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Abstract This study was performed to elucidate pesticide residues of hexaconazole, tricyclazole, etofenprox
and imidacloprid in polished and unpolished rice. The pesticides were sprayed two and three times onto the
crops at recommended and double dose, and the residue of them were determined in polished and unpolished
rice after harvested. Hexaconazole residues of polished and unpolished samples were <LOD-0.04 and <LOD-
0.09 mg/kg, respectively. Tricyclazole residues of polished and unpolished samples were 0.17-0.88 and 0.32-
1.37 mg/kg, respectively. Etofenprox was not detected on polished samples at recommended and double dose,
but the residues in unpolished samples were 0.03-0.26 mg/kg. Imidacloprid residues of polished and
unpolished samples were <LOD-0.02 and <LOD-0.07 mg/kg, respectively. The pesticide residues were notably
decreased in polished rice. These results showed that polishing would be an effective method to reduce the
residue of hexaconazole, tricyclazole, etofenprox and imidacloprid residues in rice.

Key words Pesticide residue, Polished and unpolished rice, Safety
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(unhulled rice)?] #1791 <7 (hull)zk W71 An)
=23k Wu|2 o] &3H(Choi et al., 2008; Sung et al.,
2011). 2HAFES AR 27 59 o2 dnE vu s
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HIERI(B1, B2, E), A%, whldo] FR-sln] Z+,
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W, e 59 AASHE BHoR AniHE
3 UTHKim et al., 2011; Krishna et al., 2001; Sung et al.,
2011).
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et al., 2011).

Sl M= B Al Al ZFolRBA, WA FFOE 4
W 9 X583V} £2 ergosterol biosynthesis inhibitor
(EBIAl AHAl hexaconazol, =81 WA|of] Eo] ARE-E]=
AFA %S E melanin AFEE Adfste Al
tricyclazole, @77 5 T3t sl5e A WA7}F 713
HIHEA 5l AZA| etofenprox 2 Fax]&7]7ko] 2
3 3 Folgdel A5A] imidaclopridZt Bel ARE-E 3L Tt
(KCPA, 2016; Kim et al., 2012; Manclus et al.,, 2008;
Otake et al., 2008; Pareja et al., 2011; Tomlin, 2009;
Tsochatzis et al., 2011). WA B Ao s u Auf Al
©o] AM-EAL 2= hexaconazole, tricyclazole, etofenprox
2 imidaclopridE s, B 5 & &n| B win] F o]
B9 AFFS A - Hlaste] 2 24 mE sopkR
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A& gge] g 20169 490l T3 23w
g 59 ol¥art. MElF= 30m’(F 10.0m x Ze]
3.0m) A7) 2 3WHE-S T2 wiX|sigit. wAe HS W
A7) 91 AT Atolell SFAH(F 10.0 m x Ao
m)E AAsH e 27 10.0m x Zo] 9.0 mE Y

27 ol vix| st

NEFH, FHAE % AEEH
A BT AN TASAL, FRIAAE7]E

o] w}2} hexaconazoletricyclazole (4.5+22.5%, AA<=3}A] &

Table 1. Physico-chemical properties and MRLs of the pesticides

75080, etofenprox (10%, &A= 1,0008], imidacloprid
(8%, W3l = 5,0000 8|Asle] ZASH Ty A
EEECIEF)e oo gMulart 1290 2=l
Hj 2] FEE57](Maruyama, Tokyo, Japan)Z 43S
Aol AREE ofAle] 54, TR B PIARE7IES Table
17} Table 201 VreRTh,

Hexaconazole?} tricyclazole 33 A2+t= % A 44-
37-30, 28] AEF= 8 A 44-374 A2, etofenprox2}
imidacloprid 33| A2]F= 8 A 30-21-14, 23] H2|F=
48k A 21-14€9l A2k 8 3 E(SY2IETH.PS,
Ssangyong, Incheon, Korea)dto] dF7azxstar A7)
(FC2K, Otake, Ama, Japan)Z S4AZ A7 sle] dArA &S
THISIAAL, dn) A8 5 AYkS An7E ARESt Als
)9} FAS 28T =4 (VP-32T, Yamamoto, Higashine,
Japan)3F Th 348k 40 mesh o]} LS AR A}
3t T3, BE AEe s thy o gy o
gol] WEHIA(20°C)et dATZFS FHato] Aol Agst
At

