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Abstract

Fosthiazate is an organophosphorus nematicide iasecticide. Atractylodes
rhizome white andRehmanniaroot is herbal medicine listed in the Korean
Pharmacopeia (KP). This study develops a methodratyzing fosthiazate using
GC-NPD. Cleanup using an SPE Cartridge was perfdbtmiee. This method using
GC-NPD was complex to extract, partition and clgarifter that, the method was
developed by QUEChERS method using LC-MS/MS to awerunnecessary
preparation procedures. LC-MS/MS on electrospragienwas used for the analysis
of fosthiazate. In multiple reaction monitoring, 29228 and m/z=104.15 were
engaged as the quantification ion and qualificaioom respectively. Method limit
of quantitation (MLOQ) was 0.01 mg/kg. The linegribf matrix-matched
calibration curverf) was>0.99 at the calibration range of 0.001-0.05 mgAar.the
recovery test, 5 g of maceratattactylodeshizome whiteor Rehmanniaoot was
treated with standard solutions at MLOQ and 10ML©¢&Is. Recovery rates were
in the range of 70-120% (RSR0%) at two spiked levels (MLOQ and 10MLOQ)
for Atractylodeghizome whiteor Rehmanniaoot.

Proso millet Panicum miliaceunt..) is the longest used summer cereal in
human in addition to wheat and barl&yicyclazole and tebuconazole is a fungicide
which has been used for various crops includings@rmillet. LC-MS/MS on
electrospray mode was used for the analysis ofdiazole. In multiple reaction
monitoring, m/z=136 and m/z=163.15 were engageth@gjuantification ion and
qualification ion, respectively. GC-MS/MS on elextrionization mode was used
for the analysis of tebuconazole. In multiple reactmonitoring, m/z=125 and
m/z=99.1 were engaged as the quantification ionqaadification ion, respectively.
Method limit of quantitation (MLOQ) was 0.01 mg/k@he linearity of matrix-
matched calibration curve?l was>0.99 at the calibration range of 0.0025-0.25

mg/kg. For the recovery test, 10 g of maceratethgrastraw ofproso milletwas



treated with standard solutions at 10MLOQ and 50M)L{evels. Recovery rates
were in the range of 70-120% (RSPD%) at two spiked levels (10MLOQ and
50MLOQ) for grain and straw. In field study, tridgzole 20 % suspension
concentrate formulation was treated on each 4 (E@&0/30 days, 40/30/21 days,
30/21/14 days and 21/14/7 days before harvest)tivitke replicates. After harvest,
grain and straw were analyzed to show that thedwesievels of trycyclazole

decreased according to treatment time. Maximunideseresidue were 5.68 mg/kg
and 1.13 mg/kg fograin and straw in treatment plot of 21/14/7 dag®te harvest.

In field study of tebuconazole, tebuconazole 20 #spsnsion concentrate
formulation was treated on each 4 plots (50/40/8¢sd40/30/21 days, 30/21/14
days and 21/14/7 days before harvest) with threlceges. After harvest, grain and
straw were analyzed to show that the residue lesklebuconazole decreased
according to treatment time. Maximum levels of desi were 1.66 mg/kg and 1.20

mg/kg forgrain and straw in treatment plot of 21/14/7 dagfte harvest.

Key words: Herbal medicine, GC-NPD, SPE, QUEChERS, Fostteaz£-

MS/MS, GC-MS/MS, Minor crop, Proso millet, Residue

Student number2018-24170
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Introduction

Herbal medicine

Herbal medicines have been used for thousands ars y&round the world. The
history of herbal medicine has been proven to fextife over many years and has

been used traditionally for many years.

In korea, herbs have been recognized for health aad disease treatment.
Thesedays, they are the most widely manufactured ararketed in the
pharmaceutical market for disease treatment anticpudalth promotion in Korea.
Korean traditional medicine is based on the phibsoof ancient medical science,
and began with 11 oriental books that documenteterabout ancient remedies.
Among these books, DongEu-Bo-Gam (by Hur Joon, AI3)6s the greatest
masterpiece. This book is considered as a bibkoogan traditional medicine up to

the present in Korea (Choi et al. 2002).

Among 520 herbal drug materials (HDMs) registered@rea Pharmacopeia
(KP) and Korean Herbal Pharmacopeia (KHP), mora #theE8 HDMs are mainly
derived from plants that are mostly under cultmatilike agricultural crops.
Consumers could be exposed to residual pesticidteagh food and HDMs at the

same time(Oh 2009).



Atractylodesrhizome white

Atractylodesrhizome whiteis a compositae herbal medicine listed in the Korea
Pharmacopeia (KP). The origin Afractylodeghizome whitds defined as the root

stem ofAtractylodes japonicar Atractylodes macrocephala.

Atractylodesrhizome whiteuses its roots as herbal medicine. Young stems
and leaves have a unique aroma and bitter tastbamdbeen used for a long time
in korea. Especially for herbal medicine, it is erywimportant medicine used in
prescription drugs to promote digestion and gastestinal protection (Bang et al.
2004). For preventing pest afractylodesthizome white, some pesticides allowed

to use (table 1).



Table 1. Allowed pesticides oAtractylodesrhizome white

Pesticide Usage MRL (mg/kg)
Aldrin Insecticide 0.01
BHC Insecticide 0.2
Captan Fungicide 2
DDT Insecticide 0.1
Dieldrin Insecticide 0.01
Procymidone Fungicide 0.1

*Korean pharmacopoeia (Ministry of food and drugfety)
(Article 2 Medicing2019)

.-"\.\.I .y



Rehmanniaroot

Rehmanniaootis a herbal medicine of scrophulariaceae andtidig the Korean
Pharmacopeia (KP). The origin BEhmannia glutinose defined aRehmannia

glutinosaex steudel.

Rehmannia glutinoshas a variety of pharmacological actions and chamic
compositions. In recent decades, there have beeny maports of the
pharmacological functions and activities &ehmannia glutinosaand active
principles of blood system, immune system, endecrystem, cardiovascular
system and nervous system and of anti-tumor, antscence, etc (Zhang, Li, and
Jia 2008). For preventing pest étractylodesrhizome white, some pesticides

allowed to use (table 2)



Table 2. Allowed pesticides oRehmanniaroot

Pesticide Usage MRL (mg/kg)
Aldrin Insecticide 0.01
BHC Insecticide 0.2
DDT Insecticide 0.1
Dieldrin Insecticide 0.01
Imiz;gt:sd”igsa;ris Fungicide 0.1
KEZ?;:;T_ Fungicide 0.1
Pyrimethanil Fungicide 0.2
Thiram Fungicide 0.5

*Korean pharmacopoeia (Ministry of food and drugfety)

(Medicine; second part; Article 2019)



Fosthiazate

Fosthiazate is an organophosphorous insecticide ma@ohaticide (Fig 1.).
Oragnophosphorus pesticides are organic compoundsaining phosphorus.
Phosphorus can adopt a varietyogidation stateslUPAC name is3-[butan-2-
ylsulfanyl(ethoxy) phosphoryl]-1,3-thiazolidin-2-en It also has been called
“Nemathorin”. The chemical formula of fosthiazaseCGsH1sNOsPS. The physical

form is a slightly yellow and clear liquid.

Mode of action (MOA) of fosthiazate is known toibition of acetylcholine
esterase in nematodes and other insects. Its ertslfstemic actions also provide
high performance against nematodes and foliar irzests. It acts on the motility
and larval stages of nematodes in the soil andeptevinvasion to roots of crops

(ISK, 1992).

Fosthiazate is applied on crops such as potat@ttoand banana. Its MRL
is set at 0.05-0.5 mg/kg for crops including clmépper and garlic. In Korea,
fosthiazate was first registered in the form of &ian in 1995 (MRLs for Pesticides

in Foods, May 31, 2016).
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Figure 1. Structure of fosthiazate



=1
T

ol

-]

%
oy
,



Table 3. Physicochemical properties of fosthiazate

Property Information
Common name Fosthiazate (BSI, E-ISO, (m) F-ISO)
IUPAC name (RS)-[S-(RS)-sec-butyl O-ethyl .2-oxo-l,3-th|azahd3-
ylphosphonothioate]
CAS No. 98886-44-3
Molecular
CoH1sNO3PS
formula
Mole.cular 2833
weight
Boiling point 198°C/0.5 mmHg
Vapor pressure 0.53 mpa (250)
Kow Log P=1.68

Solubility in In water 9850.0 mg/L (20-2%.). Soluble in hexane (15.14
solvent g/L, 20-25°C), isopropanol, NMP, xylene

Mode of action Cholinestrease inhibitor

Acute oral (LDso, mg/kg) male rats 73, female rats Béute
percutaneous (LD, mg/kg) male rats 2396, female rats 861
Skin irritation Not an irritant (rabbits).
Eye Not an irritant (rabbits).
Inhalation (LCso, mg/1)
male rats 0.832, female rats 0.558 (4 h)
Animals Rapidly and extensively absorbed, with >90%
excretion, mainly via urine and air, within 48 h.
Soil/Environment Terrestrial field dissipatioprso 10-17 d.
DTsoin aerobic soil 45 d, in anaerobic water sedindandl.
Mean Koc 59

Toxicology

Environmental
fate

*The Pesticide Manual Seventeenth Edition (J A €drn
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Cleanup using solid phase extraction

As an alternative medicine, the use of herbal petsdis becoming increasingly
popular. However, the analysis of active compourdent in herbal products faces
great difficulties because of the complexity otgaamounts of pharmacologically
active compounds and matrices. In addition, asdémand for solving quality-

related problems in herbal products, the developwiesimple and reliable methods
for the purification and, sensitive and selectietedmination of active compounds

of herbal products is essential (Sun et al. 2002)

To cope with this problem, plant extracts must lymuagh several cleanup
steps, using unrelated separation mechanisms tmease orthogonality and
purification efficiency. Common cleanup proceduresuch as column
chromatography, solid phase extraction(SPE), lidjguid extraction, etc. are used

(Dobrev et al. 2005).

The choice of method for a particular problem stdad chosen based on the
experience and skills available, the analyte and thatrix characteristics.
Nevertheless, the popularity of SPE has increaseeaent years due to its ease of
automation and the availability of various stage& also considered eco-friendly
as large volumes of solvents are not used, agundi-iquid extraction (Stevenson

1999).

11



QUEChERS methodology

Anastassiades, Lehotay, Stajnbaher, and Schendk3)2@veloped an original
analytical method that combines the extractiordisoh of pesticides from the food
matrix with extract cleanup. They coined the acrorfQUEChERS for it, i.e. Quick,
Easy, Cheap, Effective, Rugged and Safe. This tqahrnis the process of purifying
extracts using fine scale extraction with ACN (aodtile) and dispersive solid-
phase extraction (d-SPE). Since the developmentpabtication of this method,
QUECHhERS has been gaining considerable populétrisythe method of choice for
food analysis, as it combines several steps anendstthe range of recovered
pesticides with older and more boring extractioohtéques. This method has
undergone various modifications and improvemener alie years since its first
introduction. These have been designed to impreeevery for certain types of

foodstuff or types of pesticides (Wilkowska andiBkz2011).

The purpose of studies

This study is to develop the residual test metltwwddsthiazate in herbal medicine

to establish the maximum residue limits (MRLs). Bamples used in this study are
Atractylodesrhizome whiteandRehmanniaoot. The herbal medicine samples are
to selectively analyze fosthiazate by GC-NPD thiosglid phase extraction and by

LC-MS/MS through dispersive solid phase extractimrification in various

matrices such as secondary metabolites and acipaunds.

12
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Materials and Methods

Analytical standard

Standard material of fosthiazate (Purity: 99.1 %¥wurchased from Wako (Osaka,

Japan).

Standard solutions

Standard stock solution of fosthiazate to be usethéthod using GC-NPD was
prepared at the concentration of 1,000 mg/L withEA@cetone). The working

solutions were prepared by serial dilution of steclkution with acetone.

Standard stock solution of fosthiazate to be usedathod using LC-MS/MS
was prepared at the concentration of 1,000 mg/lh witetonitrile. The working

solutions were prepared by serial dilution of steckution with acetonitrile.

