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Diffusion of Ethoprophos in Apple and Pear

Hyeon Ju Park”, Ki Won Lee, Kyong-Hwan Chung?, Byung-Jun Park”, and Gon Seo* (School of Applied Chemical
Engineering, Chonnam National University 300 Yongbong-dong, Gwangju 500-757, Korea, DResearch Management
Bureau, Rural Development Administration, 250 Seodundong, Kwonsungu, Suwon 441-707, Korea, JCenter for
Functional Nano Fine Chemical, Chonnam National University 300 Yongbong-dong, Gwangju 500-757, Korea,
“National Institute of Agricultural Science and Technology, 249 Seodundong, Kwonsungu, Suwon 441-707, Korea)

ABSTRACT: Diffusion and accumulation of ethoprophos in fruits such as apple and two types of pears
were examined by dipping them into the solution of ethoprophos. The effective diffusivities of ethoprophos
at the skin and flesh of apple and pear were determined by simulating their experimental accumulation
curves with calculated ones from the model assuming consecutive diffusion of ethoprophos from skin to
flesh. Its effective diffusivity at the flesh with higher content of water were higher, ~10"" m’/s, regardless
of the types of fruits, while that at the skin was small, ~10"? m’/s and increased with the order of Niitaka'
pear < "Whangkeumbae' pear < 'Fuji' apple. The variation in the concentration of ethoprophos in its solution
did not induce any change in affecting its effective diffusivity at the flesh of 'Whangkeumbae' pear, but the
increase in the concentration caused the increase in its effective diffusivity at the skin. The penetration rate
of ethoprophos at the skin was an important factor in determining its accumulation rate in fruits.

Key Words: Apple, Diffusion, Ethoprophos, Pear
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Table 1. Physical properties and chemical properties of
ethoprophos'*™?

Chemical structure 0\>P<SCH2CHQCH3
CH4CH,0 SCH,CH.CH,

CAS registry number 13194-48-4

Molecular weight 242.36

Form Pale yellow liquid

Boiling point, C 86~91

Vapor pressure, Torr 3.5x10* (267C)

Density, at 20C relative to
the density of H,O at 4C

Flashpoint, T

Solubility
- water, mg/L

1.094

140 (closed cup)

- acetone, ethanol, 750 (25C)
>300
xylene, g/kg
log Kow" 3.59
Stability
- neutral & weakly acidic stable
- alkaline rapidly hydrolysed
- temperature stable (<1007TC)

°the partition coefficient for octanol-water system.
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Fig. 1. Geometrical diagram of apple and pear for the
simulation.

AAxA: C=C, att>0, r=R (4)
aC] aC,
Dy =Dap - att=0, r=Fh ®)
oC; 2%C, 9 G
_r 2 2 2
T —=D == 6
H ot 62( or? + r o or ) ©
7127 =0 at t=0, r=H8 (7)
aly oG,
ZAAFA Del—ar :DEQ——OT at t=>0, r=R (8
80,

—==0 att=0, r=2~R
ar

©)

S

#o) 9} 1 o] AAEAN FE A&A| L5 Az
AL AR AW, core) F-EAM= ethopro-
phos7t 2ol v]3) ull-g- “2jA EAbe 3, Hu)9l H-Fo
ethoprophos”} & 2 dttal 7Pt AAzxHS 44
3ttt Park 579] ol AR FASA O Al7hE
7 Abte} wjFolA ethoprophosd] w& #X9 S
AleRlt

A

Ethoprophos &%l #9& @71 3 W2 gitel=
A4e ARSI Fig. 26 B9 S5 a1 AP
+ ethoprophos +&% g+ §7], &9 ciHZ, &9
THHRR 4 enAgAE FAEH Yok F=7F 200~
400 mg/L?! ethoprophos ¥4 3 LE 25248 & <
- (water jacket)’t B EAAR fElgzed WiloH, &
TEolE e FFEE 28 TIIA £29
£5F 25:1C HE 243t 8949 257 2 &

Fig. 2. Schematic diagram of the apparatus for the
diffusion of ethoprophos.

A. Water-circulating pump B. Vessel

C. Holder for fruits D. Magnetic bar
E. Thermometer F. Water-Circulator
G. Magnetic stirrer
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Table 3. Recoveries and detection limits of ethoprophos

¥, HP-1 EA# A3} Ax2F 12 7](electron-captured
detector)7]' A2re 714 2 EPHE 1P 2 (Agilent HP6890)
2 FAs9lon, B4 27L& Table 29 3ttt

g+EANY
Ethoprophos #4139 A#HE AT 95t 34
Avgkel Alwelel diste] Bl&S 113t Ethoprophos
oo Ta)Akbe}l A H) A8 0.59F 2.0 mg/kgo] HE
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Table 39| Ag)d )2 AlgelM e 3|4=80] 95.8~111.7
%0] 11, Hiell A= 95.2~110.5%0130t}. @A+ o] ¥ ov} 7}l
E59 BARl0] Bgkol 100% Ho]o)M, F1gt ethopro-
phos7]' B 3EE A0E JPgsigivh. A Ha A
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Table 2. Operating condition of GC for the analysis of
ethoprophos