EHl
off
mHH

12

L

E%  etofenprox (97.7% purity), hexaconazole
(99.0% purity), imidacloprid (98.0% purity) 2 tricyclazole
(98.5% purity)> Dr. Ehrenstorfer (Augsburg, Germany)|
A Fdste] AgSIdT BAARe A "ad
acetone, acetonitrile, Celite 545, dichloromethane, ethyl
acetate, n-hexane, sodium chloride ¥ sodium sulfate=
MerckAH(Darmstadt, Germany)2] HPLC grade #|&2 AMH-
31993, Florisil solid phase extraction (SPE) cartridge
(1,000 mg, 6 mL), Silica SPE cartridge (1,000 mg, 6 mL)>%}

Pesticide Vapor Pressure (mPa) Log Ko Water solubility (g/L) MRL in rice (mg/kg)
Hexaconazole 0.018 (20°C) 39 0.017 (20°C) 0.3
Tricyclazole 5.86 x 107 (20°C) 1.42 0.596 (20°C) 0.7
Etofenprox 8.13 x 107*(25°C) 6.9 2.25x107%(25°C) 1.0
Imidacloprid 9 x 107 (25°C) 0.57 0.61 (20°C) 0.05
Table 2. Pesticide products for spraying and their safe guidelines
Pesticide Formulation AL coontenf‘ Dilu.tion rate Safe use guideline :
(%) (times) PHI’ (day) ~ MAF*(time)
Hexaconazole+tricyclazole sc (4.5+22.5) 750 30 3
Etofenprox EWw* 10 1,000 14 3
Imidacloprid SC 8 5,000 14 3

“Active ingredient.

®Pre-harvest interval.

‘Maximum application frequency
4Suspension concentrate.
*Emulsion in water.
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L3S - UMEL-
NH, SPE cartridge (1,000 mg, 6 mL)= Agilent*}(California,
USA) A& AH-skaitt.

RE2EHM

HFEY

F=E

3k A8 20 ol SFHF 20mLE FUISI 1AM F
QF F&AI71L, acetone 100 mLE  7F8t]  homogenizer
(IKA, Staufen, Germany)Z 5%7+ #3233t & FEES

Celite 5455 AF&-3to] S0 ear, oJ19] 50 mL acetone
o7 ZJAtet £715 Aoftjo] ko] oAzt gelict. A
F5T e FFT 100 mLeH E3PH4 50 mLE 7F8taL
dichloromethane (100+50 mL)S.2 23] ¥uj - F&319ch
(hexaconazole2 n-hexane (100+50 mL)o. 2 23] &l - ),

A

HexaconazoleZ n-hexane FE94-& anhydrous sodium
sulfate® &=slal 40°Coll AYsFS vk 2mL -
hexanedl] A|-&-3l|5}ed Aol A28} T}, n-Hexane 5 mLE

Table 3. GC conditions for hexaconazole analysis

A
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ALg-ate] 24433k Florisil SPE (1,000 mg, 6 mL)ol| A] 5
2mLE loadingdt % n-hexane SmLE Z#WE L, n-
hexane/acetone (90/10, v/v) 15 mLZ £&A)71 S8 71
523137, ©]Z acetone 2 mLol| A}-&-313to] Table 32 %
oA GC-ECDZ #2433t}

Tricyclazole  dichloromethane 292 anhydrous
sodium sulfate® ©313L 40°ColM AsEe oL 2
mL n-hexane®l] A|-&3513} cartridge Aol A8 T}, -
Hexane 5 mLE& AMS-ste] €4J318t Silica SPE (1,000 mg,
6 mL)ol A5 2mLE loadingdt F n-hexane/ethyl acetate
(40/60, v/v) 5 mLE SE{WzZ|L, ethyl acetate 15 mLE &
EA7 &S ASksSslal, ZAES acetonitrile 2 mL
of Aj-g-al3lo] Table 4¢] 7|4 HPLC-UVDE £33}
AT

