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Abstract

This study was conducted to investigate the effect of ozone treatment on the growth and pesticide-residual
contents of soybean sprouts during cultivation. Total weight and length of the soybean sprouts treated by 0.3
ppm ozone water for 30min during soaking of soybean increased 27% and 19% higher than those of control
group, respectively. But 27% of root weight decreased. No major differences in growth state were observed
between the treatments during soaking and watering with ozone water, and watering with ozone water.
Pesticide residues in soybeans treated with carbendazim, captain, diazinon, fenthim, dichlorvos and
chlorpyrifos ranged from 4.75 to 8.35 ppm. The pesticides in soybean sprouts by the treatment of soaking
and watering with water for 5 days, those by 0.3 ppm ozone-water watering, and those by soaking and
watering with 0.3 ppm ozone water were destroyed to 85 ~ 99, 89 ~ 100 and 94 ~ 100%, respeciively. The
order of degradation ratio in the pesticides was captan>dichlorvos>fenthion>carbendazin>diazinon>
chlorpyrifos.

Key words: soybean sprouts, pesticide residues, ozone treatment

M 2

FHEE vmy 3, olgdt hdelld AfuiE L
chif s} o] golA ulEe of&) HA HHE
ol 7] v}t = 3 A7 AlEshd L 2 xr) F
48] FAakEle] AAAAE 2T 0|2 Qs oF
Zhaeb obFRbY E2oR *PFH o] =A Hoizl} F
e A F Yol= BeFst 98 Fo AR, Fl
245 gl vYE, ML) W AHulBe] o
Fol F5 galez el gloent olF F & g
742 27 olet® ulnlstAl =m WA et Fof wo}
o} A& g RAgubA]E $sled YAxAHA &
7 48 BoEel $4HSE AR U, 1996
W BB K] ojabd oF 60% o] FHE A
7t wekg AMEEE A¥ol sy A= Ak Bt gl

Corresponding author : Dept. of Food Science and Technology,
Catholic University of Taegu-Hyosung, 330 Kumrac 1-ri, Hay-
ang-up, Kyungsan, Kyungbuk 712-702. Korea

Tel : 82-53-850-3216

Fax : 82-53-850-3216

E-mail : kimsd @cuth.cataegu.ac kr

277

oo FE el Bl 5%E ARSE AS AR
gholl glom A FibEel disled FHAHLR A}
7} o] Fo A= Fek carbendazimo|wH”. o] ‘gefd-
Ak, Azt Alaaie), fAz) del, FoFR
s Yo7 AR odEA gl olg) %o =
alel #7114 k“’l‘ Aol A= 34 Al 2shy
ghqle]l /. T, AUF, ALF, 2rlg Fo2
FE AFSET Ay vﬂ‘d*ﬂ Bk 11522 19 |
o AHFE 31 pglE Bl i} AygeA 5
ofFo] Aol AT USS AAEE
2EL 7 AlEES A vpaape] BAEA A
Foll 949 4= 9] AbshEEle BE 29 o4
5 AAIE g A g, o] &
o8-8 FAHE 9] ”3’@3@} AT e o] Foix 3L
Ak B el Al FubE AuiAl AR 9l
¥ carbendazim®- ¥]5-8led captan §-2! AFAe} Ab
%‘*Xﬂ 2l diazinon, fenthion, dichlorvos '{ chlorpyrifos
5 652 Fokg QlflHe® ARl & MEE 3§
°=1 FoE A F AHEeRe] gkl a)AE 2E84
Ae] AAE 2ARReRAM FuEe] AdEANS AF




278 A EREE)R] A 32 WAl 2 2 (2000)

B A o250 o8 rleAE AEZA 3.
g W Uy

HE B

FHE Aulg AR 19989 A Ao At
¥ -23E(Glycine max cv. Funha)ys 7%, 2|34 ]
ol Qe AL A 4x10CR AAsiA A
of] AHg-5}

S22 019X 2

2 g7 4% ¥ carbendazim, captan,
diazinon, dichlorvos, chlorpyrifos 3 fenthion® % 59
A E(Riedel-de Hien Co.y& AHEEIIT Feke] <19]
A 249E HF BFRLNOZ carbendazim¥} captand
4oz 7je} FoFE methanold] %<1 F 20 ppm
22 FAEGon T 3087 AR F 40°CollA
AZAF .

