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Removal of Pesticide Residues in Rice Bran Oil by Refining Process

Chul-Won Lee' and Hyo-Sun Shin*
Division of Food Chemistry, National Institute of Health, Seoul, 122-020, Korea
*Department of Food Sci. & Technol. Dongguk University, Seoul, 100-715, Korea

ABSTRACT —This study was carried out to determine the pesticide residues in rice bran,
crude rice bran oil and the oil of various stages of refining process. Each samples were analyzed
for 41 pesticide residues by multiclass multiresidue methods with GC-ECD, NPD and identified
by GC-MSD. Rice bran were detected cypermethrin, diazinon, dichlofluanid, and its level were
ranged from 0.01~0.122 ppm. Crude rice bran oil were detected cypermethrin, diazinon, di-
chlofluanid, dimethoate, etrimfos, flucythrinate, and its level were ranged from 0.015~0.654 ppm.
Crude rice bran oil has the higher level of pesticide residues and more varieties of pesticides
than rice bran. But pesticide residues in the crude rice bran oil was found to be almost removed
when pigment was decolorized by absorption using active carbon and clealy removed by ther-

molysis for deodorization.
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90 Chul-Won Lee and Hyo-Sun Shin

Table 1. Concentrations of standard solution(ppm) Q¥ #HrlgEHoznE Tdsle WATe B@sPEA
Pesticides Concentration AHE-ESI T

Acephate 325
Aldrin 05 At o BEEEY
BHC* 0.15, 0.15, 0.18, 0.20 Acetonitrile, acetone, n-hexane, diethyl ether 5 -f-7]-8-0j}
Bitertanol 4.40 = AF5 A H 8 (Wako Chemical Inc., Japan)e A}-4-8}5
Chinomethionate 254 I, 718} Alge EFE AMRSHgtl. Column  chro-
Chlorfenvinphos 5.07 matography & A& florisil(60~100 mesh, Sigma Co.,
Chlorpyrifos 15 USAYSE 450°Coll A 12412 742 B4 3} 2171 3 130°Col
Chlomyrifos-methyl 080 A BB AL A A Aolgl ) Aeoz ws
Cyfluthrin 201 of Algsldch. wote] HZEOZ: acephate, aldrin,
Cyhalothrin 0.21
Cypermethrin 0.96 BHC, bitertanol, chinomethionate, chlorfenvinphos, chlor-
DDT 0.50, 0.50, 0.65 pyrifos, chlorpyrifos-methyl, cyfluthrin, cyhalothrin. cyper-
Deltamethrin 0.99 methrin, DDT, deltamethrin, diazinon, dichlofluanid, dield-
Diazinon 1.00 rin, dimethoate, endosulfan, ethion, ethoprophos, etrimfos,
Dichlofluanid 0.32 fensulfothion, flucythrinate, fenthion, isofenphos, malathion,
Dieldrin 0.40 methidathion, metribuzin, omethoate, parathion-methyl, pen-
Dimethoatec 0.50 dimethalin, phorate, permethrin, phenthoate, phosmet, pro-
End.osulfan 10, 11';)’ L5 piconazole, pyrethrin, terbufos, tralomethrin, triadimenol
E::ll::'ophos 1:71 (Chem Service Inc., US.A)Y2 Alg3lgon, g&Egae
Etrimfos 2.00 7t ok E—"}%Qq(l(](] mg/kg)% thEo] WA st
Fensulfothion 2.60 WA AMEA] ECD(AAE Y 727]) B89 Z47be] &
Fenthion 1.00 FUAE n-hexaneo] FAsted ALE-3 T, NPD(E 4, Q)
Flucythrinate 2.00 27189 acetone 82 3]4]dle] A)g3tgon Zhzhe)
Isofenphos 1.00 FZaolo] == Table 13} 294t}
Malathion 3.00
Methidathion 1.00 AlS{HHY

+ Metribuzin 021 B A 85 PAM(Pesticide Analytical Manual)®e] %] 3h4
Omethoate 30 AZR AN wel 2 L acetonitrile partitionS 33 &
Parathion-methyl 1.96 aEeTE TE = partition-= 5591

