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Abstract

Organophosphorus pesticide residues such as Diazinon, Fenitrothion and EPN in apple
and effect of storage peeling and washing on removal of the residues from apple soaked
in 3 kinds of pesticides solutions for 20 seconds were studed with gas chromatography-nit-
rogen phosphorus detecter(GC-NPD).

Result obtained are as follows :

1) Average concentrations of Diazinon, Fenitrothion, and EPN detected in apple of cont-
rol group were 0.022, 0.007 and 0.008 ppm respectively.

2) Decreasing rates of Diazinon on 7th, 14 th, 21st, 28 th, and 35th day after soaking
apple on the pesticide solution were 41.3%, 686%, 87.0%, 96.9% and 99.5% respeciively.
In case of Fenitrothion were 46.9%, 66.3%, 84.9%, 932% and 97.3% and EPN were 45.7
%, 76.2%, 854%, 95.7% and 994 % respectively.

3) The removal rate of Diazinon, Fenitrothion and EPN by washing with water alone
were 93.7%, 70.6% and 51.5% respectively, and 97.1%, 784% and 76.5% by washing with

0.2% detergent solution respectively.



90 KOREAN JOURNAL SANITAT. Vol.6, No.2(1991)

The results obtained in this study have show that 3 kinds of pesticides detected in app-

les were below the Korean standard for residual pesticides and pesticides contaminated in

apples were decreased in considerable degree by washing with water and 2% detergent

solution and removed almost completely after storage for 35 days (5 weeks).

Therefore, it would be concluded that washing and peeling will be the most effective

way for satefy because more than 90% of pesticide exist in peel.
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Table 1. General information

EPN & A} AujA] o] AHE-=m 98
vt REdEE L BRHAELEC A
o Uv HHEBR FaBIEA L (LBH
BEX, REFEREE £ AB 18 \BEGT
A E(ADDS Table 17937 Zoh

of pesticides tested

Registerd
Common use of Preharvest|time| ADI
name Chemical name & Structurejpesticides! interval | of |for man
on food (day) use |(mg/kg)
CH; ‘/N\T/CHKH3H Rice, 3 6 | 0.002
l
«__N Cabbage,
Kor
Diazinon Oﬁ(OCHZCH3h Peppers,
S Garic,
0,0-diethyl, 0-2-isopropyl-| Apple,
6-methyl pyrimidin-4-yl- Peach
phosphorothioate
Rice, 7-21 2-6] 0.005
CH3 s Apple,
i Pear
NO OP(OC '
Fenitro- 2_<i::>>— rbb Grape,
thion Peanuts
0,0-dimethyl 0-4nitro-m-
tolyl phosphorothioate
Apple, 7-21 2-6§ NEL*
ﬁ Citrus
@P—O@Noz fruit, 2
!
EPN OCH,CH, Pear, (dogs)
Cabbage,
0, -ethyl-0-(4-nitrophenyl)| Kor
phenyl phosphonothioate

* NEL : No effect level
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1
Treatment (sample)

Apple
CoAtrol
Whole fruit T
{EPeel '
Pulp Z2hours
} ¥hole
fruit
Peel
Pulp

f
Water Washing

Whole fruit
Peel

Pulp —Pulp

|

|
7days l4days 2ldays 28days 3b5days

Whole —Whole |Whole —Whole

fruit fruit| fruit| fruit fruit

Peel Peel Peel Peel
Pulp Pulp Pulp Pulp

]
Detergent Washing
Vhole fruit

Fig. 1. Flow diagram of sampling method in this study
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B8 AAS AtFe, FH-8& A A(Trio,
FAIAL o7 AF, AWEAEA 20%)9
02% 3 114 287 7PEA A&