Subject herbal medicine

Atractylodes rhizome white (Atractylodes japonice and Rehmannia Root
(Rehmannia glutinogawhich are the species in South Korea was used for

experiments

14



Sampling

Acquisition of the herbal medicine sample was penxd through a series of
procedures. First, the sample is provided by arpheeutical company that sells
herb sample. Next, the received sample is inspebiedhe herbal medicine

pharmacist and the product is purchased. The heredicine sample purchased is
subjected to sensory evaluation and used as asaAfp#r evaluation, the obtained
sample was homogenized by food processor. Everplsamwas stored at -2 in

polyethylene bags.

15



Analytical instruments and conditions
1) GC-NPD condition

GC-NPD analysis for fosthiazate was carried owtoAgilent 7890B equipped with
Agilent 7693 auto sampleBSanta Clara, USA). A capillary column was DB-5MS
Ultra Inlet (30m x 0.261m, 0.2%um). The heater of Inlet was 260. Injection mode
was pulsed-splitless mode (20 psi, until 0.75 miliije oven temperature program
was initialized at 80C (held for 2min), increased to 300 at 10°C/min (held for
10). Total run time was 34 min. Detector was NPr@igen Phosphorus Detector)
using blos bead (Agilent, USA). Nitrogen 99.999%) was used as carrier gas at a
makeup gas flow (10 mL/min) and hydrogen and=ai®9.999%) was used as fuel
gas to make flame. Hydrogen and air flow was 3 nih/mnd 60 mL/min,

respectively.

16



2) LC-MS/MS condition

LC-MS/MS analysis for fosthiazate was carried auad.C-MS 8040 with UHPLC-
Nexera (ESI positive mode). The oven temperature 408C and the column was
RaptofM ARC-18 (100mm x 2.1 mm, 2.jAm). Mobile phases were 0.1% formic
acid & 5mM ammonium formate in water/methanol (98A2v) (A) and
methanol/water (98/2, v/v) (B). The mobile phasgWAs initially hold at 5% for 1
min. Then (B) increased 5% to 95% for 8.5 min aalli!95% for 0.5 min. Finally
decreased it to 5% for 0.5 min and hold 5% for &.riihe flow rate was set at 0.2
mL/min and the injection volume wagik. Desolvation line (DL) temperature was
250°C and heat block temperature was 2400The nebulizing gas, drying gas was
nitrogen and collision energy was used argon gabuhing gas flow was 3 L/min
drying gas flow was 15 L/min. For MS/MS analyswottransitions (quantifier and
qualifier) were chosen for scheduled MRM mode afterautomatic optimization

procedure.

17



Method Validation
1) ILOQ (Instrumental Limit of Quantitation)

Standard solution (0.05 ~1@/mL) were analyzed by GC-NPD.

After matrix matched standard solution (0.001 -5@/mL) were analyzed
by LC-MS/MS. The ILOQ was settled as the conceiumnaivhere the S/N (Signal-

to-Noise) ratio was higher than 10.

2) MLOQ (Method Limit of Quantitation)
MLOQ was calculated by equation below

LOQ (ng) x Final volume (mL) x Dilution factor

MLOQ (mg/L) = Injection volume L) x Initial sample weight (g)
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3) Calibration curve and linearity

Solvent SSTD 1 SSTD 2 SSTD 3 SSTD 4 SSTD 5 SSTD 6
standard (0.05 (0.1 (0.2 (0.5 1 (2

solution pg/mL) pg/mL) ug/mL) pg/mL) ug/mL) pg/mL)

A series of fosthiazate solvent standard solutidgh eoncentration of 0.05, 0.1,
0.2, 0.5, 1, 2ug/mL were prepared with serial dilution in acetémeGC-NPD

analysis. The relative standard deviation (RSD) gasulated at the calibration

curve.

Matrix matched MSTD1 MSTD2 MSTD3 MSTD4 MSTD5 MSTD6
standard solution (0.001  (0.0025  (0.005 (0.01 (0.025 (0.05
Hg/mL) Hg/mL) Hg/mL) Hg/mL) pg/mL)  pg/mL)

0.002 0.005 0.001 0.02 0.05 0.1
Standard solution pug/mL pug/mL pug/mL pug/mL pg/mL pg/mL
200pL 200pL 200pL 200pL 200pL 200pL

Sample matrix 200pL 200 pL 200 pL 200 pL 200 uL 200 uL

A series of matrix-matched fosthiazate solventddath solution with concentration

of 0.001, 0.0025, 0.005, 0.01, 0.025, O.@BML were prepared with serial dilution

in acetonitrile for LC-MS/MS analysis. The relatisandard deviation (RSD) was

calculated at the calibration curve.
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4) Recovery test of fosthiazate analytical methodyoGC-NPD

The homogenized free pesticidé¢ractylodesrhizome whiteand Rehmanniaroot
samples (5 g) in 250 mL centrifuge bottle weretadavith the standard solution of
fosthiazate at spiking level following: FoAtractylodesrhizome white and
RehmanniaRoot, 0.04 mg/kg and 0.4 mg/kg (MLOQ, 10 MLOQ)eT$amples of
Atractylodesrhizome whiteand RehmanniaRoot were moistened with 20 mL of
deionized water for 10 minutes. 50 mL of acetoleitwas added to each bottle, and
the bottles were shaken vigorously (MMV-1000W, EYELTokyo, Japan). After
that, 7.5 g of sodium chloride (NaCl) were addedhi bottles. The bottles were
vigorously shaken for 5 min and centrifuged at 8,8m for 5 minutes (Combi 408,
Hanil Science industrial, Korea). Twenty-five niitér of the supernatant was
transferred into round flasks and evaporated (Wad¢h B-480, BUCHI, Oldham
UK / Rotavapor R-114, BUCHI, Oldham, UK / Laborat@00 efficient, Heidolph,
Schwabach, Germany and Minichiller, Huber, Germanie residues were
dissolved in 50 mL deionized water for partitiofifty=milliliter of deionized water
with residues was transferred into separate funhgst, the residues in round flask
were dissolved in 50 mL hexane. Fifty milliliter X with residues was transferred
into separate funnels. After that, the residuasimd flask were dissolved in 50 mL
saturated sodium chloride solution. Fifty millilitef saturated sodium chloride
solution with residues was transferred into sepdiatnels. After shaking separate
funnels for 1 minute, the 50 mL hexane was filteusohg sodium sulfate (N8Qy),
transferred to round flasks and evaporated. Thidues were dissolved in 4 mL of
acetone/hexane (10/90, v/v) for clean-up. A siktdid phase extraction (SPE)

cartridge (1,000 mg, 6 mL) was preconditioned \&ithL of acetone/hexane (10/90,
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v/v). After precondition, 4 mL of the extract wastled on the cartridge (The sample
was collected in loading step). The cartridge waashved with 20 mL of
acetone/hexane (10/90, v/v). The cartridge wagdlwith 10 mL of acetone/hexane
(20/80, v/v) in test tubes. The eluates in tesesulvere evaporated under nitrogen
stream and re-dissolved with 4 mL of 0.1% formiddaio Ethyl acetate/hexane
(20/90, v/v). An amino-propyl (NEJ solid phase extraction (SPE) cartridge (1,000
mg, 6 mL) was preconditioned with 5 mL of 0.1% facnacid in hexane. After
precondition, 4 mL of the extract was loaded on ¢heridge (The sample was
collected in loading step). The cartridge was weshi¢gh 10 mL of 0.1% formic acid

in Ethyl acetate/hexane (20/80, v/v). The cartridge eluted with 10 mL of 0.1%
formic acid in Ethyl acetate/hexane (30/70, v/vigst tubes. The eluates in test tubes
were evaporated under nitrogen stream and re-siegabith 1 mL acetone. [2L of

final sample was injected into GC-NPD.
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5) Recovery test of fosthiazate analytical methody. C-MS/MS

Samples were extracted using the modified QUEChER®Bod. The homogenized
free pesticidéAtractylodesrhizome whiteand Rehmanniaoot samples (5 g) in 50
mL centrifuge tube were treated with the standatdti®n of fosthiazate at spiking
level following: ForAtractylodesrhizome whiteand Rehmanniaroot, 0.01 mg/kg
and 0.1 mg/kg (MLOQ, 10 MLOQ). The samplesMfactylodeshizome whiteand
Rehmanniaoot were moistened with 10 mL of deionized wdterl0 minutes. 10
mL of acetonitrile was added to each tube, andtidbes were shaken vigorously
(1600 MiniGM, SPEX* SamplePrep, New Jersey, USA). After that, 4 g of
magnesium sulfate (MgSPand 1 g of sodium chloride (NaCl) were addedht t
tubes. The tubes were vigorously shaken for 1 mthaentrifuged at 3,500 rpm for
5 minutes (Combi 408, Hanil Science industrial, &&r One milliliter of the
supernatant was transferred into dSPE (Dispersol@ $hase Extraction) tube
containing 25 mg of PSA, 7.5 mg of GCB and 150Mg$HQ: (RESTEK, Germany).
After voltexing for 1 minute, the d-SPE tubes weeatrifuged at 13,000 rpm for 4
minutes. For matrix matching, 0.2 mL of supernataas mixed with 0.2 mL of

acetonitrile followed by analyzed using LC-MS/MS.
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Matrix effect

Matrix effects (ME, %) was calculated by comparihg slope of calibration curve
between solvent standard and matrix matched ctibbraurve using the following

equation:

slope of matrix matched calibration curve

ME,%=< —1)><100

slope of solvent standard calibration curve
A negative value of matrix effect indicates sigsappression, a positive value

indicates signal enhancement in matrix containedr@mment(Caban et al. 2012)
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Results and Discussion

GC-NPD condition
GC-NPD is an acronym for Gas Chromatography-NitnoB&osphorus Detector.

The fosthiazate contains nitrogen and phosphou$§RD was selected. Injector
temperature and injection mode were set to analyeefosthiazate. The proper
output was set by flowing air and hydrogen andeasing the voltage of NPD. After
changing the temperature of the oven, fosthiazate separated from the inside of
the column and then chromatogram was confirmedutitraNPD. Comparing the
acetone with the fosthiazate standard solutioncamdirming the retention time of
the fosthiazate, the compound was quantified. Aedaes of fosthiazate peaks were
calculated and quantified. The chromatogram ofhiagate was found to be

followed by two peaks, and integration was perfatrasing the area sum function

(Fig. 2.).
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Figure 2. Chromatography of fosthiazate analyzed b¥sC-NPD
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ILOD, ILOQ, MLOQ and calibration curve of fosthiaza te analytical method

by GC-NPD

Instrumental limit of detection (ILOD) and Instruntal limit of quantitation (ILOQ)
are values that represent the sensitivity of aitalinstrument. ILOD is determined
by the minimum concentration of analyte providin@l $atio of > 3 and ILOQ is
determined by S/N ratio of > 10 (Fig. 8Fpng et al. 1999). In this experiment, ILOQ

was checked from the results of analysis of sewwmratentration standard solutions,

0.1 mg/L was observed as practicable ILOQ in GC-NPD

Based on MLOQ calculating equation, MLOQ of fostaitee inAtractylodes

rhizome whiteandRehmanniaoot is 0.04 mg/L.

Standard curves of fothiazate has a good linesrisgmples oftractylodes
rhizome whiteand Rehmanniaroot. The range was between 0.05 to 2 mg/L of

fosthiazate standard solution (Fig. 4.).

The regression equations were y = 1688.7x — 10.&efficients of

determinationr) were over 0.999 in each samples.
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Figure 3. Concepts of ILOD and ILOQ
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Limit of detection

Signal/Noise = 3

Limit of quantitation

| Signal/Noise > 10 |

Signal
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Figure 4. Calibration curve of fosthiazate
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Optimization of cleanup using SPE cartridge

In order to effectively remove various matrix ofafyical disturbances in herbal
samples, various SPE cartridge cleanup processesresewed in SPE. Cleanup
processes was added to washing section of the &ffitige and examined for the
washing volume and elution section. The cleanuphotkivas first established as
fosthiazate standard solution. Then, the treatetbks of theAtractylodeshizome

white andRehmanniaoot were confirmed.

