 10-5 0.1 × 10-5 17.0 × 10-5 0.1 × 10-5 6.0 × 10-5 0.0 × 10-5

Rice   0.02 12,657.0 × 10-5 4.1 × 10-5 10,809.3 × 10-5 9.8 × 10-5 14,222.0 × 10-5 4.7 × 10-5 8,751.0 × 10-5 3.0 × 10-5

Mushroom   0.5 51.0 × 10-5 0.4 × 10-5 20.3 × 10-5 0.5 × 10-5 20.0 × 10-5 0.2 × 10-5 69.5 × 10-5 0.6 × 10-5

Green garlic   2.0 3.0 × 10-5 0.1 × 10-5 0.0 × 10-5 0.0 × 10-5 2.0 × 10-5 0.1 × 10-5 4.0 × 10-5 0.1 × 10-5

Sweet pepper   3.0 65.0 × 10-5 3.1 × 10-5 43.0 × 10-5 5.8 × 10-5 22.0 × 10-5 1.1 × 10-5 78.0 × 10-5 4.0 × 10-5

Squash   0.9 814.0 × 10-5 11.7 × 10-5 398.7 × 10-5 16.3 × 10-5 1,428.0 × 10-5 21.2 × 10-5 514.0 × 10-5 7.9 × 10-5

Coastal hogfennel   0.07 12.0 × 10-5 0.0 × 10-5 0.0 × 10-5 0.0 × 10-5 20.0 × 10-5 0.0 × 10-5 2.5 × 10-5 0.0 × 10-5

Fresh pepper leaves   0.05 18.0 × 10-5 0.0 × 10-5 0.0 × 10-5 0.0 × 10-5 40.0 × 10-5 0.0 × 10-5 3.5 × 10-5 0.0 × 10-5

Orange   2.0 336.0 × 10-5 10.8 × 10-5 395.0 × 10-5 35.8 × 10-5 459.0 × 10-5 15.1 × 10-5 239.5 × 10-5 8.1 × 10-5

Sesame seed   0.03 1.0 × 10-5 0.0 × 10-5 0.0 × 10-5 0.0 × 10-5 2.0 × 10-5 0.0 × 10-5 0.0 × 10-5 0.0 × 10-5

Oak mushroom   3.0 155.0 × 10-5 7.4 × 10-5 147.7 × 10-5 20.1 × 10-5 209.0 × 10-5 10.3 × 10-5 130.0 × 10-5 6.6 × 10-5

Cattle meat   0.1 2,343.0 × 10-5 3.7 × 10-5 2,103.7 × 10-5 9.5 × 10-5 1,526.0 × 10-5 2.5 × 10-5 2,274.0 × 10-5 3.9 × 10-5

Cattle by-product   5.0 108.0 × 10-5 8.6 × 10-5 24.7 × 10-5 5.6 × 10-5 44.0 × 10-5 3.6 × 10-5 71.0 × 10-5 6.0 × 10-5

Cattle fat   0.5 0.0 × 10-5 0.0 × 10-5 0.0 × 10-5 0.0 × 10-5 0.0 × 10-5 0.0 × 10-5 0.0 × 10-5 0.0 × 10-5

Milk   0.05 6,994.0 × 10-5 5.6 × 10-5 17,898.7 × 10-5 40.6 × 10-5 5,564.0 × 10-5 4.6 × 10-5 5,849.5 × 10-5 5.0 × 10-5

Aster yomena   4.14

  (HR)

1.0 × 10-5 0.1 × 10-5 0.0 × 10-5 0.0 × 10-5 4.0 × 10-5 0.3 × 10-5 0.0 × 10-5 0.0 × 10-5

TMDI (sum) 556.8 × 10-5 798.2 × 10-5 729.5 × 10-5 457.5 × 10-5

TMDI/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.
y Adapted from MFDS (2023b).
z Adapted from KHIDI (2021).

Bold type font indicates a value calculated using a provisional MRL.
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2017b) Table 8 4 79.82, 72.95, 45.75, 55.68%

ADI 80% , prochloraz

(RDA, 2020). 

( ) . 

2 g (Lee, 2014). 

90% (MFDS, 2023c), , 20 g

(3) % ADI 68.9% . , , 

. 

, 80% (You et al., 2011), 

. prochloraz MRL 

.

Conclusion
7 2.15 mg·kg-1 0 48% (Table 7). 

( 20 g) 2021

% ADI 62.6% . prochloraz manganese 50% 7

. 2,000

7 7 3 .
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