BO| 3| 9l FF 2EXE|

2 &4 A £IUS Ay F4F AR 2
3 £ AHele Y8F 1kg¥ S Fg 19 AH
9 FAo wlel §EeEST 03ppm 2F 3087 A
A8 F $SRER &4 AL A2 B £33
Aot old dl&2TE AeNe suisk 15°Ce 5 E
o 3% Zloz st T 2EF Hele
ATE YET ko= 1kg¥ AlFol ol 20+ 1°CH
AuiA 2 &A 5% 93] 45 3, 6 Y 93] AE 4
F9E%ET 0, 0.1, 03 ¥ 0.5ppme] 2EFE F3)
Aot ojd YE2TE £EER B3P E 7
o] g3l Mo E WPFE 2AY 4 ol LF2 W
AJ71(Woo Sung Hi-Tech Co., SP-100, Korea)s AM&
er 4E9&FSEE oF RUYE|(Ebara Jitsugyo
Co., LTD. PL-320, Japan)® 7 3}9{ch(Fig. 1).

Bli2e| 8T % 22| FH

T 82 542 g AR FUE F
AL &3, THEAFY FHF-¢ 7R
F2 TRz o Aok SHF-EFE 400~500
AAE FHAAZ A3l wiFHo], wiEHFA o #
2l A 9 HatE s

Fimsere| 2
Aisoks] ¥4 peke) AFLAEA Foked o
&3 2ol S, £ NFL2E acetone

HO

oG

Fig. 1. Apparatus and procedure of ozone treatment.
Abbreviations: HO, heood; S, sample; OG, ozone
generator; CP, circulation pump; RR, revolution-speed
regulator; OM, ozone monitor.

(J.T. Baker Inc.), acetonitrile(J.T. Baker Inc.), n-
hexane(J.T. Baker Inc.), dichloromethane(].T. Baker
Inc.), benzene(J.T. Baker Inc.), methanol(J.T. Baker
Inc.), ethyl acetate(J.T. Baker Inc.), ethylether(J.T.
Baker Inc.), IPC B6(Alltech Inc.), florisil(Sigma
Chemical Co.), activated charcoal(Sigma Chemical
Co.) ¥ cellulose microcrystallin(Merck Co.y& AR5}
9o, E& 23 FFH4E milipore filter® AA|3F 2
T8 AHEslde AL captand  hexaneel],
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Table 1. Conditions of GC and HPLC for analysis of pesticides

HP-5 (5% diphenyl- and 95% dimethyl polysiloxane),

GC-ECD  Column 15 m (L)x0.53 mm (¢)x2.65 um (film thickness)
Column temp. Init_ial t.emp. 230°C for | min., 10°C/min. to 280°C
maintained for 10min.
Injector temp. 240
Detector temp. 300
Flow rate 12.5 mL/min
Injection vol. 0.5 uL
Split ratio 1:9
GenrD Can P S 0 e
Column termp. Iniq‘al temp. 180°C fgr 2 min., 5°C/min. to 240"C
maintained for 15 min.
Injector temp. 230°C
Detector temp. 250°C
Flow rate 10.0 mL/min
Injection vol. 0.5uL
Split ratio 1:9
HPLC Column p-Bondapak C,
Mobil phase 40% acetonitrile containing 1% IPC B,
Wave length 282 nm
Flow rate 0.7 mL/min
Injection vol. 20 ul
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hexane 222 &2 ¥ %T, column A ¥ hexane
28 A4sled GC-ECDE BAsigch ¥z
Table 13} 7},

I o| _JH

EYAE 100gS S0gHoR SR3 F 3 Ao A
B o] APl Fsle] Agsiglon x| A
B 2z 5oF BFLNE 50ppme) A &3 o
5 Y uhfes wMEAn Bee2 sk At
FAM delxl FAA2RE vH Y] EHAE Al
g F oF Hrlekol 8l %S AbZslgcH(Table 2).

