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Abstract

This study investigated the dissipation of fungicide Azoxystrobin on minor
crop foxtail millet and in soil. All the experiments of preparation methods
were used QUEChERS modified methods and analyzed by Shimadzu LC-
MS/MS 8040. For minor crop field trial, Azoxystrobin 10% wettable powder
(WP) was sprayed on 4 plots according to prearranged time. Method limit of
quantitation (MLOQ) of Azoxystrobin and R230310 were 0.01 mg/kg in grain
and straw. The linearity (r”) of matrix matched calibration curves were > 0.999.
As results of samples analysis, total maximum residue amount of grain was
decreased from 0.61 mg/kg (Plot 4) to 0.07 mg/kg (Plot 1) and total maximum
residue amount of straw was decreased from 5.02 mg/kg (Plot 4) to 0.14
mg/kg (Plot 1). These results will contribute to establish Pre-Harvest Intervals
(PHIs) and Maximum Residue Limits (MRLs) of Azoxystrobin during
cultivation of foxtail millet in Korea. For the soil field trial, Azoxystrobin 10%
WP sprayed 200 L/10 a for one time. For the laboratory incubation,
Azoxystrobin standard solution spiked at the concentration of 0.2 mg/kg in 10
g soils which contain 75% water of field capacity and incubated at 25+2C in
the incubator. Field and laboratory soil samples were collected according to
prearranged time. The MLOQ of Azoxystrobin was 0.002 mg/kg and R234886
was 0.005 mg/kg in both soils. The linearity (r’) of matrix matched calibration
curves were > 0.99. The Azoxystrobin was dissipated rapidly in field soil and
the half-life of Azoxystorbin was calculated 12.38. But the Azoxystrobin was
dissipated slowly in laboratory soil and the half-life of Azoxystrobin was over
90 day. The residue of soil metabolite R234886 was detected less than MLOQ
in both soils.

Key Words: Azoxystrobin, R230310, R234886, Minor crop, Residue, Foxtail
millet, LC-MS/MS, Dissipation, Soil, Half-life
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Introduction

Pesticides and target fungicide Azoxystrobin

In agriculture, pesticides are used as an important agricultural material
because of the productivity of agricultural products and the convenience of
cultivation of crops (Kim et al., 2010). Pesticides have been widely used
around the world since the middle of the 20™ century. On the basis of the
condification of the British Crop Production Council, about 860 active
substances are formulated currently in pesticide products (Tomlin, 2003; Lutz
alder, 2006). The large quantity of chemicals and pesticides mixtures have
been classified with insecticides, miticides, herbicides, nematicides,
fungicides, molluscicides and rodenticides to use (Francisco prieto garcia,
2012).

This study target pesticide is Azoxystrobin which is a systemic, broad
spectrum fungicide of strobilurin group with protective action commonly used
in agriculture (Chaido lentza-rizos, 2006; Wikipedia). Azoxystrobin was
present to the world market in 1996 and has since then been registered for use
on a variety of crops (Kerstin gustafsson et al., 2009; Tomlin, 2000; Bartlett et
al., 2002). It is a pesticide ingredient that is widely used because it dose not
leave any marks on leaves or fruit even after spraying (Kim, 2010). The mode
of action of Azoxystrobin is inhibit the electron transport in the respiration
pathway in mitochondria, therefore interrupting all energy demanding
processes in the target organisms (Kerstin gustafsson et al., 2009).

The physicochemical properties of Azoxystrobin, R230310, and R234886
are presented in Table 1 and structures are showed in Figure 1. The
formulations of Azoxystrobin include suspension concentrate (SC), suspended
emulsion (SE), wettable powder (WP), water dispersible granule (WG), fine

granule (FG), granule (GR), and emulsifiable concentrate (EC). According to
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Pesticide Residue Definitions for Agricultural Products, Azoxystrobin is sum
of Azoxystrobin and R230310 (2-(6-(2-cyanophenoxy) pyrimidin-4-yloxy)
phenyl)-3-methoxyacrylate]) in crop (National institute of agricultural
sciences). The soil metabolism products of Azoxystrobin were R234886 in
Definition of Environmental Residues of Pesticides-3 (National institute of
agricultural sciences). R230310 is an isomer and a photolysis product of
Azoxystrobin. These are dived into E form and Z form (Hamdy balba, 2007).
Total residue amount was calculated by following equation:

Total residue amount = Azoxystrobin residue amount + (R230310 residue
amount x 1.0 Y)

Y1.0 (Conversion factor) = 403.4 (Azoxystrobin M.W.)/403.4(R230310
M.W.)



Table 1. Physicochemical properties of Azoxystrobin

Property Information
Common name Azoxystrobin R230310 R234886
Methyl (2E)-2-  Methyl (2)-2-(2- (E)-2-{2-[6-(2-
(2-{16-(2- {[6-(2- cyanophenoxy)p
cyanophenoxy) cyanophenoxy) yrimidin-a-

IUPAC name pyrimidin-4- pyrimidin-4-
i _ yloxy]phenyl}-3-
yI]oxy}pihenyI) yI]oxy}3|cihenyI) methoxyacrylic
acid

methoxyacrylate  methoxyacrylate

1185255-09-7

CAS No. 131860-33-8 143130-94-3
Molecular
formula CZZH17N305 C22H17NSOE: CZlH15N3OS
Molecular 403.4 403.4 389.36
weight
Boiling point >345C/760 - -
9p mmHg
1.1x 10" mPa
Vapor pressure (20C) - -
logP =25
Kow (20C) ] )
*The Pesticide Manual Seventeenth Edition (J A Turner)

https://www.trc-canada.com/product-detail/?R070240

https://www.hpc-standards.com/shop/ReferenceMaterials/Pesticides/
1311773771_ZAzoxystrobinR230310.htm



https://www.hpc-standards.com/shop/ReferenceMaterials/Pesticides/

Figure 1. Structure of Azoxystrobin and metabolites
(A) Azoxystrobin
(B) R230310
(C) R234886
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Target crop foxtail millet

Target crop was foxtail millet (Setaria italica L.) which is one of the earliest
raised crops, widely grown in the arid and semiarid areas of Asia and Africa
(Figure 2). It have common names that include Italian millet, German millet,
Chinese millet, Hungarian millet, green millet. Foxtail millet is raised in 26
countries currently and it is second most cultivated species of millet. It
contains proper nutritive components like starch, protein, vitamins and
minerals (Nitya Sharma & Keshavan Niranjan, 2018).

There are a lot of pests occur during foxtail millet cultivation, but too little
pesticides registered for foxtail millet in Korea. There are only three
pesticides currently registered for foxtail millet in the Crop Protection
Guidelines that was offered in Korea Crop Protection Association. All of them
are insecticides that include fenthion EC, clothianidin SC and etofenprox EC,
respectively.

This study target disease was blast of foxtail millet. Symptoms of spots
appear on the leaf when it is stricken with blast of foxtail millet. They are
shaped like a circle with a straw-coloured center and remnants are dark brown.
The spots are 2-5 mm inner diameter that are small and sparse. If the disease

is severe, the leaves shrivel up and dry (Plantwise Knowledge Bank).
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Figure 2. Foxtail millet






Maximum Residue Limits (MRLs) and Pre-Harvest Intervals (PHISs)
Maximum Residue Limits (MRLs) and Pre-Harvest Intervals (PHIs) are must
be established if use pesticide legally and safely. The MRLs stands for the
maximum concentration of a pesticide residue legally allowed in food or feed
commodity (Dugald j. maclachlan et al., 2010). In Korea, 466 ingredients of
pesticide were registered in MRLs in the Ministry of Food and Drug Safety.
There are 34 kinds of pesticides are registered in MRLs for foxtail millet in
the Ministry of Food and Drug Safety (Table 2). The minimum and maximum
values of pesticides registered in the foxtail millet were Ethoprophos 0.005
mg/kg and Chlormequat 10 mg/kg, respectively. There are 67 kinds of items
are registered in MRLs of Azoxystrobin in the Ministry of Food and Drug
Safety (Table 3). The minimum and maximum values of Azoxystrobin
registered on dried fruits were 0.01 mg/kg and leaf beet 50 mg/kg,
respectively. China has regulated 433 pesticides in MRLs of 4140 items as
National Food Safety Standard for Food Additive Use (GB 2763-2016) in 13
kinds of food (Zhang, 2016).