< AT 4% AHRE A O
2, Rkt RS &t AHRR AR
staom FkHRE HEES Fig 13 #oh

oj9} ol AT AFE F AT IR
9} BEL 100gS, BEE
o}l acetonitril 100 m/ ¢+ H. 100 mi ¥ S
W3 mixer 3 F HA EBAT. AY&

oo

BE P

Y oFo &£AX 5% NaCl-&< 200 m/
9} benzene 100 m/ A& ¥ 10#7t 2 3
Hs ¥ benzene € Sodium sulfate
anhydrous 2 BiAK JEE3AT. o 994§
rotary evaporator & ¥%3e ZFHEE
acetone 10m/ ol FHU} ©] §94& Chro-
matography column[Avical : Darco G-60(9
- 1) 5g 3 Sodium sulfate anhydrous & 1
cm o2 98 #A]o] ¥ acetone & ¥
o] A& FHK 200ml & ol HET
kuderna-danish & 7] A FF3ted iz
T AEE 1ml, BEMERAHE Sm/E
HA sted Zpzte] Al LA o g st GC-
NPD 2 FAstden ojde FHxHL
Table 2 ¢} 2t}

@ R %

BEREES N AHSE EREEE BY

FL3E B FH(Wako Pure Chemical Indust-
ries LTD, XBR, Japan)$, column chroma-

tography 8 &2 A& Avicel(chromatogra-
phy & Merck, A%)3} Darco G-60(Z2A 3
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Table 2. Operation condition for gas chromatographic analysis

Model

——

Hewlett packard 5890A

Liquid phage
Solid of column
Glass cloumn
Carrier gas
Detector

Oven
Init. temp. & Time

Ramp rate

Final temp. & Time
Injector temp.
Detector temp.
Chart speed

Attenuation

3% 0V-17

Chromosorb w{AW-DMES)

174" X6ft

N2 (40 ml/min)

Nitrogen Phosphorus Detector

220°C, Z2min
20°C/nmin
270°C, 3.5min
250°C %
250°C
0.8cm/min
4

g4 Wako Pure Chemical Industries
LTD. KB, Japan)&, SHTE Bol2FE,
29 ARE Ak EFAIGS A3
=3

Gas Chromatography -+ XA 2+ ch-
romosorbw(AW-DMES), 80~ 100 mesh(Ni-
hon Chromato Works, LTD., XK, Japan)el
OV-17(Nihon Chromato Workes LTD., X

Bx, Japan)S 3% = A coating 3t AR&3}
ATt

BEEERRS 2 BEEELRiede-de
hden Chemicals, A1 =)& acetone o] &3} Al
AM AbgstAom Z4zte] FXE Table 3
U a g

() |A H R

BUBESNA AMEE BRHEE 2 F
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Table 3. Concentration of standard soultion

Pesticides Concentration (ppm)
Diazinon 0.66
Fenitrothion 1.70

EPN 2.0

X 2+ chromatography 8 glass column(dia
15 mmXlength 50 cm), Kuderna-danish ¥
Z7], rotary evaporator, vacuum pump, ul-
tra cleaner, shaker @ 7]&} g¥7|4 Fol
o, AEHEZE Gas chromatography-
NPD(Hewlett packard 5890 A), integrator
(Hewlett packard 3392 A) 5& AH&3tAT.

(@) EKE ER

Atk 37FA A%lel Diazinon, Fenitro-
thion 2 EPN 9 Z}Z} 0.1 ppm, 0.5 ppm, 1.0
ppm TEY XFE &4 5m/ ¥ Mty
E Ao dud AF ot A
23 ¥ Table 37 & BES A
AEE B3t O EgkERS 4Ee 25
olo] W& KIBMRA®E Table 4 ¢ &
o HHEERE Fe THLS 4R 2

o

el

L = a/1,000 X 1000/c X = = a/c X B/A
L:&HERR
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Q82 peak 7} FHEA vuus &
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~3u & Feo
c I FHHW
AN E(
B:GCol F43t7] A A g&Ae] E(ml)

