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This study was conducted to experiment the removal efficiency of 6 pesticides in fruits and vege-
tables using various washing solutions. As results, the average removal efficiencies of pesticides
washed with tap-water were 68.3%, whereas those washed by ultrasonic cleaning for 2 and 5 min-
utes were 73.7% and 82.5%, respectively. Using different washing solutions with various additional
materials such as 0.5% detergent, 5% vinegar, 5% salt and flour, the removal rates were 82.9%,
76.9%, 75.8% and 75.7%, respectively. With 0.5% detergent, pesticides were 20% more removed
when washed by ultrasonic cleaning than tap-water washing; moreover, Chlorthalonil in cherry
tomato showed the highest removal efficiency while EPN in grape washed with tap-water showed
the lowest. The order of removal efficiencies of pesticides were Chlorthalonil (90.0%) > Procymidone
(81.3%) > Chlorpyrifos (76.6 %) > Endosulfan (75.7%) > Fenitrothion (75.5%) > EPN (73.8%).
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Table 1. The characteristics of pesticides
C . Chemical MRL* ADI** Soil Half-life
ommon name emical name (mg/kg) (mg/ke/day) (day)
Chlorpyrifos 0,0-diethyl O-3,5, 6-trichloro-2-pyridyl phosphorothioate 0.01~2.0 0.01 30
Chlorotalonil 2.4.,5,6-tetrachloro-1,3-benzenedicarbonitrile 0.05~7.0 0.03 30
Endosulfan 6,7,8,9,.1 0,1 0-.he>.<achlor‘o-l ,5,54,6,9,9a-hexahydro-6,9-methano-2,4,3- 0.1~2.0 0.006 50
benzodioxathiepin 3-oxide
EPN O-ethyl O-4-nitro pheny! phenylphos phonothioate 0.05~0.2 - 15
Fenitrothion 0,0-dimethy! O-4-nitro-m-toly! phosphorothioate 0.02~6.0 0.00 54
Procymidon N-(3,5-dichlorophenyl)-1,2-dimethylcyclopro pane-1,2-dicarboximide 0.1~10.0 0.1 7

*Maximum Residue Limit (MRLs for Pesticides in Agricultural Products)
**Acceptable Daily Intake
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Table 2. Operating conditions of GC/(MSD, ECD) for residue analysis of pesticides

GC (MSD) GC (ECD)
Instruments Hewlett Packard 6890GC/5972MSD Hewlett Packard 5890 series II
Column HP-5MS 30 mX0.25 mmX0.25 pm Utra-2 25 mX0.25 mmX<0.17 um
100°C (2 min) 150°C (3 min)
| 20°C/min | 5°C/min
Oven 200°C (1 min) 200°C (1 min)
| 5°C/min | 3°C/min
260°C (15 min) 240°C (10 min)
Carrier gas flow rate He : 1.0 m/min N,: 1.0 m//min
Injectin volumn 2.0 ul 2.0 ul
Spilit ratio Spilitless 50:1
Injector (Inlet) Temp. 260°C 260°C
Detector (Aux) Temp. 280°C 280°C
Table 3. Recovery and detection limit of the analytical method for pesticides in chichory and grape
Sample Pesticide Fortification (mg/kg) Recovery= C.V (%)* Detection limit (mg/kg)
Chlorpyrifos 0.5 92.1+2.9 0.01
Chlorotalonil 03 101.1£2.5 0.005
. Endosulfan 0.3 91.8+4.1 0.005
Chichory
EPN 0.5 89.5+3.5 0.01
Fenitrothion 04 91.4+24 0.01
Procymidon 0.5 © 927428 0.01
Chlorpyrifos 0.5 89.9+2.1 0.01
Chlorotalonil 0.3 93.21£7.0 0.005
Endosulfan 0.3 91.i+1.3 0.005
Grape
EPN 0.5 89.6+2.1 0.01
Fenitrothion 04 90.8+3.0 0.01
Procymidon 0.5 902t 1.5 0.01
*Mean values of triplicate samples with coefficient of variation
3 o pE 2 87904 %9k Fenitrothion?t EPNe v} & AALE
Bt} ol &0 Fo| AT At vRVHAZ 7194 §
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Z}zb Mgk § 3/ A FAAT) AL, 7] Al met
Wk dste] 3]s AlFS @ 43 Table 37 Pl B &
Aol Brgs FopdE XA ¥ EZoA 89.5~101.1,
89.6~93.2%, HOlAITE 24-4.1, 13~7.0%01oH, Fhd 4
E3A1 = 2 0.005~0.01 mgkg® VER} B AELS Fek=
o At EAPHoleh ekt