PHIs is defined as the minimum time must pass between the last pesticide
spray and the harvest. The PHIs is one of the main factors having an effect on
pesticide residues in crops (Philippe tixier, 2007). Figure 3 is an example of
PHIs of Azoyxstrobin 10% WP regulated in Korea (*Korea Crop Protection
Association). Depending on the application disease, different pesticide
formulations are regulated for use correctly and each crop has different PHIs.
Pesticides have to be used only for the crops and pests that listed on the
product’s label and certainly obey the application rates, number of

applications and PHIs indicated on the label (Onesmus kyalo mwaniki, 2017).
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Table 2. MRLs of pesticides in foxtail millet

Pesticides (r':l/lgskl_g) Pesticides (rl:l/lgskl_g) Pesticides (rlr\1/|g|7kLg )
Deltamethrin 0.2 Oxamyl 0.02 Indoxacarb 0.5
Dichlofluanid 0.1 Imazalil 0.05 Cyazofamid 2
Metalaxyl 0.05 Chlormequat 10 Clothianidin 0.3
Metolachlor 0.1 Thiobencarb 0.1 Pyraclstrobin 2
Methoprene 5 P?\;Ia;m;:] i 1

Metribuzin 0.05 Permethrin 2

Bentazone 0.2 Pendimethalin 0.2

Bitertanol 0.1 Fenvalerate 2

Cypermethrin 1 Fensulfothion 0.1

Cyfluthrin 2 Fenthion 0.05

Cyhalothrin 0.2 Phoxim 0.05

Ethiofencarb 1 Pyrethrins 3

Etofenprox 2 Pirimicarb 0.05

Ethoprophos 0.005 Flufenoxuron 0.5

Oxadixyl

0.1 Dimethomorph 2

*Pesticides and Veterinary Drugs Information (Ministry of food and drugs safety)
(Korean Pesticides MRLs in Food; 2018; 2018) (Safety, 2018)

3l O 1
- 11 - M=



Table 3. MRLs of Azoxystrobin in various agricultural products

Crop MRL Crop MRL Crop MRL
(mg/kg) (mg/kg) (mg/kg)
Egg plant 0.7 Codonopsis 0.1 Water melon 0.2
lanceolata
Mandarin 1.0 Balloon flower 0.1 Fresh ginseng 0.1
Citrus Fruits 10 Perilla 20 Spinach 20.0
Potato 0.1 Chinese yam 0.1 Rice 1.0
Dried ginseng 0.5 Garlic 0.1 Crown daisy 30.0
Dried fruits 0.01 Mango 0.7 Onion 0.1
Sweet potato 0.05 Melon 1.0 Leaf and stem 3.0
vegetable
Hot pepper 2.0 Fig 2.0 Leaf vegetable  20.0
. Chinese
Dried pepper 7.0 Water parsley 5.0 magnolia vine 2.0
Pepper leaves 5.0 Wheat 0.2 Cucumber 0.5
Box thorn 10.0 Banana 2.0 Corn 0.02
Leaf beet 50.0 Cabbage 0.05 Indian lettuce 3.0
Soybean 0.5 Rubi Fructus 3.0 Blurdock 2.0
eaves
Jujube 3.0 Broccoli 0.05 Pome 1.0
Dried jujube 7.0 Lettuce 20.0 Ginseng 0.5
extracts
Red ginseng 0.5 Red ginseng 0.5 Plum 1.0
concentrate
Stone fruits 20.0 Sesame 0.1 Chwinamul 3.0
Tea 1.0 Oriental melon 0.2 Coffee bean 0.02
Kiwi fruit 1.0 Tomato 1.0 Spring onion 2.0
Dried spring 7 Parselv 20.0 Grape 3.0
onion
Green garlic 1.0 Unripe beans 0.5 Bell pepper 2.0

-12 -
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Pistachio

0.5 Gourd 0.1

*Pesticides and Veterinary Drugs Information (Ministry of food and drugs safety)
(Korean Pesticides MRLs in Food; 2018; 2018) (Safety, 2018)
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Figure 3. PHIs of Azoxystrobin 10% WP
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Objective of study

This study is divided into two parts. Part 1 is dissipation of fungicide
Azoxystrobin in minor crop foxtail millet during cultivation. First, selected
target crop and pesticide. Then, conducted field test. Finally, carried out
preparation step and analysis step to quantified Azoyxstrobin residues and
investigated dissipation characteristics in foxtail millet grain and straw.
According to this data, it could be contributed to establishment of MRLs and
PHIs of Azoxystrobin in foxtail millet.

Part 2 is divided into degradation of fungicide Azoxystrobin in field soil
and laboratory soil. Field soil experiment was conducted in parallel with
minor crop experiment. Azoxystrobin 10% WP sprayed once to field soil and
investigated the degradation of Azoxystrobin in field soil and measured the
half-life. Laboratory soil artificially spiked at 0.2 mg/kg level and incubated at
25+2°C, investigated the degradation of Azoxystrobin in laboratory soil and

measured the half-life.
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Part 1

Dissipation of Fungicide Azoxystrobin in

Minor Crop Foxtail Millet

-17 -



Introduction

Background of minor crop
Minor crops and minor uses of pesticides are defined by country. According to
the annual report of agriculture and forestry statistics, minor crops are defined
as crops that cultivation area is less than 1,000 ha or without recorded
cultivation area in Korea (Kim, 2017). Representative minor crops include
mung beans, soybean, carrot, and millet etc. There are many kinds of minor
crops and target pests, so registration of the target pesticide is not active and
this phenomenon is a global problem (Chang-hyun ahn et al., 2014). All over
the world, if the pesticide usage is too small such as minor crops, pesticide
manufacturers are not able to follow the demand of pesticide use registration
for these crops because of economic reasons. But there are not enough
pesticides available for insect pest control. Therefore, farmers are faced with
many difficulties during minor crops cultivation. In particular, the pesticide
detection rate and the nonconformity rate are high in minor crops in Korea. So
it is necessary to develop a solution to this problem (Kim et al., 2006; Lee,
2013). On the other hand, minor crops are at the center of the pesticide
regulatory methodology that is currently evolving. Because the number of
field trials is determined by major crops and minor crops. In addition, it have
an effect on extrapolation of the residue data when setting the maximum
residue limit (Park et al., 2009; Hur et al., 2009; Eun et al., 2005, 2006; Son et
al., 2012a, 2012b; Lee et al., 2004; Lee, 2013). To solve this problem, the
Rural Development Administration has been accomplished pesticide
registration of authority for minor crops since March 1998 in Korea (Lee,
2013).

In the world, in order to solve this problem, the united states has been

carrying out initiated by a government pesticide registration test (IR-4 project)

-18 -



since 1964. The EU mutually recognized among member countries that
pesticide used in minor crops and pesticide residues data and push ahead
similar form extrapolation of minor crop test results. In addition, the Food and
Agriculture Organization (FAO) and Codex have grouped crops which are
similar with cultivation type and pesticide residue type and then mutual
application with test data by representative crops in order to international
mutual harmony, discussing the push ahead of crop grouping that
classification of different of climatic zone region and then mutual recognition
of test results for the same crop (Yim et al., 2014)

Table 4 is the representative study for Azoxystrobin residue in the crops in
Korea. There are many thesis or posters for Azoxystrobin residue in different
crops that crops include Grape, Indian lettuce, and Ginseng. But can’t find the
study for foxtail millet. So this study can provide Azoxystrobin residue data in

foxtail millet.
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Table 4. Overview of studies in recent years for Azoxystrobin residue in crop in Korea

Matirx Title Author
Residue Patterns of Azoxystrobin and Cyenopyrafen in Grape between Rainshield and
Grape (Cho Rong Lee et al., 2011)
Plastic House Conditions
Ginseng  Residual characteristics of Azoxystrobin and Difenoconazole in ginseng (Hyun Ho Noh et al., 2012)
Greeb Dissipation Pattern of Azoxystrobin, Difenoconazole and Iprodione Treated on Field- (Hye-Rim Kang et al.,
garlic Grown Green Garlic 2011)
Korean Residual Patterns of Strobilurin Fungicides in Korean Melon under Plastic Film (Eun Jeong Park et al.,
melon House Condition 2009)
The Degradation Patterns of Two Pesticides in Spinach by Cultivation, Storage and
Spinach (Jungmi Seo et al., 2010)

Washing
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Materials and Methods

Analytical standard and pesticide for spraying

Standard material of Azoxystrobin (Purity: 98%) was purchased from SIGMA
ARDRICH and R230310 (Purity: 98%) was purchased from Syngenta.
Azoxystrobin 10% wettable powder (WP) Amistar from Syngenta was
purchased at pesticide market (Seoul, Korea).

Standard solutions and working solution

The standard stock solution of Azoxystrobin and R230310 was prepared at the
concentration of 1,000 xg/mL with acetonitrile. Then mixed Azoxystrobin
1,000 xg/mL 10 mL and R230310 1,000 xg/mL 10 mL made a Azoxystrobin
and R230310 mixture 500 xg/mL 20 mL. The working solutions were
prepared by serial dilution of stock solution with acetonitrile.

Analytical reagent

Analytical solvent HPLC grade ACN (acetonitrile, purity: 99.9%), EA (ethyl
acetate. purity: 99.9%), DCM (dichloromethane, 99.9%), Hexane (purity:
99.9%) were purchased from Fisher Scientific Korea. Hypergrade for LC-MS
MeOH (methanol, purity: 99.8%) was purchased from Merck. Acetic acid
(purity: 99.7%) and formic acid (purity: 99.8%) were purchased from
SIGMA-ALDRICH.