1. gl B

1. $EB# Alzl =2| Diazinon, Fenitro-
thion 2! EPN o 228

(1) Ak F9] Diazinon, Fenitrothion 2
EPN o] BHE 4ol AH&H 3] Z%
BB R B39 gas chromatogram & Fig.
2 9} #3 Diazinon, Fenitrothion 2 EPN
9] retention time 2 158, 292 ¥ 6.89 %
AN Zrzt FE =AU

2) A1FAA FdE §F5 T Al
™ gt Diazinon, Fenitrothion ¥ EPN & #%
firhl EoF FHEFLS Table 59 Zth

Table 5 A Vel vle} o] Atz F
Diazinon, Fenitrothion @ EPN & %2 #
HFEE Yebi T 9lo ™, Diazinon ©] 6
o)A ND~0.042 ppm, Fenitrothion ©]
ND~0.019 ppm, EPN ©] ND~0.019 ppm 2]
HAW M AEHYL, vFE HF 35
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Table 4. Recovery yield and detection limit of pesticides

Pesticides Add concentration Recovery Yield Detection limit
(%) (ppm)
0.1 105.0
Diazinon 0.5 98.6 0. 0001
1.0 97.2
0.1 98.2
Fenitrothion 0.5 98.4 0.0001
1.0 97.2
0.1 95.2
EPN 0.5 94.6 0.0001
1.0 94.3
o
3

B

£

I‘M Mm

&
Fig. 2. Gaschromatogram of organophosphorus pesticides standard
1 : Diazinon 2 © Fenitrothion 3. EPN

Retention time(min)
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Table 5. Pesticide residue in whole fruit, peel, and pulp in control apples
unit : ppm
\\,\\ Pesticides Diazinon : Fenitrothion EPN
2 .
\'\I\\’o. of |Whole| Peel | Pulp|Whole| Peel I Pulp [Whole| Peel | Pulp
Food \s\ample fruit fruit fruit
1 [0.002|0.019 | N.D |0.019]0.194 {0.001 |0.012]0.134 |0.001
2 j0.040{0.440 |0.001| N.D [0.001 | N.D |0.011]0.117 {0.001
Apple 3 10.042|0.487 {0.002]|0.006{0.063 | N.D N.D {0.001 | N.D
4 [0.013|0.141 [0.001[0,017{0,.199 |0,0004|0.005{0.063 | N.D
5 | N.D {0.0001} N.D | N. B;0.0003] N\.D ]0.019{0.194 |0.001
6 (0.033/0.376 |0.002]0.003]/0.030 | N.D N.D ]0.0004| N.D
Range ND~ [C.0001 |ND~ |ND~ 10.0003{ND~ |ND~ |0.001 |ND~
0.042/0.488 10.002|0.019|0.199 10.001 0.019{0.194 |0.001
Average 0.022|0.244 [0.001{0.007]/0.082 10.002 |0.008|0.085 |0.001
N.D : not detected
22 Diazinon ©] 0.022 ppm, Fenitrothion REol= ol #mE Zedd s ¢

°] 0.007 ppm, EPN ©] 0.008 ppm ©] 1t
wesnwol Wy A A3 F Diazinon
o] B 0.154 ppm, Fenitrothion ©] T 0.
422 ppm, EPN o] 3o 0.032ppm &2 ©]
AT7ZdgRg Hny & IEFS UE
Wi glo} ole Ab#e] AFr]Ee] zho]
Aoz Az WFEL AlHe
Fofl, o] dFdAME & F
At et 8 AN 29 F
98% °]o] Bkol FEHIL AU,

Q

i

4]

X

N

P
S
%

ok

bt ]

