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ABSTRACT - This study was performed to monitor the residual pesticides in agricultural products used in school
foodservice in the Gwangju metropolitan area. Risk assessment was also carried out based on the amount of agricul-
tural products consumed. A total of 320 agricultural products supplied to schools in Gwangju were analyzed from
2015 to 2017. The pre-treatment and residual pesticide analysis of these products was conducted in accordance with
the second method for multi-residue analysis of pesticides in the Korean food code. The hazard index was calculated
by dividing the estimated daily intake (EDI) of pesticides by the acceptable daily intake (ADI). The linearity correla-
tion coefficient for the calibration curve was 0.9923 to 1.0000, LOD 0.004 to 0.019 mg/kg, LOQ 0.012 to 0.057 mg/
kg, and recovery was 79.1 to 100.2%. Residual pesticides were detected in 18 (5.6%) of 320 agricultural products used
for school foodservice, and one sample of sweet potato stem (0.3%) exceeded the maximum residual limit (MRL).
The detection frequency for chili peppers and bell peppers was higher than that for other agricultural products. The
frequently-detected pesticides were boscalid and acetamiprid. These results showed that residual pesticide manage-
ment is needed for chili pepper, bell pepper and sweet potato stem among agricultural products supplied to schools.
The hazard index of bifenthrin in sweet potato stem showed the highest (64.18%), and the other pesticides were 0.03-
8.23%. These results indicated that agricultural products supplied to schools in Gwangju were safe for consumption.
To minimize the intake of residual pesticides, it is necessary to not only thoroughly wash agricultural products but to
also ensure the expanded supply of products that are pesticide-free.
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Materials and Methods

HEx=

B A AREg A= 20159 5E 2017 7HA] B
FAA A gl JAER FEEHe shes o=
St EAES A FEE s skl e R 17,
=5 287, Al 1064, AT 244, 7 54, BIALR 19
A, A5 94, A7 304, AAF 824, AR 14, A
a7 571 T F 320105 HAAAMER S TK(Table 1).

MO & R Ao}

AW T vF o BT 24 AR £

A 7}538) acrinathrin 5 %< 12028 AR ste] Ads)
Stk B Ao AFE-3SE FoF XFELS Dr. Ehrenstorfer
GmbH (Augsburg, Germany)2} Wako (Osaka, Japan) A%
< FY3te] AHE3A T FE8 Q] acetonitrile, acetone,
n-hexane, dichloromethane®} sodium chloride= Merck
(Darmstadt, Germany)AHe] A5 T8t ARE-SFATH Al
EAA = florisil cartridge (Strata, 500mg/ 6mL,

Table 1. The list of collected agricultural products from school

foodservice in Gwangju metropolitan city

No. of analysed

Type Commodity samples

Citrus fruits Orange 1
Oats 1

Common millet 1

Wheat 1
Barley 10

Sorghum 2

Grains Italian millet 1
Glutinous rice 3

Brown rige glutinous 3

rice
Brown rice 4
Black Rice

Sweet pumpkin 3
Cucumber 22
Pumpkin 24

Eggplant 5

Fruit vegetables Pepper 25
Cherry tomato 3

Tomato 1

Paprika 11
Green pepper 12

Carrot 7

Root vegetables Garlie !
Radish 7

Onion 9

Mung beans 3

Beans Adzuki beans 1
Rhynchosia nulubilis 1

Oyster mushroom 4

Mushrooms King oyster mushroom 6
Button mushroom 1

Enoki mushroom 8

Potatoes Potato !
Sweet potato 5

Sweet potato vines 2

Spring onion 12

Leafand stem Edible shoots of a fatsia 1
vegetable Water parsley 3
Chinese chive 10

Spergularia marina )

griseb
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Table 1. (Continued) The list of collected agricultural products Buh Ol Jg'I:I]
from school foodservice in Gwangju metropolitan city =R A 2 zEEoF BAo AERA ClE Eof
Type Commodity No.s(irir)lfel zsed g 24 A2H 17)0]] w2} AE35199.9™ gas chromatograph

(GC)9} high performance liquid chromatograph (HPLC)Z &

Broccoli
Cabbage)

! (Y. GC B4 52 GC mass selective detector (GC-
8 MSD, 5975, Agilent, Santana Clara, CA, USA)E ©]& A4
Leaf beet 3 B4 5t 3 HE2F o] Fek i8] GC electron capture
Perilla leaf 9 detector (GC-ECD, 6890, Agilent)®} GC nitrogen

1 phosphorus detector (GC-NPD, 6890, Agilent)Z g3 &2

1 3}tk HPLC #4522 HPLC mass spectrometer (LC-
Lettuce 17 MS/MS, TSQ Quantum Ultra, Thermo Fisher, Waltham,