1) Florisil SPE cartridge (1 g, 6 cc)

Fosthiazate solution 1 mL of 1 mg/L was added towund bottom flask,
concentrated and dissolved in acetorfedxane (10/90, v/v). The elution of
fosthiazate was investigated using acetoiexane mixture as the eluent. As a
result, 5 mL ofn-hexane and 5 mL of acetondiexane (10/90, v/v) were allowed
to flow for conditioning SPE cartridge. When loaglinhe solution 4 mL of
fosthiazate dissolved in acetondvexane (10/90, v/v) and eluting into 10 mL of
acetonat-hexane (10/90, v/v), the fosthiazate was not dlateall. When 10 mL of
acetonat-hexane (20/80, v/v) was poured out, 101% was e@luteorder to select
the washing volume in the washing section, acetehexane (10/90, v/v) was
fractionated by 5 mL. In the third fraction, 27.2%as eluted (Table 4). Thus, the
florisil SPE cartridge was then conditioned by fiogv5 mL ofn-hexane and 5 mL
of acetonai-hexane (10/90, v/v). After loading fosthiazateusioin 0.25 mg/L, 4 mL
of acetonai-hexane (10/90, v/v), SPE cartridge was washedsith. of acetone*
hexane (10/90, v/v) and eluted with 10 mL of acefohexane (20/80, v/v). The
eluate was concentrated using a nitrogen evapaatbdissolved in 1 mL of acetone

to obtain the final solution.
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Table 4. Elution characteristics of fosthiazate usig SPE-florisil cartridge

Recovery (%)

Solvent Fracton Fracton Fracton  Fraction  Fraction Total
1 2 3 4 5
acetonai-hexane
- 27.2 26 4 57.2

(10/90, viv)

35



2) Silica SPE cartridge (1 g, 6 cc)

Fosthiazate solution 1 mL of 1 mg/L was added townd bottom flask,
concentrated and dissolved in acetorfedxane (10/90, v/v). The elution of
fosthiazate was investigated using acetoiexane mixture as the eluent. As a
result, 5 mL of acetone/hexane (10/90, v/v) were allowed to flow for cdiating
SPE cartridge. When loading the solution 4 mL sttigazate dissolved in acetone/
hexane (10/90, v/v) and eluting into 10 mL of aoeto-hexane (10/90, v/v), the
fosthiazate was not eluted at all. When 10 mL eft@eeh-hexane (20/80, v/v) was
poured out, 87% was eluted. In order to selecttaghing volume in the washing
section, acetone/hexane (10/90, v/v) was fractionated by 5 mL hia &ll fractions,
the fosthiazate was not eluted at all (Table 5usTthe silica SPE cartridge was then
conditioned by flowing 5 mL of acetomehexane (10/90, v/v). After loading
fosthiazate solution 0.25 mg/L, 4 mL of acetore¢xane (10/90, v/v), SPE cartridge
was washed with 20 mL of acetondiexane (10/90, v/v) and eluted with 10 mL of
acetonat-hexane (20/80, v/v). The eluate was concentratsidgua nitrogen

evaporator and dissolved in 1 mL of acetone toiolitee final solution.
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Table 5. Elution characteristics of fosthiazate usig SPE-Silica cartridge

Recovery (%)

Solvent Fracton Fracton Fracton  Fraction  Fraction

1 5 3 4 5 Total

acetonait-hexane
(10/90, viv)
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3) Alumina SPE cartridge (1 g, 3 cc)

Fosthiazate solution 1 mL of 1 mg/L was added townd bottom flask,
concentrated and dissolved in acetorfedxane (10/90, v/v). The elution of
fosthiazate was investigated using acetoiexane mixture as the eluent. As a
result, 3 mL ofn-hexane and 3 mL of acetondiexane (10/90, v/v) were allowed
to flow for conditioning SPE cartridge. When loaglithe solution 3 mL of
fosthiazate dissolved in acetomd¥exane (10/90, v/v) and eluting into 6 mLref
hexane, 3% was eluted. Serially, the same cartridlge eluted into 6 mL of
acetonat-hexane (10/90, v/v) and acetaméexane (20/80, v/v), 27% and 30% was
eluted, respectively (Table 6). Because a tot&08b were eluted, formic acid was

used to increase the elution output.

Fosthiazate solution 1 mL of 1 mg/L was added townd bottom flask,
concentrated and dissolved in acetorfegxane (10/90, v/v) with 0.1 % formic acid.
As a result, 3 mL of-hexane with 0.1 % formic acid and 3 mL of acetorfedxane
(20/90, v/v) with 0.1 % formic acid were allowed flow for conditioning SPE
cartridge. When loading the solution 3 mL of foattsite dissolved in acetone/
hexane (10/90, v/v) with 0.1 % formic acid and iglginto 6 mL ofn-hexane with
0.1 % formic acid, 5% was eluted. Serially, the saartridge was elutied into 6 mL
of acetonai-hexane (10/90, v/v) with 0.1 % formic acid and taneh-hexane
(20/80, v/v) with 0.1 % formic acid, 45% and 50%sweduted, respectively (Table
6). Washing volume cannot be selected in the wgskéttion. Thus, the alumina
SPE cartridge was then conditioned by flowing 3@hh-hexane with 0.1 % formic
acid and 3 mL of acetormrehexane (10/90, v/v) with 0.1 % formic acid. Afteading
fosthiazate solution 0.25 mg/L, 3 mL of acetore¢xane (10/90, v/v), SPE cartridge
was eluted with 6 mL of acetomethiexane (20/80, v/v). The eluate was concentrated
using a nitrogen evaporator and dissolved in 1 mhaoetone to obtain the final

solution.
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Table 6. Elution characteristics of fosthiazate usig SPE-Alumina cartridge

Recovery (%)

Solvent
(0/100, viv) (10/90, viv) (20/80, viv) Total
acetonait-hexane 3 27 30 60
acetonai-hexane with c 45 50 100
0.1 % formic acid
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4) NH2 SPE cartridge (1 g, 6 cc)

Fosthiazate solution 1 mL of 1 mg/L was added townd bottom flask,
concentrated and dissolved in ethyl acetalt@xane (10/90, v/v). The elution of
fosthiazate was investigated using ethyl acetdiekane mixture as the eluent. As
a result, 5 mL oh-hexane and 5 mL of ethyl acetaiéexane (10/90, v/v) were
allowed to flow for conditioning SPE cartridge. Whieading the solution 4 mL of
fosthiazate dissolved in ethyl acetatbéxane (10/90, v/v) and eluting into 10 mL
of ethyl acetatethexane (10/90, v/v) and 10 mL of ethyl acetategxane (20/80,
v/v) serially, the fosthiazate was not eluted at\@hen 10 mL of acetonehexane
(30/70, v/v) was poured out, 30% was eluted (Ta@plBecause a total of 30% were

eluted, formic acid was used to increase the eludigtput.

Fosthiazate solution 1 mL of 1 mg/L was added tound bottom flask,
concentrated and dissolved in ethyl acetaltexane (10/90, v/v) with 0.1 % formic
acid. As a result, 5 mL ofi-hexane with 0.1 % formic acid and 5 mL of ethyl
acetatat-hexane (10/90, v/v) with 0.1 % formic acid weréoaked to flow for
conditioning SPE cartridge. When loading the solu#t mL of fosthiazate dissolved
in ethyl acetatethexane (10/90, v/v) with 0.1 % formic acid anctielg into 10 mL
of ethyl acetatethexane (10/90, v/v) with 0.1 % formic acid andrhD of ethyl
acetatat-hexane (20/80, v/v) with 0.1 % formic acid sexiathe fosthiazate was not
eluted at all. When 10 mL of ethyl acetatehéxane (30/70, v/v) with 0.1 % formic
acid was poured out, 108% was eluted. In ordeelecsthe washing volume in the
washing section, ethyl acetatdiexane (20/80, v/v) with 0.1 % formic acid was
fractionated by 5 mL. In the fourth fraction, 62%sveluted (Table 7). Thus, the

NH2 SPE cartridge was then conditioned by flowing 5 afib-hexane (10/90, v/v)
40



with 0.1 % formic acid and 5 mL of ethyl acetatbexane (10/90, v/v) with 0.1 %
formic acid. After loading fosthiazate solution ®.&hg/L, 4 mL of ethyl acetate/
hexane (10/90, v/v) with 0.1 % formic acid, SPErdge was washed with 10 mL
of ethyl acetatethexane (20/80, v/v) with 0.1 % formic acid andtetbwith 10 mL
of ethyl acetat&hexane (30/70, v/v) with 0.1 % formic acid. Theiatk was
concentrated using a nitrogen evaporator and aisdoh 1 mL of acetone to obtain

the final solution.
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Table 7. Elution characteristics of fosthiazate usig SPE-NH; cartridge

Recovery (%)

Solvent Fracton Fracton Fracton  Fraction  Fraction

1 2 3 4 5 Total

acetonai-hexane
(20/80, v/v) with - - - 62 46 108
0.1% formic acid
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5) Serial cleanup inAtractylodesrhizome white and Rehmanniaroot

In case of theAtractylodesrhizome whitesamples, one-time cleanup did not
completely remove the interferences, and thus daéme analysis could not be
performed. An analysis methods for various herlediicine includingAtractylodes
rhizome whiteand Rehmannia root samples are needed. It wasrmoeafi that
Atractylodes rhizomewhite contains more interferences in GC-NPD than in
Rehmanniaroot (Fig. 5). SoAtractylodesrhizome whitesamples was used to

establish the cleanup method.

Cleanup conditions of SPE florisil — Nidartridge and SPE alumina — NH
cartridge were applied #tractylodeshizome white. When analyzed under the GC-
NPD condition, the cleanup efficiency was highemthhat of the above mentioned
cleanup conditions. Thus, the cleanup of SPE florisNH, cartridge and SPE

alumina — NH cartridge was not possible to quantify fosthiaZ&ig. 6).

Cleanup conditions of SPE silica — NEhrtridge cartridge were applied to
Atractylodes rhizome white. When analyzed under the GC-NPD itimmg
purification efficiency was higher than that of tladove mentioned cleanup
conditions. It was consistent with the retentiometi of fosthiazate in standard
solution and samples. Thus, the purification of SWEa — NH cartridge cartridge
was effective as a cleanup capable of quantitatimalysis of fosthiazate in

Atractylodeghizome whitgFig. 7).
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Figure 5. Chromatogram of interferences of fosthiaate in Atractylodes

rhizome white and Rehmanniaroot by GC-NPD
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Figure 6. Chromatogram of SPE florisil — NH cartridge and SPE alumina —
NH: cartridge test of fosthiazate inAtractylodesrhizome white by GC-NPD
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Figure 7. Chromatogram of SPE silica — NH cartridge test of fosthiazate in

Atractylodesrhizome white by GC-NPD
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Recoveries of fosthiazate idtractylodesrhizome white and Rehmanniaroot

by GC-NPD

Recovery test providing accuracy and precisioraafie preparation method with
recovered rate (accuracy, %) and RSD (precisiofi-é6g et al. 1999). Untreated
samples were spiked with MLOQ and 10 MLOQ levelfosthiazate Atractylodes
rhizome whiteand Rehmanniaroot). And the analysis was peformed using the
established method. Table 8 shows results of regdest inAtractylodeshizome
white and Rehmanniaroot. In case oftractylodesrhizome white, the range of
recoveries were 95.3 % ~ 103.6 % at MLOQ level 200.6 % ~ 102.5 % at 10
MLOQ level, and RSD was 4.2 and 0.9, respectivielg.(8). In case dRehmannia
root, the range of recoveries were 99.6 % ~ 11048 #LOQ level and 100.3 % ~

108.4 % at 10 MLOQ level, and RSD was 4.1 andregpectively (Fig. 9.)
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Table 8. Recoveries test of fosthiazate irtractylodesrhizome white and

Rehmanniaroot by GC-NPD

Sample Fortified level Recovery RSD
P (mg/kg) (%) (%)
0.04 99.3 4.2
Atractylodes
rhizome white
0.4 101.4 0.9
_ 0.04 105.2 4.1
Rehmannia
root
0.4 106.1 55
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Figure 8. Chromatogram of recovery test of fosthiaate in Atractylodeshizome

white by GC-NPD
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Figure 9. Chromatogram of recovery test of fosthiaate in Rehmanniaroot by

GC-NPD
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LC-MS/MS condition and multiple reaction monitoring optimization

GC-NPD detects nitrogen and phosphorus selectivityits sensitivity is low when
the compound to be analyzed is fosthiazate. Thifomate analysis method using
GC-NPD showed an ILOQ of 0.01 mg/kg. LC and MS (M&pectrometry) were
used to improve the complex preparation to remaierferences from various
matrices and to obtain improved methods by settivger LOQ and reducing

instrumental run time through high sensitivity.

