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Abstract co-extractives in the aqueous phase. The extract was de-

composed to 2,4,6-T, and then the partitioned ion-asso-
ciate was finally purified by optimized aminopropyl sol-
id-phase extraction (SPE). The limits of quantitation of

Analytical ?l?proaches t(? evaluate Prochloraz residues in the method (MLOQs) were 0.04 mg/kg and 0.02 mg/kg,
herbal medicine are required for their safety management.

In this study, we developed a GC-ECD method for quanti-
tative determination of prochloraz in Platycodi Radix.
The metabolite 2,4,6-trichlorophenol (2,4,6-T) was used
as a target compound to evaluate total prochloraz residues

BACKGROUND: Prochloraz has been widely used as an
imidazole fungicide on fruits and vegetables in Korea.

respectively for prochloraz and 2,4,6-T, considering the
maximum residue level (MRL) of prochloraz as 0.05
mg/kg in Platycodi Radix. Recovery tests were carried out
at two levels of concentration (MLOQ, 10 MLOQ) and re-
sulted in good recoveries (82.1-89.7%). Good repro-
ducibilities were obtained (coefficient of variation <
2.8%), and the linearities of calibration curves were rea-
sonable (1> 0.9986) in the range of 0.005-0.5 pg/mL.

CONCLUSION(S): The method developed in this study
was successfully validated to meet the guidelines re-

as it is categorized to a representative residue definition of
prochloraz. All residues containing 2,4,6-T were con-
verted to 2,4,6-T and subjected to GC-ECD.

METHODS AND RESULTS: In order to verify the ap-
plicability, the method was optimized for determining
prochloraz and it metabolite 2,4,6-T in Platycodi Radix.
Prochloraz and its metabolite 2,4,6-T residuals were ex-
tracted using acetone. The extract was diluted with and
partitioned directly into dichloromethane to remove polar

quired for quantitative determination of pesticides in
herbal medicine. Thus, the method could be useful to
monitor prochloraz institutionally in herbal medicine.
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A7(Platycodi Radix)e otrlot T4 0% Ap¥sh= ot
WA 2875 25% N Campanulaceae)®l 43h= LelA|
(Platycodon grandiflorum A. De Candolle)®] %] 9]
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of oaf Q1A o® AL ATH5]. EHFAAE O
=1 20200 71 oFgAtEe] A 9,792 haolal
AbekS- 55,183 =olv] 1 5 A7 9] A A2 597 hac®
7 4391 =] S HATHMAFRA, 2021). Ak 7
wf Al g3l el WAE flaiA itk 7kl s
ok ARES] el Aok § AEeke] A FgAo]
tH6]. Prochlorazi= ImidazoleZ| A+ A=A, 70|} 2
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< ks, N-formyl-N-propyl-N-[2-(2,4,6-trichloro-
phenoxy)ethyllurea$} N-propyl-N-[2-(2,4,6- trichloro-
phenoxy)ethyl]urea® 18He 11 0] 712 tHA] 2,4,6-trichlo-
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(1 g 6 cc)= Phenomenex (USA)AtA F-d8ich A2
§|= acetone, dichloromethane, r-hexane, 1N-hydro-
chloric acid(HCl <% 35%), 10N sodium hydroxyde
(NaOH), Ammonium hydroxide(=% 30%) % metha-
nol+ Daejung Chemicals & Metals(Korea), formic acid

