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Abstract

Pesticide residues must be managed for food safety and regulations are being strengthened worldwide. In Korea, the Positive List System (PLS)
was introduced to prevent the misuse and manage unregistered pesticides. The PLS is a system that applies 0.01 mg/kg to crops for which
maximum residue limits is not set. A more stringent regulatory system could lead to an increase in agricultural products that exceed standards.
Therefore it is necessary to confirm the change in the determination rate of agricultural products exceeding the previous pesticide residue
standards. In terms of climate change, temperature increase and changes in precipitation patterns are the main pest and pathogen infection
determinants. Complex interactions and climate variability will lead to more frequent spraying of pesticides and eventually affect consumer
exposure at the end of the food chain. Therefore, we confirmed the relationship between temperature and precipitation, which are climate factors
and pesticide residues. Agricultural products (n=5,560) distributed at wholesale market (SeoBu, GakHwa) in the southwest Korea were collected
and 311 kind of residual pesticides were analyzed using GC-MS/MS and LC-MS/MS. This study could serve as basic data for pesticide residue
prevention, management, control and monitoring in countries seeking to tighten pesticide standards.

Keywords: Pesticideresidues/analysis/management; Agricultural products/vegetables; Positive List System; Maximum Residue Limit; Climate
change; Consumer product safety

Abbreviations: PLS: Positive list system; MRLs: Maximum residue limits; GC: Gas chromatography; LC: Liquid chromatography; MS: Mass
spectrometry; GC-MS/MS: Gas chromatography tandem mass spectrometry; LC-MS/MS: Liquid chromatography tandem mass spectrometry;
LOD: Limit of detection; LOQ: Limit of quantitation; RSD: Relative standard deviation

Introduction

[3]. The presence of large amounts of pesticide residues in food
Pesticides are historically long-established commodities used

in agriculture [1]. They include a wide range of compounds such as
insecticides, fungicides, herbicides, and rodenticides [2]. Pesticides
play an important role in reducing damage from weeds, diseases,
and pests, and improving crop yield worldwide [2], but adversely
impact the environment. The pesticides not only contaminate soil,
surface water, and groundwater, but also remain in trace amounts
in crops, threatening human health [2]. In humans, pesticides can
be carcinogenic and cytotoxic and can cause bone marrow and
nerve disorders, infertility, and immune and respiratory diseases

is a serious risk to consumers. In general, pesticides are applied
directly to crops and they can remain on them. Infants, children,
and adults can be exposed to these pesticides by consuming
pesticide-contaminated food [4]. Residues of chemical pesticides
have been detected more in vegetables and fruits than in other
food items4. As agricultural product intake is a major pathway by
which humans are exposed to pesticides, there is an increasing
demand for safe food management from pesticide residues
worldwide.
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The European Commission, Environmental Protection Agency,
Food and Agriculture Organization/World Health Organization
have set limits on pesticide residues in food to protect people
from the toxic effects of pesticide exposure [4]. Acceptable levels
of pesticide residues in food are defined by setting a maximum
residue limit (MRL) for each component. An MRL represents the
highest concentration of a pesticide residue legally permitted
in food when a pesticide is used correctly on an agricultural
product. In Korea, the pesticide residue monitoring program was
started in 1968 [5] and as a part of strengthening the food safety
management, the introduction of a pesticide Positive List System
(PLS) was planned in 2011 [6]. The PLS is a system that applies a
uniform standard MRL of 0.01 mg/kg of chemical residues to crops
that do not have pesticide residue tolerance standards. Priority
was given to nuts, seeds, and tropical fruits in December 2016
[6]. Since January 2019, it has been fully expanded to domestic
and imported agricultural products6. In other words, the PLS
system was introduced to strengthen the pesticides management
within the allowable daily intake range by uniformly applying the
default MRL of 0.01 mg/kg. This system can ensure food safety
for consumers by preventing in advance the use of unregistered
pesticides and excessive spraying of pesticides.

However, there are concerns about the introduction of the
PLS system in agricultural sites due to the insufficient number
of registered pesticides, the problem of unintended pesticide
residues, the problem of scattered contamination during
pesticide application, residual problem of succeeding crop and
soil residues [7]. A more stringent regulatory system, PLS, could
lead to an increase in agricultural products that exceed standards.
Therefore, after the expansion of the PLS to the assessment of all
agricultural products, it is necessary to confirm that the change in
the determination rate of agricultural products exceeds the earlier
standard for pesticide residues. In some studies, the introduction
of the PLS, which was expanded since 2019, did not affect the
assessment result (conformity/nonconformity) for agricultural
products exceeding the pesticide residue standard [7,8]. However,
there may be differences according to the cultivation area of
crops, and extensive studies have not been conducted. In terms of
improving food safety and agricultural practices and minimizing
economic losses, the pesticide residue monitoring program in
food is very important, and the expanded application of PLS
system has the potential to affect the cultivation and distribution
of agricultural products, so comprehensive studies are required.

