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Analysis of Pesticide Residues in Stalk and Stem Vegetables Marketed
in Northern Gyeonggi-do
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ABSTRACT - This study aimed to investigate pesticide residues in 160 stalk and stem vegetables marketed in
Northern Gyeonggi-do. The QUEChERS method using GC-MS/MS and LC-MS/MS was employed to analyze the residues
of 341 pesticides in the samples. The maximum or lower than the residue limit was recorded in 75 samples (46.9%), while
4 samples (2.5%) exceeded the maximum residue limit (MRL). Thirty-nine kinds of residual pesticides were detected
including fungicides (14), insecticides (22), herbicides (2), and plant growth regulator (1). Carbendazim and pendimethalin
were the most frequelntly detected pesticides. Fenitrothion, procymidone, and diazinon exceeded MRL in garlic chives, and
Welsh onion. This indicated that these vegetables along with water celery should be constantly monitored.

Key words: Stalk and stem vegetables, Pesticide residues, Agricultural products, Gyeonggi-do
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ME 71 7 1 ATH. 2009358 20187k 104
7+ B AT 5% SHEY R duE AN
Ao MEH FAANF FFEF HEES 173%= F
FF7H(17.5%)°] olo] F HAZ =gkton HAFEFL 1.7%
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Materials and Methods

F BAE 13ZE 160
AL ez son Ad e Table 13 72t} 4
ol AR-E FEAFE] F52 v 584, 5 494 Hy
gl 174, F2) 114, AlEE 54, 71EF 5 2040]900

o}
qupg ore AERABZATA] AR

RS

gas chromatography (GC) 251, liquid

Table 1. The list of agricultural products tested in this study

Group Commodity of ;:;ples

Aralia sprout 4

Asparagus 2

Bracken 1

Butterbur stalk 2

Celery 3
Stalk Garlic chives 49
and Garlic scapes 4
stem vegetables Kohlrabi 1
Salt sandspurry 5

Sweet potato vines 1

Water celery 17

Welsh onion 58

Wild chive 3

chromatography (LC) 90522 39Tt &F 2+E4
Kemidas (Suwon, Korea)2] stock solution 1,000 mg/L
100 mg/LE ARE-3IATE ZHREef £400 AREgE &=
Honeywell (Charlotte, NC, USA)2] acetonitrileZ} Wako
(Osaka, Japan)®] methanolg ©]-83}92 ™, formic acid=
Thermo Scientific (Waltham, MA, USA), ammonium formate
£ Sigma Aldrich (St. Louis, MO, USA)llA] ) &te] A&
sttt 579 AZ FAE Thermo Scientific (Waltham,
MA, USA)2] Barnstead™ Nanopure Diamond system= A&
Atk o]E 42 Whatman (Dassel, Germany)©] 0.2 um
nylon membrane filter= o3} ¥ @73t A}-g-3tct.

A729] AAJ2]= CHROMALific (Heidenrod, Germany)
2] QuEChERS (Quick, Easy, Cheap, Effective, Rugged
and Safe) kits ©|-83It}. = DAlolA+= CHROMAtific
QuEChERS Extract Kit (MgSO,, NaCl, Na,HCit-1.5H,0,
Na,Cit-2H,0)% AREEI 3L, AA DA A= CHROMAtific
QuEChERS dispersive solid phase extraction (dSPE) clean-up
kit (MgSO,, primary secondary amine (PSA)E A3+
Syringe filter= polytetrafluoroethylene (PTFE) A1&<] 13 mm,
02um 4<% Whatman (Dassel, Germany) A|&< A}-&-3}
)\}\q‘.

Y2 rlo

A= HAT

N7 % 2 A= QuEChERS (EN15662)HS ©]
&3l Th(Fig. 1). ©A #4233 A8 10 g& AYs] &
o} 50 mL &%°] centrifuge tube°ll %1_13]- o] 7] 9|
acetonitrile 10 mLE %2 ¥ 122F I®&3 $, MgSO,

Weight 10 g of sample
Add 10 mL of acetonitrile

=

[ Shake for 1 min

]
[ Centrifuge(4,000 rpm, 10 min) ]
]

MgSO, 4 g,NaCl 1 g,
Na,HCit'1.5H,0 0.5 g,
Na,Cit:2H,0 1 g

1 mL supernatant

4[ PSA 25 mg, MgSO, 150 mg ]

[ Vortex mix for 30 sec, ]

Centrifuge(4, 000 rpm, 5 min)

[ Filter with PTFE syrlnge filter

[ GC-MS/MS ] [ LC-MS/MS ]

Fig. 1. Flow chart of QUEChERS method for pesticide residue
analysis.