Sedum sarmentosum

Romaine

Spinach 8 MA, USAE A&3te] A 2 A 43190 GCt
Leafy vegetables g o
Crown daisy 6 HPLC 717] ¥24%72 Table 29} 39 YeERfSIT)
Malva verticillata 9
Winter grown cabbage 5 AEd fud B85
Young radish 4 3l AYe AFFoo] ASHR &e yFo) zhz+
Chamnamu 3 o Foke 1.0 mghg B7HE F THE o thY ¥ 24 A
Bok choy 3 2ol wat 33 wkE EAHsvh 74 E A (Limit of
Chwinamul | Detection, LOD)®} 4 #¢H] (Limit of Quantification, LOQ)
Chico | + International Conference on Harmonization (ICH)®l ©}
= 2 IR 78719 Balel REAAE ol &ale] o
Sweet persimmon 1 o3} 7v0] A=E9T)
Pome fruits Pear 2
Apple 8 LOD=33 x o/S
Green bean sprout 2 —
Vegetables P LOQ=10 x o/S
Bean sprouts korean 3
Total 320 o: AN Whgel EEAA, s: Al 7127]
SojAd W}
Phenomenex, Torrance, CA, USA)$} aminopropyl cartridge AZHE 9] S84 Hrte AEE 5o A
(Strata, 1 g/6 mL, phenomenex)S -9 3lo] AR&-3}i T}, F(mg/Kg)} 77t 522 Y AFH FH(gday)S F3F

Table 2. Analytical conditions for pesticide with GC-ECD, -NPD, and -MSD

Instrument Inlet temperature Oven temperature Column Flow rate Detector temperature

190°C, 0 min —
15°C/min —
GC-ECD 250°C 220°C, 9 min —» DB-5 1.0 mL/min 300°C
30°C/min -
300°C, 6 min

190°C, 0 min —
4°C/min —
GC-NPD 250°C 240°C, 0 min — DB-5 1.0 mL/min 300°C
20°C/min —
290°C, 5 min

190°C, 0 min —
5°C/min —»
GC-MSD 250°C 250°C, 0 min — DB-5MS 1.0 mL/min 300°C
50°C/min —
300°C, 3 min
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Table 3. Analytical conditions for pesticide with UPLC-MS/MS

Instrument Injection volume Column Flow rate Mobile phase
WL oy O4mbmin B 01% fomi acid n methanel
Gradient
Time (min) A (%) B (%)
UPLC 0.0 95 5
-MS/MS 0.2 95 5
4.0 0 100
4.5 100
4.6 95 5
6.0 95 5
Table 4. Validation parameter of pesticides detected in school foodservice agricultural products
Pestoides Correaltio?nc:o;)fﬁcient ) (n];g(/)ll()g) (I;;lgg) Recove(:g;)i RSD
(n=5) (n=5) (n=3)
Acetamiprid 0.9985 0.018 0.054 945+3.3
Azoxystrobin 0.9983 0.019 0.057 89.9+3.0
Bifenthrin 1.0000 0.005 0.015 100.2+£0.2
Boscalid 0.9998 0.019 0.059 942 +33
Chlorantraniliprole 0.9990 0.011 0.033 942+1.2
Chlorothalonil 0.9988 0.014 0.042 93.6+2.0
Fenazaquin 0.9923 0.009 0.027 91.1+14
Novaluron 0.9974 0.016 0.048 79.1£43
Procymidone 0.9996 0.004 0.012 87.9+1.0
Pyraclostrobin 0.9993 0.013 0.039 97.3+3.0
Pyridalyl 1.0000 0.012 0.036 942+1.2
Tricyclazole 0.9938 0.011 0.033 84.7+1.3
Trifloxystrobin 0.9972 0.019 0.057 932+ 1.1

Validation data was obtained from our previous study®”

dd HH F% %F(estimated daily intake, EDI, mg/Kg g/

day)—— A=5E T dYd BAE A Ee A ER
2R G Iz AOE Z 7 5} }\}EO]‘(’;\‘:}‘ ARFoF Jdd A

#5]-8-%F(acceptable daily intake, ADI, mg/Kg b.w./day)<
2 F o opEetd A o] zHRsof ol Hu| o] 2P| A A 53t
= AR =Rl BAAFAY 65 kg wate] AFEskal
. Y8l =(Hazard Index)= EDIE ADIZ o] W&E&
2 HeERAAT.