Subject crops

Foxtail millet certified seed (samdachal) was purchased from Foundation of
Agri. Tech. Commercialization & Transfer on April 14th, 2017. Stored in the

freezer -4°C before seeding.
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Instrumental conditions

The samples were analyzed by Shimadzu LC-MS 8040 with UHPLC Nexera
(ESI positive mode). The column was Kinetex C18 (100 mm x 2.1 mm, 2.6
um) and the oven temperature was 40°C. Mobile phases were 0.1% formic
acid & 5 mM ammonium formate in distilled water (A) and 0.1% formic acid
& 5 mM ammonium formate in methanol (B). 15 min gradient program set as
follows: initially mobile phase B was set at 30% for 0.5 min. Then increased
30% to 90% for 6 minutes and hold 90% for 3 min. Finally decreased it to 30%
for 0.5 min and hold 30% for 5.5 min. The flow rate was set at 0.2 mL/min
and the injection volume was 5 uL. Desolvation line (DL) temperature was
250°C and heat block temperature was 400 C. The nebulizing gas, drying gas
was nitrogen and collision energy was used argon gas. Nebulizing gas flow

was 3 L/min and drying gas flow was 15 L/min.
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Preparation method

Pulverized samples measured the weight 5 g in 50 mL falcon tube and soaked
with 10 mL of distilled water for 30 min. Then added ceramic homogenizers
and extracted with 10 mL of acetonitrile using a shaker at 300 rpm for 5 min.
After that, all samples in the falcon tube were cooling on ice and added
MgSO, 4 g, NaCl 1 g, then used Mini G shaking vigorously for 1 min.
Centrifuged at 3,000 rpm for 10 min. In the case of grain, transferred
supernatant 4 mL and evaporated at 40°C. After that, reconstitution in 4 mL
dichloromethane/hexane (10/90, v/v). SPE GCB/NH, cartridge (500 mg/500
mg, 6 mL) was used in the purification process and activation with 10 mL
hexane. Then loading 4 mL reconstitution solution, washing with 10 mL ethyl
acetate/hexane (10/90, v/v), elution with ethyl acetate/hexane (40/60, v/v).
Finally dried with nitrogen gas and reconstitution in 2 mL acetonitrile, 1:1
matrix matched with acetonitrile analyzed by LC-MS/MS. In case of straw,
transferred 1 mL supernatant to dSPE (PSA, GCB, MgS0O,) then vortexed for
1 min, centrifuged at 13,000 rpm for 5 min. Finally 1:1 matrix matched with

acetonitrile and analyzed by LC-MS/MS.

-23 -



Method validation

After the establishment of instrumental conditions and preparation method,
method validation was performed. In method validation, Set ILOQ, MLOQ
and evaluated calibration curve linearity and matrix effect. The accuracy and
precision of the preparation method verified by recovery test. The pesticide-
treated samples should be analyzed during the day. If it was impossible
analyzed inevitable during the day, the storage stability test was carried out.
ILOQ and MLOQ

To set MLOQ (Method Limit of Quantitation) a series of standard solutions
were analyzed by LC-MS/MS for set ILOQ (Instrumental Limit of
Quantitation). The ILOQ was set as the concentration that the signal-to-noise
ratio was higher than 10. MLOQ was calculated by the equation below:

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

ML L)=
0Q (mg/L) Injection volume (uL) x Initial sample weight (g)

(Min Woo Jung, 2017)

Matrix matched calibration curve and linearity

MSTD1 MSTD2 MSTD3 MSTD4 MSTD5
(0.0025  (0.005 (0.01 (0.025 (0.05

Matrix matched standard

solution of grain
Hg/mL)  pg/mL)  upg/mL)  pg/mL)  pg/mL)

MSTD1 MSTD2 MSTD3 MSTD4 MSTD5 MSTD6
(0.0025  (0.005 (0.01 (0.025 (0.05 0.1

Matrix matched standard

solution of straw
pg/mL) pg/mL) pg/mL) pg/mL) pg/mL) pg/mL)

Control sample matrix and a series of standard solution were diluted 2 times
by matching at 1:1 ratio. Grain drew matrix matched calibration curve with 5
points and straw was 6 points. The coefficient of determination (r?) calculated
at matrix matched calibration curve.

Matrix effect calculation

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

following equation:

slope of matrix matched calibration curve

ME,%=( —1>><100

slope of solvent standard calibration curve
(Min Woo Jung, 2017)

Recovery test and storage stability test

Recovery test was carried out 5 repetitions spiking on untreated samples at 2
levels (MLOQ and 10MLOQ). Storage stability test was carried out 3
repetitions spiking on untreated samples at 1 levels (10MLOQ), then
stored in -20C freezer and analyzed with field trial samples. Grain stored in

the freezer for 21 days and straw stored in the freezer for 26 days.
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Field trials for foxtail millet
The field was located in 404-1, Hagil-ri, Hyangnam-eup, Hwaseong-si
(Kyeonggi-do, Korea). Sowing was conducted on June 1st, 2017 (Figure 4).
The field size was 43 m (length) x 8 m (width). There were four plots in field
trials depending on the date of pesticide spraying day. Every plot was divided
into 3 replicated plots that each area was 20 m> Each plot was treated with the
pesticide by 2 times as follows: Plot 1 was treated at 40/30 days before
harvest, plot 2 was 30/21 days before harvest, plot 3 was 21/14 days before
harvest, and plot 4 was 14/7 days before harvest. To prevent cross-
contamination during spraying the pesticide, the buffer zones were installed
between control and treated plots, and each treated plot (Figure 5).
Azoxystrobin 10% WP weighing in 50 mL falcon tube and prepared by
1,000 times dilution with water using a pressurized 20 L sprayer. Before using
the sprayer, the reproducibility test for spraying was carried out to check a
constant spraying capacity and speed. The crop was treated with the diluted
pesticide solution until the grain and straw were wetted sufficiently (Figure 6).
The harvest of grain and straw of millet was conducted on September 21,
2017. Pesticide-free plot (control) was first harvested to prevent
contamination. Other samples in plot 1, 2, 3, and 4 were randomly collected
over 2.0 kg (Figure 7). The samples were rapidly transferred to the laboratory
after harvest. In case of grain, dried 2 days, then threshed and remove husks.
In case of straw, cut to size of 3~5 cm before maceration. After preparation,
grain and straw were macerated by food processor with dry ice. Every sample

was kept in a freezer -20 C in polyethylene bags (Figure 8).
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Figure 4. Field trials for foxtail millet
(A) Satellite picture
(B) Sowing
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Figure 5. The diagram of field trials
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Figure 6. Working in the field
(A) Preparation of pesticide solution

(B) Spraying on the foxtail millet
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Figure 7. Sample collection
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Figure 8. Sample preparation
(A) Remove husks
(B) Cut straw
(C) Macerated with dry ice
(D) Keep in polyethylene bag
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Results and Discussion

The instrument selection

By Korean Food Standards Codex general analytical method, the analytical
method of Azoxystrobin is HPLC (UVD) and LC-MS/MS (positive mode).
Therefore first analyzed by Agilent HPLC 1100. Several columns were used
to developed instrument method such as Kinetex, YMC, Fusion-RP, Luna.
The best sensitivity and separation of Azoxystrobin and R230310 was Luna 5
p C18 (2) 100 A column. To select appreciate column, mobile phase A used
distilled water and added 1% different acid to ACN used as mobile phase B
such as formic acid and acetic acid. It showed good sensitivity under the
different mobile phase conditions. But there was a problem, many columns
and mobile phases were used, but matrix was always detection in control due
to standard peak were not separated with control. So eventually changed the
instrument. Figure 9 is an example of chromatogram overlapping control and

standard.
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Figure 9. HPLC overlapping chromatogram
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Development of preparation method

According to Multi class pesticide multi residue methods in Korean Food
Standards Codex general analytical method, extraction solvent was used 100
mL acetonitrile and partition step was used the separate funnel. So many
solvents were used and many time to spend in partition step. Therefore, the
preparation method used QUEChERS-based modified methods which were
first published in 2003. QUEChERS (Quick, Easy, Cheap, Effective, Rugged
and Safe) method is the much-applied extraction method recently for the
analysis of pesticide residues in various samples (Prestes et al., 2009). By
using the QUECheERS-modified method, reduced the preparation time and
price.

The preparation method of extraction and partition in grain and straw were
the same, but purification in grain and straw was different. In case of grain,
NH,/GCB (Graphitized Carbon Black) SPE cartridge (500 mg/500 mg. 6 mL)
was used and optimized washing and elution solvent mixture ratio. NH,/GCB
was used to remove pigment stand in NH, (Figure 10). To purified effectively,
optimized washing and elution solvent ratio. Washing solvent tested 5/95,
10/90, 15/85 and 20/80 EA/hexane. Elution solvent tested 20/80, 40/60, 60/40,
80/20. About washing solvent, ratio 10/90 was proper because it is biggest EA
percentage that target pesticide was not eluted. About elution solvent, the ratio
40/60 was proper because most of the pesticides were recovered. In case of
straw, dSPE (PSA, GCB, MgS0,) was used because of recovery was less than
70% if SPE cartridge was used. When used dSPE, purification time was

shorter than SPE and recovery was higher than SPE.
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Figure 10. Compare NH, and GCB/NH, cartridge pigment purified effect
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Multiple reaction monitoring (MRM) optimization and advantage
LC-MS/MS instruments operating in MRM are widely used for pesticide
analysis because of their high selectivity and sensitivity (Anna Stachniuk et al.,
2015). In the 2013 IUPAC recommendations, multiple reaction monitoring is
defined as a “special case of selected reaction monitoring where multiple
product ions are produced from one or more precursor ions” (Kermit K.
Murray, 2015).

