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Monitoring and risk assessment of pesticide residues in school
foodservice agricultural products in Incheon
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Abstract This study was conducted to monitor residual pesticides in a total of 527 school foodservice agricultural
products from 2019 to 2020 in Incheon. Pesticide residues in the samples were analyzed by the multi-residue method in
the Korean food code for 373 pesticides using GC-MS/MS, LC-MS/MS, GC-ECD, GC-NPD, and HPLC-UVD. By
monitoring the pesticides, 12 (2.3%) of the 527 pesticides were detected, and 2 (0.4%) samples exceeded the maximum
residue limit. Twelve types of pesticides were detected in the agricultural products of carrot, chard, chili pepper,
chwinamul, crown daisy, parsley, perilla leaves, and spinach. As a means of risk assessment through the consumption of
agricultural products detected with pesticide residues, the proportion of estimated daily intake to acceptable daily intake
was estimated in the range of 0.0000-39.7425%. Results showed no particular health risk through the consumption of

school foodservice agricultural products with pesticide residues.
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USA)9| =7t ElE AlFS ARsisith 5oF 55 93 &
uj 2l acetonitrile (ACN, Honeywell, Muskegon, MI, USA),
acetone (Honeywell), dichloromethane (DCM, Honeywell), »-
hexane (Honeywell), methanol (Honeywell), sodium chloride
(Junsei, Tokyo, Japan), water (Honeywell, Ulsan, Korea)= high
performance liquid chromatograph (HPLC) grade A]|2F3-g AR&-3}
%t} Gas chromatograph (GC), liquid chromatograph (LC) 43
< 98] AAY FA A AFE-gh solid phase extraction (SPE)=
florisil cartridge (1 g, 6mL, Bekolut, Haupststuhl, Rhineland-
Palatinate, Germany), aminopropyl (NH,) cartridge (1 g, 6mL,

Bekolut)S AHE-313 T}

R RN an

o EMEY

AlRe] AAEE AEFTA GYAEHe] et 4
W A2W(MFDS, 20190 w2t AAIsET F4AHES 7H R4
1kgS Bt oF 50 gS(AZRE 9 10gS 3k DW 30mL
= ol 247k X)) Bl ACN 100 mLE 718le] E3k3&i
712 387 #2s)e o A (General Electric Healthcare Life
Science, Chicago, IL, USA)7} Z#HJ= Fauzu7|=2 7Hetodst
St9th 2 & NS sodium chloride 15 g0l Eo] Y A7z
wj7]el Hsted Al MBS v ks & EE7t o]Foid
7R AXERL ACN & GC9F LC #4802 747} 20 mL
£ F38t] 40°C 870N A E3IT

GC B44 AR ZHFE= acetone/n-hexane (20/80, v/v) 4
mLE 7}5le] 8FA)Z1 &, n-hexane SmLS}; acetone/n-hexane
(20/80, v/v) SmLZ w|2] &3}t florisil 7FEZIA|(1 g, 6 mL)ell
7tete] 2T 12%E0] S8 §SAA A@He] wirh oA
acetone/n-hexane (20/80, v/v) SmLS 4&3l] U Aol &
2 §ENE 40°C TENA AAEFHsIL WFES acetone/n-
hexane (20/80, v/v) 2mLZ £3|A]Zl ¥ 02um syringe filter
(Advantec, Otowa, Tokyo, Japan)Z &J33}o] Alg-gH o2 3T}

LC 48 AlZ9 ZAFEN= methano/DCM (1/99, viv) 4
mLE 7}sle] 854171 & DCM SmL=E "2 4338k amino-
propyl ZFEE|A(1g, 6 mL)ol| 7}ste] 23 12889 &2 &
A A Aol wekth THA] methanol/DCM (1/99, viv) 7 mLS
Z35to] T AT B EEAS 40°C T80 s
3l ZHFES ACN 2mLE £31A17] § 0.2 um syringe filter
ofsle] AlPEHo=T ST