Pendimethalin 2.00. 40°C O] 8}'9’] zf:‘-gf/g‘o“/q ﬁ%ﬂ%%%%7]i %%6}'5—7— ;ﬂ"r?r

Phorate 1.05 E& n-hexane 2F 5mlol] Pt o] FEHHE florisil 20 g
Permethrin 0.99 £ T 95 2 Yol 1emHA FLIIIEFS 2
Phenthoate 1.00 chromatography column(\§73 22 mm)o] % i n-hexane}
Phosmet 3.56 diethyl ether Z&rl(7 : 3, v/v) 200 m/Z 2~3 drops/sec?]
Propiconazole 6.00 52 $&3tn ZHEEY T acetone 3miof X A1Y
Pyrethrin e 89002 3H3th GC/mass$& aceton 3 miS ThA] 1 mi2
Tlometin 00 sEsl} g eston s
Triadimeno! 2.00
*Concentration of o-, B-, y- and 6-BHC EECHS
®Concentration of p,p'-DDD, p,p'-DDE and p,p-DDT BEEN R AEEAE 1 WY gas chromatograph(GC,
‘Concentration of o-, B-endosulfan and endosulfan sulfate Hewlett-Packard series II, Hewlett Packard, U.S.A.)ell 5
q]5le] A& chromatogram$ peak HAW o2 AAbste]
A5 vIAHRE 2y, ek, 2, w9y, 23 & ¥ Aekstitt. ECDoll= PAS-1701(polysiloxane, 14%
AP E A5 NS A sl o, ol FYA|Hol A3l cyanopropylphenyl 86% methyl, Hewlett-Packard, U.S.A,,
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Removal of Pesticide Residues in Rice Bran Oil by Refining Process 91
Table 2. Analytical condition for GC-ECD and NPD
Detector ECD NPD
Column HP-1/Ultra-2 HP-5 HP-608
Pesticides Aldrin, BHC, DDT. Chlorpyrifos, Cyhalothrin, Cyfluthrin, Acephate, bitertanol.

Fenthion, Chlorpyrifos-methyl,
Dichlofluanid, Dieldrin,

Cypermethrin, Deltamethrin,
Tralomethrin, Flucythrinate,

Chinomethionate, Chlorfenvinphos,

Diazinon, Ethion, Ethoprophos,

Dimethoate, Etrimfos, Endosulfan, Fluvalinate, Permethrin, Fensulfothion, Methidathion,
Isofenphos, Malathion, Metribuzin, Pyrethrin Omethoate, Parathion-methyl,
Pendimethalin, Phenthoate, Phorate, Phosmet,
Propiconazole, Terbufos, Triadimenol,
Column Temp. Init. temp. 170°C(3 min) 250°C Init. temp. 170°C(5 min)
2°C/min 20°C/min
Final temp. 230°C(2 min) Final temp. 230°C(10 min)
Injector Temp. 250°C 270°C 250°C
Detector Temp. 300°C 270°C 250°C
Carrier gas, flow rate N, 1.2 m//min N, 1.2 mi{/min N, 20 m//min
Injection vol. 1wl 1wl 1w
Split ratio 1/65 1/50 splitless

25 mx0.32 mm)3} Ultra-2(polysiloxane, 5% phenyl 95%
methyl, Hewlett-Packard, U.S.A., 25 m x 0.32 mm)%] HP-
1(polysiloxane, 100% methyl, Hewlett-Packard, USA, 25
m X 0.22 mm)o] <A E capillary columng A48} o
NPDoll+= HP-608(fused silica, Hewlett-Packard, U.S.A,,
30mx0.53 mm)E AHESSC) o)u) GCo RAzZE
Table 29} gkt GC/MSD= Hewlett-Packard 5890 GC
o) 5970 MSD$} HP 7959B MS Chemstation S A} 8-3}%
ow ZAL Ultra-28 ALR31 splitless® stgch.
B 0w ol interface €5+ 250°C, 280°C=. 31913l o &
LEE $R22A0E AHELE 170°CAM 1087 {3
S 3 20°C/ 7] &£ £ 2 280°CHHA] 523t 2087 &
A&}, Carrier gast HEFS I ml/FEe £52 &
solvent delay time(A| & T 3 A& A|7HEF vent A7)