Several studies have found a correlation between the
pesticide use and climate change [9-11]. Pesticide use is directly
and indirectly related to climate changell. However, there
have only been a few studies on establishing the relationship
between pesticide residues and climate change for more than
5,000 agricultural products of various types. Despite tremendous
improvements in technology and crop yield potential, food
production remains highly dependent on climate, because solar
radiation, temperature, and precipitation are the main drivers

of crop growth [12]. In terms of climate change, temperature
increase and changes in precipitation patterns are the main pest
and pathogen infection determinants [12]. Complex interactions
and climate variability will lead to more frequent spraying of
pesticides and eventually affect consumer exposure at the end
of the food chain [11]. As the impact of climate change grows,
ensuring food safety while improving agricultural productivity
through the use of pesticides is a huge challenge. Accordingly, we
attempted to confirm the correlation between pesticide residues
and climatic factors. The purpose of this study was to monitor
pesticide residues in agricultural products in the southwest
region of Korea and to investigate whether the introduction of a
PLS system affects decisions of conformity and nonconformity.
Furthermore, the relationship with pesticide residues between
temperature and precipitation, which are climatic factors, was
examined for more than 5,000 agricultural products of various

types.
Material and Methods

Sample collection

This study was conducted at the Health and Environment
Research Institute (Agro-Fishery Products Inspection Center) in
Gwangju metropolitan city under a surveillance program of the
Gwangju metropolitan government. A total of 5,560 agricultural
products were collected between March 2020 and September
2021 from the largest wholesale market in the southwest of Korea,
and all samples were analyzed within 24 h of collection. The types
of agricultural products analyzed in this study are listed in Table 1.

Pesticide reference standard and Reagents

The certified pesticide reference standards were purchased
from AccuStandard (New Haven, USA) or Kemidas (Suwon-si,
Republic of Korea). A total of 311 pesticides that can be analyzed
simultaneously were selected for analysis and are listed in Table
2. The reagents and solvents used for monitoring the pesticide
residues, viz., acetonitrile, sodium chloride, acetone, and water
containing 0.1% (v/v) formic acid, were procured from Merck
(Darmstadt, Germany). Anhydrous sodium sulfate, n-hexane, and
dichloromethane were purchased from Wako (Osaka, Japan), and
methanol was purchased from Avantor (USA).

Sample preparation

The overall analysis was conducted using multi-class pesticide
multi-residue method No. 2 for pesticide residues, in accordance
with the Korean Food Code guidelines. The samples (1-2 kg of each
agricultural product) were first pulverized using a blender (Robot-
coupe, South Perkins, Ridgeland, USA) to obtain a homogeneous
mixture. Then, 50 g of each sample was extracted with 100 mL
of acetonitrile for 3 min. The sample/acetonitrile mixture was
homogenized for 3 min and filtered using a Buchner funnel into a
bottle containing 10 g of sodium chloride. Thereafter, the extract
and sodium chloride were vortexed and the layers were separated.
Then, 10 mL of the acetonitrile layer was transferred to a test tube
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and evaporated to dryness in a water bath using a stream of air

gas chromatography (GC) and liquid chromatography (LC) were
at 40 °C or lower. For the purification of the pesticide extract,

performed independently.

Table 1: Classification of agricultural products analyzed in the study.

Group No. Commodity (No. of samples)

Lettuce(410), Spinach(336), Winter cabbage(315), Young radish(301), Perilla leaves(293),
Crown daisy(230), Chwinamul(215), Mini chinese cabbage(194), Curled mallow(138),
Pimpinella brachycarpa(119), Bok choy(99), Chicory(80), Rape leaves(54), Head lettuce(53),
Butterbur leaf(52), Mustard leaf(50), Korean cabbage (47), Radish leaves(42), Silver divarica-
Leafy vegetable 3,302 ta(36), Korean angelica leaves(33), Cabbage (31), Pepper leaves(30), Seasoned cabbage(28),
Shepherd’s purse(28), Broccoli(24), Leaf beet(16), Mugwort(12), Sonchus-leaf crepidi-
astrum(8), Chinese cabbage(7), Kale(6), Amaranth(4), Green mustard leaf(4), Pumpkin

leaves(3), Others(4)
Chives(486), Water dropwort(170), Sweet potato stalk(158), Salt sandspurry(86), Buckwheat
Salkandsemvegeale | 10gs | S Creenonon(a), Wd 27, butrhrstem(15) oreanapceion el 1)
Celery(1)
Root and tuber vegetables 72 Beet(21), Radish roots(21), Carrot(14), liz:)ltll(l);)?oflc;\(/\ﬁr root(6), Ginger(5), Onion(3), Garlic(1),
rot | Suss(EUS) Chll pepper(192), Comber(155) Sigpla(122) Eap a5, Tomatol 1)
Berries and other small fruits 18 Strawberry(9), Grape(8), Blueberry(1)
Pome fruits 30 Apple(15), Pear(10), Persimmon(5)
Stone fruits 7 Peach(5), Plum(2)
Citrus Fruits 9 Mandarin(9)
Assorted tropical -and sub-tropical 1 Banana(1)
fruits
Mushroom 211 King oyster mushroom(102), Winter mushroom(55), Oyster mushroom(32), Beech mush-
room(10), Button mushroom(5), Oak mushroom(5), Pine mushroom(1), Others(1)
Cereal grains 22 Corn(21), Barley(1)
Potatoes 46 Potato(24), Sweet potato(16), Taro(6)
Beans 25 Bean(25)
Nuts and seeds 1 Peanut(1)
Total 5,560

Table 2: List of monitored pesticides in the study.