GC-MSMSSH LC-MSMSE o] &3t A et o714 A
=" T QRS AFFAANA IAIG npel] wep ARHEM Y,
ECD (Electron capture detector)) NPD (Nitrogen phosphorus
detector), UVD (Ultraviolet detector)E AME-3}e] 74 &4 519
GC-MS/MS (Agilent Technologies, Santa Clara, California, USA)
© 7890Bell 7000DE AT A& ARSI LC-MSMS
(Thermofisher ~ Scientific, Waltham, Massachusetts, USA)=
Vanquish UHPLCS9} TSQ AltisE AFHE-3Fth GC (Agilent)=
6800N T dlS ALE-3} 3 LC (Dionex, Sunnyvale, California,
USA)E= Ultimate 3000 UHPLCE: ARE-31t). 2Ha-5oF AAEA
9 AHEAS Qs ARSEE 717] B4 271 Table 2-59F 2tk

AZo S gFa FAEA AZF

AW A5 s A (MFDS,
2017yl whet AASATE g2 FRsoke] AEHA %2 Al
Boll EE8NL 0.1, L0mgkg T2 A2 F AEHES
sHAl 33] WHE Algete] Eg3 T HE Al (limit of detection,
LOD) ¥ &gt (limit of quantification, LOQ)= =14 &] &t
A 23191 3] (international council for harmonization of technical

o

requirements for pharmaceuticals for human use, ICH)oA] #|A]
g o] 4t wWgel wel Falith BEHERKE)Y AR
Z1€71(S)F Fated v Addl oste] Akt

LOD=33 &/S
LOQ=10 &/S
6=The standard deviation of response
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Table 1. The list of collected school foodservice agricultural products in Incheon

Type Group No. of collected samples Commaodity No. of analyzed samples
Foxtail millet 1
Cereal grains - 212 Rice 210
Sorghum 1
Potatoes - 34 Potato 33
Sweet potato 1
Pulses - 22 Soybean 22
Broccoli 2
Flowerhead brassicas 18 Cabbage 3
Kimchi cabbage 13
Amaranth leaves 2
Chamnamul 7
Chard 7
Chicory 3
Chwinamul 5
Crown daisy 4
Curled mallow 1
Leafy vegetables 104 Giant butterbur 1
Kale 1
Lettuce 27
Pak-choi 1
Parsley 1
Vegetables Perilla leaves
Radish leaves
Spinach 32
Celery
Stalk and stem vegetables 45 Chinese chives
Water-celery 1
Welsh onion 29
Carrot 32
Root and tuber vegetables 55 DeO(‘ieok !
Onion 12
Radish root 10
Fruiting vegetables, cucurbits 31 Cucumber 6
Squash 25
Eggplant 1
Fruiting vegetables other than cucurbits 6 Chili pepper 4
Paprika
Total 527 527

S=The slope of the calibration curve

Rseto| flsiA HIL

AEd Fok] 98 e AEE 59 Hd RF(my
kgt 7+ AR ddHFHAH(gdayys F3t] dLHAFHE
(estimated daily intake, EDI)S &3l 7 FAiHEe] dUdA
Hge 20189 FRNALEA FNAZFAFZAL A 770 3

EE FTEATHKDCA, 2020). 28] FoFe] dLdFNAFe&
(maximum permissible intake, MPI, mg/man/day)S 2]& <] ofk=
ebAA 9] zhF-seku|o]ElH o] 2~(MFDS, 2020014 A|&-sls 4
4] %)5] -8 % (acceptable daily intake, ADI, mg/kg b.w./day) 2o
ol H A FC(KSIS, 2020) 658 kg& wdte] AHEdk3ith
%ADI= EDIE ADIZ ro] #E&2 Yepfdth
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Table 2. Analytical conditions of GC-MS/MS

Instrument 7890B (GC)-7000D (MS/MS)
Column Agilent DB-5MS (250 um x 30.0 m, 0.25 pm)
Injection volume 1 uL
Carrier gas: He, 0.8 mL/min
Flow rate Collision flow: N,, 1 mL/min
Quench flow: He, 4 mL/min
Injection temperature 250°C
Split mode Splitless
Oven temperature 70°C — 70°C (2 min) — 180°C (8.5 min) — 300°C (39.5 min)
Ion source temperature 250°C