To select precursor ion for optimize MRM condition. First, observed the
full scan spectrum of Azoxystrobin and R230310 not installed the column
(Figure 11). Selected appropriate molecular weight for precursor ions. Both
precursor ions were selected 404.1 for both components. Then optimized for
method, optimized collision energy and selected product ion. After that, added
MRM event to analysis method (Table 5). By selecting product ion for

detection, so it showed good sensitivity and base line noise was very clean.
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Figure 11. Full scan spectrum
(A) Azoxystrobin
(B) R230310

- 48 - ’ ;{‘] -:‘i 1_” '{f.'} _T].r_



(A)

Inten(x10,000,000)

338.3

3721

40

4.1

426.0

(B)

100.0 125.0 150.0 175.0 200.0 225.0 250.0 275.0 300.0 325.0 350.0 375.0 400.0 425.0 450.0 475.0 m/z

Inten.(x10,000,000)

3?13.3

3721

40

4.1

426.1

100.0 125.0 150.0 175.0 200.0 225.0 250.0 275.0 300.0 325.0 350.0

375.0 400.0 425.0 450.0 475.0 miz



Table 5. MRM (Multiple Reaction Monitoring) conditions

Precursor ion> Product ion (CE, eV)
Compound M.W. lonization
Quantifier ion Quialifier ion
Azoxystrobin [M+H]+ 404.0>372.0 (-13) | 404.0>344.1 (-24)
403.1
R230310 [M+H]+ 404.0>372.0 (-15) | 404.0>344.1 (-26)
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ILOQ and MLOQ results and calibration curve linearity

ILOQ of Azoxystrobin and R230310 were 0.025 ng (0.005 xg/mL x 5 uL) in
grain and 0.0125 ng (0.0025 wg/mL x 5 uL) in straw (Figure 12).
Azoxystrobin retention time was 6.1 min and R230310 retention time was 5.8
min. Calculated MLOQ according to the MLOQ equation, MLOQ of
Azoxystrobin and R230310 were 0.01 mg/kg in grain and straw. Matrix
matched standard calibration curves of Azoxystrobin (Figure 13) and
R230310 (Figure 14) had a good linearity in samples of grain and straw. 5
point concentrations were set in grain, 6 point concentration were set in straw.
The ranges were between 0.005 to 0.1 mg/kg in grain and 0.0025 to 0.1 mg/kg
in straw. The regression equations were y = 3E+07x + 104459 (grain) and y =
4E+07x + 255762 (straw), respectively. Coefficients of determination (r?) of

Azoxystrobin and R230310 were over 0.999 in both samples.
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Figure 12. Chromatograms of ILOQ of Azoxystrobin and R230310
(A) Grain: 0.025 ng
(B) Straw: 0.0125 ng
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Figure 13. Azoxystrobin matrix matched standard calibration curves
(A) Grain
(B) Straw
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Figure 14. R230310 matrix matched standard calibration curves
(A) Grain
(B) Straw
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Matrix effects

Matrix effects appeared by ESI-MS that perhaps change the signal intensity of
a target samples and strikingly reduce the accuracy of LC-MS/MS analysis
results with ESI mode (Annelic Kruve, 2009). Matrix effects have been called
the Achilles’ heel of quantitative LC-MS/MS (Taylor, 2005). The term matrix
is used here to represent all components in a sample with out the analyte.
Matrix effects were defined by IUPAC as “the combined effect of all
components of the sample other than the analyte on the measurement of the
quantity” (Guilbault and Hjelm, 1989). Matrix effect as per the environment
in that the ionization and ion evaporation step take place, matrix may
effectively effect ion suppression or ion enhancement the efficiency of form
the expected analyte ions existence the same concentrations in the interface
(B.K. Matuszewski, 2003).

Based on matrix effect equation calculated matrix effect in grain and
straw. The results of Azoxystrobin was -12.11% and R230310 was -4.66% in
grain, Azoxystrobin was -17.32% and R230310 was -12.90% in straw.
According to results of matrix effect in grain and straw, discovered ion

suppression in both samples.
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Recovery and storage stability test results

According to Korean Food Standards Codex pesticide residue analysis
method guideline part 4, pesticide residue analysis method requires
verification of the accuracy and reproducibility of the analysis as well as
sensitivity. The accuracy and reproducibility of the analysis methods are
generally verified by recovery test. Recovery test means evaluating the
accuracy of the analysis method by comparing the analysis result with the
throughput by performing the analysis method for processing and verifying a
certain amount of the target component in the food and environmental sample
in which the target pesticide component is not detected. In addition, according
to the repeated of analytical results by levels of spiking, calculated and
verified reproducibility and accuracy. The average recovery results of
Azoxystrobin and R230310 in the grain at MLOQ and 10MLOQ levels were
75.6% and 92.2%, 74.6% and 82.4%, respectively. The average recovery
results of Azoxystrobin and R230310 in the straw at MLOQ and 10MLOQ
levels were 103.9% and 112.5%, 109.3% and 113.8%, respectively (Table 6).
Two peaks were separated completely and no components detected in control
at the same retention time with Azoxystrobin and R230310 (Figure 15).

The goal of storage stability test is to offer evidence, under the influence
of environmental factors such as temperature, humidity, and light, how the
quality of samples varies with time (BPU, 2004). The average storage stability
results of Azoxystrobin and R230310 in the grain at 10MLOQ levels were
96.0% and 85.6%, respectively. The average storage stability results of
Azoxystrobin and R230310 in the straw at 10MLOQ levels were 113.5% and
114.3%, respectively (Table 7). Storage stability test also good (Figure 16)
and all results of recovery at 2 levels and storage stability at 1 level were

satisfied with 70-120%, RSD were less than 10%.

- 59 -



Table 6. Recovery test results in grain and straw
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Spiking
o Recovery RSD
Crop Pesticides Part levels
(%) (%)
(mg/kg)

0.01 75.6 6.3

Grain
0.1 92.2 3.0

Azoxystrobin

0.01 74.6 7.0

Straw
Foxtail 0.1 82.4 4.7
millet 0.01 103.9 65

Grain
0.1 1125 3.2

R230310

0.01 109.3 3.1

Straw
0.1 113.8 2.7

] 21



Table 7. Storage stability test results in grain and straw

Spiking
o Storage Recovery RSD
Crop Pesticide ) Part level
time (%) (%)
(mg/kg)
21 days Grain 96.0 3.7
Azoxystrobin 0.1
Foxtail 26 days Straw 1135 3.8
millet 21days Grain 85.6 4.4
R230310 0.1
26 days Straw 114.3 2.2
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Figure 15. Representative chromatogram of recovery test of Azoxystrobin

and R230310 in grain and straw
(A) Control (grain)
(B) MLOQ (grain)
(C) 10MLOQ (grain)
(D) Control (straw)
(E) MLOQ(straw)
(F) 10MLOQ(straw)
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Figure 16. Representative chromatogram of storage stability test of
Azoxystrobin and R230310 in grain and straw

(A) Control (grain)

(B) 10MLOQ(grain)

(C) Control(straw)

(D) 10MLOQ(straw)
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The meteorological data during field experiment

The environmental conditions were affecting the crop persistent of the
pesticide such as temperature and humidity (Table 8). Higher temperature and
more extreme rainfall are having an influence on pesticide residue which saw
as the major climate cause of change. When the influence of rainfall intensity
on pesticide residues was assessed, temperature increases or heavy rain comes
within after spraying, the pesticide residues on crops reduce faster (Michael
Houbraken UGent et al., 2014). Fortunately, it didn’t rain on the day of

sowing and spraying.
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Table 8. The meteorological data

Low Highest Average The amount of
Date temperature temperature temperature precipitation

(€) (€) (€) (mm)
6/1 18.3 26.3 22.1 0.0
6/2 13.6 25.7 20.0
6/3 15.0 25.8 19.5
6/4 12.5 28.1 20.4 0.8
6/5 13.7 30.2 22.6 0.7
6/6 14.7 22.7 18.9 6.4
6/7 15.2 19.3 17.3
6/8 15.3 26.4 19.8
6/9 155 27.2 20.8
6/10 15.8 27.6 20.8
6/11 12.6 29.6 21.9
6/12 17.3 27.2 21.6 0.2
6/13 16.4 26.3 204 104.2
6/14 17.2 26.3 20.8 2.5
6/15 16.2 29.0 22.1
6/16 18.5 32.2 24.1 43.7
6/17 18.3 29.7 234 37.2
6/18 15.3 32.0 22.8 0.8
6/19 17.0 30.3 23.9
6/20 17.9 31.8 24.8
6/21 19.8 30.7 23.9
6/ 22 20.1 30.5 24.3
6/23 19.0 33.2 25.0 0.2
6/24 19.5 27.6 22.8 55
6/25 19.8 29.9 24.2
6/26 20.0 30.3 23.2 0.2
6/27 20.2 30.8 24.1 1.6
6/28 21.3 30.6 24.9 49.2
6/29 20.2 314 25.0 3.4
6/30 21.4 31.2 25.2
7/1 21.4 28.1 23.9
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712 23.5 26.5 24.9 85.0
7/3 235 27.8 24.5 12.4
7/4 22.8 31.2 26.0 82.3
715 22.7 33.6 27.0