Classification (Np. of Pesticide
pesticides)

3,4,5-Trimethacarb,A total of p,p’-DDD, p,p’-DDE, o,p’-DDT, p,p’-DDT, A total of a-BHC, -BHC, y-BHC, 8-BHC, Aldicarb,
Aldrin & Dieldrin, Aspon, Azamethiphos, Azinphos-Ethyl, Bendiocarb, Bifenthrin, Bromophos-methyl, Cadusafos,
Carbaryl, Carbophenothion, Chlorantraniliprole, Chlordane, Chlorethoxyfos, Chlorfenapyr, Chlorfenson, Chloro-
benzuron, Chloroxuron, Chlorpyrifos, Chlorpyrifos-methyl, Chromafenozide, Crufomate, Cyanophos, Dialifos, Diazinon,
Dichlofenthion, Dicrotophos, Dimethoate, Dimethylvinphos, Endosulfan, Endrin, EPN, Esprocarb, Ethiofencarb, Ethion,
Ethoprophos, Etofenprox, Etrimfos, Fenitrothion, Fenobucarb, Fenoxycarb, Fenson, Fenthion, Fipronil, Flubendiamide,
Insecticide (112) Flufenoxuron, Flumetralin, Flupyradifurone, Fonofos, Fosthiazate, Heptachlor, Heptachlorepoxide, Heptenophos,
Hexaflumuron, Imidacloprid, Indoxacarb, Isazofos, Isofenphos, Isoprocarb, Isoxathion, Lufenuron, Malaoxon, Malathion,
Mecarbam, Mephosfolan, Methidathion, Methiocarb, Methomyl, Methoxychlor, Methoxyfenozide, Metolcarb, MGK-264,
Nitenpyram, Novaluron, Parathion-Ethyl, Parathion-Methyl, Permethrin, Phenthoate, Phosalone, Phosmet, Phospha-
midone, Piperonyl butoxide, Pirimicarb, Pirimiphos-ethyl, Pirimiphos-methyl, Profenofos, Promecarb, Propetamphos,
Propoxur, Prothiofos, Pyraclofos, Pyridaben, Pyridalyl, Pyrimidifen, Pyriproxyfen, Quinalphos, Spiromesifen, Sulprofos,
Tebufenozide, Tebufenpyrad, Tebupirimfos, Teflubenzuron, Tefluthrin, Tetrachlorvinphos, Thiamethoxam, Thiodicarb,
Thionazin, Triflumuron, XMC
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Herbicide (98)

Alachlor, Ametryn, Anilofos, Benoxacor, Bensulide, Benzoylprop-ethyl, Bromacil, Bromobutide, Butachlor, Butafenacil,
Butylate, Carbetamide, Chlorflurenol-methyl, Chlorimuron-ethyl, Chlorotoluron, Chlorthal-dimethyl, Cinmethylin,
Clomazone, Cyazofamid, Cycloate, Cyhalofop-butyl, Cyprazine, Diclofop-methyl, Diethatyl-ethyl, Diflufenican, Dimepip-
erate, Dimethachlor, Dimethametryn, Dimethenamid, Dithiopyr, EPTC, Ethofumesate, Fenclorim, Flamprop-isopropyl,
Fluazifop-butyl, Flufenacet, Flumioxazin, Fluometuron, Fluridone, Flurtamone, Hexazinone, Imazamox, Imazapic,
Imazaquin, Imazethapyr, Indanofan, Isopropalin, Isoproturon, Isoxaben, Lenacil, Mefenacet, Mefenpyr-diethyl, Metam-
itron, Metazachlor, Methabenzthiazuron, Methoprotryne, Metolachlor, Molinate, Napropamide, Neburon, Norea(Noru-
ron), Oxadiazon, Oxaziclomefone, Pebulate, Pendimethalin, Pentoxazone, Phenmedipham, Picolinafen, Pinoxaden,
Pretilachlor, Prometryn, Propachlor, Propanil, Propaquizafop, Propazine, Propisochlor, Prosulfocarb, Pyraclonil,
Pyraflufen-ethyl, Pyrazolate, Pyribenzoxim, Pyributicarb, Pyridate, Pyriminobac-methyl, Quinoclamine, Secbumeton,
Simazine, Simetryn, Sulfentrazone, Tebuthiuron, Tepraloxydim, Terbumeton, Terbuthylazine, Terbutryn, Thenylchlor,
Thiazopyr, Tridiphane, Vernolate

Fungicide (81)

Amisulbrom, Azaconazole, Azoxystrobin, Benalaxyl, Benodanil, Bixafen, Boscalid, Bupirimate, Chinomethionat,
Chloroneb, Chlorothalonil, Cymoxanil, Cyproconazole, Diclobutrazol, Dicloran, Diethofencarb, Dimethomorph, Dini-
conazole, Diphenamid, Diphenylamine, Edifenphos, Epoxiconazole, Ethaboxam, Etridiazole, Fenamidone, Fenfuram,

Fenhexamid, Fenoxanil, Ferimzone, Fludioxonil, Fluopyram, Fluquinconazole, Flusilazole, Flutolanil, Flutriafol, Fthalide,
Hexachlorobenzene, Imibenconazole, Ipconazole, Iprobenfos, Iprodione, Iprovalicarb, Isoprothiolane, Kresoxim-meth-
yl, Mepanipyrim, Mepronil, Metominostrobin, Metrafenone, Myclobutanil, Nitrapyrin, Nitrothal-isopropyl, Nuarimol,
Ofurace, Oxadixyl, Penconazole, Pentachlorobenzonitrile, Picoxystrobin, Procymidone, Proquinazid, Prothioconazole,
Pyracarbolid, Pyraclostrobin, Pyrazophos, Pyrimethanil, Pyroquilon, Quinoxyfen, Quintozene, Simeconazole, Tetracon-

azole, Thifluzamide, Tiadinil, Tolclofos-methyl, Tolylfluanid, Triadimefon, Triadimenol, Tricyclazole, Trifloxystrobin,
Triflumizole, Triticonazole, Vinclozolin, Zoxamide

Miticide (15)

Acrinathrin, Bromopropylate, Chlorbenside, Chlorobenzilate, Chloropropylate, Chlorthiophos, Dicofol, Etoxazole, Flu-
acrypyrim, Hexythiazox, Spirodiclofen, Tetradifon, Tetrasul, Thiometon, Triazophos

Growth regulator (5)