4 g, NaCl 1 g, Na,HCit -1.5H,0 0.5 g, Na,Cit2H,0 | g&
Wi 127 Al £50] E£Fstaitt. o] £FAS 4°C,
4,000 x goll A 1027 AR H 45H 1 mLE 3
t}. o] ZZFHS PSA 25 mg, MgSO, 150 mge] ©%] 2 mL
9] centrifuge tubeol] YL 30%7F HolA EEo] = &
4,000 x goll A 5&7F A4 Zelste] FFH-& PTFE syringe
filter® o3k § A|FENOE 33T

Table 2. Analytical condition of GC-MS/MS for pesticide residues

Analysis of Pesticide Residues in Stalk and Stem Vegetables 151

BMo17]

GC-MS/MS+ Themo scientific (Waltham, MA, USA)2]
TSQ 9000 GC-MSMS v & A8-3t93, HHE2 TG-
5SiIMS (30 mx0.25 mm, 0.25 um, Themo scientific, Waltham,
MA, USA)YE A5} THTable 2). LC-MS/MSE AB Sciex
(Framingham, MA, USA)¢] QTRAP® 4500 LC-MS/MS*H]
2 Abgslal, 28-S OSAKA SODA (Osaka, Japan)©]
CAP-CELL CORE C18 (2.1 mmx150 mm, 2.7 pm)& A-&-3}

Parameters Conditions
Column TG-5SiIMS (30 mx0.25 mm, 0.25 um,)
Flow rate 1.0 mL/min (He 99.999%)
Injection volume & mode 1 puL, splitless
Inlet temperature 280°C
oc Rate (°C/min) Temperature (°C) Hold (min)
Oven temperature initial 70 3
15 160 0
5 300 3
Ionization mode Electron ionization (EI)
MS/MS Transfer line temperature 280°C
Ion source temperature 280°C
Table 3. Analytical condition of LC-MS/MS for pesticide residues
Parameters Conditions
Column CAPCELL CORE C18 (2.1 mmx150 mm, 2.7 um)
Column oven 35°C
Injection volume 2 ulL
Flow rate 0.3 mL/min

Mobile phase

A: 0.1% formic acid, 5 mM ammonium formate in water
B: 0.1% formic acid, 5 mM ammonium formate in MeOH

Time A (%) B (%)
Le 0 95 5
1 95 5
Gradient condition 13 70 %
12 2 98
16 2 98
16.1 95 5
20 95 5
Ionization mode Electrospray ionization(ESI)
Spray voltage 5.50kV

MS/MS Capillary temperature 450°C

Curtain gas 25 psi

Nebulizer gas (gas 1) 50 psi

Heater gas (gas 2)

55 psi
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requirements for pharmaceuticals for human use, ICH)°l|A]

AAEE ol o] At Wl meh ekl

LOD =33 x3/8S
LOQ=10x3/S

d: Standard deviation of the response

S: Slope of the calibration curve
Matrix effect (ME)x= 694l 552 solvent calibration}
matrix-matched calibration®] 7] 2715 ©]&3}e] AX5IS

o HEde oew 2

Slope of calibration

o/ _ | in matrix method blank
ME(%) Slope of calibration I|x100

in solvent method blank

Results and Discussion

1 485

A, slorg, AETA, BEFEA 2 ME A3 Table
49} o}, HgaAe) AXA ARASFE 0.9981-1.0000, 7

Z 3= 0.001-0.006 mg/kg, A HEAE 0.004-0.018 mg/
kgl 2 UERTE = ek B4 EdA e AF
o] AL 0.05 mgkg ©l3H] 74%}74]%_— WA FA
o BFs L7112 12-1107HA AZeEE FA4s U

Table 4. Linearity, recovery rate, LOD, LOQ and ME of pesticides detected

Pesticides Correlation Concentration Recovery LOD"Y LOQ? ME?
coefficient (R?) (mg/kg) +RSD(%) (mg/kg) (mg/kg) (%)
0.05 101.1+£0.9
Azoxystrobin 0.9983 0.003 0.010 -18.08
0.5 92.3+4.1
0.05 81.9+£5.5
Bifenthrin 1.0000 0.004 0.014 23.80
0.5 83.6+3.0
0.05 92.7£7.2
Boscalid 0.9981 0.003 0.009 -15.27
0.5 82.5+1.1
0.05 75.7+4.0
Carbendazim 0.9996 0.003 0.009 -27.56
0.5 88.9+4.0
0.05 93.9+2.8
Carbofuran 0.9991 0.003 0.008 -17.81
0.5 76.9+3.2
0.05 78.2+6.7
Cadusafos 1.0000 0.002 0.006 -18.49
0.5 86.8+5.3
0.05 87.7+4.8
Chlorantraniliprole 0.9993 0.003 0.008 -2.03
0.5 73.2+4.8
0.05 87.4+4.3
Chlorfenapyr 0.9999 0.003 0.008 4.45
0.5 90.9+1.2
0.05 84.9+4.9
Chlorpyrifos 0.9999 0.003 0.010 -2.72
0.5 85.4+5.9
0.05 77.4+5.6
Chlorpyrifos-methyl 0.9996 0.003 0.010 -2.36
0.5 78.3+£7.7
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Table 4. (Continued) Linearity, recovery rate, LOD, LOQ and ME of pesticides detected