(=X 99%)E Wako(Japan)©llA Fali3leltt. aLa|AeF so-
dium chloride$} sodium sulfatem anhydrous= GR&
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tal Ultra-Turrax(IKA Werke GmbH & Co, Germany),
AANEF7) Combi-408 (Hanil, Korea), 329 S%7|%
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glycol 0.2 mL 7kt $ A5 si¢lch #2all8- vialol
pyridine hydrochloride 5 g& %7}skal 220 CollA] 14]
b 2al F el WAS vhs 02N HCL 5589 20 mL
A Fafjstal Eelol T2 At S 100 mLe} E3HA
4 50 mLE %7}kl dichloromethane 50 mLo. 2 2/
wHISE § sodium sulfate, anhydrous2 FZA1A 255}
1L 0.2% diethylene glycol 0.2 mLE 715k o5 40 C
FEAoM At 5F3)L acetone 2 mLE WA 1EES
gl sto] 717] A

el & WS AEs] Sl #ai871el pyridine
hydrochloride 5 g& Y1l 220CollA] 1417t &<t 3ll5k3]
th 02M HCI 20 mL= A-&3) § 500 mL wHof 7ol &
70 % 2467 0.1 ugl B7Fka 252 100 mLo} Eah2)
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NaOH= ©o]gste] #afe pHE 7o As o]
2,4,6-TCP-& ©]4 Fy= AFAI7l * n-hexane 50 mL
= oW Hujele] AlFaka aN HCIS o] 48] pHE Mo
2 24 % dichloromethane 50 mLZ S+ W Eujjslo] H
FHERS Sete] @S AR § soke &
230 jrob 40C 840l A ZelsS51o] acetone] A&

ssto] WAlECh

R UE
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otil £ 5 7R 23S #HAs etk diid

& B oR wol RSl 9l DB-5
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3t A} MOAF(C V)= 23 %= 10 % o
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Fig. 1. The partition efficiency for 2,4,6-trichlorophenol
(24,6-T) by the pH.
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SEAA 35ES FRleksitt 349 methanol / dichloro-
methane 92 BE H|&oX E£EHA AU 100%
methanol °ME #3 EFHA| ¢otrh F7H 0% Tt
NG AMgEl] 10 mLY F 39 $F A7 Hatou) 24,6-T
7} $EEA 23ko ], 2% formic acidE -3 methanol
10 mLE 7}sto] 8&3k3le o 100.2% 9] ¢t 28 2
I Ak 9 A= [12]9] Az G Ak} fAkst
A rEbs

SHAIRE AAl AR £ Al el S K o
2,4,6-T¢| pKa 7h& TRFA 02 857 pH 607 U o]
dichloromethane 1|5 E=d, 553 0.2N HClo]
ol IS0 A7 F8PA| NH, cartridge©lA loading
Eolol A 89.6% % Aol WSSt o] A= [13]01A4
ARRAIRE 7 A 230E 91 SIs o RS AR
F7FHA] ¢ol%, 1% methanol/dichloromethane £
JME §F & AoE Yehy, 24,6-T2 49 NH, car-
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A ARE EUE, NH, cartridge FAA 0.5% ammo-
nium hydoxide7} 3+t acetone% o] gsto] A7 x4
o7 W3k 3 FHo AH
acetone s ©]g3to] oFiHg 574 o7 2383t §&
A0 AARAE g A¥ 1082%2] 53 3TEe
gRlgk 4= Itk WkA, 0.5% ammonium hydoxide7}
gH¥ acetone 10 mLE /9351 NH, cartridge©l 7]
EFNE Askety, 0.5% ammonium hydoxide’} gHr&
actone 20 mLE £&3}o] W1 o]ojA 2% formic acid
& T3t acetone 10 mLE §E3t § 0.2% diethylene
glycol 0.2 mL F7}ste] Ais5 3+ ¥ acetone 2 mLE
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S pe R
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F0] prochloraz= 10 MLOQ (0.4 mg/kg), 2,4,6-T+
10 MLOQ (0.2 mg/kg)°| QEE}‘ T89S Hrleto] 3
T& AEE ZAlste] 39 vk Adsiqlt). Skl A7 F
prochloraz 4 2,4,6-T2 wxHls Ay} Table 194 2t
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Stokxl| Z1A = prochlorazl| EAMXMESHA U 5|48
ok 213 B2 elA 2,4,6-T) ILOQ 0.005 ug/mL,