Table 3. Analytical conditions of LC-MS/MS

Instrument Vanquish (UHPLC)-TSQ Altis (MS/MS)
Column Thermofisher Scientific Accucore aQ (2.1 mm x 100 mm, 2.6 pm)
Injection volume 2 ulL

A: 5 mM Ammonium formate in water

Mobile phase B: 5 mM Ammonium formate in MeOH
Gradient condition (%oB) 20 — 20 (0.5 min) — 70 (2.5 min) — 95 (9 min) — 95 (12 min) — 20 (12.1 min) — 20 (15 min)
Flow rate 0.3 mL/min
Oven temperature 40°C
Ion source type ESI (Electrospray ionization), Positive ion spray mode (3800 V)
Scan range 50-1650

Table 4. Analytical conditions of GC-ECD and GC-NPD

Instrument 6890N (ECD) 6890N (NPD)
Column Agilent DB-5 (250 pm % 30.0 m, 0.25 pm)
Injection volume 1 uL
Carrier gas flow N,, 1.2 mL/min
Injection temperature 250°C 270°C
Detector temperature 280°C 300°C
Split mode Split (42.2:1) Splitless
Oven temperature l—é(ggo;j(lzéo;? rf)l min) — 240°C/min (10.5 min) 1_2)02"50% (1 2270‘;1?1 1(l ; 211;)0; g?}?;%?:)n (13 min)

Table 5. Analytical conditions of HPLC (UVD)

Instrument Ultimate 3000 (UHPLC)

Detector UV-VWD (Variable Wavelength Detector)
Column Shiseido Capcell Core C 5 (4.6 mm x 100 mm, 2.7 pm)

Injection volume 10 uL
Flow rate 0.8 mL/min
. A: 5% acetonitrile
Mobile phase B: acetonitrile/methanol (8/2, v/v)
Gradient condition (%B) 10 — 80 (13 min) — 80 (16 min) — 10 (16.1 min) — 10 (20 min)
&35 nF 0.9949-0.9999, LODE  0.002-0.023 mgkg, LOQE  0.006-0.068

mgkgS 2 Yepth 7h w2l tisk 3482 0.1 mgkg F=°l
Al 83.545.9-101.3+1.3% W9Z UERFOH 1.0 mgkg F=IA
*é 87.6+6.3-105.0+0.7%% FERGTE CodexollA AAsHs JF-set
= A Al dE 358 318715 0.1 mgkeoll A 348 70-
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Table 6. Recovery rate, LOD and LOQ of pesticides detected

Pesticides Concentration (mg/kg) Recovery (%) RSD (%) LOD (mg/kg) LOQ (mg/kg)

0.1 95.1 2.6

Bifenthrin 0.010 0.029
1.0 98.9 2.5
0.1 93.4 0.7

Cadusafos 0.004 0.012
1.0 100.7 1.4
0.1 88.7 7.4

Chlorpyrifos 0.023 0.068
1.0 104.4 0.8
0.1 94.7 0.6

Diazinon 0.002 0.006
1.0 103.8 0.5
0.1 91.6 3.2

Fenobucarb 0.018 0.054
1.0 95.5 1.1
0.1 86.5 4.0

Fludioxonil 0.017 0.051
1.0 89.3 1.9
0.1 87.7 32

Fluopyram 0.013 0.040
1.0 96.2 3.1
. 0.1 95.8 1.3

Napropamide 0.007 0.021
1.0 91.6 33
0.1 101.3 1.3

Pendimethalin 0.005 0.015
1.0 97.3 1.0
0.1 92.5 42

Phenthoate 0.021 0.062
1.0 87.6 6.3
. 0.1 83.5 59

Procymidone 0.015 0.045
1.0 105.0 0.7
. 0.1 87.7 2.8

Pyridalyl 0.012 0.037
1.0 91.8 3.1

120%, #4921 20%C1™ 1.0 mgkgoll A 348 70-110%, 49
2} 15%C1THCAC, 2003). -EvEhe 38 70-120%, o35
A2} 20% ©]3HE 873t o] 7]Eol A Esa
TRsor Mz