Applying tandem MS with selected reaction monitgriiSRM) can
significantly reduce the chemical background. Evkithe coextracted matrix
compounds have the molecular mass of a pesticidgneral, the two isobaric ions
can be separated in SRM experiments, since tlagnfentation in the collision cell
often results in different product ions. As a resiaindem mass spectrometers offer

excellent sensitivity and selectivity (Pico, Blasaad Font 2004).

LC-MS/MS provides more sensitive, selective andidagnalysis than
conventional LC. This analysis used multiple reactmonitoring (MRM) mode.
MRM is a tandem mass spectrometric technique tleat ghe monitoring of specific
collision induced dissociation (CID) reactions.asesult, MRM mode significantly
improves analysis selectivity. In this mode, thesionigrate to Q1 in an ion source
that acts as a filter depending on their mass-togeh(n/2) ratio, where the precursor
ion is selected. And then, a specific product iersélected and monitored in Q3
(Despina Tsipi, 2015). Full scan spectrum of fastdte was obtained in the mass
range of 50-500m/z Figure 10 shows a spectrum of fosthiazate and 3riass

representing fosthiazate thanigz117.1, 228.0 and 283.9.
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Precursor ion of fosthiazate was set to 282 Through optimization of
precursor ions, quantifier ion and qualifier ionfasthiazate was set to 288z (-9
eV) and 104.15 (-18 eV) respectively. Table 9 shiM transition parameters of

fosthiazate in LC-MS/MS.
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Figure 10. Scan spectrum of fosthiazate
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Table 9. The MRM transition parameter

Instrument

Monoisotopic
Mass

lonization

Precursor ion>Product ion (m/z)

Quantitation Qualification

Collision energy Retention time
(eV) (min)

Fosthiazate LC-MS/MS

283.046573

[M+H]

283.90>228.00 283.90>104.15

-9 -21 7.79
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ILOD, ILOQ, MLOQ and calibration curve of fosthiaza te analytical method
by LC-MS/MS

Instrumental limit of detection (ILOD) and Instruntal limit of quantitation (ILOQ)

are values that represent the sensitivity of aitalyinstrument. ILOD is determined

by the minimum concentration of analyte providin@l $atio of > 3 and ILOQ is

determined by S/N ratio of > 10(Fong et al. 1998)this experiment, ILOQ was
checked from the results of analysis of severakentration standard solutions,

0.0025 mg/L was observed as practicable ILOQ inNLE/MS.

Based on MLOQ calculating equation, MLOQ osthiazate inAtractylodes

rhizomewhite andRehmanniaoot was 0.01 mg/L.

Matrix matched standard curves of fosthiazate dagod linearity in
samples oAtractylodeghizome whiteandRehmanniaoot. The range was between

0.001 to 0.05 mg/kg of fosthiazate standard satuiag. 11).

The regression equations were y = 19619x + 2080@¢tylodeshizome
white) and y = 19659x + 1419®€éhmanniaoot) respectively. Coefficient of

determinationr) were over 0.999 in each samples.
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Figure 11. Matrix matched calibration curves of foshiazate

(A) Calibration curve -Atractylodesrhizome white (Range: 0.001 — 0.05 mg/L), (B)
Calibration curve Rehmanniaoot (Range: 0.001 — 0.05 mg/L)
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Optimization of sample preparation

To optimize a preparation method, a test was paddrwithAtractylodeshizome

white andRehmanniaoot. The homogenized sample (2:®.1 g) fortified at 0.01

mg/kg (n=3) was extracted with different combinai@f extraction solvents, salts,
and buffers based on the QUEChERS method as fol{@y©riginal method (ACN),
(B) AOAC method (Lehotay, 2007), (C) EN 15662 meti{BEN 15662, 2008). For
optimization of the cleanup procedure, dSPE wasl usethree different dSPE
sorbents as follows: (a) 150 mg Mg&@5 mg PSA, (b) 150 mg MgS(0 mg C18,

(c) 150 mg MgS@ 25 mg PSA, 7.5 mg GCB.

First, Samples were extracted by the methods of(BY)and (C). Then, after
partitioning, 1 mL of the supernatant was transférto (a), (b) and (c) dSPE,
respectively. Extraction and cleanup efficiencyodél nine methods were calculated
on the basis of the matrix-matched standards enmgogingle-point calibration

(0.005 mg/kg).

Table 10 and Table 11 show results of extractiongu@UEChERS method
& dSPE cleanup recovery testAractylodesrhizome whiteand Rehmanniaoot.
As the result of analysi&tractylodesrhizome white, the range of recoveries were
95.1 ~ 106.4 %. As the result of analyBishmanniaoot, the range of recoveries
were 103.0 ~ 111.6 %. Recoveries of total nine outhinAtractylodesrhizome
white and Rehmanniaroot was satisfied. All methods were valid. Foe thetter
purification, dSPE of 150 mg MgS{®5 mg PSA, 7.5 mg GCB with comparatively
less pigment (Fig.12) was chosen and the originaEChERS method with

relatively less salt was determined.
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Table 10. Extraction using QUEChERS method & dSPEleanup recovery test

of fosthiazate inAtractylodesrhizome white by LC-MS/MS

Extraction method dSPE Recovery
(%)

150 mg MgSQ, 25 mg PSA 100.3
Original method 150 mg MgS@, 50 mg C18 95.1
150 mg MgSQ, 25 mg PSA, 7.5 mg GCB 08.3
150 mg MgSQ@, 25 mg PSA 101.2
AOAC method 150 mg MgS@, 50 mg C18 100.4
150 mg MgSQ, 25 mg PSA, 7.5 mg GCB 97.2
150 mg MgS@, 25 mg PSA 104.4
EN 15662 method 150 mg MgSQ, 50 mg C18 103.4
150 mg MgS@Q, 25 mg PSA, 7.5 mg GCB  106.4
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Table 11. Extraction using QUEChERS method & dSPEleanup recovery test

of fosthiazate inRehmanniaroot by LC-MS/MS

Extraction method dSPE Recovery
(%)

150 mg MgSQ, 25 mg PSA 105.0
Original method 150 mg MgS@, 50 mg C18 106.4
150 mg MgSQ, 25 mg PSA, 7.5 mg GCB 107.5
150 mg MgS@, 25 mg PSA 103.0
AOAC method 150 mg MgS@, 50 mg C18 111.6
150 mg MgSQ@, 25 mg PSA, 7.5 mg GCB 107.8
150 mg MgS@, 25 mg PSA 105.2
EN 15662 method 150 mg MgSQ, 50 mg C18 111.5
150 mg MgS@, 25 mg PSA, 7.5 mg GCB  109.1
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Figure 12. dSPE cleanup test il\tractylodesrhizome white and Rehmannia

root

(a) 150 mg MgS@ 25 mg PSA, (b) 150 mg MgS(b0 mg C18, (c) 150 mg MgS®5
mg PSA, 7.5 mg GCB
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Matrix effect

In the electrospray ionization process in LC-MS/M&multaneous elution
interference interacting with the target compousalls to a matrix effect resulting
in signal suppression compared to the signal ofahayte injected only in the
solvent (Lozano et al. 2016). Enhancement or sigge of analyte responses is
accompanied by a reduced accuracy and precisisnbsequent measurements. So,

the matrix effect limits the utility of LC-MS/MS (@ms et al. 2003).

Some interference compounds were removed duringxdinaction. However,
complex matrices can cause interference, which lead to analytical errors,

resulting in inaccurate resufBubert, Soler, and Mafies 2011).

The matrix effects were calculated by comparing slupe of calibration
curve between the solvent standard and the mataikhred standard. According to
the equation mentioned in the method section, aip®ssalue indicates signal

enhancement, whereas a negative value indicatesl sSgppression.

In case ofAtractylodesrhizome white, matrix effect was -35.6 % and
Rehmanniaroot; -35.4 %. According to SANTE guideline’s aptadility criteria
(20%), matrix matched is necessarily needed inyarsabf fosthiazate. All matrix

induced suppression effectAtractylodeghizome whiteandRehmanniaoot.
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Recoveries of fosthiazate idtractylodesrhizome white and Rehmanniaroot

by LC-MS/MS

Recovery test provides accuracy and precision wipsa preparation method by
recovered rate (accuracy, %) and RSD (precision(Fang et al. 1999). Untreated
samples were spiked with MLOQ and 10 MLOQ levelfosthiazate iftractylodes
rhizome whiteand Rehmanniaroot. And the analysis was performed using the
established method. Table 12 shows results of ergdest inAtractylodeshizome
white andRehmanniaoot. As the result of analysigractylodeshizome white, the
range of recoveries were 93.8 ~ 99.3 % at MLOQ @0 ~ 99.6 % at 10 MLOQ
level, and RSD was 2.9 and 2.1, respectively (EB). As the result of analysis
Rehmanniaoot, the range of recoveries were 106.3 ~ 110at 8LOQ and 103.8

~107.2 % at 10 MLOQ level, and RSD was 2.1 andréspectively (Fig. 14).
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Table 12. Recoveries test of fosthiazate iAtractylodesrhizome white and

Rehmanniaroot by LC-MS/MS

Sample Fortified level Recovery RSD
P (mg/kg) (%) (%)

0.01 96.27 2.9
Atractylodes
rhizome white

0.1 97.30 2.1

_ 0.01 108.19 2.1
Rehmannia

root
0.1 106.1 1.7
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Figure 13. Chromatogram of recovery test of fosthizate in Atractylodes

rhizome white by LC-MS/MS
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Figure 14. Chromatogram of recovery test of fosthizaate in Rehmanniaroot by

LC-MS/MS
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Part 2

Dissipation of Tricyclazole and Tebuconazole
Residues in Proso Millet using LC-MS/MS and GC-
MS/MS during cultivation
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Introduction

Minor crops

Due to the negligible cultivation area and limitexhrkets of minor crops, plant
breeding efforts have been directed to major croyisle discarding minor crops.
Focusing on a small number of economically impdraimary crops, this process
was further facilitated for commercial reasons sThay have resulted in bottlenecks
where current low growth areas hinder investmemntiimor crop breeding programs,
and the lack of competitive varieties prevents fasyfrom diversifying their crop
systems and expanding the growth of minor cropkdfen-Sainio, Jauhiainen, and
Lehtonen 2016). In korea, “Minor crop” is defineslaawidely cultivated crops that
cultivation area is less than 1,000 ha, based arcélgural and Forestry Statistical
Yearbook. Major crops include barley, groundnutpesinuts, potatoes, rice, maize,
millet, oil palm fruit, rye, sorghum, cassava, oatt soybeans, sugar cane and

wheat(Leff, Ramankutty, and Foley 2004).

Minor crops are grown in relatively small amountsnpared with major
crops. Therefore minor crops are considered ofdomnomic importance. Pesticide
manufacturers have been unwilling to do expensgearch and development work
required to register pesticides for use on the ¢Wwplorczyk, Dradzynski, and
Kierzek 2015). Because of the limited options fegdl pesticide, farmers use un-
registered pesticides to protect their crops fra@stiying by insects or pathogens.
So, it is necessary to register pesticides thahareegistered in the minor crop and

to use pesticides legally and safely(de Oliveiagheco, and Scherer 2016).

Proso millet is also one of the minor crops andidees in the same situation.
To use pesticide safely in crop, PHI (Pre-harvestrial) and MRL (Maximum

residue limit) must be established.
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Proso millet

Proso millet Panicum miliaceunh..) is the longest used summer cereal in human in
addition to wheat and barley. It has very shoringng season about 10-11 weeks.
Thus, crops can grow at a wide range of altituddittova and Moudry 2006). Proso
millet (Panicum miliaceunt..) is an important cereal and a valuable compboén
the human diet, especially in developing counti@®ps is salt-, alkali-, cold-, and
drought-tolerant and can be grown in various typksoil and in poor growing

conditions (Zhang, Liu, and Niu 2014).