Pesticides Correlation Concentration Recovery LOD"Y LOQ?Y ME?
coefficient (R?) (mg/kg) +RSD(%) (mg/kg) (mg/kg) (%)
0.05 107.74£3.5
Cyhalothrin 0.9999 0.003 0.010 100.87
0.5 98.1+4.6
. 0.05 106.9+0.8
Cypermethrin 1.0000 0.003 0.010 113.74
0.5 100.8+6.7
0.05 83.5+4.9
Diazinon 1.0000 0.003 0.010 -15.28
0.5 86.3+4.9
0.05 74.5+3.1
Dimethoate 1.0000 0.002 0.007 85.88
0.5 75.9+£5.8
0.05 88.1+5.2
Dimethomorph 0.9999 0.006 0.018 -10.08
0.5 87.4+2.2
0.05 83.2+3.8
Etofenprox 0.9998 0.003 0.009 61.18
0.5 80.6+3.8
0.05 79.3+4.2
Fenitrothion 0.9999 0.003 0.009 31.33
0.5 86.0+5.6
0.05 83.0+4.3
Fludioxonil 0.9998 0.003 0.009 57.06
0.5 81.1+4.3
0.05 99.6+5.5
Flufenoxuron 0.9993 0.004 0.013 -16.52
0.5 105.5£1.3
0.05 99.5+1.2
Fluquinconazole 0.9988 0.003 0.010 -22.99
0.5 95.3+2.0
0.05 80.2+5.4
Flutolanil 1.0000 0.004 0.011 31.00
0.5 79.2+4.9
0.05 77.245.5
Hexaconazole 0.9999 0.003 0.009 12.77
0.5 79.4+5.3
0.05 98.9+3.5
Imidacloprid 0.9994 0.001 0.004 14.38
0.5 76.4£8.0
0.05 99.8+3.9
Indoxacarb 0.9998 0.003 0.008 1.38
0.5 87.4+6.5
0.05 93.7+7.1
Iprodione 0.9999 0.002 0.006 48.09
0.5 77.9+7.1
0.05 97.0+£5.2
Lufenuron 0.9993 0.004 0.011 -25.41
0.5 105.2+£3.4
0.05 80.9+5.1
Metolachlor 1.0000 0.003 0.010 -11.98
0.5 81.9+8.6
0.05 80.8+4.1
Myclobutanil 0.9998 0.003 0.009 6.47
0.5 83.8+4.4
0.05 83.844.6
Paclobutrazol 0.9999 0.003 0.009 30.95
0.5 77.2+6.7
0.05 91.5¢5.5
Pendimethalin 0.9997 0.003 0.009 -4.10
0.5 89.8+4.8
0.05 77.3+£7.1
Procymidone 0.9999 0.002 0.007 -24.26

0.5 74.8+£5.7
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Table 4. (Continued) Linearity, recovery rate, LOD, LOQ and ME of pesticides detected

Pesticides Correlation Concentration Recovery LOD"Y LOQ?Y ME?
coefficient (R?) (mg/kg) +RSD(%) (mg/kg) (mg/kg) (%)
0.05 98.6+2.7
Pyraclostrobin 0.9999 0.002 0.006 -16.34
0.5 97.8+5.6
) 0.05 84.3+3.6
Pyridalyl 0.9998 0.003 0.009 141.63
0.5 82.3+5.1
) ) 0.05 99.9+3.8
Pyrimethanil 0.9999 0.003 0.010 -9.51
0.5 90.3+3.4
0.05 88.9+6.5
Tebufenpyrad 1.0000 0.003 0.008 12.82
0.5 86.0+4.7
0.05 92.1+1.6
Teflubenzuron 0.9997 0.003 0.009 -7.30
0.5 100.2+4.4
) 0.05 85.3+4.3
Tefluthrin 1.0000 0.003 0.009 -13.50
0.5 88.1+5.3
0.05 97.9+2.8
Thiamethoxam 0.9986 0.002 0.006 -5.56
0.5 78.3£5.7
. . 0.05 84.0+4.4
Thifluzamide 1.0000 0.002 0.007 46.25
0.5 84.5+3.2
YLOD: Limit of detection.
?1L0Q: Limit of quantification.
9 ME: Matrix effect.
op}0, 71z A3tetlt, ol Geol #9498 1 BYAelE SHHOE marix 4
7b okl dig 3 FE&S 0.05mgkg FEAA 745-  EEE AYAA =, woF AR EAE ] vHEEA
107.7% HH 3L 0.5 mgkg T4 73.2-105.5% H <] 0] 83l GC A&HE SHetE=E AZE7E 7he wAA w0l