I I o]¥FRE] MSDE 527 3 7)|5)2 88 o8 &
Kt

2o 3 @
-3 AESAH

vl 73 3 goll Table 18} £ 589 1 mlE H74e
T ol Aglyel el ddsie] rgy AEAE &
73 ATE Table 33} et 3|&2 Foboll ubaka] 2pol

T oLt 75~97%Q on, E At go] B TR
9] xoke EAld] EA3E  multiclass multiresidue
method& AHg-3ale] ZHReokd A8 o 3]F&0] 70%
ojatold AFEAM oM VEEE sIolghs BV
kg o F2 FAl Ao AAHUY. &%
Aol ojMi= B4 AJEE Y& F(3 g)e FHilxn
2 NPLAS ImizE Fonz 7|7y Hax HE
Foll A AEFAVE FaH7) Wil Hlud 58 5
YERUTH 3] NPDRE SA 3 5ok 39 T 79
wElA AE7Vol 3t et W2 acephate, bitertanol,
pendimethalin, phosmet, propiconazole 52 EFg§ 9] &
52 the 259 ool ust] ¥A AHgsdene 7
Z3AZE 0.05 ppm o2 v Eohovt WA FAFE L7
22 el BAolE ZA} giglch B A7l Fok
% ethion, fensulfothion, parathion-methyl, permethrin]
4% ot dal SeUeels AL A Holgle Foke
P 2558712 AHslo] glom ¥ ATyl u
2 A2 A0 45 pofolnz o] ATthYel EFAA
on FYNES UF FHAALE shed A0 + 9

o A7

to lo

Ef
=
s

W U 0jUAFREC| SURRY
Gas chromatogaph ECD, NPDE Aj83led A8 =0}
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92 Chul-Won Lee and Hyo-Sun Shin

Table 3. Recovery yield and detection limits of pesticidesa

Pesticides Recovery yield(%) Detectionc limit(ppm)
Acephate 75 0.005
Aldrin 95 0.003
BHC* 97 0.003
Bitertanol 80 0.05
Chinomethionate 87 0.05
Chlorfenvinphos 89 0.05
Chlorpyrifos 90 0.01
Chlorpyrifos-methy!l 90 0.05
Cyfluthrin 82 0.01
Cyhalothrin 83 0.01
Cypermethrin 85 0.01
DDT’ 94 0.003
Deltamethrin 87 0.01
Diazinon 90 0.01
Dichlofluanid 93 0.002
Dieldrin 95 0.003
Dimethoate 88 0.01
Endosulfan 90 0.006
Ethion 90 0.01
Ethoprophos 89 0.006
Etrimfos 89 0.01
Fensulfothion 90 0.08
Fenthion 91 0.05
Flucythrinate 85 0.02
Isofenphos 89 0.05
Malathion 90 0.05
Methidathion 90 0.05
Metribuzin 94 0.007
Omethoate 88 0.04
Parathion-methyl 90 0.01
Pendimethalin 83 0.05
Phorate 82 0.05
Permethrin 87 0.01
Phenthoate 90 0.01
Phosmet 85 0.01
Propiconazole 80 0.05
Pyrethrin 87 0.01
Terbufos 89 0.01
Tralomethrin 78 0.05
Triadimeno} 86 0.01

*Each result of recovery is the average of five sample
measurements.

"The percentage is calculated using the calibration curves
of n-hexane and acetone standard.

‘Estimated detection limits were obtained from the dilution
of fortified samples.