7/6 22.3 34.0 27.3

717 24.3 28.7 26.4 6.1

7/8 23.7 28.2 25.6 19.3
719 22.6 31.8 26.4 28.0
7110 23.2 26.1 24.8 69.5
7/11 22.2 32.0 26.1 1.3

7112 23.2 31.9 26.3 0.0

7113 215 32.3 27.0

7114 24.4 33.9 28.2 0.2

7115 22.7 26.1 24.3 74.7
7116 22.9 27.2 25.2 77.8
7117 23.5 29.1 26.0 0.9

7118 23.0 31.0 25.9 1.3

7119 24.5 34.8 28.0

7120 24.7 344 28.8

7121 26.2 32.6 29.1 5.1

7122 26.7 325 28.7 0.2

7123 25.7 29.2 26.8 63.3
7124 24.9 27.7 25.9 19.4
7125 25.3 35.8 29.4

7126 24.3 32.2 28.1

7127 24.4 30.7 27.0 0.8

7128 23.7 27.4 25.3 16.5
7129 24.8 30.7 27.0

7130 23.9 32.8 27.6

8/31 23.1 26.6 24.2 104.8
8/1 23.2 33.6 27.3 0.8

8/2 25.2 34.2 29.3

8/3 26.2 32.7 29.2
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8/4 25.1 35.4 29.7

8/5 27.0 36.9 31.2

8/6 255 33.4 28.9 2.7
8/7 25.2 33.6 285

8/8 24.6 32.1 27.6 0.0
8/9 23.8 29.6 26.5 6.6
8/10 23.3 25.6 24.5 11.3
8/11 235 32.0 26.0 6.9
8/12 23.0 32.4 27.1

8/13 24.0 27.3 25.8 0.0
8/14 22.3 25.6 23.6 8.0
8/15 21.1 23.8 22.3 50.9
8/16 21.6 27.9 24.1 1.9
8117 22.1 29.8 25.2 0.2
8/18 22.6 30.9 25.8

8/19 22.3 28.9 255 13.7
8120 22.1 27.0 23.8 130.8
8/21 23.2 28.6 25.0 22.6
8122 23.0 32.1 26.9

8/23 23.7 31.4 27.1 34.8
8124 235 29.2 26.2 38.1
8/25 20.9 315 25.3

8126 17.6 29.6 23.6

8/27 185 26.6 22.3 0.0
8/28 18.3 26.1 21.3 30.4
8/29 17.4 24.3 20.1

8/30 16.0 23.6 19.2

8/31 15.1 28.2 21.2

9/1 15.8 29.7 22.6

9/2 175 295 22.8

9/3 17.6 29.1 23.1

9/4 17.9 29.2 23.6

9/5 19.8 23.8 21.7
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9/6 18.3 22.9 20.2
9/7 16.5 27.7 21.8
9/8 19.6 29.8 23.4
9/9 18.5 29.4 23.2
9/10 18.6 25.2 22.2
9/11 18.2 251 20.5
9/12 16.7 27.6 21.1
9/13 13.9 275 20.4
9/14 13.7 28.8 21.5
9/15 17.8 21.7 22.2
9/16 16.6 26.3 21.2
9/17 18.3 28.5 22.3
9/18 14.9 27.3 20.8
9/19 175 27.0 21.8
9/20 12.3 23.9 18.3
9/21 12.6 26.5 18.7
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Field trial samples results

The average samples results of Azoxystrobin in the grain, plot 1 (40/30 days)
was 0.07 mg/kg, plot 2 (30/21 days) was 0.25 mg/kg, plot 3 (21/14 days) was
0.26 mg/kg, plot 4 (14/7 days) was 0.60 mg/kg. In case of r230310, plot 2 was
0.01 mg/kg, other plots were less than 0.01 mg/kg (Figure 17 and Table 9).
Azoxystrobin residue toward decreased as time goes on in the grain and
R230310 can’t compare the residue because residue amount was too low. The
average samples results of Azoxystrobin in straw, plot 1 was 0.14 mg/kg, plot
2 was 0.52 mg/kg, plot 3 was 0.91 mg/kg, plot 4 was 4.76 mg/kg. In r230310,
plot 1 was less than 0.01 mg/kg, plot 2 was 0.03 mg/kg, plot 3 was 0.05
mg/kg, plot 4 was 0.24 mg/kg (Figure 18 and Table 10). The residue amounts
of Azoxystrobin and R230310 in the straw were higher than the residue
amounts of Azoxystrobin and R230310 in the grain and also Azoxystrobin and
R230310 residue toward decreased as time goes on in the straw. Total sample
amounts calculated by equation (Table 11) and also total amount of residue to
ward decreased as time goes on in grain and straw. According to Azoxystrobin
residue study present in Table 4. Azoxystrobin generally showed a tendency to
decrease over time. Therefore, similar results were obtained when compared

with other papers.
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Table 9. Results of Azoxystrobin and R230310 in grain

Azoxystrobin residues in grain (mg/kg)

Treatment
Replicated 1 Replicated 2 Replicated 3 Maximum
Plot 1 0.05 0.05 0.07 0.07
Plot 2 0.25 0.18 0.23 0.25
Plot 3 0.26 0.17 0.25 0.26
Plot 4 0.46 0.60 0.58 0.60
R230310 residues in grain (mg/kg)
Treatment
Replicated 1 Replicated 2 Replicated 3 Maximum
Plot 1 <0.01(0.0013) | <0.01(0.0011) | <0.01(0.0024) -
Plot 2 0.01 <0.01(0.006) | <0.01(0.007) 0.01
Plot 3 <0.01(0.009) | <0.01(0.005) | <0.01(0.007) -
Plot 4 <0.01(0.004) | <0.01(0.009) | <0.01(0.008) -
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Table 10. Results of Azoxystrobin and R230310 in straw

Azoxystrobin residues in straw (mg/kg)

Treatment
Replicated 1 Replicated 2 Replicated 3 Maximum
Plot 1 0.11 0.14 0.12 0.14
Plot 2 0.52 0.44 0.43 0.52
Plot 3 0.91 0.75 0.49 0.91
Plot 4 4.76 4.51 4.02 4.76
R230310 residues in straw (mg/kg)
Treatment
Replicated 1 Replicated 2 Replicated 3 Maximum
Plot 1 <0.01(0.004) | <0.01(0.002) | <0.01(0.005) -
Plot 2 0.03 0.03 0.03 0.03
Plot 3 0.05 0.04 0.03 0.05
Plot 4 0.24 0.21 0.21 0.24
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Table 11. Total sample results in grain and straw

Total residues in grain (mg/kg)

Treatment
Replicated 1 Replicated 2 Replicated 3 Maximum
Plot 1 0.05 0.05 0.07 0.07
Plot 2 0.26 0.18 0.24 0.26
Plot 3 0.27 0.18 0.25 0.27
Plot 4 0.46 0.61 0.59 0.61
Total residues in straw (mg/kg)
Treatment
Replicated 1 Replicated 2 Replicated 3 Maximum
Plot 1 0.11 0.14 0.12 0.14
Plot 2 0.54 0.47 0.46 0.54
Plot 3 0.97 0.79 0.52 0.97
Plot 4 5.02 4.73 4.23 5.02

- 76 -




A e

SECRIL WanCsAaL |INMVERSTY



Figure 17. Representative chromatogram of samples of Azoxystrobin and
R230310 in grain

(A) 40/30 treatment before harvest

(B) 30/21 treatment before harvest

(C) 21/14 treatment before harvest

(D) 14/7 treatment before harvest
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Figure 18. Representative chromatogram of samples of Azoxystrobin and

R230310 in straw
(A) 40/30 treatment before harvest
(B) 30/21 treatment before harvest
(C) 21/14 treatment before harvest

(D) 14/7 treatment before harvest
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Part 2
Dissipation of Fungicide Azoxystrobin in

Field and Laboratory Soil
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Introduction

Background of soil residue and half life

In 2017, soil persistent problems have occurred in Korea. Potentially toxic
pesticide dichloro-diphenyl-trichloroethane (DDT) was detected in eggs and
chickens at a radial shape poultry farm where chickens are released to the
ground. Consequently, it was a big impact on the consumption of egg and
chicken for a while. Thus, the pesticides indirectly affecting human health. In
the case of DDT, the half-life in the environment is known two days, but it is
known that can increase to 15 years if remain in the soil. Therefore, not only
crop residue is an important issue but also soil residue is a very important
issue for human life.