20199 1€97E 20208 12€71A] QIFFAA W] 258w 5
of AAMER FFHIL Ue FuF FAES HAAB AFE
oF Ae|zA A4S Table 79 eI 3785 5270 & 8&FH
127123%)0A Rseko] HEFSH o] T HAUE 174 7
&g 1o #FE 7IFES 23] A3 H904%)EAT
AaF F FAFE 1047 Sl 77(6.7%), ZAF= 557 Fo
47(73%), ¥+ ol9] FFE 674 o 174(16.7%)004 AFs
oko] AEHIYOH Fi, Fi, AR FAME IRkl 4&
HA] gt FEEEE 92 47, AVE 27, 2 14, 25
174, &3t 174, &2 14, 249 174, AFA 174004 s
Sko] AEHUOH AFFF HEESS FET(100%), Av=
(40.0%), T3F(25.0%), Z7H25.0%) o2 =St o] 79
JAFoIAN "FFee] AEHA=Y ol v FAHE v
xHol AR Yol FF ARSA| FAME] H2 2 FFTe] =
7] W&l Aew dAddr) Kim 50149 &Jstd EA4Y
25.0%, 2 23.8%, AT 142%, 2 8.7%, &7t 7.1%, &
= 28%° AEES B FFEGA ZuiAA v SLHE
ek AXAY B gaH HUE 34.6%, SAYL 22.7%,

AlTA 21.6%, &5t 132%2] AEES HATHYang &, 2017). &=

gk, Park 5(2019)9] A7 w=d 20183 AAFIA] 75 5
AHE9] FA3 vlE 1.0%9 A7t HEE 13.9%H= 2o}

e

w3t} FAT BjE3 HAEgo] vl Yol stuF FakEe)
o] g Aoz dAddn) stuwFs AR AEH
Hrsebd AEAY HEEeke] MSMS B4 PR Table
83} Table 9l YeRT) 373%9 BN 5F & HEd 59
2 1259 18¥ AESHIUL FHUE 17404 fenobucarb, I&E]
17904 diazinono] ZF523] 47152 235te] AEH AL

FHUENA FHgo] A fenobucarb> EAY, w4, vy
g, 1a, Ay, &, & 59 s2E AL 71 FhubE ol
E AlEe] AFA(MFDS, 2020)°]% Kang 5(2015)2] A5l uh
=2 Akl Bl 0.02-0.03 mgkg OIZ AESHATL BuE
vl o}, FhpElolE AlFe] ASAls AZdHEEZR1 acetylcholine
esterases AA|S= 7123 Bl ASEES sPH Q=] digh
Eo] o faxie] 2&s EesEE oz dEA U
ThPark 5, 2015).

&) A FAge] BAE diazinonS SE=H ZAEF7L HL
FoF AH3]-87]150] 0.02-0.3 mgkgl E THE FopA ol sl
]9 Yo} AT BgE FEo] & Fofow IF, AAF, A
2F 5 AR "7 5 o, 59, 49 Bl olgH e #1
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T2 47 A|E A cadusafos, chlorpyrifos, fluopyram,
phenthoate®] HEEFN oM BT F2ol] ARE7bse FFo 2 7]
T U= AZHUY. F2olA HEE chlorpyrifose 3% 9IS
FAES Ueii= /7194 AR Jo 5(2009)°] Al
W2 chlorpyrifoss A 717+ & 7P B AaES JER
Forolm BAE el 3749 dA AAE T Slo] &St
A 23 w7 A7) Wil sAkEelA A HEET B
SE vb ok 20200 A FLFEIAA AFFHA AR A m

29 2 397 75 siE F FATE N A BAE =2
FTopo|glom AFEE|Ee] Wol HE Al HAHFe] @ BE

o] &t}

T3 71EH procymidoneS TIFEE HabEolA &S
Ask=dl AFE-E= dicarboximide Al 2] A2 E|s}shH o
2 45 &, F71d s BEdEgoA] FAe] &AL
of axE T Ha|7t A3 A= Ale] 2 AErr ="
S0l e AR IR dem ojf 54o= 3] w4t
E T AFAo] =0t HEEC] =4 Ue Aeg dEA ot