TFXE M3d A8 s AARH A7 T 435 o
ZHE] QIgF o FF 658 AHlsl] FEE AFH o3
AAES FAF A3(Fig. 13 Fig 2), Chlorthalonil, Fenitrothion,
Chlorpyrifos, Procymidone, Endosulfan, EPN2] HgAA &L
86.0, 61.9, 63.1, 74.3, 63.3, 60.8%, Z&u 287+ AH M=
88.1, 68.6, 68.4, 76.8, 69.6, 70.9%, Z&3} SE7F AHox =
91.38, 80.6, 80.7, 844, 82.1, 76.1%% UER} FRE A=
o 683%)HThRs 289 2H(73.7%) L SE7H82.5%) A3
Aol AAL0] B AoE Yehgt)

o} % Chlorthalonil, Procymidone® 71844 Feo = o}

v Ve Aoz Alg®Ech 3 B A A}
AE EA44 4314¢] Chlorthalonil, Procymidone,
Chlorpyrifos 5°] ¥& AAEL BT, Endosulfan F71%
27 Feko|L} A ZM Fenitrothion, EPN 53} 37 012 &
kenT) W AALEE Bt AY 5 FEES AME
& @ 7oA Bitertanol F2F] 62.6, 59.1% AAHUL,
AW =o FHn F BHC7} 65~70%3 = AAHACSL ®A1s)
o] B Ao & A2 Ao} visisith i AEE £ Al
Aol X7, F7AA, HEERIE, X2 AAEL 714, 678,
70.0, 63.7%, 287 ZZoHAHANA 796, 72.1, 76.9, 66.1%, 5
B2 22 HoxE 835, 819, 87.5, 77.4%= VER} FoF
3 AAGH BisS e BN, Hd AAENN & Aole
siglony X712)(78.2%) > W ERME(78.1%) > & 7 A (73.9%)
> ¥E(69.1%) ©oF et

A7 xlol] ofgh woke] AGE 0.5% AAA, 5%
TREN 5% AZA 5% AFES ZASN] AAHES AR
AW Fig. 37 Fig. 4), DA 5 Ba AAEE 2zt 829,
75.7, 75.8, 76.9%= VER} FH7EE AAZIE 0.5% AlAY
>5% HRW >59 AFE >5% LY £ veht v%

REERA

=
[<]

== ul

o)
=



WK A 298 3 - AT F IR AAEt 97 391

100
2
=
[&]
3
5 80
b
£
@
T
>
Q
£
@
o
60

Water Water-UC+(2min) Water-UCH{5min)

Fig. 1. The average of removal efficiency of pesticides washed by tap-water and ultrasonic cleaning. a: chlorthalonil, b: fenitrothion, c:
chiorpyrifos, d: procymidone, e: endosulfan, f: epn, uc*: ultrasonic cleaning.
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Fig. 2. The average of removal efficiency of samples washed by tap-water and ultrasonic cleaning, a: chichory, b: chungkyungchae, ¢: cherry
tomato, d: grape, uc*: ultrasonic cleaning.

100
a0
%

B
3
=
&
60

0.5% Detergent 5% Flour 5% Salt

5% Vinegar

Fig. 3. The average of removal efficiency of pesticides washed by additional materials. a: chlorthalonil, b: fenitrothion, ¢: chlorpyrifos, d:
procymidone, e: endosulfan, f: epn.
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Fig. 4. The average of removal efficiency of samples washed by additional materials. a: chichory, b: chungkyungchae, c: cherry tomato, d: grape.
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Fig. 5. The average of removal efficiency of pesticides washed by ultrasonic cleaning with additional materials. a: chlorthalonil, b: fenitrothion,
¢: chlorpyrifos, d: pfocymidone, e: endosulfan, f: epn, uc*: ultrasonic cleaning,
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Fig. 6. The average of removal efficiency of samples washed by ultrasonic cleaning with additional materials. a: chichory, b: chungkyungchae,
c: chetry tomato, d: grape, uc*: ultrasonic cleaning.
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