Chlorpropham, Forchlorfenuron, Paclobutrazol, Tribufos, Uniconazole

For GC analysis, Florisil cartridges (Phenomenex, Torrance,
CA, USA) were activated and conditioned by flowing 5 mL of
hexane and 5 mL of 20% acetone/hexane. The sample extract
was dissolved in 4 mL of 20% acetone/hexane and loaded into
the Florisil cartridge, and the cartridge was eluted with 5 mL of
20% acetone/hexane. The eluate was collected in a tube and the
solvent was evaporated under gentle air flow. The residue was
then dissolved in 2 mL of acetone, filtered through a membrane
filter (PTFE, 0.45 pm), and used as the test solution for GC
analysis. For LC analysis, aminopropyl cartridges (Phenomenex,

Pesticide residue analysis conditions

Torrance, CA, USA) were first activated and conditioned with 5
mL of dichloromethane. Then, the extracted solution was loaded
and eluted with 4 mL of 1% methanol/dichloromethane, and the
eluate was collected in a tube. The cartridge was eluted again with
7 mL of 1% methanol/dichloromethane. The combined solution of
first elution and second elution was evaporated under gentle air
flow at 40 °C in a water bath. The dried extract was dissolved in 2
mL of acetonitrile and filtered through a membrane filter (PTFE,
0.2 pm) for use as a test solution for LC analysis.

Table 3: GC-MS/MS, ECD and NPD conditions for analysis of pesticide residues.

Instrument GC-MS/MS
Column DB-5MS(0.25 mm x 30 m, 0.25 pm)
Flow rate 0.8 mL/min
Inlet temperature 250°C

Oven temperature

70°C(3 min) = 15°C/min — 180°C(0 min) = 5°C/min — 300°C(5 min)

Transfer line 280°C
Source temperature 250°C
Instrument GC-ECD
Column DB-5(0.25 mm x 30 m, 0.25 pm)
Flow rate 1.0 mL/min
Inlet temperature 250°C

Oven temperature

190°C(0 min) — 7°C/min — 290°C(13 min)

Detector temperature

300°C

Instrument

GC-NPD
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Column DB-5(0.25 mm x 30 m, 0.25 pm)
Flow rate 1.0 mL/min
Inlet temperature 250°C

Oven temperature

185°C(0 min) = 4°C/min — 240°C(3 min) = 20°C/min = 290°C(5 min)

Detector temperature

300°C

GC- MS (GC-tandem MS (GC-MS/MS), Agilent 7000B,
California, USA) and LC-MS (LC- tandem MS (LC-MS/MS), AB
SCIEX, TQ 4500, CA, USA) were used for the qualitative analysis of
the pesticide residues. The quantitative analysis of each pesticide
was carried out using a GC-MS/MS system, LC-MS/MS system, GC
system equipped with a 63Ni electron capture detector (ECD),
and GC system equipped with a nitrogen phosphorous detector

Table 4: LC-MS/MS conditions for analysis of pesticide residues.

(NPD), according to the Food Code set by the Korea Food and
Drug Administration. An Agilent 7890 series GC instrument
equipped with an NPD and ECD was used for GC analysis. LC
analysis, electrospray ionization was performed in positive and
negative modes, and the data were obtained in multiple reaction
monitoring mode. The qualitative and quantitative instrument
analysis conditions are presented in Table 3 & 4.

Instrument LC-MS/MS
Column HPLC Column Osaka Soda CAPCELL CORE C18 (90 A 2.7 pm, 150 mm x 2.1 mm)

Column temperature 40°C

Flow rate 0.2 mL/min
Injection volume 2.0 1l
Curtain gas 25 psi
Gas1 50 psi
Gas 2 55 psi
Temperature 425°C

Ion spray voltage 5500 eV

A': 0.1% Formic acid and 5 mM Ammonium acetate in Water

Mobile phase
B :0.1% Formic acid and 5 mM Ammonium acetate in Methanol
Gradient Time (min) A (%) B (%)

0 95 5
1 95 5
3 40 60
13 0 100
18 0 100

18.1 95 5
25 95 5

Measurement of recovery, LOD and LOQ

Method  validation  was performed based on
SANCO/12571/2013 [13] and ICH/2005/Q2/R1 [14]. To a blank
matrix sample of lettuce in which no residual pesticide was
detected, each pesticide standard was added so that the sample
content was 0.5 mg/kg, and the recovery was measured by
repeating it three times. The limit of detection (LOD) and limit of
quantitation (LOQ) were calculated as the standard deviation of
the slope and residual through the regression line presented by

the International Conference on Harmonization. It was repeated
five times for each concentration using a standard solution and
measured according to the following formula.

LOD=33c/s
LOQ=100/s

o = standard deviation of the response

S = slope of calibration curve
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Investigation of the impact of nonconformity due to the
introduction of PLS

The detection and nonconformity assessment of each
pesticide/item in the pesticide residues of agricultural products
were conducted using Excel 2016 (Microsoft, Redmond, WA,
USA). In order to determine the change in the nonconformity of
the pesticide residues under the PLS, the data of nonconforming
agricultural products were evaluated for suitability by applying
the pesticide residue standards used before the introduction of the
PLS. This method was applied according to the method specified
in the Korean Food Code. The standard application sequence is as
follows:

a. Application of Codex standards to agricultural products.

b.  Application of the standards in the order of agricultural
products, sub-categories, and major categories of the pesticide
residue standards of the Food Code.

c.  Application of the lowest standard among the pesticide
standards for the pesticide compound in the Food Code.