(Han &, 2003; Kim &, 2007).
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Al A oA HEE bifenthrin b, 315, WiF, 5, Ak 3
UE 59| F2E A 7Fe3 pyrethoroid AlBe] AEA 5k
o2 XA A AoeE LA oy HE A 9 Ay
AA ] 54 vepdtia BiE 3 thKuang &, 2010). Lim
52020 &3t AlF A A azoxystrobin 0.130-0.367 mg/kg,
cyazofamid 0.380 mgkg® 2 715 o2 AZHUTT B3]
O} B AGoA = bifenthrin®] 0.622 mgkglE HEF ST

77)% BARAATY 20179 FAE REt FANR w
2 2 AFddA HAZF  bifenthrin, chlorpyriofs, diazinon,
procymidone®| &3} FA T WAYNLET} 24T Tk FH5 S
AlEA], Sl wiF, SALCNME bifenthrin, 7, AlEA], 45t
ollX+= chlorpyriofs, %&7t, G5, SlZo] vjFoA = diazinon, 3+
Y&, 13, F3Fo)ME procymidoned] HEE°] Ut B
SIS EHGIHE, 2018). =8k, Kim 5(2014)°] 5P A2E83x]Y
552 = procymidone (0.013-29.521 mg/kg), chlorfenapyr
(0.006-2.062 mg/kg), cypermethrin (0.024-1.522 mg/kg), bifenthrin
(0.012-0.657 mg/kg), diazinon (0.024-0.953 mg/kg)e] WIH3HA AE
g9tk wustnh

Table 7. Detection rate (%) of pesticides in school foodservice agricultural products

Commodity No. of analyzed samples No. of detected samples Detection rate (%) No. of violated samples
Carrot 32 4 12.5 0
Chard 7 1 14.3 0

Chili pepper 4 1 25.0 0

Chwinamul 5 2 40.0 1

Crown daisy 4 1 25.0 0
Parsley 1 1 100 1

Perilla leaves 6 1 16.7 0

Spinach 32 1 3.1 0

Others 436 0 0.0 0

Total 527 12 23 2

Table 8. Detected pesticides in school foodservice agricultural products
Commodity Pesticides Mode of action Concentration (mg/kg) MRL" (mg/kg) Violation
Cadusafos NS? 0.021 0.05 No
Chlorpyrifos NS 0.066 0.09 No
Carrot

Fluopyram S? 0.041 0.05 No
Phenthoate NS 0.011 0.03 No
Chard Fludioxonil NS 3.054 20 No
Chili pepper Procymidone S 0.145 5.0 No
Chwinamul Fenobucarb NS 0.364 0.01 Yes
Pyridalyl 0.873 5.0 No
Crown daisy Napropamide 0.019 0.1 No
Parsley Diazinon NS 0.062 0.01 Yes
Perilla leaves Pendimethalin S 0.025 0.05 No
Spinach Bifenthrin NS 0.622 7.0 No

YMRL: Maximum residue limit
INS: Non-systemic pesticide
9S: Systemic pesticide
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Table 9. Analytical conditions of the multiple reaction monitoring transition for pesticides detected

Pesticides RT(min) MW Precursor ion (m/z) Product ion (m/z) Collision energy (eV)
190 126 10
Bifenthrin 22.71 4229 181 166 15
167 15
131 15
Cadusafos 11.589 2704 159
97 15
) 258 15
Chlorpyrifos 15.307 350.6 314
285 15
179 30
Diazinon 12.742 304.3 304
137 30
103 15
Fenobucarb 10.733 207.3 121
91 15
154 10
Fludioxonil 18.057 2482 248
182 10
173 145 20
Fluopyram 17.096 396.7
173 95 35
128 72 20
Napropamide 18.374 2714
271 72 35
208 5
Pendimethalin 16.294 281.3 252
191 5
121 10
Phenthoate 16.74 3204 274
246 10
96 10
Procymidone 16.892 284.1 283
283 10
147 15
Pyridalyl 28.416 491.1 204
175 15