(AU -

o2 P

g ok

F AT

E3 R0 #ME FEHA AT AMFE
At# a2 ENEAd e dEHA %
o} ol RES RAY FA¥I 1110R
B owg . BA 200922 A 598 Hkto
AS RK 20g F1A 0.0001ppm ©] A
HAou A AR E AEIRE H(Q200
2T °ol&3 2% 0.000009 ppm ¢] H&H
o} ¥}
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Table 6. Maximum allowable residue limits of pesticides in apples

unit : ppm
Countries
Pesticides
FAO/WHO USA Australia Japan Korea

Diazinon 0.5 0.5 0.5 0.1 0.5

Fenitrothion 0.5 0.5 0.2 0.5

EPN - 3.0 - 0.1 0.2

R A7 0.0001 ppm PO E ALZ ZHA| 2. A8 AlDH(RZ Aol RrEEamEo

N TREHNSS T 242 Ho}
Ak, o] FFE AR} F EE® HAP
FAO/WHO,” &MW> BEI™el BRIHBE
& Table 6 3 #t}

Table 6 & BH Z+=ollA Diazinon ©] 0.
5~0.1 ppm, Fenitrothion ] 0.5~0.2 ppm,
EPN ©¢] 3.0~0.1 ppm ©1™ gy 71&
2 Diazinon ¢} 0.5 ppm, Fenitrothion ©] 0.5
ppm, EPN ©] 02ppm &8 o] A3 ZAF
Abale) BEBRBEL A= SHEVIEE
AR e FEL e AJS £
T RS 90 % o3E AAdE RE
M= jvtetell M HF BHFEHEER
oAU

v 9e FHE R

asBEg o ¢
St A A
R E gl o
AR wEmeR EV g & F
A

£ Diazinon, Fenitrothion 2 EPN
o HEE Bt

Ate) RrREiiifelel oE BEEdES A
3tE gotrR 7] Y3t Atte] dAFY F
g AHAIA FHRAAN 247, 7Y, 14
Y,21¢,28¢ 2 3BA 2F F 4 F
oFe] Alz} MALH BEUES &3 A3
Table 7 2 Fig. 33 #3tt}.

Table 74 2R F@EA 4A70
AgE A Fo BE BEES AT
B33 o} AAHoF Fhste BE
E Rol3x Ao} WAEE YW Diazinon &
REAM e AH2F 2hours F 4717
ppm°] 7¥8% 2735ppm &E 420% 7} T
23tHI Al 14 5ol 688%, 21 4F9
= 874%, 28 YF ol 969%, 35 3o =
996% 9 ¥& BWAES el it
RAel Ao Fob g% Wale Fig 394
oF o] A 7ANAE WIAE Bolx o
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Table 7. Residues of Diazinon, Fenitrothion and EPN in apples storaged at room tempera-

ture.
unit ! ppm
After treatment Final
Pesticides decrease
2 7 14 21 28 35 efficiency
hours days days days days days (%)
Peel 4,717 2.735 1.473 0.593 0.144 0.019 99.59
Diazinon Pulp 0.004 0.005 0.002 0.002 N.D N.D 100
Whole 0.392 0.230 0.123 0.051 0.012 0.002 99. 49
fruit
Peel 5.688 2.830 1.859 0.791 0.355 0.295 9481
Fenitrothion Pulp 0.018 0.026 0.011 0.009 0.004 0.003 83.33
Whole 0.484 0.257 0.163 0.073 0.033 0.011 97.73
fruit
Peel 1.950 1.031 0.457 0.267 0.076 0.018 99.08
EPN Pulp 0.004 0.004 0.002 0.002 0.001 N.D 100
Whole 0.164 0.089 0.039 0.024 0.007 0.001 99. 39
fruit
7t A14d olF Hastgoen, A28Y EPN & REoM AZ A 7dF 47.1%,
ojFde HEHA &t Al A A 14 UdF 766%, 21 ¥ 86.3%, 28 UF 96,
© AR7NER 47 A 7dFE 413%, 14 1%, 354%F 99.1% 24 A A|7ko] Az}
YT 686%, 219F 87.0%, 28YF 969 55 ko] gaEo] A 35 UdE A
, 35¥8% 995% 71 ZHAaE o o HiEE oz Jeyton Hpy