7171505 2 uL, A1EEY 2 mL, ¥l F 1 mL 23l Al

SAFF 10 g& 18] 24,6-TS] MLOQE 0.02 mg/
kg AFE¥ 1AL prochlorazZX] $H4FeE 749 prochloraz
9/] MLOQ“E 0.04 mg/kgo]%p]. /K]—lex—] z}Elnok/Klt'oH
A (MFDS 2017)8} Codex(Codex Alimentarius Com-
mission 2020)°14 Ashs HFshtAd 7152l 0.05
mg/kg °l3t = 3187159 1/2 olate] HEstA 7ol
skl

B A9 SR dAe] WRlel wet sleEs ERIsk
o} A Alse] 278 H7Pel wi} prochloraz®] 73
- AggEe] MLOQ (0.04 mg/kg), 10 MLOQ (0.4 mg/
kg)ol =% BFEAE el 378 ARE FAlsto]
sl& *—J@% TRl om, 246T4 3% Aggeol
MLOQ 002 g/kg) 10 MLOQ (0.2 mg/kg)°llA =%
et slg MRS xAlsl] s9E A
318 3y ]-OﬂD]- 71 A prochloraz % 2,4,6-T¢ MLOQ
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82.1, 82.5%°] st 3FE&S HloH, $A k= FHu
28%% AN Al Fseigich webs gy A3 F
prochloraz®] A% 84§ 70~120% RS9}, WHolAlS
10% oo FHFEA7ES WSSt Table 2).
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Table 1. Inter-laboratory validation results of analytical method for the determination of prochloraz and it metabolite

2,4,6-trichlorophenol(2,4,6-T) in Platycodi Radix

Fortification

Recovery(% )

Compound CV.(%)?
P (mg/kg) LABIY LAB2Y )
Prochloraz 0.4 82.5 110.0 194
2,4,6-trichlorophenol 0.2 82.1 73.4 6.2

) n=3

" Wonkwang University

9 Seoul National University

9 Coefficient of variation of inter-laboratory
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Table 2. Recoveries of prochloraz and it metabolite 2,4,6-trichlorophenol(2,4,6-T) from Platycodi Radix
.. Fortification Recovery CV. MLOQ
Herbal medicine Compound (mg/kg) %) %) (mg/kg)
0.04 89.7 + 25 2.8
Prochloraz® 0.04
0.4 825 + 0.7 0.8
Platycodi Radix
246 0.02 83.0 + 2.2 2.6 0
Trichlorophenol 02 821 + 1.0 1.3 '

3 Mean+SD, n=3
b Coefficient variation
9 Prochloraz correction factor(1.91)

= Prochloraz Molecular weight(376.7)/2,4,6-trichlorophenol Molecular weight(197.4)

thane® 133l pyridine hydoxydeE ©]&-3to] 3list
H, o]t Wl ¥, NH, cartridge® “JAIsISict gt
okl 47 % prochloraz?] 4% %71 0.04 mg/kg o
= AAHglen], MLOQ 9] 3582 89.7%, MLOQ
108] F=ollM= 82.5%2] 43t 382 Holon, AL
AR A 2.8%2 AR A FESSh 246-T9] A5
A= 0.02 mg/kgl®E AGES oM, MLOQ +F2]
FEL 83.0%, MLOQ 10M] FollM= 821%Y 953
TS Bolon, Y eaks Hol 28%% AW A <&
sioleh. & Aol Eet prochloraz 9 1 tiAbA]
2,4,6-T e 2 =l 9] stefAe] disek 2AF Bl
Aol 28 7hed ZloR Ve
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Supplemental S1. Typical GC chromatograms of a control sample (A), 24 6-trichlorophenol (2,4,6-T)
standard at 0.1 mg/kg (B) and a sample fortified at 2,4,6-trichlorophenol (2,4,6-T) at 0.1 mg/kg (C). The
arrow symbols represent 2,4,6-trichlorophenol (2,4,6-T) on the GC column.
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