rA

Fsato| 2ol HIt
g2 FEAA HAEE FFEF 2% o
AAEt Table 109 YEFATE 7 5okl gk 913143 =7t
LAHHFEFHEDDE LLAHFIS]-8FHADDE Hro] %AD
(Hazard index)& 2F&st 23t 0.0000-39.7425%% HE A} F4F
Eol|A okddt o7 HriE Uk G2l HEE cadusafos
7t 39.7425%= 7HE E=AL AlF XA AZEE bifenthrin©]
32.5928%°1 o™ 2o, 4, &5t SolA AEE HREeke]
%ADI= 10%#] 9]t Seo®t Moon (2014)011 WE2H AEAY
Shg2] A ZHET%"# %ADIE X gt A7} 3.8% ol3t=
ettty Baskgeh =3k Kim 0(2019)01] =2 FEgy
Al S FAHE9 %&%%9* %ADI7} L 64.18%2 BT
stod 2 gl %ADIF tha @AY fARE A3E YERSL
o} W20l A cadusafos®] YT} ThE ZFEokd] HlE] =&
ole A9 12 AHs]eFo] 00004mg/kg b.w./day®2 Y23
gy AZzHF o] thE AR vle)] &4 7]elst Aeg H
eltt. Hu=3 H<&g)oll A fenobucarbe} dlazmono] 7EAE
st AEEN oY %ADIR 22 3.2760, 0.0000%2 ERY
AEe} EEvke AFSEE W fEide 22 AeE Frt
HAE 53], sEdle Al BHom A% ARSI AF
o] 2GR ARSShs AF Bol A dFske 2 59
]

e
JeEE T SR AZET. dWHOR 4F

rr mlm

il

Homz

R
e

A 5 =& w2 %ADI}F 100%E za%% 75 {lslsitt
S22 (Chun 5, 2003) 2 dAFolA A °
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Table 10. Risk assessment for pesticides detected in school foodservice agricultural products
Commodity Pesticides  *\verage concen- Food daily intake ADD? EDP MPP? %ADIY  %MPIY
tration (mg/kg) (g/day) (mg/kg b.w./day) (mg/day) (mg/man/day)
Cadusafos 0.021 7.57 0.0004 0.00016 0.026 39.7425 0.6040
Chlorpyrifos 0.066 0.0100 0.00050 0.658 4.9962 0.0759
Carrot Fluopyram 0.041 0.0100 0.00031 0.658 3.1037 0.0472
Phenthoate 0.011 0.0030 0.00008 0.197 2.7757 0.0422
Chard Fludioxonil 3.054 0.19 0.4000 0.00058 26.320 0.1451 0.0022
Chili pepper Procymidone 0.145 424 0.1000 0.00061 6.580 0.6148 0.0093
. Fenobucarb 0.364 1.26 0.0140 0.00046 0.921 3.2760 0.0498
Chwinamul
Pyridalyl 0.873 0.0280 0.00110 1.842 3.9285 0.0597
Crown daisy ~ Napropamide 0.019 0.52 0.3000 0.00001 19.740 0.0033 0.0001
Parsley Diazinon 0.062 0.00 0.0002 0.00000 0.013 0.0000 0.0000
Perillaleaves ~ Pendimethalin 0.025 2.76 0.1300 0.00007 8.554 0.0531 0.0008
Spinach Bifenthrin 0.622 5.24 0.0100 0.00326 0.658 32.5928 0.4953

DADI: Acceptable daily intake (mg/kg b.w./day)

JEDI: Estimated daily intake, average concentration (mg/kg)xfood daily intake (kg/day)

MPI: Maximum permissible intake (mg/man/day)=ADI*65.8 kg
“%ADI: %Acceptable daily intake (Hazard index)=(EDI/ADI)x100
9%MPI: %Maximum permissible intake=(EDI/MPI)x100
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