H A ESH 2 (relative standard deviation, RSD%)E 0.8-
8.6% W= Yelsttt. 3 A (European union, EU)}
= A A 2] 5 Y 717+(Union national food and agriculture
organization, FAO)®| 3]|5&3 Az 7ES 7+
7} 70-120%2} 20% oo™, w)= )&= (Food and
drug administration, FDA)®] 3|5+& "¢ 7]F2 80-110%
ojt}?. -Eutete] 74 AFF AEWH v BFEA
A3 spol=gkele] wEW 0.01-0.1 mgkge] F=oA 3
& 70-120%, RSD 22% ©]&}, 0.1-1.0 mg/kg®] §ElA
8|98 70-110%, RSD 18% ©]at= AA|slaL o). wet
AR Ao AEE A e A7l A A
o2 s

Matrix effecte 21 #9] 2HREFs 4T of Fgs A
FolE Wellste T8 ddde® dHA Ao GC-MS/
MS2} LC-MS/MSell4 ME9] & f21e th2t}, GCol
Me HE AEE W S A A B4 v
$-0] dojd w] matrixol|] 2|3} signal enhancement & 3}7}
gt gl ol FoF A GC Al&Fe] 24
2 E A HA ol A woF AR AE7IRY
ol5& =t oot @] E3Fe matrixol] E01U= FOF

o S7hstth EgE GColA ZEE N AlE ] masking
agentt} analyte protectants (APs)E % 7}31H MEE Z°|
=d =] "EYa AT, ZE GC Al&Fo] Y A
Lo SR E zh= Aol ohr] wjEol| APsE FH7tel
o= MEZF A 4= Itk LCo] MEE= MS #E7] Ul
o] 719} o] 23} (atmospheric pressure ionization, APT)3}
AelA et AR o] 23}(electrospray ionization,
ESDhe YAEe] A3 E445F9] o3t a& (ol
Ayl FFE = + 7] "ol MEZF A8 sH7] doh
lon suppression & ¥}+= ESI positive mode®|* 2 Yel}
ol thH-E2] FFE ESI positive modedll A #41517] wj
ol LC-MS/MSE o] &3 IHrsof 4ol MES] &
AL FEh7)= ofguY.

B A= MEE ZAFsH7] 93l acetonitrileZ 3]
3 5893} matrix-matched EF-8 2] AHA 7]187] 2}
°l5 %3l MES #4183tk ME 2hd A -20%<ME%<20%
o] soft, -50%<ME%<-20% = 20%<ME%<50%°]™
medium, ME%<-50% == ME%>50%%] 7 -9 strongS 2
7} k=g, LC-MS/MS #48H=5-9] 79 —27.56-14.38%
o] o2 Yeh} v A softgh 7HIoZ B & g
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Table 5. Detailed results of pesticides detected in stalk and stem vegetables

Commodity No. of samples No. of Detection ‘ No. of Violation
detected samples rate(%) violated samples rate(%)
Garlic chives 49 35 71.4 3 6.1
Celery 3 2 66.7 - -
Wild chive 3 2 66.7 - -
Garlic scapes 4 50.0 - -
Welsh onion 58 24 41.4 1 1.7
Water celery 17 7 41.2 - -
Aralia sprout 4 1 25.0 - -
Kohlrabi 11 2 18.2 - -
Others 11 - - - -
Total 160 75 46.9 4 2.5

< VXA G AR YERGOY GC-MSMS 435
o] A4 —24.26-141.63%°] W= ME7} & o=
Stk MEE 23HFo]al 7haetA Ad o+ de HHe
2 matrix-matched calibration?} standard addition method
7} JoHeln 12} EA o)X= matrix-matched standard= 2
A 5 HAFHoR HFEA s, AFgte]l dFsE
71z 2 AY 233 749 standard addition method

|
g olg¥ 21 $4L +959

(<

rot
ol

PR B2 MRS BN U2

2021 1€5E 9¥71A] A= EREAAAA /5

=
I}E Table 591 YePATH 13F5 1607 5 8F5
(46.9%)°14 5ol AZHIUT) ol A7 W 974
AF HAEE2018Q 9.9%, 2019 23.3%, 20201 33.1%)
Ho} Eokom, A 3d7ke] FIpEAef weks ho] gk