The height of the proso millet is in the range frord to 1.2 m, depending
on the growing conditions, and the stem is uprighthe base is laid at an angle.
Depending on the variety and cultivation environta@ithe millet, roughly 500 to
3,000 seeds per ear. 1,000 grains of millet se@ighm-5 g and 1 L seeds weigh
500-530 g. For preventing pest of proso millet, sgasticides allowed to use (Table

13).
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Table 13. Allowed pesticides of proso millet

Pesticide Usage MRL (mg/kg)
Glufosinate(ammonium) Herbicide 0.05
Glyphosate Herbicide 0.05
Deltamethrin Insecticide 0.1
Dinotefuran Insecticide 1.0
Difenoconazole Fungicide 0.05
Bentazone Herbicide 0.1
Bifenthrin Insecticide 0.05
Cyantraniliprole Insecticide 1.0
Acetamiprid Insecticide 0.3
Emamectin benzoate Insecticide 0.05
Etofenprox Insecticide 0.05
MCPA Herbicide 0.05
Oxolinic acid Fungicide 0.05
Imidacloprid Insecticide 0.05
Indoxacarb Insecticide 2.0
Chlorantraniliprole Insecticide 0.3
Tebufenozide Insecticide 0.3
Tralomethrin Insecticide 0.1
Fenitrothion Insecticide 0.3
Phenthoate Insecticide 2.0
Flufenoxuron Insecticide 0.05
Pyraclostrobin Fungicide 0.05
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Tricyclazole

Tricyclazole is a triazolobenzothiazole fungicid€ig( 15.) Tricyclazole is

atriazolobenzothiazoléhat is[1,2,4]triazolo[3,4-b][1,3]benzothiazolehich is
substituted at position 5 by maethylgroup. IUPAC name is5-methyl-1,2,4-

triazolo[3,4-b][1,3]benzothiazole. The chemicalnfmia of tricyclazole i€£oH7N3S,
The physical form is a peach coloured granulardsdlhere are many kinds of
formulation for tricyclazole products including wagtle powder (WP), Suspension

concentrate (SC) and Granules (GR).

Mode of action (MOA) of tricyclazole is known to hibit melanin
biosynthesis. Tricyclazole prevents the penetratiotihe epidermis by the fungus,
protecting the plant from infection. The compourtsay inhibiting melanization
within the appressorium, thus causing a lack oidig in the appressorial wall

(Peterson 1990).
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Figure 15. Structure of tricyclazole
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Table 14. Physicochemical properties of tricyclazel

Property

Information

Common name

tricyclazole (BSI, E-ISO, (m) F-ISO, ANSI)

IUPAC name 5-methyl-1 ,2,4-triazolo[3,4-b ][1 ,3]benzothiazole
CAS No. 41814-78-2
Molecular CoH/NSS
formula
Mole.cular 189.2
weight
Boiling point 184.6-187.2C

Vapor pressure

0.027 mPa (20C)

Kow LogP=1.4
Solubility in In water 596 mg/L (20-25C). Soluble in acetone (13.8),
solvent methanol (26.5), xylene (4.9)(g/L, 20-25)

Mode of action

Melanin biosynthesis inhibitor

Toxicology

Acute oral (LD50, mg/kg rats 314, dogs >50, mice 245
Acute percutaneous (LD50, mg/kgyabbits > 2000
Skin irritation Not an irritant (rabbits).
Eye Slight irritant (rabbits).
Inhalation (LC50, mg/L) rats 0.146 (1 h)

Environmental
fate

Animals Rapid and extensive metabolism.
Plants The principal metabolite in plants is the hydroxghyl
analogue.
Soil/Environment K4 4 (loamy sand, pH 6.5, 1.5% o0.m.),
45 (loam, pH 5.7, 3.1% o0.m.), 21 (clay loam, pH, 7149%
0.m.), 22 (silty clay loam, pH 5.7, 4.1% o.m.).

*The Pesticide Manual Seventeenth Edition (J A €drn
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Table 15. MRLs of tricyclazole in various agricultual products

Crop MRL (mg/kg) Registered date
Gondre 0.2 2018-10-12
Pepper 3.0 2018-01-01

Root and tuber vegetables 0.05 2018-10-12
Mung bean 0.2 2018-10-12
Perilla leaves 0.2 2018-10-12
Radish (roots) 0.2 2018-10-12
Radish (leaves) 0.2 2018-10-12
Water dropwort 0.2 2018-10-12
Ginger 0.2 2018-10-12
Watermelon 0.2 2018-01-01
Rice 0.7 2001-04-01
Crown daisy 0.2 2018-10-12
Aronia 0.2 2018-10-12
Cabbage 0.2 2018-10-12
Stalk and stem vegetable 0.05 2018-10-12
Leafy vegetable 0.05 2018-10-12
Millet 0.7 2018-10-12
Chamnamul 0.2 2018-10-12
Kale 0.2 2018-10-12
Seed spices 0.2 2018-10-12

*Pesticides and Veterinary Drugs Information (Minysof food and drugs safety)
(Korean pesticides MRLs in Fop2i019;, 2019) (Safety, 2019)
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Tebuconazole

Tebuconazole is a triazole fungicide and plant gnovegulator (Fig 16.). The
compound is highly effective in controlling saibrne and foliar fungal pathogens
(Strickland, Potter, and Joo 2004UPAC name is (RS)-1-p-chlorophenyl-4,4-
dimethyl-3-(1H-1,2,4-triazol-1-ylmethyl)pentan-3-olThe chemical formula of
tebuconazole i€16H22CIN3O. The physical form is a Colourless crystals. Theee a
many kinds of formulation for tebuconazole productduding wettable powder
(WP), water dispersible granule (WG), emulsifiabtmcentrate (EC), suspension
concentrate (SC) and granules (GR).

Mode of action (MOA) of tebuconazole is known tohilnit sterol
demethylation. The main target site is cytochrom&Psterol 14-demethylase
(CYP51). Tebuconazole can also inhibit other typ#s cytochrome P450
monooxygenases. Reduced sensitivity and resistaacdMIs (sterol 14-
demethylase inhibitors) in the field isolate of igas plant pathogens have been

reportedLeroux et al. 2000).
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Figure 16. Structure of tebuconazole
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Table 16. Physicochemical properties of tebuconazol

Property Information

Common name tébuconazole ((m) BSO); tebucolalole (BSI, E-ISO)

(RS)-1-p-chlorophenyl-4,4-dimethyl-3-(1H-1,2,4-trtd-1-

IUPAC name ylmethyl)pentan-3-ol
CAS No. 107534-96-3
Molecular CusHaCINSO
formula
Mole.cular 307.8
weight
Boiling point 105°C
Vapor pressure 0.0017 mPa (26C)
Kow LogP=3.7
Solubilitv in In water 36.0 mg/L (20-25C, pH 5-9). Soluble in
solver>1/t dichloromethane (> 200), hexane ( <0.1), isopnop&0-1
00), toluene (50-1 00) (g/L, 20-2E)
Mode of action sterol demethylation inhibitor
Acute oral (LD50, mg/kg male rats 4000, female rats 1700,
mice c. 3000
: Acute percutaneousLD50, mg/kg) rats > 5000
Toxicology Skin irritation Not an irritant(rabbits).
Eye Mild irritant (rabbits).
Inhalation (LC50, mg/1) rats 0.37 (aerosol), >5.1 (dusth(4
Animals In rats, after three days, elimination was almost
complete (>99% of the recovered dose). Tebuconavade
excreted with the urine and the faeces.
_ Plants Metabolism studies in representative crops shaw th
Environmental tebuconazole is the major terminal residue in gsagvel
fate peanut and cereal straw.

Soil/Environment The degradation of tebuconazole in soil
was slow in laboratory studies. Under field corlisi, the
compound degraded much more rapidly, and did not
accumulate in long-term studies (3-5 y).

*The Pesticide Manual Seventeenth Edition (J A €drn
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Table 17. MRLs of tebuconazole in various agriculttal products

Crop MRL (mg/kg) Registered date
Persimmon 2 2012-12-27
Mandarin 2 2012-02-01
Kidney bean 0.1 2018-11-14
Ginseng(Dried) 1 2016
Raisin 6.0 2017-09-01
Nuts 0.05 2016-12-31
Cassia seed 0.05 2018-03-01
Sweet potato 0.05 2018-10-12
Sweet potato stalk 0.05 2018-10-12
Séﬁf,grf‘pigh) 3 2001-04-01
ﬁéﬁﬁgrf‘orﬁf 0 5 2008-12-23
Fresh pepper leaves 5 2001-04-01
agg‘(%srieeg‘)ammony 10 2010-10-29
Chard 15 2013-11-12
Mung bean 0.05 2018-11-14
Green Tea Extract 10 2007-09-06
Arguta kiwifruit 0.5 2018-11-14
Wild Garlic 2 2007-09-06
Carrot 0.4 2018-11-14
Soy bean 0.1 2018-10-12
Jujube 5 2018-10-12
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Jujube(Dried) 5 2018-10-12
Bonnet bellflower 0.05 2003-04-01
Balloon flower 0.05 2018-11-14
g:;ﬁ%ggfs')c’mon's 0.05 2018-11-14
Perilla leaves 15 2015
Strawberry 0.5 2010-07-23
Peanut 0.05 2017-09-01
Lemon 2.0 2018-11-14
Yams 0.1 2016-12-31
Yam(dried) 0.1 2018-10-12
Garlic 0.1 2001-04-01
Mango 0.05 2018-11-14
Korean Plum 1 2016
Melon 0.2 2018-03-01
Radish(Roots) 0.2 2018-11-14
Radish(Leaves) 5 2018-06-27
Fig 0.5 2018-11-14
Wheat 0.05 2016-12-31
(Banana 0.05 2016-12-31
Korean mint 0.3 2018-11-29
Korean cabbage 2 2018-08-16
Raspberry 0.5 2018-11-14
Peach 1.0 2017-09-01
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Blueberry 0.5 2018-11-14
Beet root 0.09 2019-10-14
Apple 1 2016-12-31
Sugar beet 0.05 2018-11-14
Wild garlic leaf 0.1 2016-12-31
Apricot 2.0 2018-11-14
Lettuce, Leaf 0.05 2015-10-29
sanghwang 0.05 2018-11-14
Ginger 0.05 2018-11-14
Celeriac 0.05 2018-11-14
Watermelon 1 2001-04-01
Ginseng(Fresh) 0.5 2016
Sorghum 0.05 2018-11-14
Turnip 0.05 2018-11-14
Spinach 3 2018-11-14
Rice 0.05 2004-04-01
Aronia 0.5 2018-11-14
Cabbage 5 2018-11-14
Lettuce, Head 0.05 2015-10-29
Onion 0.05 2009-05-07
Ssam cabbage 5 2018-08-16
Balsam pear 1 2018-06-27
\%Zlgtggli stem 5 2018-11-14
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Leafy vegatable 3 2018-11-14
Mulberry 10 2018-03-01
\(zzg‘ese magnolia 0.9 2018-11-14
Cucumber 0.2 2006-12-01
Corn 0.5 2018-03-01
Olive 0.05 2016-12-31
Burdock 0.05 2018-11-14
éﬁ;ﬁgrj‘u';g:"” : 2.0 2018-11-14
Rape seed 0.1 2018-06-27
Pome fruits 0.5 2012-02-01
Plum 0.9 2018-03-01
Horse bean 0.1 2018-11-14
Tea 5 2001-04-01
Korean melon 0.1 2018-03-01
Cherry 4.0 2017-09-01
Chwinamul 0.05 2018-03-01
Coffee bean 0.1 2016-12-31
Kiwifruit 2 2016-12-31
Tomato 1 2016-12-31
(Welsh Onion 3 2007-09-06
Parsnip 0.05 2018-11-14
Papaya 2.0 2018-11-14
Grapes 5.0 2017-09-01
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Green garlic 2 2010-12-01
Unripe bean 0.5 2018-08-16
Sweet pepper 3 2004-04-01
Seed spices 0.05 2018-11-14
Herbs(fresh) 0.05 2018-11-14
Hop 40 2018-11-14
False saffron(Seeds) 0.05 2018-11-14

*Pesticides and Veterinary Drugs Information (Minysof food and drugs safety)
(Korean pesticides MRLs in Fop2i019; 2019) (Safety, 2019)
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PHI (Pre-Harvest Interval)

Pesticides are substances that are useful formiaggpests. But they are potentially
harmful to human health. Therefore, the use ofigdst requires strict rules. The
pre-harvest interval (PHI) provide a reasonabldigds that ensure acceptable
pesticide residues on crops at harvest. It helpsdduce safe agricultural products
based on the limit number of spraying pesticide famal spraying period before

harvest (Agency, 2007). It is a guideline for hatirey safe agricultural products and
easy understanding to a farmer for use of pesscidi¢he agricultural products and
easy understanding to a farmer for use of pestcitfea farmer uses pesticides
according to this guideline, the residual amounthef pesticide in crops would be
less than MRL. The PHI is registered in the pedéicpraying guidelines from Korea

Crop Protection Association (Agency, 2007).