HP6890 gas chromatograph,

Ins et Hewlett packard, USA
Detector Electron-capture detector (ECD)
Column HP-1, capillary column

30 m x 0.32 mm (film thickness 0.25 ym)
Temperature Oven 60C(3 min) — 150C — 270C
(5C /min) (20°C /min)
Injection port 250C
Detector block 280C
Carrier gas (N) 1.3 mé/min
Makeup gas (N) 3.7 mf/min
Sample size 1 1l

Gas flow

Fruit Fortified concentration Recovery (%) LOD? Minimum detectable
(mg/kg) A B C mean + sd  (mg/kg) amount (ng)
o 0.5 95.8 97.3 101.8 983 + 25 0.02 0.1
Fuji' apple
2.0 109.1 111.7 1023  106.7 + 4.0
s 0.5 95.2 97.8 92.6 9.2 + 2.1 0.02 0.1
Niitaka' pear
2.0 110.5 105.0 109.0 1082 = 2.3

limit of detection
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Fig. 4. Decrease in the concentration of ethoprophos
due to its accumulation in fruits: (A) 'Fuji' apple, (B)
"Whangkeumbae' pear, and (C) 'Niitaka' pear. Tempera-
ture: 40°C, Initial concentration of ethoprophos solution:
300 mg/ L.

©

Fig. 3. Photographs of inner cross sections of fruits dipped into the ethoprophos solution of 300 mg/ L for 8 days at

40TC.

(A) Fuji' apple, (B) 'Whangkeumbae' pear, and (C) 'Niitaka' pear.
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Fig. 5. Comparison of simulated accumulation curves
(line) obtained using given effective diffusivities
with measured fractional accumulation (symbol) in the
accumulation of ethoprophos in 'Fuji' apple (A),
'Whangkeumbae' pear (B), and 'Niitaka' pear (C) at 40C.
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Table 4. Deviation of fractional uptakes between
experimental results and simulation ones obtained using
given effective diffusivities

Fruit Dy (m?/s) De (m’/s) Deviation (%)*
'Fuji' apple  4.5x10™ 40
5.1x10™ o0 3.8
5 510" 1.5x10 29
DX .
6.0x10™ 39
'Whangkeumbae' 1.0x10™ 54
ear 1.4x10™ 2.9
P S 5.0x10™ i3
UX .
2.5x10™ 7.1
'Niitaka' pear ~ 1.0x10™ 43
12x10™ 0 39
510" 5.0%10 s
DX X
2.0x10™ 7.7
m
Azllli‘xp.j' sim.ji
aDeviation = — = 100

m
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Fig. 6. Comparison of simulated accumulation curves
(line) obtained using given effective diffusivities with
measured fractional accumulation (symbol) in the
accumulation of ethoprophos in "Whangkeumbae' pear
from the solution of different concentrations at 25C.
The initial concentrations of ethoprophos solutions were
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Table 5. Mass balances of ethoprophos between mother solutions and fruits

Amount of ethoprophos in mother Concentration of ethoprophos in Amount of
Fruit solution of 3 L (mg) fruit (mg/L) ett}opcrloph(;i .
s e 1a remaining b b ,  remamed In fruit
initial after 8 days decreased skin flesh core (mg/ea)
‘Fuji' apple 900 531 369 393 87 59 66
Whangkeumbae' 4 540 360 22 100 33 62
pear
‘Niitaka' pear 900 612 288 76 34 26 25

“*Concentration of ethoprophos in the initial solution was 300 mg/L at 40°C.
l’Weigh’t fractions of skin, flesh and seed were experimentally determined as 0.12 : 0.83 : 0.05 for 'Fuji' apple,
015 : 0.8 : 0.05 for 'Whangkeumbae' pear, 016 : 0.78 : 0.06 for 'Niitaka' pear.
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C : concentration of ethoprophos in fruit [kg/m’]

: concentratlon of ethoprophos at the skin of
fruit [kg/m ]

: concentration of ethoprophos in the flesh of
fruit [kg/m]

: concentration of ethoprophos at the surface
of fruit [kg/ m’]

: effectwe diffusivity of ethoprophos in fruit
[m’/s]

: effective d1ffus1v1ty of ethoprophos in the
skin of fruit [m%/s]

: effective d1ffusw1ty of ethoprophos in the
flesh of fruit [m?/s]

fractional uptake of ethoprophos based on
experimental results [-]

G

F exp,f :

Fiim; : fractional uptake of ethoprophos based on

simulation [-]
: point counter for the x-direction [-]
: point counter for the t-direction [-]
: point counter for measured fraction uptake [-]

3 O -

: number of data in the measurement of up-
takes [-]

: radius of the flesh and seed of fruit [m]
: radius of the core part of fruit [m]

: radius of fruit [m]

: radial distance of fruit [m]

S S

: time [s]

r
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