TEek 20199 QJNHFGA FE FAANF FAEY 2
FoFS AAke A mEW, AAF F 320709 it
A5 AZELS 11.3%3em?, 20199 A= 7%
FAES FEF AAE A A AAAF 8710
3 AEEL 29.9%, 2013 A& HEAY {5 4
o] zRseks RUEYS A3 6167 st GAANF
o] AEES 234%2 E AT AR thah B2 7
&S YR

FAANF FE5E AFEF AEES F5(71.4%), A
2(66.7%), 22;(66.7%), "F=5(50.0%), TH41.4%), 7]t
(41.2%) T2 =%oH 85719 ARoX= FHFEF
o] AEHA XUt A3 AT A =W FAANF
2 F52 25, 99, ude, A, g

'Ef ]. gj’,_%_ L}ﬂ_ﬁq‘z.s.zmz)'

A} A5 FYHow

(

¢

I B u HJAF A e gy, A, nEeEES
Aelehd F3, 1, vy gt A FseF A
7} a3k Aoz wolt),

FTABTE =Y 2
AEE Fors A= A8l wet LR3I Table 6

I 2t & 39%9 Tokel 1268 AEHAL, 2 F A+t
A 14%0] 585](44.6%), oA 22F°] 583](44.6%), A=A
2%0] 133](10.0%), HAZGA 15°] 13(0.8%) HE= o
A e} A v HEE AR SetE . sE
FoF oA HIdsHA AE¥E §°F2 carbendazim (113]),
pendimethalin (113]), procymidone (103))Z YE}StT]
Carbendazim2 ZFol8) F3E zhe AHdA|2A Z
o & ol =o] FaE Wi, et A& FollA o
71 Tdet ALl WAlel AR Fofolth. &
carbendazim-2 benzimidazolell ArA 2 benomyl] T
22 F dUol™, benomyle Ao B FHo
carbendazim® = WASHE]7] wjZof] A 2A1e] 2HE-2 o)
& carbendazimol] &g Ao ® AHA Ut HAFo|Y
g FoFe] Agolle AEA Y ol R H F o]
o] F2 AEAY el oJsiA LAHER {7
kol 4AA vegys A$7F Bo*. Pendimethaline
dinitroaniline Alg 2] A A= =25 A A3F7] Yl Sl
F, 9, AF, AL S, vhe 5 TR s EkEel A
|53 AT, T2 HAEE AI7IQ] 3492 95 T ZA=x
7F At A EAE FE AMEShe BEE, ARl o
gk F9o]7F @ F¥ T} Procymidone dicarboxamide Al¥
o] B3 9 X5§ HFo|PA AR AFES AsdY
BAE AfTGoEN A3, A FFoly WA g
sh7] wEol] thFet wakEol] ARG AL ATER. FFe
thell 18] AZA] F3kA9] 739 50% kel A< 1,000
v 3lAste] ARl R TEE0] o] fFEAwO]l AH

o
> e Jo m



156 Na-Young Yoo et al.

Table 6. Pesticides detected in stalk and stem vegetables

Table 7. Agricultural products violated MRL for pesticides

Classification Pesticide

Frequency of detection

<MRL

>MRL

Fungicide Azoxystrobin
Boscalid
Carbendazim
Dimethomorph
Fludioxonil
Fluquinconazole
Flutolanil
Hexaconazole
Iprodione
Myclobutanil
Procymidone
Pyraclostrobin
Pyrimethanil
Thifluzamide

Commodity Pesticide (ri;?lfé) (rﬁdgilé)
Garlic chives  Fenitrothion 0.0615 0.05
Garlic chives  Procymidone 5.8299 5.0
Garlic chives  Procymidone 6.1473 5.0
Welsh onion Diazinon 0.0266 0.01

Sub total

Herbicide Metolachlor

Pendimethalin

Sub total

Insecticide Bifenthrin
Cadusafos
Carbofuran
Chlorantraniliprole
Chlorfenapyr
Chlorpyrifos
Chlorpyrifos-methyl
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Dimethoate
Etofenprox
Fenitrothion
Flufenoxuron
Imidacloprid
Indoxacarb
Lufenuron
Pyridalyl
Tebufenpyrad
Teflubenzuron
Tefluthrin

Thiamethoxam
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Plant growth

Paclobutrazol
regulator

Total
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