The purpose of studies

This studies were conducted to investigate theluasicharacteristics of tricyclazole
and tebuconazole in proso millet to establish PHicyclazole 20 % suspension
concentrate (SC) and tebuconazole 20 % SC weréddpl proso millet according
to the scheduled time (50/40/30 days, 40/30/21,&#/21/14 days and 21/14/7 days
before harvest), respectively and the residuesaim@nd straw of proso millet were

analyzed to find out the maximum residue level.
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Materials and methods

Analytical standard and pesticide for spraying

Standard materials of tricyclazole (Purity: 99.49 &&hd tebuconazole (Purity:
99.4 %) were purchased from Dr. Ehrenstorfer GmAHigéburg, Germany) and
Sigma-aldrich (St. Louis, MO, USA), respectivelyiclclazole 20+5 % suspension
concentrate (SC) from Nonghyup chemical and tebamole 20% SC from Bayer

Crop Science were purchased at pesticide market(S¢orea).

Standard solutions

Standard stock solutions of tricyclazole and tebazole were prepared at the
concentration of 1,000 mg/L with acetonitrile, restively. The working solutions

were prepared by serial dilution of stock solutiath acetonitrile.

Subject crops

In several varieties of proso milldgnicum miliaceunt..), ‘Ibaekchal’ which is the

popular species in South Korea was used for figfgeBments.
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Field trials

Test field was located in Hwaseong-si (Kyeonggi{dorea) and the field size was
63 m (length) x 3.8 m (width) (Fig. 17). Two tre&@m groups were divided in the
field to test tricyclazole and tebuconazole. Tleddfirial was divided into four plots
depending on the date of pesticide treatment. Taeaf each plot was 42.75°m
containing 3 replicates of 14.25nkEach plot was treated with the pesticide by 3
times as follows: Plot 1 was treated at 50/40/3¢sdaefore harvest, plot 2 was
40/30/21 days before harvest, plot 3 was 30/2144 Before harvest and plot 4 was
21/14/7 days before harvest. To prevent cross nongdion during spraying
tricyclazole and tebuconazole, respectively, thiéebzones were installed between
control and treated plots. The arrangement of tieddl is illustrated in Figure 17.
Tricyclazole 20 % SC was diluted 1,000 times withter. In case of
tebuconazole 20% SC, it was diluted 2,000 times wihter. Pesticides using
handgun sprayer reproducibility test for sprayingswcarried to check steady
spraying capacity and speed. Diluted pesticidetienlwas sprayed onto crop until

foliar were wetted sufficiently (Fig. 18).
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Figure 17. Experimental plots in field
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Plot 1 Plot 2 Plot3 Plot 4
1 1 1 1
285 2 2 2 2
3 3 3 3
Im Buffer zone
Plot 1 Plot 2 Plot3 Plot 4
1 1 1 1
285 2 2 2 2
3 3 3 3
15m 1m 15m im 15m im 15m
Im Buffer zone
Or.n95 Control

Control : Free pesticide; No treated
Plot 1 : Treated third time at 50/40/30 days befaesest
Plot 2 : Treated third time at 40/30/21 days befaesest
Plot 3 : Treated third time at 30/21/14 days befaesest
Plot 4 : Treated third time at 21/14/7 days befme/est
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Sampling

The harvest of grain and straw of proso millet e@sducted on September 27, 2018.
Control plot (Free pesticide plot) was first hateesto prevent contamination. Other
samples in Plot 1, 2, 3 and 4 were collected ov@kd randomly. After harvest, the
samples were immediately moved to laboratory. Gaaohstraw of proso millet was
homogenized by food processor. Every sample wasdstd -20°C in polyethylene

bags.
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Figure 18. Preparation of pesticide solution, sprapng in field and preparation

sample

(A) Measure of tricyclazole product, (B) Measureefiuconazole product, (C) Application
of the pesticide solution on the sample (proso ahill (D) Grain collection, (E)

Homogenization of grain
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Analytical instruments and conditions
1) LC-MS/MS

LC-MS/MS analysis for tricyclazole was carried aut a LC-MS 8040 with
UHPLC-Nexera (ESI positive mode). The column ov@ngerature was 4@ and

the column was RaptBt ARC-18 (100mm x 2.1 mm, 2.7 um). Mobile phasesewer
0.1% formic acid & 5mM ammonium formate in water) @nd 0.1% formic acid &
5mM ammonium formate in methanol (B). The mobilegd (B) was initially hold

at 5% for 1 min. Then (B) increased 5% to 70% foni@ and hold 70% for 3 min.
After that, (B) increased 70% to 98% for 1 min dnwdd 98% for 2.5 min. Finally,
decreased it to 5% for 0.5 min and hold 5% for &.riihe flow rate was set at 0.2
mL/min and the injection volume was 5 pL. DL tengiare was 250C and heat
block temperature was 40Q€. The nebulizing gas, drying gas was nitrogen and

collision energy was used argon gas.

For MS/MS analysis, two transitions (quantifiedaqualifier) were chosen

for scheduled MRM mode after an automatic optinn@aprocedure.
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2) GC-MS/MS

GC-MS/MS analysis for tebuconazole was carriedasut Shimadzu GCMS-TQ

8040 mass spectrometer coupled to a GC-2010 pluppeed with an AOD-20i auto

sampler (Kyoto, Japan). A capillary column was BRBE25mmx 30 m, 0.25 pum).

The oven temperature program was initialized at@gheld for 2 min), increased
to 300°C at 22°C/min (held for 3 min). Total run time was 25.0 mitelium ¢&
99.999%) was used as carrier gas at a constant(flddvmL/min), and argon was
used as collision gas. The interface temperatuse28°C. In case of ion source,
temperature was 23Q. The electron ionization energy was -70 eV andigtector

voltage was set at 1.4 kV. The Injection volume &ad._.

For MS/MS analysis, two transitions (quantifier anhlifier) were chosen

for scheduled MRM mode after an automatic optinigaprocedure.
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Method validation

1) ILOQ (Instrumental Limit of Quantitation)
After matrix matched standard solutions (0.0025 @2&pg/mL) were analyzed

by LC-MS/MS and GC-MS/MS. The ILOQ was settledlas ¢oncentration where

the signal-to-noise ratio was higher than 10.

2) MLOQ (Method Limit of Quantitation)

MLOQ was calculated by equation below.

LOQ (ng) x Final volume (mL) x Dilution factor
Injection volume L) x Initial sample weight ()

MLOQ (mg/L) =

3) Calibration curve and linearity

Matrix matcheq  MSTD1 MSTD2 MSTD3 MSTD4 MSTD5 MSTD6 MSTD7
standard soution (00025 (0.005 (0.0 (0.025  (0.05 (0.1 (0.25
pg/mL)  pg/mL)  ug/mL)  pg/mbL)  pg/mL)  pg/mb)  pg/ml)

0005 001 0.02 0.05 0.1 0.2 05
Standard
solution pg/mL pg/mL pg/mL pg/mL pg/mL pg/mL pg/mL,
200Ul 200pL 200 pL 200 ML 200 ML 200pL 200 pL
iz?r‘i)ie 200l 200pL  200plL  200pL  200pl 200l 200pL

A series of matrix-matched standard solutions wathcentration of 0.005, 0.01, 0.02,

0.05, 0.1, 0.2 and 0.Ag/mL were prepared with a blank extract. The redati

standard deviation (RSD) was calculated at thélon curve.
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4) Recovery test of tricyclazole analytical method

Samples were extracted using the modified QUEChER®Bod. The homogenized
free pesticide grain and straw of proso millet sie®{10.0 + 0.1 g) in 50 mL
centrifuge tube were treated with the standardismiwf tircyclazole at spiking level
following: For grain and straw of proso millet, Grig/kg and 0.5 mg/kg (10 MLOQ,
50 MLOQ). The samples of grain and straw were reaisti with 10 mL of deionized
water for 10 minutes. 10 mL of acetonitrile witil @ formic acid was added to
each tube, and the tubes were shaken vigorousl@O(1iniG™, SPEX
SamplePrep, New Jersey, USA). After that, 4 g afinesium sulfate (MgS{pand

1 g of sodium chloride (NaCl) were added to thestullhe tubes were vigorously
shaken for 1 min and centrifuged at 3,500 rpm faniButes (Combi 408, Hanil
Science industrial, Korea). One milliliter of thapgrnatant was transferred into
dSPE (Dispersive Solid Phase Extraction) tube @oiniga 25 mg of PSA, 7.5 mg of
GCB and 150 mg MgSARESTEK, Germany). After voltexing for 1 minutbetd-
SPE tubes were centrifuged at 13,000 rpm for 4 tea;uFor matrix matching, 0.2
mL of supernatant was mixed with 0.2 mL of acetdgifollowed by analyzed using

LC-MS/MS.
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5) Recovery test of tebuconazole analytical method

Samples were extracted using the modified QUEChER®Bod. The homogenized
free pesticide grain and straw of proso millet sie®{10.0 + 0.1 g) in 50 mL
centrifuge tube were treated with the standardtieolwof tebuconazole at spiking
level following: For grain and straw of proso miJl®.1 mg/kg and 0.5 mg/kg (10
MLOQ, 50 MLOQ). The samples of grain and straw westened with 10 mL of
deionized water for 10 minutes. 10 mL of acetoleitwith 0.1 % formic acid was
added to each tube, and the tubes were shakerouipr(1600 MiniGM, SPEX®
SamplePrep, New Jersey, USA). After that, 4 g afinesium sulfate (MgS{pand

1 g of sodium chloride (NaCl) were added to thestullhe tubes were vigorously
shaken for 1 min and centrifuged at 3,500 rpm faniButes (Combi 408, Hanil
Science industrial, Korea). One milliliter of thapgrnatant was transferred into
dSPE (Dispersive Solid Phase Extraction) tube @oiniga 25 mg of PSA, 7.5 mg of
GCB and 150 mg MgSARESTEK, Germany). After voltexing for 1 minutbetd-
SPE tubes were centrifuged at 13,000 rpm for 4 tea;uFor matrix matching, 0.2
mL of supernatant was mixed with 0.2 mL of acetdgifollowed by analyzed using

GC-MS/MS.
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6) Storage stability test

The homogenized free pesticide samples were fedltifivith pesticide standard
solution at spiking level following: For grain astraw of proso millet, 0.1 mg/kg

(LOMLOQ). This samples were stored in a freezdd (€2 until analysis.

Grain samples of tricyclazole were stored for 2gsd®ct 2 ~ Oct 30, 2018)
and straw samples of tricyclazole were stored $od&ys (Oct 2 ~ Oct 31, 2018).