Etofenprox= dichloromethane 5%%-& anhydrous sodium
sulfate® ©F8l3L 40°CAIM AHE5E U 2mL #-
hexaneol| A|-&33td cartridge Aol AME3IATE  p-
Hexane 5mLE AME-3lo] &/ds}st Silica SPE (1,000 mg,

Items Analytical condition
Instrument Agilent 7890A series with ECD (Agilent, California, USA)
Column HP-5 (30 m x 0.25 mm L.d., 0.25 um film thickness, Agilent, California, USA)
Carrier gas 1.0 mL/min
Makeup gas N,, 60 mL/min
Oven temperature 200°C (5 min hold), 50°C/min to 300°C (13 min hold)
Detector temperature 300°C
Inlet temperature 270°C
Split ratio 30:1
Injection volume 1.0 uL
Retention time 6.6 min

Table 4. HPLC conditions for tricyclazole, etofenprox and imidacloprid analysis

Items Analytical condition
Instrument HP-1100 series with UV (Agilent, California, USA)
Column Cy5 (INNO, 250 x 4.6 mm, 5 pm, 120 A, YoungJin Biochrom, Gyeonggi, Korea)
Column temperature 40°C
Injection volume 10 uL
Flow rate 1.0 mL/min
Time (min) Water (%) Acetonitrile (%)
. 0 90 10
Tricyclazole
. 15 70 30
Mobile phase
35 90 10
Etofenprox Water/Acetonitrile (20/80, v/v)
Imidacloprid Water/Acetonitrile (25/75, v/v)
Wavelength Etofenprox: 214 nm, Imidacloprid: 275 nm, Tricyclazole: 225 nm
Retention time Etofenprox: 14.4 min, Imidacloprid: 8.3 min, Tricyclazole: 22.3 min
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6 mL)d| A5 2mLE loading$t ¥ n-hexane 3 mLE &
2] 3L, n-hexane/ethyl acetate (95/5, v/v) 5 mLE §ZA]
71 88 H-E A ES3aL, ZAAES acetonitrile 2 mLof| A
235} HPLC-UVDZ 54]3}9]TH Table 4).

==0] O

Imidacloprid= F=9<= anhydrous
sodium sulfate® G531l 40°ColM A9ta5d oy 2
mL dichloromethanedl] #|-83}3}>] cartridge Aol AR5}
%t} Dichloromethane 5mLE AREsle] &AJslst NH,
SPE (1,000 mg, 6mL)l A& 2mLE loadingdt %
dichloromethane/methanol (97/3, v/v) 6 mLZ £3A17]1 &
gl 7FelrEetal, ATES acetonitrile 2 mLol] &3l

3}o] HPLC-UVDZ #4181 TH(Table 4).

dichloromethane

o

=]
A F kA o] FERAL 95k AP o] S FAS ATk
el

o] 21X, &3 (limit of detection, LOD), 3582 A}
Sato] ASpink. A AAdS s A7 100

mL acetonitrile?l] €331 100 mg/L2] stock solutionS- #|
Z31, o] 5 {2 345l hexaconazole 2 eto-
fenprox= 0.005-5 mg/L, tricyclazole & imidacloprid= 0.1-
10.0 mg/L FF&NE A= oS HdFds A
g, Wn] F BE AFA S LODE ofef o] 4o z2HE

A Hexaconazole, Tricyclazole

,i A Hexaconazole Standard
; Control
) o - 7Sample

2 AM=EHN| Etofenprox, Imidacloprid THFZF H0| 327
=3t

2% @% k(ng) HAZA 83 & (mL)