The most important aspect of pesticide behavior in the soil is how long the
pesticide remains in soil (Chae-Man Choi, 2011). Pesticide degradation is the
pesticide sprayed in the environment ingredient detoxification mechanism that
except the required amount of a certain period of time for medicinal effect
expression, plays an important role in the behavior of pesticides in the
environment (Kyeong-Seok Oh, 2000). A half-life means the time that takes
times a certain amount of a pesticide decrease to half. Commonly, a pesticide
will degrade 50% of the original amount after a single half-life. 25% will
remain after two half-lives and about 12% will remain after three half-lives.
This continues until the amount remaining is nearly zero (NPIC).

The behavior of pesticides in the soil is greatly influenced by
environmental factors, but the behavior pattern varies depending on the type
of pesticide, usage method, usage amount and spraying time (Byung-Jun Park,
2011). Soil properties affecting pesticide behavior include the type of clay

minerals and content, organic matter content, and property, soil solution pH,
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soil moisture content, soil temperature etc. These factors go through complex
reactions through interactions in the soil environment, so it is very difficult to
make a decision which factors are more important to the persistence of
pesticides. Therefore, residue characteristics of pesticides under the field
conditions are established through laboratory experiment which fixed
environmental conditions and takes measures to establish during the field
experiment (xue hua An, 2006).

In Korea, the pesticide half-life period is over 180 days that remain in soil
and effect on soil are defined as “soil residual pesticide”, but most foreign
countries defined soil residual pesticide as the pesticide that half-life period is
over 1 years. Currently, the pesticides circulation in Korea in which more than
95% of the pesticides half-life is less than 100 days. Pesticides that judged as
soil residual pesticide are prohibition of use (The latest pesticide science).

Table 12 was the representative study for degradation of Azoxystrobin in
the field and laboratory soil. The half-life of Azoxystrobin is different in
different literature. It is different half-life time between different soils and
different conditions. The half-life appear in field soil is shorter than laboratory

soil.
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Table 12. Overview of studies in recent years for degradation of Azoxystrobin in soil

Title

Half-life

Author

Degradation profile of Azoxystrobin in Andisol soil: laboratory incubation

77 day (Lab)

(Indra Purnama et al.,

2015)

Field versus laboratory experiments to evaluate the fate of Azoxystrobin in an

amended vineyard soil

89, 148 day (Lab)

(E. Herrero-Hernandez

etal., 2015)

Persistence of Azoxystrobin infon Grapes and Soil in Different Grapes

Growing Areas of India

8.1 day (Field)

(Vijay Tularam
Gajbhiye et al., 2011)

Dissipation rates and residues of fungicide Azoxystrobin in ginseng and soil

at two different cultivated regions in China

2.8 day (Field)

(Zhiguang Hou et al.,
2016)
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Materials and Methods

Analytical standard and pesticide for spraying

Standard material of Azoxystrobin (Purity : 98%) was purchased from
SIGMA ARDRICH and R234886 (Purity: 100%) was purchased from
syngenta. Azoxystrobin 10% wettable powder (WP) amistar from syngenta
was purchased at pesticide market (Seoul, Korea).

Standard solutions and working solution

Standard stock solution of Azoxystrobin and R234886 was prepared at the
concentration of 1,000 xg/mL with acetonitrile. Then mixed Azoxystrobin
1,000 xg/mL 10 mL and R234886 1,000 xg/mL 10 mL made a Azoxystrobin
and R234886 mixture 500 xg/mL 20 mL. The working solutions were
prepared by serial dilution of stock solution with acetonitrile.

Analytical reagent

Analytical solvent HPLC grade ACN (acetonitrile, purity: 99.9%) was
purchased from Fisher Scientific Korea. Hypergrade for LC-MS MeOH
(methanol, purity: 99.8%) was purchased from Merck. Formic acid (purity:
99.8%) was purchased from SIGMA-ALDRICH.

Soil samples

Laboratory experiment target soil samples were used already been collected
from Hwaseong-si (Kyeonggi-do, Korea) and already homogenized and
sieved (2 mm mesh). Field experiment target soil samples were collected from
Hwaseong-si (Kyeonggi-do, Korea) on scheduled date. The physicochemical

characteristics of soil were present in Table 13 (Min Woo Jung, 2017)
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Table 13. Physicochemical characteristics of soil

-87 -

o pH matter ) ]
Classification capacity capacity
(1:5) | content Cl Silt sand
) (meqg/100 g) ay I a (%)
Loamy soil 5.0 1.72 16.1 23.1 35.2 41.7 28.8
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Measurement of field capacity

Field capacity is defined as the amount of water after excess water has drained
away and the rate of downward movement has materially decreased (Drissa
DIALLO et al., 2013). According to environmental persistence test data
writing tip, soil moisture should satisfied with 60-80% of field capacity. So
field capacity was measured.

Before measure the field capacity, water content of laboratory soil was
determined, first weight can and labeled, then added soil 10 g into can and
evaporated in oven 24 hour. Finally, weight the can contain dried soil and

calculated water content by equation below:

Mws - Ms Mw

Water content (%) = x 100 =
M M

[Mys: hydric soil weight (g), Ms: dried soil weight (g), M,,: water weight (g)]

For measure field capacity, put a fixed quantity soil into can and added 3-4
mL of water and mixed, fixed rubber ring on the porous pressure plate and put
the soil into a rubber ring using a spatula, pressed it with hand and fill the
rubber ring with soil flat. Put the porous pressure plate into a washbowl and
added water to saturated condition and left for a day (Figure 19). When soil
was saturated with water, put the porous pressure plate into pressure plate
extractor, the objective of this experiment is measure moisture by the pressure,
so moisten the paper slightly and cover the soil to prevent the loss of water by
evaporation. The pressure was set at 0.05 bar and received the water that was
lost by pressure for a day. If the water is no longer trapped by the 0.05 bar
pressure, weight 2-3 spoon of soil in can 3 repetitions. The soil was dried in a
105C oven for 24-48 hour, remove the dried soil and put in a desiccator and
allow to cool for about 10 minutes and weight the dried soil. Next, set the

pressure to 0.1, 0.33, 0.5 and 1 bar sequentially, and repeat the above
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procedure to measure the moisture content. Field capacity refers to the water

content at 0.33 bar.
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Figure 19. Measurement of field capacity
(A) Added water to saturated condition
(B) Pressure plate extractor (receive the water at 0.05 bar)
(C) Cooling the soil in a desiccator

(D) Dried soil
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Soil instrumental conditions

The analytical instrument used shimadzu LC-MS 8040 with UHPLC Nexera
with ESI positive mode. The analytical column was kinetex C18 (100 mm x
2.1 mm, 2.6 um) and oven temperature was 40 C. The mobile phases were 0.1%
formic acid & 5 mM ammonium formate in distilled water (A) and 0.1%
formic acid & 5 mM ammonium formate in methanol (B). Gradient program
tested a lot, finally 15 min gradient program set as follows: Initially mobile
phase B was set 5% for 0.5 min. Then increased 5% to 90% for 14 minute and
hold 90% for 3 min. Finally decreased it to 5% for 0.5 min and hold 5% for
2.5 min. Flow rate was set at 0.2 mL/min and injection volume was 5 ul.
Desolvation line (DL) temperature was 250 C and heat block temperature was
400°C. Nebulizing gas and drying gas was nitrogen, flow was 3 L/min and 15

L/min. Collision energy was used argon gas.
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Soil preparation method

Weight laboratory soil 8.76 g in 50 mL falcon tube and added 1.24 mL
distilled water. Then added ceramic homogenizers and extracted with 10 mL
of 0.1% formic acid in acetonitrile using a shaker at 300 rpm for 5 min. After
that, all samples in falcon tube were cooling on ice and added MgSO, 4 g,
NaCl 1 g, then used Mini G vigorously shaken for 1 min. Centrifuged at 3,500
rpm for 5 min. Transferred supernatant to 2 mL vial 1:1 matrix matched with
acetonitrile analyzed by LC-MS/MS.

Weight laboratory soil 10 g in 50 mL. Then added ceramic homogenizers
and extracted with 10 mL of 0.3% formic acid in acetonitrile using a shaker at
300 rpm for 5 min. After that, all samples in falcon tube were cooling on ice
and added MgSO, 4 g, NaCl 1 g, then used Mini G vigorously shaken for 1
min. Centrifuged at 3,500 rpm for 5 min. Transferred supernatant to 2 mL vial

1:1 matrix matched with acetonitrile analyzed by LC-MS/MS.
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Method validation

In method validation, Set ILOQ, MLOQ and evaluated calibration curve
linearity and matrix effect. The accuracy and precision of the preparation
method verified by recovery test.