9] standard chromatogram-< Fig. 1, Fig. 2 2 Fig. 33} 2o
o, o7dgol HEY cypermethrin, diazinon, di-
methoate, etrimfos, dichlofluanid, flucythrinate2- 4% 22
n]2koloj A GC-MSD Y] scan mode 2= 8¢lo] Br15319Y
oog 7} Hoko] EFEFLAOR scandtil o] library
2 8% ¥ 2z} 5ok base peak 27)9} FAHF peak &
370e] peakE ©]&3le] SIM(Selective Ion Monitoring)
mode & A1-8-&1o] #9151t} SIM mode EAJol| ALE-3H 7}
7} F0F9) e o) peakE Table 491 2o m|FYf-F
oo AFekS el dimethoate, etrimfoso] tH3l mass
spectrum-<- Fig. 49} 2t}

B AFel ALgE A F ool dg sHRFE
ZAHZAE Table 59 Zvh. umA EAGY o a
cephate, aldrin, BHC, bitertanol, chinomethionate, chlor-

fenvinphos, chlorpyrifos, chlorpyrifos-methyl cyhalothrin.
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Fig. 1. Standard gas chromatogram of 22 pesticides
separated on HP-1/ Ultra-2 capillary column by
GC-ECD. 1, 0-BHC; 2, dimethoate; 3, §-BHC; 4,
vBHC; 5, 3-BHC; 6, etrimfos; 7, metribuzin; 8,
chlorpyrifos-methyl; 9, fenthion; 10, di-
chlofluanid; 11, malathion; 12, aldrin; 13, chlor-
pyrifos; 14, pendimethalin; 15, isofenphos; 16, o-
endosulfan; 17, dieldrin + p,p'-DDE; 18, B-en-
dosulfan; 19, p,p'-DDD; 20, endosulfan sulfate;
21, p,p'-DDT.
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Fig. 2. Standard gas chromatogram of 8 pesticides
separated on HP-608 capillary column by GC-
ECD. 1, pyrethrin; 2, cyhalothrin; 3, per-
methrin; 4, cyfluthrin; 5, cypen;lethrin; 6, flu-
cythrinate; 7, deltamethrin; 8, tralomethrin.

cyfluthrin, DDT, deltamethrin, dieldrin, endosulfan, ethion,
ethoprophos, fensulfothion, fenthion, isofenphos, malathion,
methidathion, metribuzin, omethoate, parathion-methyl, pen-
dimethalin, phorate, permethrin, phenthoate, phosmet, pro-
piconazole, pyrethrin, pyrethrin, terbufos, tetradifon,
tralomethrin, triadimenol-&- 473 2 v}l folA TEAH O
2 AEHA FUrh gAML 3% Tl HEHAR
Y FollAE 659 Fofol AEHALH 7 Al A
ZW e &rcAlE ND~0.122 ppmo| 1 v]74 8 f-oll 4
= 0.015~0.654 ppmo] ATt

0|27l HNSAE SR

o] FAEFAH wE zb FoFe] AFHES Table
69} gt @A Fof 7 pore] AFHLe Afet AY
atol7} gl on, iz A= dichlofluanid & =] 2j st
BE 5ok @] AR vdtd ¥ =g Jeh
At} GAERNAE dutd o g Afo] EAE= BA4%
2, 44, fEixiaat 2 a2 Sl el ehglel Al
ojaled YR FAx A A AAHY FE49 5

Fig. 3. Standard gas chromatogram of 16 pestcides
separated on HP-608 capillary column by GC-
NPD. 1, acephate; 2, omethoate; 3, ethoprophos;
4, phorate; 5, terbufos; 6, diazinon; 7, parathion-
methyl; 8, triadimenol; 9, chlorfenvinphos; 10,
chinomethionate; 11, phenthoate; 12, methi-
dathion; 13, ethion; 14, fensulfothion + pro-
piconazole; 15, phosmet; 16, bitertanol.

Table 4. Selected ion peak from each pesticides for GC/

MSD analyzed

Pesticides Retention time Selected ion peak (base peak,
(min) base peak, molecular peak)