LOD (mg/L) = 2 (UL) x A] &% (mL)

o] 3eE AIF 71 EHARS] 131 —%- A&
A 5-108) (A s )t 50-100HH( ) ¥
oM 8 A 278kl Sl l@ o &
= 20g0ll LODS] 108 2 500 F=5<2 hexaconazole
etofenprox= 0.05 % 0.25, tricyclazole® imidacloprid=
0.05 2 0.25 mgkg T2 H71enh AF A Hot &
Q3P ERH the 3087 BRI, A7) AREA

oﬁ'ﬂ“ﬂ w2} 33] v skl deee 7 24 4
FAlol thedste] A2 FE9 Hrkskel HE WEE(%)

2 A=siinh

[N

o 3 nE

HEY, s+ ¥ HEM

HexaconazoleJJr etofenprox, tricyclazole?} imidacloprid®]
AEAE 247t 0.005-5, 0.1-10 mg/L EF§NS A28 o}
< Table 33} Table 49] 7|71 7A0A BEA8 L, 72+ AR
v|aH Ao 2 HE] 23 TE Hexaconazole, tricyclazole,

B Standard

Tricyclazole

"4

Control
L N4
Recovery
I’4
L
Sample
'

Fig. 1. Representative standard, control, recovery and sample chromatogram of hexaconazole (A) and tricyclazole (B).



328 RIS - Nl XIS - ek

Control

o ¥

~Snbnb S A aan

BIENCE

., I
\

E |

1} A A
o LA A RN A ———

-y
»

) /
il il
o A A I T N A a N A

" » =

A Etofenprox Standard

Recovery

CE2E - Yha - ofstl - s

B / Imidacloprid Standard

Control

, Recovery

Sample

4

S |

Fig. 2. Representative standard, control, recovery and sample chromatogram of etofenprox (A) and imidacloprid (B).

etofenprox ¥ imidacloprid®] ™55 A7+ 22t 6.6, 17.2,
144 2 835 o] IL(Fig. 1, Fig. 2), A9 3744
© 747} y=5939.7x-974.66 (R*=0.9992), y=75.394x+0.652
(R*=0.9999), y=45.299x-0.8564 (R>=0.9996) & y=45.884x-
44133 (R*=0.9969)0-2 HFe] 2493} AHA:R )=
BT Fssiih

Al&&SF  hexaconazole, tricyclazole, etofenprox
imidacloprid®] LOD= 22+ 0.005, 0.01, 0.005 2 0.01 mg/
kgolarl, dAw|e} win] & 3|-E3 AHEFHAAHRSD,
relative standard deviation)= Z}Z} hexaconazole 80.5-91.1,
tricyclazole 72.7-88.0, etofenprox 72.8-96.6 2 imidacloprid
77.6-96.6%, 2.4-5.4, 0.3-5.1, 0.5-3.4 & 1.1-1.5%= &3
THeNA AFsE 35E 70-120%, RSD 20% ool =
78 SZ3IITHRDA, 2016, Table 5).

aal

Hol% ol 5 MBS BF Y4 HlD
Hrls} wp] 3 APk FUHAT PP SR
[e] Z

89| 71} 2| F O 2 217} hexaconazole} tricyclazole

< 58 A 28137, 30 YA 2 33](44, 37, 304X,
etofenprox®} imidacloprid® & A 23|21, 14¥)A2] &
33](30, 21, 14)A e, 78 § FHRBFS Akt
H] 23} tH(Table 6, 7)

HexaconzoleZ 7|&% A|2|Ttollx] dnje} win] B5F Zb
FaFo] AETHA v, v HEFolA &dul 0.05-
0.08, ¥17] 0.03-0.04 mg/kg o2 HEF O] rof|A] o)
n] Bt} 1.7-2.08] 52 RS e oW 2 5 hexaco-
nazole U] ZH75]-8-FF(maximum residue level, MRL) 0.3
mg/kg HTh= #A3] W& 50]TH(Table 6, 7).