Statistical Analyses

All statistical analyses were performed in SPSS version 22.0
software (IBM Corp., Armonk, NY, USA) and P-values less than
0.05 were considered statistically significant. Log transformation
of data was performed where appropriate. Data analysis was
calculated as mean * standard deviation and all tests were two-
sided. Normal distribution of the variables was confirmed with

Table 5: Recovery, LOD and LOQ of violated pesticides.

a Kolmogorov-Smirnov (KS) test. And then we calculated the
Pearson linear correlation coefficientin order to seek to determine
the strength of association between data sets. The following
points are the accepted guidelines for interpreting the correlation
coefficient, and the results were interpreted based on this : perfect
(Jr] = 1), strong (0.7 < |r| < 1.0), moderate (0.3 < |r| < 0.7), weak
(0.0 < |r| < 0.3), No correlation (|r| = 0) [15].

Results and Discussion
Validity of analytical methods

For the validation of the method, forty kinds of pesticides
were selected based on the detection of more than twenty
times in agricultural products. The method was validated for
various parameters such as accuracy, precision, linearity, limit
of detection and quantification (Table 5). The adequacy of the
sample pretreatment was evaluated based on the recovery, and
the analytical method was validated based on ICH guidelines [14].
The recovery was between 79.13 and 115.05% and the relative
standard deviation (%RSD) values were less than 6%. A linear
correlation between each pesticide concentrations and peak
areas was obtained in the range of 0.9971 to 1.000. The limit of
detection (LOD) were 0.001 to 0.019 mg/kg for GC-MS/MS and
0.001 to 0.004 mg/kg for LC-MS/MS. The limit of quantification
(LOQ) were 0.004 to 0.058 mg/kg for GC-MS/MS and 0.002 to
0.013 mg/kg for LC-MS/MS. The validated parameters were found
to be within acceptable ranges, suggesting that this method is
suitable for use in the pesticide analysis of agricultural products.

Pesticide Detection Type Recovery + RSD(%) Correlation coefficient (r?) LoD r(::s/ kg) LoQ r(::sg/ kg)
Acrinathrin GC-MS/MS 92.42 £ 2.34 1.0000 0.002 0.007
Amisulbrom LC-MS/MS 81.47 +3.12 0.9998 0.001 0.003
Azoxystrobin LC-MS/MS 86.73 +3.27 0.9998 0.002 0.006

Bifenthrin GC-MS/MS 106.78 + 3.45 1.0000 0.006 0.018

Boscalid LC-MS/MS 86.93 +0.82 0.9999 0.001 0.004

Chlorantraniliprole LC-MS/MS 79.33+£1.73 1.0000 0.001 0.002
Chlorfenapyr GC-MS/MS 103.45 + 1.59 1.0000 0.004 0.013
Chlorothalonil GC-MS/MS 85.86+1.98 1.0000 0.019 0.058

Chlorpyrifos GC-MS/MS 98.52 + 0.65 0.9987 0.006 0.018
Cyazofamid LC-MS/MS 79.13+0.19 0.9999 0.001 0.003
Diethofencarb GC-MS/MS 88.70 + 2.51 0.9983 0.010 0.029
Dimethomorph LC-MS/MS 86.93 + 2.45 0.9995 0.002 0.007
Diniconazole GC-MS/MS 115.05+1.03 0.9997 0.009 0.028
Ethofenprox GC-MS/MS 103.19 + 0.43 0.9999 0.008 0.024
Ethoprophos GC-MS/MS 96.79 + 0.42 0.9992 0.010 0.030
Fenitrothion GC-MS/MS 100.65 + 1.50 0.9980 0.008 0.023
Flubendiamide LC-MS/MS 110.40 +5.70 0.9991 0.004 0.013
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Fludioxonil GC-MS/MS 111.30 +1.29 0.9995 0.006 0.019
Flufenoxuron LC-MS/MS 84.67 + 3.61 0.9999 0.001 0.004
Fluopyram GC-MS/MS 107.19 + 0.44 0.9997 0.006 0.019
Flutolanil GC-MS/MS 111.46 +1.41 0.9995 0.003 0.010
Imidacloprid LC-MS/MS 91.47 +1.17 0.9997 0.002 0.007
Indoxacarb GC-MS/MS 109.91 + 2.46 0.9975 0.011 0.032
Iprodione GC-MS/MS 107.11 + 2.90 0.9971 0.013 0.041
Lufenuron LC-MS/MS 85.60 + 0.36 0.9999 0.001 0.004
Novaluron LC-MS/MS 86.40 + 0.95 0.9999 0.002 0.006
Paclobutrazol GC-MS/MS 112.75 +2.23 0.9985 0.011 0.033
Pendimethalin GC-MS/MS 112.64 +1.81 0.9990 0.011 0.032
Procymidone GC-MS/MS 87.80 + 3.94 0.9993 0.015 0.044
Pyraclostrobin LC-MS/MS 84.80 + 0.97 0.9999 0.007 0.021
Pyridaben GC-MS/MS 110.22 +1.96 1.0000 0.003 0.010
Pyridalyl GC-MS/MS 11215+ 1.64 1.0000 0.006 0.019
Spiromesifen GC-MS/MS 92.00 + 2.00 1.0000 0.006 0.022
Tebufenpyrad GC-MS/MS 108.84 +1.16 0.9994 0.008 0.023
Teflubenzuron LC-MS/MS 81.67 + 1.65 0.9999 0.001 0.003
Tefluthrin GC-MS/MS 83.61+3.25 0.9993 0.007 0.022
Tetraconazole GC-MS/MS 104.99 + 0.67 1.0000 0.006 0.019
Thiamethoxam LC-MS/MS 95.60 + 0.89 0.9999 0.002 0.005
Thifluzamide GC-MS/MS 108.09 +1.33 1.0000 0.003 0.010
Trifloxystrobin LC-MS/MS 86.13 + 0.47 0.9998 0.001 0.003