Cypermethrin 23.436, 23.566 163, 181, 415

Diazinon 12.670 137, 179, 304

Dichlofluanid 14.932 123, 167, 332

Dimethoate 11.034 87, 125, 299

Etrimfos 13.131 181, 277, 292

Flucythrinate 23.773, 24.092 157, 199, 451

FESAM Ao on FoUPEo] FHE YRR AR
o] B4 Yeld Aotz AzbEct Uhnak 5" 447X
9 JFFAHE AT BFHo] FUsh) &4
T o|FolE AR #aH o Y Fofo] AiAETn
Bastgo. z2)u) dichlofluanids EAFZAo)A $1Gof
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Fig. 4. Mass spectrum of dimethoate and etrimfos standards(A) under GC/MSD-Scan mode and resulted library searching
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(B) and selected ion monitoring spectrum of rice bran oil(C).
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Fig. 4. Continued.
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Hste 63.2%7F AAEJT. o= dichiofluanid7} &AHZ
A9 gt A o3 FEAHY Kl o] Fopo] A}
galol A By stel £, 2A4E WEoz AZE Y
gAF A A= #7124 592 dimethoate, etrimfos2 X
T AAE Y B4E HQon, diazinon 80%0)/de] A|A
HAow ol YMA AR gAdwe] B3 {71UA

Table 5. Pesticide residues in rice bran and crude rice
bran oil (ppm)

Pesticides Rice bran Crude rice bran oil
Cypermethrin 0.122 0.654
Diazinon 0.010 0.054
Dichlofluanid 0.020 0.163
Dimethoate ND 0.021
Etrimphos ND 0.015
Flucythrinate ND 0.079

TS F FAATE 4 W EY Relth I 2o
A cypermethrin, flucythrinate’:= 5] H]dted ¢t 50%A
T AALLY. ol F BT AN E @FA7A vl 2
Fali Y diazinono] A7E O™ cypermethrin, flu-
cythrinate, dichlofluanid= 23 ZH4dls ZE¢S Yephio
o 93 ol BE ool A&HA oddtt. ol €
wEAAME w8l A glon) gFEANA
€ oF 260°CoYA] 2-3 torr2] RPN el A 24)3) E3sla
2Unge] o8 AE Fofo] BF Haf, £4HE Hog
AZr= o}

o9l 232 Kol AAE Y82 JTHE YA E
HART B TR wd%l £ vER AR SY
Aol AAFA olgtd B AT AFFE AR 5
of2 A AAEE Aoz et AATAFTAINE 5
3 AN AF g o3 S 2HIAF =
T29 7tde st AR Qlste] i ¢ 24o]
Aoz AzteE et

a
i e

b
B
1 rlo

Table 6. Pesticide residues in rice bran oil various stages of refining process (ppm)

Stage of
process Crude oil  Degummed oil Deacidified oil Decolorized oil Dewaxed oil Deodorized oil
Pesticides
Cypermethrin 0.654 0.631 0.659 0313 0.204 ND
Diazinon * 0.054 0.053 0.059 0.011 ND ND
Dichlofluanid 0.163 0.160 0.060 0.035 0.030 ND
Dimethoate 0.021 0.020 0.028 ND ND ND
Etrimfos 0.015 0.013 0.020 ND ND ND
Flucythrinate 0.079 0.077 0.082 0.042 0.079 ND
IRRY

BAG 0| 2R & MR AT AL YRE 21, gt 84, g 2 2T 4 FARF =Y
o] AF# WM3lE AF3lg ). Acephate, aldrin, BHC, bitertanol, chinomethionate, chlorfenvinphos, chlorpyrifos,
chlorpyrifos- methyl, cyfluthrin, cyhalothrin, cypermethrin, DDT, deltamethrin, diazinon, dichlofluanid, dieldrin,

dimethoate, endosulfan, ethion, ethoprophos, etrimfos, fensulfothion, flucythrinate, fenthion, isofenphos, malathion,

methidathion, metribuzin, omethoate, parathion-methyl, pendimethalin, phorate, permethrin, phenthoate, phosmet,
propiconazole, pyrethrin, terbufos, tralomethrin, triadimenols 41%F2] 275<F8 GC-ECD, NPDE A}£3}o]
multiclass multiresidue methods 2 ¥-433}th. B0l A= cypermethrin, diazinon, dichlofluanid?} 0.01~0.122
ppm HZE A3 v]7FYh-Foll M= cypermethrin, diazinon, dimethoate, dichlofluanid, etrimfos, flucythrinateo] 0.015~

0.654 ppm HEE At AL FE AARD B EF

ol Folo] & BER AFAAL Ua FATH

dstel B AT AFFE LY Fhe DAY AANUS. 59 SN F B ¢ FA LATRF
& 2E 7ide o7 ARa2 Birete] A AUNYTH
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