ILOQ and MLOQ

To set MLOQ (Method Limit of Quantitation) a series of standard solutions
were analyzed by LC-MS/MS for set ILOQ (Instrumental Limit of
Quantitation). The ILOQ was set as the concentration that the signal-to-noise
ratio was higher than 10. MLOQ was calculated by equation below:

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

ML L)=
0Q (mg/L) Injection volume (uL) x Initial sample weight (g)

(Min Woo Jung, 2017)

Matrix matched calibration curve and linearity

MSTD1 MSTD2 MSTD3 MSTD4 MSTD5 MSTD6
(0.0005 (0.001 (0.0025 (0.005 (0.01 (0.025
Matrix matched standard pg/mL) pg/mL) pg/mL) pg/mL) pg/mL) pg/mL)

solution of field soil MSTD7 MSTD8 MSTD9
(0.05 0.1 0.2
pg/mL)  pg/mL)  pg/mL)

MSTD1 MSTD2 MSTD3 MSTD4 MSTD5 MSTDG6
(0.0005 (0.001 (0.0025 (0.005 (0.01 (0.025
Matrix matched standard pg/mL) pg/mL) pg/mL) pg/mL) pg/mL) pg/mL)

solution of laboratory soil MSTD7 MSTD8 MSTD9
(0.05 0.1 0.2
pg/mL)  pg/mL)  pg/mL)

Control sample matrix and a series of standard solution were diluted 2 times
by matching at 1:1 ratio. Coefficient of determination (r?) calculated at matrix
matched calibration curve.
Matrix effect calculation

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

slope of matrix matched calibration curve

ME,%=( —1>><100

slope of solvent standard calibration curve
(Min Woo Jung, 2017)

Recovery test

Recovery test was carried out 3 repetitions spiking on untreated samples at 2

levels (MLOQ and 10MLOQ).
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Field trails for soil
Field trial was located in Hwaseong-si (Kyeonggi-do, Korea) and conducted

as a middle-scale test concurrent with minor crop cultivation experiment. The

field size was 4x16 m?divided into four plot that contains 3 treated plot and

one untreated control plot. Buffer zones were installed between each plot to
prevent cross contamination. Drainage canal was installed in center of buffer
zone which length was 30 cm. The large rock and weeds were removed and
set up treatment plot labelling (Figure 20).

Pesticide spraying was carried out one time. In the case of upland soil,
regulated spray 200 L/10 a. So Azoxystrobin 10% WP prepared with 1,000
times dilution and sprayed 3.2 L every treated plot. Sprayed drawing S shape
at a constant speed to spray evenly (Figure 21). Approximately 2 hours after
spraying, every plot chose twelve sites like a Z shape to collect soil samples
and mixed in polyethylene bag, every sample was collected 10 cm depth use
auger and the weight of every plot samples were approximately 0.5 kg. In
order to duplication, made a mark on the collection place. Samples were
collected on 0, 1, 3, 7, 21, 28 days and rapidly transferred to laboratory stored

at -18 C. Before analysis, used 2 mm pore test sieve pass the soil.
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Figure 20. Field trials for soil
(A) Satellite picture

(B) Made drainage canal

- 98 - ® A =Tl 8w



(B)

- 99 - ) ;E‘—-t o 'F__.” 'Ifﬁ ITU



Figure 21. Spraying pesticide and method
(A) Spraying pesticide
(B) Spraying method
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Laboratory soil incubation

Incubator was purchased from Hanbaek scientific co. (Figure 22). Before
incubation, weight 8.76 g soil into 50 mL falcon tube and added 1.24 mL
water (water content was 75% of field capacity), Azoxystrobin standard
solution spiked at 0.2 mg/kg levels and labeled sample collect day that include
0 (after 2 hour), 7, 15, 30, 45, 60, 90. All tubes were cover with foil and made
5 stoma using syringe. Then all samples were incubated at 25+2°C and all
samples were collected prearranged time and stored in -18°C (Figure 23).
Incubator glass cover with foil to prevent light entering. When the water
evaporated significantly, it was necessary to add water. On average, 0.15 g of
water was added every day for water correction. All samples were analyzed

within 15 days.
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Figure 22. Laboratory soil incubator
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Figure 23. Prepare incubation
(A) Spiking at 0.2 mg/kg level

(B) Cover with foil and incubation
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Results and Discussion

Preparation method optimization

Laboratory soil was used over 20 g that recommended in environmental
persistence test writing tips. For convenience, optimized sample weight for
use less soil, reagent and solvent. When 2 g soil was used, it should be add
water every day for satisfied with field capacity of 60-80% and can’t transfer
1 mL supernatant that extract with 2 mL 0.1% formic acid in ACN after
centrifuge. So 10 g soil was proper. Laboratory soil was contain 6.65% water
in 10 g soil. By water content equation, 10 g soil contain 0.62 g water. The
soil field capacity was 28.8%. In order to set water content at 75% (60-80%)
of field capacity in 10 g soil, weight 8.76 g soil and add 1.24 g water as a 10 g
soil.

Field soil was optimized acid ratio in extraction solvent, 0.1%, 0.3% and
0.5% formic acid in acetonitrile were tested. When used 0.1% or 0.5% formic
acid, R234886 recovery was not satisfied with 70-120%. When used 0.3%
formic acid in acetonitrile, recovery was satisfied with 70-120%. So 0.3%

formic acid in acetonitrile was used as extraction solvent.
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Scheduled MRM

In minor crop experiment, two peaks were completely separated, but
Azoxystrobin retention time and R230310 retention time were very similar.
So can’t display one peak in one window. In soil experiments, gradient time
were set longer than minor crop gradient time. So two components were not
detected on similar retention time. Therefore, used scheduled MRM display

only one peak in one window. MRM conditions were present in Table 14.
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Table 14. MRM (Multiple Reaction Monitoring) conditions

Precursor ion> Product ion (CE, eV)

Compound M.W. lonization __ __
Quantifier ion Qualifier ion

Azoxystrobin 403.1 [M+H]+ 404.0>372.0 (-15) | 404.0>344.1 (-26)

R234886 389.1 | [M+H]+ | 390.1>372.0 (-13) | 390.1>344.1 (-25)

- 110 - A=




ILOQ and MLOQ results and calibration curve linearity

ILOQ of Azoxystrobin was 0.005 ng (0.001 xg/mL x 5 uL) and R234886 was
0.0125 ng (0.0025 pg/mL x 5 uL) in field and laboratory soil. Azoxystrobin
retention time was 12.0 min and R234886 retention time was 11.1 min.
Calculated MLOQ according to the MLOQ equation, MLOQ of azoxystrobin
was 0.002 mg/kg and R234886 was 0.005 mg/kg in field and lab soil. Matrix
matched standard calibration curves of Azoxystrobin and R234886 had a good
linearity in field soil (Figure 24) and laboratory soil (Figure 25). The ranges
were between 0.0005 to 0.2 mg/kg. The regression equations were y =
151725x + 403909 (Azoxystrobin in field soil) and y = 57496x — 6490.7
(R234886 in field soil), respectively. y = 170978x + 342686 (Azoxystrobin in
laboratory soil) and y = 82487x + 47353 (R234886 in laboratory soil),
respectively. Coefficients of determination (r’) of Azoxystrobin and R234886

were over 0.99 in both samples.
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Figure 24. Matrix matched calibration curve in field and lab soil
(A) Azoxystrobin (Field)
(B) R234886 (Field)
(C) Azoxystrobin (Laboratory)
(D) R234886 (Laboratory)
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Matrix effects in soil

Based on matrix effect equation calculated matrix effect in field and
laboratory soil samples. The results of Azoxystrobin was -17.81% and
R234886 was -12.78% in field soil, Azoxystrobin was -7.38% and R230310
was 25.13% in laboratory soil. According to results of matrix effect in field

and laboratory soil, discovered ion suppression and enhancement in analysis.
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Recovery test result

The average recovery results of Azoxystrobin in field soil at MLOQ and
10MLOQ levels were 88.2% and 108.5% and R234886 were 100.4% and
104.3%, respectively (Figure 25). The average recovery results of
Azoxystrobin in laboratory soil at MLOQ and 10MLOQ levels were 87.0%
and 109.4% and R234886 were 107.0% and 111.5%, respectively (Figure 26).
No components detected in control at the same retention time with
Azoxystrobin and R234886. All results of recovery at 2 levels were satisfied

with 70-120%, RSD were less than 10% (Table 15).
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Figure 25. Representative chromatogram of recovery test in field soil
(A) Control (Azoxystrobin)
(B) 10MLOQ (Azoxystrobin)
(C) Control (R234886)
(D) 10MLOQ (R234886)
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Figure 26. Representative chromatogram of recovery test in laboratory

soil

(A) Control (Azoxystrobin)
(B) 10MLOQ (Azoxystrobin)
(C) Control (R234886)

(D) 10MLOQ (R234886)
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Table 15. Recovery test results of field and laboratory soil

Spiking
. Recovery RSD
Pesticides Part levels
(%0) (%0)
(mg/kg)
Field 0.002 88.2 7.81
soil 0.02 108.5 5.23
Azoxystrobin
Lab 0.002 87.0 5.08
soil 0.02 109.4 157
Field 0.002 107.0 2.06
soil 0.02 1115 1.69
R234886
Lab 0.002 100.4 419
soil 0.02 1043 0.95

- 120 -



121 - a2t ek

SECRIL WATCRAL LK H rEF’SH‘



The climate effect on pesticide degradation in soil
The factors affecting soil degradation include rainfall, wind, and sunlight (The

latest pesticide science). Table 16 shows meteorological data during field trial.
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Table 16. The meteorological data (12:00 am)