Climate factors and pesticide residues of agricultural
products

In this study, 5,560 agricultural products were monitored.
Pesticide residues were detected in 51.1% of the agricultural
products and the pesticide residues in 2.0% of the agricultural
products were found to exceed the MRLs. The detection and
nonconformity rates were categorized according to the four
seasons in Korea, and the detection and nonconformity rates for
2020 and 2021 are shown in Figure 1. On average, the detection
rate (nonconformity rate) was as follows: spring 46.4% (1.9%),
summer 52.7% (1.6%), autumn 56.8% (2.1%), and winter 50.0%
(3.2%). It was thus confirmed that the detection rate was the
highest in autumn, while the nonconformity rate was the highestin
winter. Different climates occur according to the season, and they
have a major impact on the cultivation of agricultural products.
Therefore, the relationship between climatic factors and pesticide
residues in agricultural products was assessed. The climatic
factors (temperature and precipitation) were obtained from the
statistical data of the Korea Meteorological Administration [16].
It was analyzed using the average values of climate factors in
Gwangju, Jeollabuk-do and Jeollanam-do, which are representative
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regions of the southwest region and account for most of the
wholesale market products. The normality of experimental results
is an important premise for the use of parametric statistical tests
such as correlation analysis. If the assumption of normality is not
confirmed by relevant tests, interpretation and inference from any
statistical test may not be reliable or valid [17].

Normal distributions of all variables such as temperature,
precipitation, detection rate, and nonconformity rate were
confirmed by the Kolmogorov-Smirnov (KS) test, and all variables
satisfied the normality with a significance probability p=0.200
Figure 2a & b. shows the relationship between the temperature
and pesticide residues. Pearson correlation coefficient (r) between
temperature and detection rate was 0.314 (p = 0.190). There was
no significant change in the detection rate of the pesticide residues
according to the temperature change. However, the nonconformity
rate showed an opposite trend with respect to the temperature.
Pearson correlation coefficient (r) between temperature and
nonconformity rate was -0.765 (p = 0.000). It can be seen that
there is a high negative correlation between temperature and
nonconformity rate as high as 76.5%. Most winter agricultural
products are grown in facility and the density of phytopathogenic
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fungi increases rapidly due to low temperature and high humidity,
insufficient sunlight and poor ventilation. Therefore, it is judged
that the frequent use of pesticides increased the nonconformity
rate [18]. Moreover, several studies have shown that pesticide
residue levels were higher in greenhouse-grown produce than
in open field-grown produce Figure 2c¢ & d [19,20]. shows the
relationship between the precipitation and pesticide residues.
Pearson correlation coefficient (r) between precipitation and
detection rate was 0.200 (p = 0.411). Precipitation did not have
a significant effect on the detection rate. On the other hand, As
the correlation coefficient R= -0.701 (p = 0.001), it can be seen
that there is a high negative correlation between precipitation
and nonconformity rate as high as 70.1%. When there was a
large amount of precipitation in July and August of 2020, the
nonconformity rate decreased at first and then increased. Ilse
Delcour confirmed that high precipitation causes pesticide
dissipation, leading to a general tendency of increased pesticide
use to overcome the loss [11]. According to our study results,
the increase in the detection of pesticide residues after a large
amount of precipitation can be considered as the corresponding

effect. Considering the results of the study, it suggests that caution
is needed in managing pesticides and consuming agricultural
products during autumn (high detection rate), winter (high
nonconformity rate), and after periods of consecutive precipitation
(high nonconformity rate). In a previous study conducted in the
USA, the usage of pesticides in the cultivation of each agricultural
product was investigated according to the climate change to
discover that the usage pattern of pesticides for each agricultural
product differed according to the climate [9]. This suggests that
the relationship between climate and pesticide residues may
be different for each agricultural product. Therefore, in order
to accurately identify the relationship between climate and
pesticide residues, additional climate-related studies according
to cultivated agricultural products and cultivation methods are
needed. Our study was conducted for a short duration, and alonger
study duration is necessary to adequately assess the relationship
between temperature, precipitation, and residual pesticide
detection. But, our research can be considered representative
because more than 5,000 agricultural products were monitored.
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Monitoring of pesticide residues
products

in agricultural

The detection rates of residual pesticides in the agricultural
products (51.1% of the total number of products studied) are as
follows: chili pepper (74.1%), crown daisy (73.0%), chwinamul
(67.9%), perilla leaves (67.6%), and chives (66.7%). On the other
hand, none of 102 cases of king oyster mushroom were detected
(Table 6). A high detection rate of pesticide residues has been
observed for chili pepper cultivated in several regions, including
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Saudi Arabia [21], Cameroon [22], and Southeast Asia [23]. Of the
311 pesticides monitored, 126 pesticides were detected, and 20
types of frequently detected pesticides are shown in Figure 3. The
most frequent pesticides were fluopyram (n = 408), chlorfenapyr
(n = 383), chlorantraniliprole (n = 320), fludioxonil (n = 287),
and thiamethoxam (n = 287). Five pesticides detected with high
frequency corresponded to three compounds in an insecticide and
two compounds in a fungicide. In the case of fluopyram, lettuce
(n = 81), chives (n = 70), crown daisy (n = 45), and cucumber (n
= 33) had the highest frequencies. Chlorfenapyr was detected in
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chives (n = 66) and chili pepper (n = 51), while chlorantraniliprole
was detected in young radish (n = 55) and winter cabbage (n =
43). Fludioxonil was detected at a high frequency in chives (n =
61), pimpinella brachycarpa (n = 41), while thiamethoxam was
detected in young radish (n = 49) and crown daisy (n = 43). The
MRLs of fluopyram have been set for 74 commodity standards
in the Korean Food Code. In Korea, among agricultural products

with a high non-conformity rate, a temporary residual limit
of fluopyram is enforced for chives and crown daisy. If these
standards are eliminated, and agricultural products are regulated
according to the PLS, the nonconformity rates may increase. This
also applies to other pesticide residues; that is, the introduction of
PLS can lead to a stricter management of pesticide residues.
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Table 6: Residual pesticide detection rate in agricultural products monitored in more than 50 cases.