Grain samples of tebuconazole were stored for 38 ¢@ct 2 ~ Nov 06,
2018) and straw samples of tebuconazole were stor&9 days (Oct 2 ~ Nov 07,

2018).
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Matrix effects

Matrix effects (ME, %) was calculated by comparihg slope of calibration curve
between solvent standard and matrix matched ctbbraurve using the following
equation:

slope of matrix matched calibration curve

ME,%=< —1)><100

slope of solvent standard calibration curve
A positive value refers signal enhancement andgathe value of matrix effect

point to signal suppression in matrix containedimmment(Caban et al. 2012)
Residual analysis of proso millet sample

The samples were prepared by established methodghrthe recovery test and

analyzed using established LC-MS/MS and GC-MS/M&li@mns.
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Results and discussion

The meteorological data at field

During cultivation of proso millet, temperature gerof field was 9.2—39.Z (Table

18).
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Table 18. The meteorological data

Low Highest Average
temperature temperature temperature p;gﬁ)ﬁgﬁ'ﬁgﬁn(tn?;)

(°O) (°O) (°O)
5/28 12.7 29.4 21
5/29 17.5 26.8 20.8 10.9
5/30 14.4 25.3 18.8 3.7
5/31 134 26.2 19.2
6/1 14.9 29.9 22.1
6/2 14.6 29.5 21.6
6/3 14 30.9 22.4
6/4 16.4 27.3 21.7
6/5 18.6 30.1 23.3
6/6 16.6 27.9 21.7
6/7 16.5 29 20.7
6/8 17.6 26.9 211
6/9 17.1 29.5 23.5 0.1
6/10 17.2 25.8 21.7 14
6/11 18.2 23.8 20.8
6/12 17.5 27.8 21 0.3
6/13 16.9 27.3 21.7
6/14 18.5 25.9 22.4 3.4
6/15 17.7 26.3 22 0.3
6/16 16.3 29.1 21.8
6/17 16.4 28.6 215
6/18 18.7 30.6 23.8
6/19 17.5 25 21.8
6/20 18.1 28.9 22.3
6/21 18.8 28.8 23
6/22 16.9 32.6 24
6/23 20.1 30.8 23.9
6/24 19.9 33.3 24.8
6/25 20 33.1 26.5
6/26 19.6 26 22.2 95.5
6/27 18.8 28 22 0.2
6/28 20.7 26.3 23.4 3.1
6/29 215 29.9 24.5 1
6/30 20.7 29.7 24.9 1.7
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7/1 20.8 23.9 21.9 105.7
712 20.4 28 23 76.3
7/3 22.6 33.5 26.5 17.7
714 22.6 32.3 26.4
715 22.4 30.8 25.7 0.3
716 22.2 27.5 24.3
717 20.4 29.6 24.3
71/8 18.5 28.2 23.3
7/9 20.3 23.6 211 11.5
7110 20.5 27.9 24.7 2.9
7/11 24.2 30.9 27.2 4.2
7112 25 31.1 27.4
7113 24 32.4 27.3 0.1
7/14 23.9 32.8 27.9
7115 23.4 34 27.9
7116 22.8 33.7 27.8
7117 22.3 32.4 27.2
7/18 22.6 33.4 27.6
7119 22.1 33.4 27.6
7120 22.8 34 28.5
7121 23.1 36.7 29.3
7122 23.9 37.5 31.1
7123 28.2 36 31.2
7124 25.6 36.5 30.6
7125 27.3 33.9 29.6
7126 25.9 34.2 29.4
7127 26.4 35.7 29.8
7128 25.9 34.9 28.9 4
7129 25.3 35.9 30.9
7130 26.6 36.3 31.6
7/31 27.8 37.5 31.9
8/1 26.6 39.3 32
8/2 27.8 38.1 32
8/3 28 37.6 32
8/4 27.2 35 30.2
8/5 26.2 34.3 29.7
8/6 27.2 34.8 29.8 1
817 27.4 36.4 30.5
8/8 26.1 36 30.2
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8/9 26.2 34.1 29.4

8/10 26.7 37 31.2

8/11 26.8 35.6 30.6

8/12 25.8 35.6 30.3 2.8

8/13 26.2 36.7 31

8/14 27.8 37.1 31.8

8/15 28.6 39.2 324

8/16 24.7 35.9 30

8/17 22.3 32.5 26.9

8/18 215 32.1 25.8

8/19 22 33.8 27.1

8/20 24.3 32.8 28.3

8/21 23.2 30.1 25.6 5.7

8/22 23.1 37.2 30.6

8/23 24.9 33.2 29.5 3.7

8/24 22.9 28 24.7 12.2

8/25 21 29.6 24.7

8/26 19 25.9 21.7 4

8127 19.3 24.6 22.4 53.1

8/28 22.3 25.4 23.5 124.8

8/29 22.8 29.6 26.1 8.5

8/30 24.4 31.4 26.7 1.9

8/31 21.3 30 24.7 0.9

9/1 19.9 30.7 25.3

9/2 20.2 29.9 25.1

9/3 22.5 28.5 24.3 17.7

9/4 20 29.3 23.8

9/5 18.1 29 23.6

9/6 19.7 28.8 23.1 6.7

9/7 17.9 25.4 21.4 1

9/8 14 28.2 21.3

9/9 14.2 28.3 21.2

9/10 18.2 28 23

9/11 16.2 25.7 21.4

9/12 16.1 27.6 22.5

9/13 20.4 28 23.5

9/14 20.4 25.1 23.1 0.2

9/15 20.1 23.6 21.7 6.9

9/16 20.6 25.4 21.9 1.6
118

A2t &



9/17 17.9 27.8 21.8
9/18 16.4 26.9 21.3
9/19 18.1 26.9 21.4 0.1
9/20 17.6 20.3 19 5.7
9/21 17.6 22.1 19.2 20
9/22 14.7 26.5 20.2 0.5
9/23 14.6 25.7 19 1.3
9/24 11.9 23.3 17.1
9/25 9.2 24.1 17.3
9/26 16 24.8 18.9
9/27 11.6 24.8 18.5
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LC-MS/MS condition and MRM (Multiple Reaction Monit oring) optimization

Applying tandem MS with selected reaction monitgrifERM) can significantly
reduce the chemical background. Even if theextvacted matrix compounds have
the molecular mass of a pesticide, in generaliwoeisobaric ions can be separated
in SRM experiments, since their fragmentation i& tollision cell often results in
different product ions. As a result, tandem masscspmeters offer excellent

sensitivity and selectivity (Picé et al. 2004).

LC-MS/MS provides more sensitive, selective andidagnalysis than
conventional LC. This analysis used multiple reactmonitoring (MRM) mode.
MRM is a tandem mass spectrometric technique tleat ghe monitoring of specific
collision induced dissociation (CID) reactions.asesult, MRM mode significantly
improves analysis selectivity. In this mode, thesionigrate to Q1 in an ion source
that acts as a filter depending on their mass-trge/2 ratio, where the precursor
ion is selected. And then, a specific product iersélected and monitored in Q3
(Despina Tsipi. 2015). Full scan spectrum of triagole was obtained in the mass
range of 50-500n/z Figure 19 shows a spectrum of tricyclazole andr2rass

representing tricyclazole thatni/z190.0 and 192.0.

Precursor ion of tricyclazole was set to I8x Through optimization of
precursor ions, quantifier ion and qualifier iontdfyclazole was set to 136/z(-
28 eV) and 163.15 (-20 eV) respectively. Table Iws MRM transition

parameters of tricyclazole in LC-MS/MS.
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Figure 19. Scan spectrum of tricyclazole

122



iefen [(+10.000.000%

20 190.0
a3 o g
a0 T T T |
® e m w = mz

123



Table 19. The MRM transition parameters of tricyclazole

Monoisotopic

lonization
Mass

Instrument

Precursor ion>Product ion (m/z)

Quantitation Qualification

Collision energy Retention time
(eV) (min)

Tricyclazole LC-MS/MS 189.0361 [M+H]

190.00>136.00 190.00>163.15

-28 -20 5.00

124



ILOD, ILOQ, MLOQ and calibration curve of tricyclaz ole

Instrumental limit of detection (ILOD) and Instruntal limit of quantitation (ILOQ)

are values that represent the sensitivity of aitalinstrument. ILOD is determined

by the minimum concentration of analyte providin$l $atio of > 3 and ILOQ is

determined by S/N ratio of > 10 (Fig. 20) (Fongakt1999). In this experiment,
ILOQ was checked from the results of analysis ks concentration standard

solutions, 0.0025 mg/L was observed as practiddl@€) in LC-MS/MS.

Based on MLOQ calculating equation, MLOQ ii¢yiclazole in proso millet

(grain and straw) was 0.01 mg/L.

Matrix matched standard curves of tricyclazole hagood linearity in
samples of proso millet. The range was betweer?8.690.25 mg/kg of tricyclazole

standard solution (Fig. 21).

The regression equations were y = 1634.8x + 2708n) and y = 2011.6x
+ 16559 (straw) respectively. Coefficient of detiration (%) were over 0.999 in

each samples.
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Figure 20. Concepts of ILOD&ILOQ
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Figure 21. Matrix matched calibration curves of tricyclazole

(A) Calibration curve — grain (Range: 0.0025 — 0n2§'kg), (B) Calibration curve — straw
(Range: 0.0025 — 0.25 mg/kg)

128



(A)

(B)

Area

Area

2500000

2000000

1500000

1000000

500000

3000000

2500000

2000000

1500000

1000000

500000

200

200

400

400

600 800
Amount (ng)

600 800

Amount (ng)

129

1000

1000

y =1634.8x + 27018

r2=0.9998

1200 1400

y =2011.6x + 16559

r2=0.9997

1200 1400



Matrix effects

In the electrospray ionization process in LC-MS/MBnultaneous elution
interference interacting with the target compousalls to a matrix effect resulting
in signal suppression compared to the signal ofahayte injected only in the
solvent (Lozano et al. 2016). Enhancement or sigge of analyte responses is
accompanied by a reduced accuracy and precisisnbsequent measurements. So,

the matrix effect limits the utility of LC-MS/MS (@ms et al. 2003).

Some interference compounds were removed duringxdinaction. However,
complex matrices can cause interference, which lead to analytical errors,

resulting in inaccurate resufBubert et al. 2011).

The matrix effects were calculated by comparing slope of calibration
curve between the solvent standard and the mataikhred standard. According to
the equation mentioned in the method section, aip®s/alue indicates signal

enhancement, whereas a negative value indicatesl sgppression.

In case of grain, matrix effect was -61.6 % andwir-52.7 %. According to
SANTE guideline’s acceptability criteria (20%), matmatched is necessarily

needed in analysis of tricyclazole. All matrix irogal suppression effect.
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Recoveries of tricyclazole in grain and straw of ppso millet

Recovery test provides accuracy and precision wipsa preparation method by
recovered rate (accuracy, %) and RSD (precision(Fang et al. 1999). Untreated
samples were spiked with 10 MLOQ and 50 MLOQ lewdlfricyclazole in proso

millet (grain and straw). And the analysis was gerfed using the established
method. Table 20 shows results of recovery tegtam and straw. In case of grain,
the range of recoveries were 79.5 ~ 84.2 % at 1@ Iland 91.5 ~ 93.8 % at 50
MLOQ level, and RSD was 3.1 and 1.3, respectivialyase of straw, the range of
recoveries were 86.1 ~ 88.5 % at 10 MLOQ and 8382.5 % at 50 MLOQ level,

and RSD was 1.5 and 1.4, respectively (Fig. 14).
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Table 20. Recoveries test of tricyclazole in graiand straw of proso millet

Sample Fortified level Recovery RSD
(mglkg) (%) (%)

0.1 82.5 3.1
Grain

0.5 92.5 1.3

Proso millet

0.1 87.7 15
Straw

0.5 81.6 1.4
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Figure 22. Chromatogram of recovery test of tricychzole in grain and straw of

proso millet

(A) Grain of proso millet (B) Straw of proso millet
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(B) Straw
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Storage stability test of tricyclazole

Storage stability tests demonstrate that the targetpound is not degraded while
the sample is stored. In pesticide residual amnglitss generally difficult to perform
sample preparation immediately after sampling (Fwale 2016). Therefore, the
sample should be stored in the laboratory fre<zamples usually are deep frozen,
but the question arises whether residues are dedjradring storage. In this
experiment, the fortified samples of grain andwstod proso millet were analyzed
using the optimized method. The results showed tbedvery of grain samples
ranged from 77.0 to 79.5 % and RSD was 1.6 %. $e of straw samples, recovery
results ranged from 81.9 to 84.4 % and RSD wa#®4d (Fig. 23). These accuracy
and precision tests indicated that the target camg® were not degraded during the

storage period (Table 21).
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Figure 23. Representative chromatograms of storag&ability test tricyclazole

(A) Grain of proso millet (B) Straw of proso millet
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Table 21. Storage stability of tricyclazole in gran and straw of proso millet

Sample Fortified level Recovery RSD
P (mg/kg) (%) (%)
Grain 0.1 78.3 1.6
Proso millet
Straw 0.1 83.5 1.7
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Residual characteristics of tricyclazole in grain ad straw of proso millet

No residue was detected in control sample andabgts of tricyclazole residue in
field trials were presented in Table 22. The resioiuplot 1 (50/40/30 days before
harvest) was 1.69 and 0.62 mg/kg in grain and strespectively. In plot 2 (40/30/21
days before harvest) was 3.08 and 0.68 mg/kg im@nad straw, respectively. In
plot 3 (30/21/14 days before harvest) was 4.08(G8@ mg/kg in grain and straw,
respectively. In plot 4 (21/14/7 days before hatvess 5.68 and 1.13 mg/kg in

grain and straw, respectively.
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Table 22. Maximum residue of tricyclazole in grainand straw of proso millet

Sample Plot Residual maximum amount of
P (before harvest) tricyclazole (mg/kg)
1
(50/40/30) 1.69
2
(40/30/21) 3.08
Grain
3 4.08
(30/21/14) '
4
(21/1417) 5.68
Proso millet
1
(50/40/30) 0.62
2
(40/30/21) 0.68
Straw
3 0.87
(30/21/14) '
4
(21/1417) 1.13

142

.-"\.\.I .y



143

2 A &t et

SECHUL MATIONAL |INNVERSITY



Figure 24. Chromatogram of residue analysis tricy@zole in grain and straw of

proso millet

(A) Grain of proso millet, (B) straw of proso miile
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(A) Representative chromatogram of samples (Grain)
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(B) Representative chromatogram of samples (Straw)
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GC-MS/MS condition and MRM (Multiple Reaction Monit oring) optimization

GC-MS/MS provides more sensitive, selective antéfamalysis compared with the
conventional GC. This analysis used multiple reactinonitoring (MRM) mode.
MRM is a tandem mass spectrometric technique thatvs the monitoring of
specific collision induced dissociation (CID) reaos. As a result, MRM mode
significantly improves in analytical selectivityr this mode, the ions go from the
ion source to Q1 operated as filter according #irtmass-to-chargar(? ratio,
where the precursor ion is selected. And thengaifip product ion is selected and
monitored in Q3 (Despina Tsipi). Full scan spectafrtebuconazole were obtained

in the mass range of 50-5@0z Figure 25 shows a spectrum of tebuconazole and 3

ion mass representing tebuconazole that/i83,125 and 250.