-

Table 2. Recovery of pesticides in soybean sprouts

Pesticide Recovery (%)
Captan 87.5%4.1
Carbendazim 86.3+5.6
Diazinon 82.014.3
Chlorpyrifos 81.743.8
Fenthion 79.7+3.5
Dichlorvos 83.4+4.2

*Values are meanstSD of triplicate measurements.
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Table 3. Effect of ozone-water watering" on the growth of soybean sprouts

Treatment of ozone-water(ppm) Yield Length of hypocotyl =~ Weight of hypocotyl Weight of root
Soaking Watering (kg/pot) (cm) (% of control) (% of control)

0 0 6.31+0.16° 9.2140.16° 100.00£5.12" 100.00+4.79°

0 0.1 7.20+0.55* 10.4440.18° 118.6+4.57* 79.50£5.64"

0 0.3 7.38£0.21° 11.0120.14* 127.246.11° 73.0048.10°

0 0.5 6.97+0.12° 9.93+1.91° 103.2£3.77° 83.40+5.35"

""Soybeans in all treatments were soaked in water for 8 hours and then cultivated by the watering of ozone water with various
ozone concentration. Values are meantSD of measurements and the different letters in same columns(a-d) mean significantly

different at p<0.05.

Table 4. Effect of ozone treatment in soaking and watering of soybean on the growth of soybean sprouts

Treatment of ozone-water(ppm) Yield Length of hypocotyl ~ Weight of hypocotyl Weight of root
Soaking Watering (kg/pot) (cm) (% of control) (% of control)
0.3 0 6.40+0.36° 9.4240.25" 100.00£6.43" 100.00£5.74°

0.3 0.1 7.55+0.25° 10.70+0.39* 129.04+7.82° 76.561+9.33°

0.3 03 7.64£0.56" 11.2520.72* 129.75+6.55 75.46+7.29"

0.3 0.5 7.57+0.37* 11.34+0.47* 126.231+4.63* 71.55+6.45°

"Soybeans in all treatments were treated by 0.3 ppm ozone water for 30min. during soaking for 8 hours at 15°C and then
cultivated by the watering of ozone water with various ozone concentrations. Values are mean+SD of triplicate measurements
and the different letters in the same columns(a-b) mean significantly different at p<0.05,
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Fig. 2. Structure of pesticides
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Table 5. Effect of soaking in water and ozone water of soybeans on the degradation rate(%) of pesticide residues of

soybean

. . Soaking in water" Soaking in ozone water”

Pesticide Pesticide residues of Pesticid T w—— dues e

soybean (ppm) esticide residues gradation rate Pesticide residues  Degradation rate

(ppm) (%) (ppm) (%)
Captan 8.3510.14 4.85+0.09* 42,92 0.00+0.00" 100.00
Carbendazim 6.58+0.10 4.9840.19" 24.32 2.52+0.28" 61.70
Diazinon 6.03+0.21 2.4240.17* 59.87 1.42+0.19" 76.45
Chlorpyrifos 5.7610.08 3.34+0.13* 42.01 1.75£0.25" 69.61
Fenthion 4.750.11 1.63+0.12¢ 65.68 0.87+0.33" 81.68
Dichlorvos 5.90+0.07 1.08+0.24° 81.69 0.26+0.21" 95.59

"Soybean was soaked in water for 8 hours at 15°C. YSoybean was treated by 0.3 ppm ozone for 30 min during soaking in
water for 8 hours at 15°C. Values are meantSD of triplicate measurements and the different letters in the same rows(a-b)

mean significantly different at p<0.05.