(Eome 7 s:lrz.p(l)ef:s dete]:t(;'o(r’xf(%) BT s;\llz;)(;is detel:toi.o(r)lf(%)
Chives 486 324(66.7) Curled mallow 138 75(54.3)
Lettuce 410 204(49.8) Eggplant 122 74(60.7)
Spinach 336 182(54.2) Pimpinella brachycarpa 119 67(56.3)

Winter cabbage 315 194(61.6) King oyster mushroom 102 0(0.0)

Young radish 301 191(63.5) Bok choy 99 60(60.6)

Perilla leaves 293 198(67.6) Salt sandspurry 86 20(23.3)

Crown daisy 230 168(73.0) Chicory 80 30(37.5)

Chwinamul 215 146(67.9) Paprika 57 35(61.4)
Squash 205 61(29.8) Winter mushroom 55 8(14.5)

Mini chinese cabbage 194 60(30.9) Rape leaves 54 18(33.3)
Chili pepper 193 143(74.1) Head lettuce 53 17(32.1)
Water dropwort 170 33(19.4) Butterbur leaf 52 12(23.1)
Sweet potato stalk 158 56(35.4) Mustard leaf 50 30(60.0)
Cucumber 155 96(61.9)

Monitoring of the nonconforming agricultural products

Table 7: Types of nonconforming agricultural products and pesticides.

Gommodity No. of No. of ) Nonconformity rate Pesticide r.es.idue types
samples nonconformity (%) (No. of Pesticides=MRLs)
Buckwheat leaves 31 1 3.2 Fluopyram(1)
Butterbur leaf 52 4 77 Alachlor(1), Cadusafos(él)]if:g;g;gf(hgs(l), Pendimethalin(1),
Chicory 80 2 2.5 Tebufenpyrad(1), Diniconazole(1)
Chives 486 10 21 Chlorpyrifos(1),P1;((e)réi;rr;)it£1;;)lrelgg: E;ur(i)(}i);/gzlr?((g), Lufenuron(1),
: s | Al Coios) ol Fnteation()
2 1) D) o b 2) ent
Cucumber 155 4 2.6 Chinomethionat(2),Chlorothalonil(1), EndoSulfan(1)
Curled mallow 138 5 3.6 Chlorothalonil(1), Flubendiamide(3), Procymidone(1)
Eggplant 122 1 0.8 Fludioxonil (1)
Korean angelica leaves 33 2 6.1 Alachlor(2), Diazinon(1)
Korean cabbage 47 5 10.6 Diniconazole(5), Flubendiamide(1)
Lettuce 410 6 1.5 Chlorothalonil(3), Novaluron(1), Tiadinil(2)
Mini chinese cabbage 194 1 0.5 Diazinon(1)
Mustard leaf 50 3 6.1 Diazinon(1), Flubendiamide(2)
Pepper leaves 30 1 3.3 Pyriproxyfen(1)
Perilla leaves 293 2 0.7 Fenitrothion(1), Novaluron(1)
Pimpinella brachy- 119 3 6.7 Ethoprophos(1), Fluazifop-Butyl(1), Fluopyram(2), Procymi-
carpa done(4)
Radish leaves 42 1 2.4 Chlorpyrifos(1)
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Rape leaves 54 2 3.7 Isoprothiolane(1), Pyridalyl(1)

Salt sandspurry 86 2 2.3 Chlorpyrifos(1), Ethoprophos(1)
Seasoned cabbage 28 2 7.1 Chlorothlaonil(1), Diniconazole(1)
Shepherd’s purse 28 1 3.6 Methabenzthiazuron(1)

Silver divaricata 36 3 8.3 Fluopyram(1), Pendimethalin(2)

Sonchus-leaf crepidi- 8 1 125 Fenitrothion(1)
astrum
Spinach 336 3 0.9 Fenitrothion(1), Fluopyram(1), Pyridaben(1)
Squash 205 2 1.1 Chlorothalonil(1), Spiromesifen(1)
Sweet potato stalk 158 3 1.9 EPN(1), Indoxacarb(1), Pyridaben(1)

Water dropwort 170 1 0.6 Oxadiazon(1)

Wild garlic 27 2 7.4 Metolachlor(1), Pendimethalin(1)

Winter cabbage 315 4 1.3 Diazinon(2), Etoxazole(1), Procymidone(1)