TricyclazoleS 7153 A 2]7olA &ml 0.33-0.42, Win|
0.17-0.22 mg/kg T2 HAE= o] AnloA] Wn] Hr} 1.9
v =2 RS UER, wiEE AETelA dnl 0.93-
1.22, ¥lu] 0.64-0.79 mg/kg 02 AEE o] HrjolA] o)
nl HTh LS w2 RS UEhiTh o] Adke
tricyclazole 7|15 % 2]l 2 5 MRL 0.7 mg/kg X
o @A 5] e ol o, wig Aol 23] A
o A9sla BF MRLES ZIske A3E Uelit
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Table 5. Recoveries and limit of detection for tested pesticides

Pesticide Part Fortification (mg/kg) Recovery (%)* RSDP LOD (mg/kg)°
0.05 91.0+2.2 2.4
UR!
0.25 83.144.5 5.4
Hexaconazole 0.005
PR® 0.05 88.542.8 32
0.25 84.6+4.2 5.0
0.1 86.9+1.2 1.3
UR
. 0.5 83.7+0.3 0.3
Tricyclazole 0.01
0.1 81.7+2.8 34
PR
0.5 77.3+£3.9 5.1
0.05 96.2+0.5 0.5
UR
0.25 87.6£1.0 1.2
Etofenprox 0.005
PR 0.05 76.8+2.6 3.4
0.25 75.3+2.5 33
0.1 90.0+2.2 2.5
UR
. . 0.5 79.7+2.8 35
Imidacloprid 0.01
0.1 95.5+1.1 1.1
PR
0.5 84.0+4.3 5.1
“Meanststandard deviation of three replicates
*Relative standard deviation (SD/Average x 100)
‘Limit of detection
4Unpolished rice
“Polished rice
Table 6. Pesticide residues in unpolished/polished rice with recommended dose
- Application Residues (mg/kg) .
Pesticide (times) R PR MRL (mg/kg)
2 <LOD! <LOD
Hexaconazole 0.3
3 <LOD <LOD
. 2 0.33+0.01 0.17+0.00
Tricyclazole 0.7
3 0.42+0.01 0.22+0.00
2 0.03+0.00 <LOD
Etofenprox 1.0
3 0.04+0.00 <LOD
. . 2 <LOD <LOD
Imidacloprid 0.05
3 <LOD <LOD

*UR: Unpolished rice

°PR: Polished rice

‘Maximum residue level in rice
9LOD: Limit of detection

(Table 6, 7).

Etofenprox= #7]9] 74-9- 7] B iz Ae]olA =
T AREe] AEeH rivtelaL, Anle A 71" A
ZellA] 0.03-0.04, vl 2 2]Fo4] 0.16-0.21 mgkg TF
o2 A& o] etofenprox 71FH 2 wFF Ml BF &
% MRL 1.0 mgkg Bt} d#3] W& 508 2Fshe
A3E YERITH Table 6, 7).

Imidaclopride 7153 A2 FollA Anjel Win] 5% 2hg
o] HAET wwto|l, v HEellA Ew] 0.06-

0.07, ™ 0.02 mgkg FFLE AZE o] AnjolA] wn
o 3.0-3.50 w2 ARES UEYh o] dakes 7]
F ATl dvl 3 W), wig Ao wwle] 7
imidacloprid®] 2 % MRL 0.05 mgkg Bt} #A3] v
FEolALh, wiF Al e e = Zshe
A5 YERITH(Table 6, 7).

471¢] du] 9 Wu] F hexaconazole, tricyclazole,
etofenprox ¥ imidacloprid Hd A2 zH= B Au) Al
FRPAAE 715 Ecte] FoFE Axshd T &

F o do A
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Table 7. Pesticide residues in unpolished/polished rice with double dose

- Application Residues (mg/kg) .
Pesticide (times) R PR MRL (mg/kg)
2 0.05+0.00 0.03+0.00
Hexaconazole 0.3
3 0.08+0.01 0.04+0.00
. 2 0.934+0.25 0.64+0.04
Tricyclazole 0.7
3 1.22+0.15 0.79+0.09
2 0.16+0.00 <LOD!
Etofenprox 1.0
3 0.2140.05 <LOD
) . 2 0.06+0.00 0.02+0.00
Imidacloprid 0.05
3 0.07+0.00 0.02+0.00