Fenitrothion & FolA Z+zt A 7d%F
503%, 14 4% 673%, 21 45 o= 86.1%,
28 4F 938%, 35 9% 983% 9 WAEKS
Egoeom REoie A 74U olF #{ga
AAE ZAadte A 35 ddeE F
16.7% 2 JEIETH AR} Ao A=
NAER A7 A T7LF 469%,
663%, 21 4 ¥ 84.9%,
¥ 97.7% 2

¢

N
L d

o] FEE

A

HLdx

28 4% 932%, 35
ReT,

an

A
Q

o]
ThES

T
Ay

AMeE A 77N AE HWEE Holx g}
7V A 1adollE 500% 2 Tastd A
Hagg Boltrh A 35 doE BELo)
ND 2 uvesd. Atz Ay es
A% AMT7YF 457%, 149F 762%, 21
YF 854%, 289 F 957%, 35 U 994 %
o FAEgL BI
T HF 7

Diazinon ©] 99.5%,

wE o .

2 e
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150
Remain Decrease rate
rate //
o0
40
peel pulp
D% . o—9° *——a
F o—0a -
20 F
E . At o
(J 1 1 1 L
7 14 21 28 35
Days

%* D : Diazinon, F ' Fenitrothion, E : EPN

Fig. 3. Remain rate and decrease rate of pesticide residues from Apple storaged at room

temperature
EPN o] 994% 9 Z2asdg Bgon, A g7t 2% faste) o] dTe) Bl 4
7 2918 2= Fenitrothion & A £& FE Holx g
o A gstn Ao R, Ry, AR A 53 Rpyyo %B‘i«} BEBAERS 29
2% 95%0°]49 TAE&ES B BHe v we E 9 REE =
Yamamoto and Fukami® 5¢] A5 ¢ A et dz v Fo] Heop g <
A B4 ol methyldemeton & ZHE-R 3} T ZEFF AA AV 2ADF BES

o YoiME REANE A% Fas det & F e
Wx geu Ruel B¢ sAAA F7ta o Fo ATAAE Fefolt s
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T B WS ¥ HuE sTh
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A G 2F FAA ME T8 BH
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ot 7] st kgk L OHB S
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Table 8 % 21 A HE&S Fig 49 2ok

Table 8 olA1 2 ¥ Diazinon & & A3 ]
ols] Rpcollx 23 BT 882%, Abat A
Aol A 93.7%7F A AH AL, Fenitrothion
& REA 722%, A3 AA A A 706%
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Atk AA )M 51.5%7F AU, A
RENM = BAH 23 ol & FFe] A
Ao & WEE Holx @gten A
TEFE MELEA B AT sk MR
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Table 8. Effect of water and detergent washing of the removal of

unit ¢ ppm
— !
Washing condition

Pesticide I — —

Befor washing E Water washing |Detergent™ washing
Peel 4,717 i 0.486 0.199
4,010 E 0.537 6. 239
Diazinon | Pulp 0.004 f 0.003 0. 003
0.006 3 0. 004 | 0.003
Whole 0760 | 0.043 | 0.019
fruit | 0.651 | 0. 045 4 0.002

| R —
| Peel | 5688 1.607 | 1086
: | 5.434 1487 | 0,995
Fenitrothion| Pulp |  0.018 0.011 ? 0.010
0099 | 0.057 | 0. 040
| fhole 0484 | 0. 142 | 0 115
| frait } 0.514 0.151 ; 5099

— L R R
Peel | 1,950 1,020 ! 0. 403
1759 1.013 | 0.387
| OEPN Pulp | 0.004 | 0.003 | 0.002
i | - 0.003 ; 0.003 | 0.002
g Vhole | 0.164 0.084 ; 0.035
| | fruit ! 0,155 0.071 ; 0. 040

% Liquid detergent for kitchen use (0, 2% soi
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Fig. 4. Effect of water and detergent washing on the removal of pesticide residues from

whole apples
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