Results and Discussion

BAERA AZE

T

= T
84 AZZA3+E Table 40 YR

o} Adel] gk X4 A= 0.9923~1.0000, LOD
£ 0.004~0.019 mg/kg, LOQE 0.012~0.057 mg/kg® & %
Fa Ydehgen 348 79.0 + 43~1002 £ 02%E
UeElsth o]E s A= 1.0 mgkg HEFEA
CODEX?7} AAsh= 348 70~110%, H41 921 15% ©]
WE 27 S53hke 4ol
TR A4y
201595 20179 74 FFEFAA] 24 stwgal 2
ANEZ FFEHE FAHE s Bt HEH-2 Table
soll ERSItE 2zt sabEel tigh IREeF 23} of F
s

= AFAFERAA L 20159 %E 20179 7HA] ZAR
l-:okx]—%’-fs]&ﬂ—%oﬂ II,}—E]— .\“Z}—I;}—-a‘]. 1:;;‘1 /\ 9/]9_']:%2_?1_@
A 71%°] §1& 7% CODEX7|Eel wh 2hasiioh?.
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SuFa] AYBE ARSHE AR AR AT EHUCH, 170 & 171(03%)°0] ZFEAELIFS
< ARy A 320 F 180 (G.6%) ARFekel A ST ARESF AEEL HU=E(100%), A=
(50%), 71} £2(50%)C2 E=gom HAEWLEE IF 8
. L . 3], s=zej7t 33, A 2382 v FkEdl vis) 5
Tal')le 5. Detection rate(%) of pesticides in school foodservice o] AzuEE Y. d2kok A28 Azus
agricultural products N A
g FHe 2 W ARG 140 g e FuE,
. No. of analysed No. of detected Detection rate - _
Hh 2o & T2 A A 2G| AR
COmmOdlty samples samples (%) }\_ﬂ E]/}‘EE ?6]]9]0]—@ “1—77—1:1 ‘WZHE] <) H]‘r—":]: ) ]1—_]_—5]—
= 7= xliz -7 &= S 9 s A A S &
. FE} #e7} oW JOE Uehgth, 7Y =)
Chwinamul 1 1 100.0 _ o
Al REY FAE ] AREers8r]E 23 dgol 2015
Cucumber 22 1 4.5 = 6 o
Pabrik " 3 73 W 1.4%, 20169 1.7%Ath= R399k 201095 2012
aprika ' d AqeAe SuFs AR FEEE $AEY AR
erilla feaf ’ 2 222 syl 871 23 Aol 19%AtHE wnIe} Bl A
Pepper = i 320 BFFAA ST B AR AR 471
Spergularia marina 2 1 50.0 Z3 HIE 03%= "¢ Yol o] guE Aew &
griseb S
Sweet potato vines 2 1 50.0 e e ToEHs SARdA A5 AR
Oth 240 0 0.0 - ey
o oh¥ AEHFE Table 60 eI 7R} F=olA
Total 20 . >0 bifenthrino] H7+5 048] 8718 & ZHelel PBEY LW,

Table 6. Risk assessment for pesticides detected in school foodservice agricultural products

Hazard
. - MRL"  Average concentration EDI? ADIY .
Commodity (No. Pesticides (No. index?
y (No.) (No.) (mg/Kg) (mg/Kg) (mg/man/day) (mg/man/day) %)
Apple(8) Methoxyfenozide(1)  2.000 0.100 0.005 6.500 0.08
Pyraclostrobin(1) 0.500 0.200 0.007 1.950 0.37
Boscalid(2) 3.000 0.100 0.004 2.600 0.14
Novaluron(1) 0.700 0.100 0.004 0.650 0.56
Pepper(25) Acetamiprid(2) 2.000 0.150 0.005 4.615 0.12
Procymidone(2) 5.000 0.850 0.031 6.500 0.47
Tricyclazole(1) 3.000 0.100 0.004 3.250 0.11
Pyridalyl(1) 2.000 0.100 0.004 1.820 0.20
Chwinamul(1) Azoxystrobin(1) 3.000 2.100 0.004 13.000 0.03
Cucumber(22) Chlorothalonil(1) 5.000 0.100 0.001 1.300 0.11
Boscalid(2) 3.000 0.250 0.067 2.600 2.57
Paprika(11) Trifloxystrobin(1) 2.000 0.200 0.053 2.600 2.06
aprika
P Pyridalyl(1) 2.000 0.100 0.027 1.820 1.47
Pyraclostrobin(1) 0.500 0.100 0.027 1.950 1.37
Perilla leaf(9) Acetamiprid(1) 5.000 0.300 0.001 4.620 0.02
erilla lea
Fenazaquin(1) 3.000 0.200 0.001 0.325 0.16
Spergularia marina griseb(2) Bifenthrin(1) 2.000 0.200 0.053 0.650 8.23
) Bifenthrin(1) 0.050 1.560 0.417 0.650 64.18
Sweet potato vines(2) .
Chlorantraniliprole(1) ~ 3.000 0.100 0.027 130.000 0.02

YMRL: Maximum residue limit

2EDI: Estimated daily intake, average concentration (mg/Kg) x daily food intake (g/man/day) / 1000
9ADI: Acceptable daily intake (mg/Kg b.w./day) x 65 Kg

“Hazard index (%): EDI / ADI x 100
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