*UR: Unpolished rice

°PR: Polished rice

‘Maximum residue level in rice
9LOD: Limit of detection

NES 90F 5 93, A F Hh) AEEF AR
wrlof wjs) 17 o4 £ A%E viEhle] Wz 7}
Fol AR B2ATE B WEAL s
2 oape A B 3

T4 < isoprothiolane}
acephate®] W] & FHrFo] wWiw]of Blaf 2-4uf =A] ek
Afol= An)E WujR 9 7t
, HIEHA Fo] Mgtz 5 7|9
H Aoz dAdeEtk(Baik et al., 1982; Kwon et al., 2004).
FEok 2 Ao Aol Yehd e} 7ro] o] & of o
e} soFe] FHRgo] A8 gERlolE vt AEe
OFZ0bA %] (Ministry of Food and Drug Safety, MFDS):=
A7) AR AR AL, 2 F FoF AR A
d2 AVAEE tideR Fash FHo JUTHMFDS,
2017). KOSISOl w29 20163 %0 &nj= 778,734 ha 5
73R4 4,517,430 tono] “JAkE]o] 4,083,756 ton (90.4%)
o] 128%9] Wn)E =AFT, Lee and Kim (2011) $-
gufetoll A 2 2] S 93] ArlE £ ste] e R
ZHE S S Bargh uf Qltk. weba] AARE 2o o
wol Win 2 LH|EER Foke] FSETIFES Anle 9

wjol thalel 2k sk, SOF AR A9 AR B

i
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Al

LRSS . AMZX|T. XEH - ZICH

O =M & 47X Hexaconazole, Tricyclazole ¥
A=XN| Etofenprox, Imidacloprid ZHF 2 H0|

FH3E - AN ofatel - U/

2 o E A= AA Hexaconazole, Tricyclazole®} A4 Etofenprox, Imidacloprids Blel] A3 F Hn]e}

il
oo A FoFrhR S Al ske] Hlaslalt siGith AlE2 As g XA Sl on W E AlFode
Z 3}%th. Hexaconazolettricyclazole (4.5+22.5%, Nd<=3kA)2 7508, etofenprox (10%, F-EMA)Y= 1,0008H,
imidacloprid (8%, 94<=3H4)= 5,000 2 3|4 sle] BFAEFE(EH) © 2lsEEiE)E FHAE s
Hexaconazole¥} tricyclazole 33] A7+ 8 & 44-37-30, 28] AgHe 44-3789] FAE A9,
etofenprox®}t imidacloprid 33] A&T= +8 A 30-21-14, 23] AGTE 21-1480) 2HAS AP, 8 F &
n g wWng AR5 7Re Ty GC (ECD) % HPLC (UVD)E AR&-sto] HRas #418I8ith. Hexaconazole,
tricyclazole, etofenprox® imidacloprid®] 3]4=& ¥ RSDE= 22} 80.5-91.1, 72.7-88.0, 72.8-96.6 2 77.6-96.6%, 2.4-
54, 03-5.1, 0.5-3.4, ¥ 1.1-5.1%°]t}. AE3H= hexaconazoles} etofenprox 0.005, tricyclazole?} imidacloprid
0.01 mg/kgo|th. A& 5 hexaconzole®] ZHF#S dn| <LOD-0.09, ¥r] <LOD-0.04 mg/kg, tricyclazole &m]|
0.32-1.37, ¥17] 0.17-0.88 mg/kg, etofenproxi= 7| 0.03-0.26 mg/kg, ¥¥| <LOD, imidacloprid= &7] <LOD-0.07,
] <LOD-0.02 mg/kg TE0E HEHIJTE & Aolx e dn|, Win] AJ5e] ARFES BE AdFolA dn 5
o] W2 71 Al ZHAstR R Win|R9] 7hyro] wore] FEe 7HaA7E Bl WH Y-S ER1E
Aolo] v, wiw], Fokzhg, oA

guA
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