Young radish 301 1 0.3 Diazinon(1)
Total 4,480 112 118

In our study, a total of 112 agricultural products of 31 types
were found to exceed the 118 residual pesticide standard, including
duplicate detection (Table 7). There were many nonconforming
agricultural products in the order of crown daisy (n = 20), chives
(n = 10), chwinamul (n = 9), pimpinella brachycarpa (n = 8),
and lettuce (n = 6). A comparison of nonconformity rate of each
agricultural product revealed that agricultural products exceeding
the MRLs were the most frequent in the order of Sonchus-leaf
crepidiastrum (12.5%), Korean cabbage (10.6%), crown daisy
(8.7%), Silver divaricata (8.3%), and butterbur leaf (7.7%)
Figure 4. shows 32 pesticide components that were deemed to be
unsuitable in agricultural products. Some agricultural products
contained two pesticides at concentrations exceeding the pesticide
residue standards. Fluopyram (n = 17), diazinon, procymidone (n
= 11), flubendiamide (n = 10), and chlorothalonil, diniconazole
(n = 7) are representative pesticides that exceeded the pesticide
residue standards. The fluopyram compound with the highest
inconsistency was found in crown daisy (n = 7), chives (n = 5),
pimpinella brachycarpa (n = 2), and germinated buckwheat/silver
divaricata/spinach in one case each. Agricultural products with a
high Nonconformity rate largely included many leafy vegetables/
stalks and stem vegetables. This is related to the permeability of
the pesticide and the leaching of the pesticide from the surface of
leafy products owing to its solubility in water [24].

Investigation of the impact of the introduction of the
PLS on the evaluation of nonconforming agricultural
products

Among the agricultural products determined to contain
pesticides at levels exceeding the pesticide residue standard, there
were 37 agricultural products to which the PLS standard (0.01
mg/kg) was applied, and a total of 20 pesticides were identified
39 times. Diazinon (n = 8) and chlorothalonil (n = 4) are repive
pesticides that were determined to be unsuitable at the 0.01 mg/kg

standard. According to Method 2.6, the effects of the introduction
of the PLS and nonconformity assessment were investigated. A
total of 18 agricultural products would not have been deemed as
nonconforming if the PLS was not introduced (Table 8). When the
standards before the introduction of the PLS system were applied,
It was found that the agricultural products belonged to the suitable
category in the order of lettuce (n = 3), chwinamul, cucumber and
sweet potato stalk (n = 2). In the case of lettuce, which occupied
the most number of times, it was found to be suitable when the
standard for leaf vegetables, a similar agricultural product, was
applied. Therefore, it can be seen that is being managed more
strictly with the introduction of PLS, suggesting that lettuce
producer education is necessary. Chwinamul, sweet potato stalk
and shepherd’s purse are representative minor crops. For minor
crops cultivated over a small area, the registration of available
pesticides does not meet the demand [25]. There are many types
of minor crops and various pests, and accordingly, the registration
of pesticides for small-area crops has not been activated, which
is a global issue [26]. This causes difficulties in the production
of crops and leads to a trend of high pesticide detection rates
and nonconformity rates. The expansion of the PLS application
implies that as the risk assessment standard of each agricultural
product becomes stricter, the concerned agricultural product can
be deemed as a nonconforming product. This suggests that the
development of harmless pesticides by related organizations is
of urgency, and that it is necessary to develop new pesticides to
prevent damage to farmers and consumers. In addition, to improve
the conformity based on the PLS standards, it is necessary to
educate farmers on contamination owing to unintentional mixing
of pesticides and appropriate use of suitable pesticides. The
results of this study can be used as fundamental data for pesticide
management, system supplementation of agricultural products,
and reinforcement of field management.
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Table 8: Agricultural products and pesticides determined to be nonconformity due to the introduction of the PLS system.

Commodity Pesticide Residue concentration (mg/kg) Previous MRLs (mg/kg)
Chives Chlorpyrifos 0.05 0.05
Chwinamul Alachlor 0.06 0.02
Chwinamul Chlorpyrifos 0.04 0.05
Crown daisy Diazinon 0.04 0.05
Cucumber Chinomethionat 0.07 0.01
Cucumber Chinomethionat 0.06 0.01
Lettuce Novaluron 0.54 4.0
Lettuce Chlorothalonil 0.11 5.0
Lettuce Chlorothalonil 0.14 5.0
Perilla leaves Novaluron 0.78 5.0
Pimpinella brachycarpa Fluazifop-butyl 0.03 0.05
Shepherd’s purse Methabenzthiazuron 0.05 0.05
Spinach Pyridaben 0.05 2.0
Squash Chlorothalonil 0.13 3.0
Sweet potato stalk Indoxacarb 2.80 3.0
Sweet potato stalk EPN 0.06 0.02
Wild garlic Metolachlor 0.04 0.05
Young radish Diazinon 0.03 0.05

Total 18

Figure 4: Frequency of 32 pesticides judged to be violations.
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Conclusion a high detection rate in autumn, high nonconformity rate in low

. . . temperature and low precipitation were confirmed. Therefore,
In this study it was confirmed that temperature and . - .
we propose the necessity of pesticide management and caution

precipitation, which are climatic factors, affect the concentration . . . . . .
on agricultural products consumption in consideration of climatic

of pesticide residues. According to correlation analysis results,
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factors (autumn, winter, after heavy rain). Pesticide residues were
detected in 51.1% and exceeded the MRL in 2.0% of agricultural
products. As a result of monitoring the residual pesticide list
of agricultural products, the most frequent pesticides were
fluopyram, chlorfenapyr and chlorantraniliprole. The most
frequent unsuitable agricultural products were daisy, chives,
chwinamul, pimpinella brachycarpa and lettuce.

As a result of investigating the effect of the introduction of the
PLS standard on the evaluation of non-conforming agricultural
products, 18 agricultural products were found to be in the suitable
when the previous criteria were applied. Despite the short
research period, it was found that food safety could be secured
as the standards were strengthened. Therefore farmers should
use only registered crops and spray targets for each pesticide, and
must comply with the timing and frequency of use. In addition,
it is proposed to conduct education of PLS system for various
stakeholders such as local government officials, farmers, and
pesticide dealers. This study could serve as basic data for pesticide
residue prevention, management, control and monitoring in
countries seeking to tighten pesticide standards.
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