Date Temp:arature Humidity Average wind Soil water
(C) (%0) speed(m/s) (%)
9/7 24.6 64.5 14 25.1
9/8 26.8 53.8 1.2 24.5
9/9 25.8 63.5 13 23.9
9/10 23.7 76.1 0.5 23.2
9/11 20.9 77.3 1.7 28.3
9/12 24.3 66.2 2.4 27.9
9/13 24.9 328 14 26.9
9/14 25.0 42.1 2.0 26.0
9/15 24.3 48.2 2.7 24.9
9/16 23.1 53.2 3.9 24.0
9/17 26.7 50.4 2.5 23.4
9/18 24.4 53.4 1.7 22.9
9/19 24.3 76.3 1.6 22.4
9/20 21.6 40.5 2.7 22.5
9/21 22.7 44.2 0.9 22.4
9/22 245 46.7 2.1 22.1
9/23 235 69.0 1.0 21.6
9/24 24.8 71.2 11 21.4
9/25 26.3 47.4 1.7 21.1
9/26 26.9 48.8 1.8 20.7
9/27 22.1 62.0 1.7 20.5
9/28 21.7 29.9 2.7 20.5
9/29 18.7 35.3 1.9 20.1
9/30 23.2 59.6 14 19.8
10/1 18.4 71.7 15 195
10/2 24.0 56.6 1.9 22.6
10/3 19.0 55.0 1.1 22.3
10/4 19.3 54.6 1.7 22.0
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Samples results and dissipation characteristics in field soil

The average samples results of Azoxystrobin in field soil, Sampling 0 day was
150 wlkg, Sampling 1 day was 151 w/kg, Sampling 3 day was 107 wu/kg,
Sampling 7 day was 137 w/kg, Sampling 21 day was 51 w/kg, Sampling 28
day was 30 w/kg (Table 17). In the case of R234886, all average samples
results were less than 5 u/kg (Table 18). Half-life of Azoxystrobin was 12.38
day and amounts were decreased as time goes on (Figure 27). But R234886

can’t compare the amounts because of residue amounts were too low.
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Table 17. Results of Azoxystrobin in field soil

Pesticide Sargs)l/mg Residual amount (1g/kg) l_l(?j;;/l;e
- 1 2 3 Average RSD
0 120 134 194 150 26.32
1 108 142 204 151 32.16 In2/b
Azoxystrobin 3 85 114 122 107 18.19 ~1238
7 86 70 255 137 74.82 '
21 46 49 58 51 12.25
28 30 34 27 30 45.79
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Table 18. Results of R234886 in field soil
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Pesticide Sargs)l/mg Residual amount (xg/kg)

- 1 2 3 Average RSD
0 0.88 0.94 1.01 0.94 6.90
1 1.19 1.23 1.76 1.39 22.84
R234886 3 1.11 1.18 1.30 1.19 8.03
7 2.05 1.86 6.47 3.46 75.39
21 1.78 1.56 1.97 1.77 11.59
28 1.62 1.69 1.87 1.72 7.47
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Figure 27. Dissipation characteristics of Azoxystrobin in field soil
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Samples results and dissipation charateristics in laboratory soil

The average samples results of Azoxystrobin in laboratory soil, Sampling 0
day was 193 u/kg, Sampling 7 day was 188 u/kg, Sampling 15 day was 188
w/kg, Sampling 30 day was 182 wu/kg, Sampling 45 day was 181 u/kg,
Sampling 60 day was 176 u/kg, Sampling 90 day was 140 x/kg. (Table 19). In
the case of R234886, all average samples results were less than 5 u/kg (Table
20). The half-life of Azoxystrobin in laboratory soil was over 90 day (Figure
28). The results had an error because of the working solutions were degraded
over time. So actual quantified values are larger. Therefore, the actual half-life

was shorter than measured.
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Table 19. Results of Azoxystrobin in laboratory soil

Pesticide Sagg}l/mg Residual amount (u#g/kg) l_l(?j;;/l;e
- 1 2 3 Average RSD
0 193 195 | 191 193 1.03
7 193 190 | 183 188 2.72 In2/b =
Azoxystrobin 15 191 188 | 184 188 1.87 over 90
30 176 182 | 185 182 2.53 day
45 185 179 | 178 181 2.10
60 173 180 | 176 176 1.99
90 112 161 | 147 140 18.02
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Table 20. Results of R234886 in laboratory soil

Pesgud Szn;g;ln Residual amount (xg/kg)
- 1 2 3 Average RSD
0 0.13 0.13 0.13 0.13 0
7 0.15 0.39 0.12 0.22 67.85
15 1.71 1.13 1.23 1.36 22.85

R234886 30 1.95 2.06 3.23 2.41 29.39
45 1.85 2.12 0.68 1.55 49.38
60 1.62 1.69 1.87 1.72 7.46
90 2.09 1.34 3.40 2.28 45.79
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Figure 28. Dissipation characteristics of Azoxystrobin in laboratory soil
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Conclusion

Currently, it is ridiculously lacking pesticides registered in the minor crop. So
farmers are faced with many difficulties during minor crops cultivation. Part 1
of this study was carried out to register fungicide Azoxystrobin in minor crop
foxtail millet. ILOQ of Azoxystrobin and R230310 was 0.0125 ng in grain,
0.025 ng in straw, MLOQ was 0.01 mg/kg in grain and straw, r* =0.999 had a
good linearity. Recovery test carried out at 2 levels (MLOQ and 10MLOQ),
both levels of recovery were satisfied with 70~120% and RSD<10%. Storage
stability test carried out at 10MLOQ level, also satisfied with 70~120% and
RSD=<10%. As results of field sample analysis, total maximum sample
residue amount was decreased from 0.61 mg/kg (14/7 day treatment before
harvest) to 0.07 mg/kg (40/30 day treatment before harvest) in grain. In case
of straw, total maximum sample residue amount was decreased from 5.02
mg/kg (14/7 day treatment before harvest) to 0.14 mg/kg (40/30 day treatment
before harvest) in straw. This results can be used as basic data to establish
PHIs and MRLs for Azoxystrobin during foxtail millet cultivation.

In 2017, soil persistent problems have occurred in Korea. Therefore, not
only crop residue is an important issue but also soil residue is a very important
issue for human life. Part 2 of this study was carried out to investigate
dissipation of Azoxystrobin in field and laboratory soil. ILOQ of
Azoxystrobin was 0.001 ng, R234886 was 0.0025 ng in both soil. MLOQ of
Azoxystrobin was 0.002 mg/kg and R234886 was 0.005 mg/kg in both soils.
Azoxystrobin and R234886 matrix matched calibration curve both had a good
linearity in both soils. Recovery test carried out at 2 levels (MLOQ and
10MLOQ), both levels of recovery were satisfied with 70~120% and

RSD=10%. The half-life of Azoxystrobin in field soil was 12.38 day. The
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half-life of Azoxystrobin in laboratory soil was over 90 day. Because of
rainfall, wind, and sunlight, there was a large difference in the half-life
between field and laboratory soil. According to field data, it was judged

Azoxystrobin didn’t have an effect on next crop cultivation.
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A g=oAE a2 AuEEe Wik sgeSol 1
F8E TEIA B3t Ja AWFH AuREe TEH FF
gglo] FZ3g Aotk welx FRIELS AWF AuEe
Aol B oHEE A Urh T 2017 I HE ol FojEa
2 -5 FAFANA Ad gl DDT 7F AESHWA Efo] tig
ZEFE AAZE AlFES Gt B AT AWF AuizERd
%9 &3, o] Azoxystrobin 10% F3AS 2 &5t ESNME

ALt Ay APS Wahste] & o A Azoxystrobin
9 7o) ZE thAbAl R230310 3 EoF thAbAl R234886 © 2R
EAS gotetna stk ke Az e IS VIFoE AR
& A7l x4 JfY ANE HE AHZTFE O
AAHADT AT 1 & 5 40/30 €A, A8+ 2 = 30/21 €A,
AT 3 & 21/14 A, AT 4 & 147 o= FE3t] Z}
AYTF 2 3] Ax3AT. A9 EYS 1 IJAHYE AA] st on
AYEYS #F42% 5T working solution & QA o2 E
HA7vsto AASEY. & 42 LC-MS/MS (Shimadzu LC-MS
8040) .2 A&ttt ZolA 0.0025-0.1 mg/mL Heet EFoA
0.0005-0.2 mg/mL *® ¢Jol 4 2] Matrix matched calibration curve <]
x4 FBEASF 099 ooz & HAAHE YelATh
ZEo e HAAZFEFS A A, &Fe] Ae, AT 4
14/7 7)ol 061 mgkg oA AT 1 (4030 L) 0.07
mg/kg © = ZAHJG Ao A, Ay 4 (14/7 L) 5.02
mg/kg oA A2 1 (40/30 dz)2] 0.14 mg/kg o2 ZAFH Y. &
M7 43 A7E PHIs (Pre-harvest Intervals)?t MRLs (Maximum
Residue Limits)s AAst=d 7 &4 o7 o= AddHY. A9
By A =ATEES Ul Azoxystrobin 10% WP Z 200
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