Table 6. Effect of ozone-water watering after soaking in water on the contents of pesticide residues of soybean sprouts

during cultivation (ppm)

Treatment of ozone water

Cultivation time (days)"

Pesticide
{ppm) 1 3 5
Captan 0 4.7340.05* 0.8340.09* 0.1040.02%
0.1 3.46+0.03% 0.08+0.05"° 0.00£0.00%
0.3 3.41£0.05% 0.00+0.00% 0.00+0.008°
0.5 3.32+0.15 0.00+0.00* 0.00+0.008°
Carbendazim 0 4.6310.10" 2.02+0.04%° 0.73+0.05*
0.1 3,650,028 1.65+0.05%° 0.50+0.045%
0.3 3.67+0.02% 1.4340.03¢° 0.43+0.03%
0.3 3.63+0.028 1.2440.03" 0.2240.03>
Diazinon 0 2.3440.05™ 1.51+0.02* 0.93£0.02%¢
0.1 2.3340.03" 1.29+0.04 0.6420.02%
0.3 2.32+0.03™ 1.23+0.03% 0.58+0.035%
0.5 2.29+0.06™ 1.06£0.178° 0.50+0.03%
Chlorpyrifos 0 3.24+0.07™ 1.85+0.06" 0.8940.02%¢
0.1 3.2010.02% 1.7340.04% 0.7240.025
0.3 3.1240.03 1.63+0.025" 0.61+0.02%
0.5 3.09+0.09™ 1.5840.03% 0.52+0.03>
Fenthion 0 1.6240.05% 1.3440.04" 0.7040.01%
0.1 1.6130.03% 0.83+0.01%° 0.3010.09%¢
0.3 1.5710.03% 0.8040.02°° 0.2310.05%
0.5 1.5840.05% 0.7040.02° 0.08+0.01%
Dichlorvos 0 1.07£0.07% 0.3240.05% 0.00+0.00
0.1 1.0740.02% 0.1120.018 0.00+0.00*
0.3 0.060.03% 0.02+0.01¢ 0.00+0.007¢
0.5 0.05+0.05™ 0.00£0.00" 0.0020.00%

“Measured on 1st, 3rd and Sth days after initiation of cultivation with soaking in water. Values are meantSD of triplicate
measurements and the different letters in the same columns (A-D) and rows (a-c) mean significantly different at p<0.05.
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Table 7. Effect of ozone-water watering after soaking in 0.3 ppm of ozone water on the contents of Pesticide residues of
soybean sprouts during cultivation(ppm)

Treatment of ozone water Cultivation time (days)"

Pesticide
(ppm) 1 3 5
Captan 0 0.00£0.00 0.00+0.00 0.0040.00
0.1 0.0010.00 0.0010.00 0.0040.00
0.3 0.000.00 0.00£0.00 0.00+0.00
0.5 0.0040.00 0.000.00 0.000.00
Carbendazim 0 2.524+0.28" 2.10+0.05* 0.5810.014¢
0.1 2.43+0.10% 1.19+0.06%" 0.4240.01%
0.3 2.3540.08% 1.0240.03 0.26+0.02%
0.5 2314011 0.6720.02" 0.14+0.01%
Diazinon 0 1.4240.19% 1.2240.05"" 0.5240.03%
0.1 1.33+0.06™ 1.14+0.03" 0.3310.02%
0.3 1.14:4+0.04 1.0540.04< 0.30+0.03%
0.5 1.12+0.05% 0.3140.02% 0.28+0.025¢
Chlorpyrifos 0 1.75£0.25M 1.5140.03% 0.7740.03%
0.1 1.7440.05 1.3240.04% 0.5540.03%
0.3 1.7240.05% 1.1840.04% 0.3740.02%
0.5 1.53+0.04%" 1.01£0.03™ 0.1940.02%
Fenthion 0 0.8740.33% 0.8810.03% 0.42+0.02%
0.1 0.79+0.02% 0.36+0.02% 0.07+0.01%
0.3 0.7740.03* 0.2740.03% 0.00+0.00%
0.5 0.7140.04* 0.2620.02¢° 0.00+0.00%
Dichlorvos 0 0.26£0.214° 0.19£0.01* 0.004+0.00
0.1 0.25+0.02% 0.00£0.00% 0.00+0.00%
0.3 0.1110.02% 0.00+0.00" 0.0040.00%
0.5 0.03+0.01 0.00£0.00% 0.00£0.00™

"Measured on Ist, 3rd and 5th days after initiation of cultivation with soaking in 0.3 ppm ozone water for 30 min. Values
are meantSD of triplicate measurements and the different letters in the same columns (A-D) and rows (a-c) mean significantly
different at p<0.05.
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