Quantifier ion and qualifier ion of tebuconazoleswl225.0 m/z (-24 eV) and
99.1 (-18 eV) respectively. Table 23 shows MRM g¢iaon parameters of

tebuconazole in GC-MS/MS.
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Figure 25. Scan spectrum of tebuconazole
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Table 23. The MRM transition parameters of tebuconaole

Precursor ion>Product ion (m/z)

Monoisotopic o Collision Retention time
Instrument Mass lonization energy (eV) (min)
Quantitation Qualification 9y
Tebuconazole GC-MS/MS 307.1451 [M+H] 250.0>125.00 125.00>99.1 -24 -18 11.8
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ILOD, ILOQ, MLOQ and calibration curve of tebuconazole

In this experiment, ILOQ was checked from the rsswoff analysis of several
concentration standard solutions, 0.0025 mg/L vieeved as practicable ILOQ in

GC-MS/MS.

Based on MLOQ calculating equation, MLOQ elfuconazole in proso millet

(grain and straw) was 0.01 mg/L.

Matrix matched standard curves of tricyclazole hagood linearity in
samples of proso millet. The range was between28.00® 0.25 mg/kg of

tebuconazole standard solution (Fig. 26).

The regression equations were y = 66.146x + 18g28n) and y = 65.098x
— 124.11 (straw) respectively. Coefficient of deteration () were over 0.999 in

each samples.
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Figure 26. Matrix matched calibration curves of teluconazole

(A) Calibration curve — grain (Range: 0.0025 — 0n2§'kg), (B) Calibration curve — straw
(Range: 0.0025 — 0.25 mg/kg)
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Matrix effects

To ensure the accuracy and reliability of experitaeresults, it is essential to fully
extract, efficiently eliminate and compensate fatmx interferences. Matrix effect
(ME) can come from the sample matrix, sample pugpar procedure,
chromatographic separation quality, and ionizatigre All impurities cannot be
completely removed, matrix effects still exist dmetome one of the main factors
affecting accurate quantification and repeatabilityfzC—MS/MS detectiofDong

et al. 2014).

In case of grain, matrix effect was 30.9 % andvgti28.9 %. According to
SANTE guideline’s acceptability criteria (20%), matmatched is necessarily

needed in analysis of tebuconazole. All matrix tetlenhancement effect.
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Recoveries of tebuconazole in grain and straw of pso millet

Untreated samples were spiked with 10 MLOQ and 500K levels of

tebuconazole in proso millet (grain and straw). Arelanalysis was performed using
the established method. Table 24 shows resultsaoivery test in grain and straw.
In case of grain, the range of recoveries were 998.6 % at 10 MLOQ and 92.6
~97.6 % at 50 MLOQ level, and RSD was 1.6 % aidd, respectively. In case of
straw, the range of recoveries were 104.8 ~ 107a6 20 MLOQ and 96.7 ~ 103.6 %

at 50 MLOQ level, and RSD was 1.3 % and 3.4 %,eetbyely (Fig. 27).
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Table 24. Recoveries test of tebuconazole in graamd straw of proso millet

Sample Fortified level Recovery RSD
(mglkg) (%) (%)

0.1 96.9 1.6
Grain

0.5 95.4 2.7

Proso millet

0.1 106.1 1.3
Straw

0.5 100.2 3.4
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Figure 27. Chromatogram of recovery test of tebucaseole in grain and straw

of proso millet

(A) Grain of proso millet (B) Straw of proso millet
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(B) Straw
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Storage stability test of tebuconazole

Samples of grain and straw should be stored inatheratory freezer. Samples are
usually deep frozen, but the question is whetherrésidues are degraded during
storage. In this experiment, the fortified sampegrain and straw of proso millet
were analyzed using the optimized method. Thetsshbwed that recovery of grain
samples ranged from 95.0 to 100.0 % and RSD wa 216 case of straw samples,
recovery results ranged from 106.1 to 107.8 % aBB Ras 0.8 % (Fig. 28). These

accuracy and precision tests indicated that thggetastompounds were not degraded

during the storage period (Table 25).
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Figure 28. Representative chromatograms of storagstability test tebuconazole

(A) Grain of proso millet (B) Straw of proso millet
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Table 25. Storage stability of tebuconazole in graiand straw of proso millet

Sample Fortified level Recovery RSD
P (mg/kg) (%) (%)
Grain 0.1 97.3 2.6
Proso millet
Straw 0.1 106.8 0.8
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Residual characteristics of tebuconazole in grainra straw of proso millet

No residue was detected in control sample andethdts of tebuconazole residue in
field trials were presented in Table 26. The resigiuplot 1 (50/40/30 days before
harvest) was 0.39 and 0.53 mg/kg in grain and strespectively. In plot 2 (40/30/21
days before harvest) was 0.75 and 0.76 mg/kg im@nad straw, respectively. In
plot 3 (30/21/14 days before harvest) was 1.19(88 mg/kg in grain and straw,
respectively. In plot 4 (21/14/7 days before hatvess 1.66 and 1.20 mg/kg in

grain and straw, respectively.

This indicates that due to the protection rolerosp millet of grain and straw

against pesticide, contamination of residues doe$ikely to occur in proso millet
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Table 26. Maximum residue of tebuconazole in graiand straw of proso millet

Sample Plot Residual maximum amount of
P (before harvest) tebuconazole (mg/kg)
1
(50/40/30) 039
2
(40/30/21) 0.75
Grain
3 1.19
(30/21/14) '
4
(21/1417) 1.66
Proso millet
1
(50/40/30) 0.53
2
(40/30/21) 0.76
Straw
3 0.89
(30/21/14) '
4
(21/1417) 1.20
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Figure 29. Chromatogram of residue analysis tebuc@zole in grain and straw

of proso millet

(A) Grain of proso millet, (B) straw of proso mille
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(A) Representative chromatogram of samples (Grain)
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(B) Representative chromatogram of samples (Straw)
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Conclusion

In conclusion of Part 1, this study establishedeghmd that utilizes GC-NPD
and purifies twice using an SPE cartridge in herbatlicines. The recoveries of
Atractylodesthizome white anRehmanniaoot were satisfied with 70 ~ 120%. In
case of RSD, 20 or less were satisfied. Coeffisiefitdeterminationrf) were over
0.999 in each samples. So, this method can acto@liysed. In order to improve the
method using GC-NPD, the method using LC-MS/MS vestablished by
introducing QUEChERS method. The recoverieAtadictylodeshizome white and
Rehmanniaroot were satisfied with 70 ~ 120%. In case of R3D or less were
satisfied. Coefficients of determinatiorf)(were over 0.999 in each samples. Thus,
this method can be used in practice. This methqiieapmore easily and simply

with time savings than those of GC-NPD.

As a conclusion of Part 2, it could be applied aseful data for establishing
PHIs of tricyclazole and tebuconazole during caltion of proso millet. The results
of analysis residual amount of tricyclazole anduteimazole, all grains and straws
were above the MLOQ level of 0.01 mg/kg. First bbfia the case of tricyclazole,
the residue in plot 1 (50/40/30 days before hajweas 1.69 and 0.62 mg/kg in grain
and straw, respectively. In plot 2 (40/30/21 dag®le harvest) was 3.08 and 0.68
mg/kg in grain and straw, respectively. In ploBB/R1/14 days before harvest) was
4.08 and 0.87 mg/kg in grain and straw, respedgtitalplot 4 (21/14/7 days before
harvest) was 5.68 and 1.13 mg/kg in grain and straspectively. In case of
tebuconazole, the residue in plot 1 (50/40/30 defsre harvest) was 0.39 and 0.53
mg/kg in grain and straw, respectively. In plodR/30/21 days before harvest) was
0.75 and 0.76 mg/kg in grain and straw, respedgtiVelplot 3 (30/21/14 days before
harvest) was 1.19 and 0.89 mg/kg in grain and str@spectively. In plot 4 (21/14/7
days before harvest) was 1.66 and 1.20 mg/kg iim grad straw, respectively.
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Abstract in Korean

Ngohsta et
FAYTAR S ST GAT

Ny

=

Fosthiazate & 711 A AFA| ol Afractylodes rhizome white ¥ Rehmannia
root & W& =Ho A d fxolt}. o] A7+= GC-NPD & AH&3to] sfid
A efol Al fosthiazate 419 & 7W&atth SPE 7tEZ A& A& AA7F + ©H
TREHANSH GC-NPD & AH&3ste= o] BAHE =, &9, BA 25 533k
o] BAHE /a3ty f138l LC-MS/MS & AF83l= QUEChERS Moz EAHES

ggstel BWeW u B Mg H5e A 9N, 5 g o

d

Atractylodes thizome white T+= Rehmannia root = MLOQ ® 10MLOQ S==of A
XF &0z AHgsHa 2 MY AggE MLOQ F 10MLOQ)oA 3] 4&-&
70-120 % (RSD=20 %)H T}

717 A3 ®1Eg 9o Azt M P 2@ AMREE oF JEo|th
Tricyclazole ¥ tebuconazole & 7]7%& 233 T AEo] A&HE
abgA| o)t o] AFol A AH#TFIAMMLOQE 0.01 mg/kg olATh IF& Al

¢, 10g o] &= =

r{r

o] 717S 10MLOQ 2 50MLOQ =29 &= gHo =
Ae stk &= 2 Aol tigk 2 JHe] AgleE (I0MLOQ 2 50MLOQ)o! A
8] &2 70-120 % (RSD=20 %) HA AT A4 tricyclazole 20 % A d3A &
3 3] HkEsio] Zbzke] 4 Jfe] Y (50/40/30 ., 40/30/21 ¥, 30/21/14 € %
21/14/7 DollA 3 3] wHE AP . g F, & 2@ Fes £45d
tricyclazole © ZHf{ ol Al AlZtel wet A e B FATY. £ A
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21/14/7 4o] AHglgdolA &= L o gk Ao #F E F+L& 5.68 mg/kg
2 1.13 mg/kg ©IAth. A tebuconazole 20 % BAFIHAZS ZHzHe] 4 A9

79 (A A 50/40/30 <, 40/30/21 <, 30/21/14 € H 21/14/7 ¥)o.E A

-

St 8 &, ¢ 9 FS B35t A Ao ohg} tebuconazole o FF

L)

Szol Ha BE Rol FUAT £8 A 21147 Yo AYFAA ¢2 B
o

F89]: Herbal medicine, GC-NPD, SPE, QUEChERS, Fosthiazate
MS/MS, GC-MS/MS, Minor crop, Proso millet, Residue

8} W: 2018-24170
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