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ABSTRACT - This study was conducted to monitor the current status of pesticide residues and sulfur dioxide in
a total of 91 functional rice products from February to October 2016. Multi class pesticide multiresidue methods of
220 pesticides was performed by the GC/ECD, GC/NPD, GC/TOF/MS, LC/PDA, and LC/FLD. As a result of analy-
sis, the pesticides were detected in 3 samples, representing a detection rate of 3.3%. The kind of pesticides was prop-
iconazole and isoprothiolane used for germicide in agriculture or plant growth regulator purposes. The detected levels
were 0.0340~0.0566 mg/kg, which were under the MRL (Maximum Residues Limits). The contents of sulfur dioxide
in 91 samples by the Monier-Williams method were not detected. Risk assessment of pesticides evaluated using
human health exposure with the ratio of EDI (Estimated daily intake) to ADI (Acceptable daily intake). %ADI (the
ratios of EDI to ADI) were 0.24~1.25% with safety level.

Key words : Pesticide Residues, Functional Rice Products, Multi Class Pesticide Multiresidue Methods, Sulfur Dioxide,
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(Monascus purpureusys E3FaL Hj sk 2
AN EHlE= ZHSHE FA AAI] monacolin-K
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(GABA), ferulic acid, arabinoxylan, inositol 52| 7154
AEEe] F7tEw AR dA Ao
7157 &8 7 A e A Aoy AEfAIS ¢
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Materials and Methods
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20161 295E 1097F] A7 WM, LY, 4T,
EFA, 5, AR, 3 e AUAE 5
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o A AA BF VTAEES JU B SRS
Zsket 715 BAEA N Bl & =euns ALt
A0 wet TR & 324, ZEE 214, 28 5
7, dopd 337102 BRAAT. B3 AEe 7 SA
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%] AT 7o Tt
ArAe] 275k BAE 220520161 A 2 9]
318 (sulfur dioxide)S o2 3G Y-

GC (gas chromatography)/ECD (electron capture detector),
NPD (nitrogen phosphorus detector)2} LC (liquid chromato-
graphy)/PDA (photodiode array detector), FLD (fluorescence
detector)= 4] 7Feg 220F(ECD #4135 82F, NPD:
75%, UV: 51%, FLD: 12%)9] & XFEZLS Dr
Ehrenstorfer (Germany) #|&2 ARS8} T}

ZhEoF Aol AREH A9F2 acetonitrile (Burdick &
Jackson, USA), dichloromethane (Burdick & Jackson, USA),
acetone (Wako, Japan), hexane (Wako, Japan), methanol
(Wako, Japan) 58 ARE3SIL, 2 99 AFEL BF
259 48 2 GR (guaranteed reagent)®S ARE-S)
Atk AlEe] AA| gl SPE (solid phase extraction)i=
florisil cartridge (1000 mg, 6 mL, Agilent, USA), amino-propyl
cartridge (1000 mg, 6 mL, Agilent, USA)E A}&-3}t}.

o] xt3} & (sulfur dioxide) FAJol AFE-3 A2k GR
(guaranteed reagent)yw< AMESIAIL FRTE ASH T
o] &g AAAZ Hol&FE A3

A

Mol B

NEE 2FF7(4.1.22)2 dssdrdE B4 (Multi
class pesticide multiresidue methods)-A|2H ol we} &4 3}
Ak, AA 1 kgS P E271(Robot coupe, BLIXER 5
V.VA, USA)E &35t ZHAIE ¢F 50 AEsHA &
Atk FHTE AEFAY 20 FELE ¥ F AT
o]’4 A=A & acetonitrile 100 mLE 713} 2000 rpm o2
287 #2(OMNI, OMNI Macro ES, USA)3tith o2
B2 o33t A2 sodium chloride 15 go] &7 £z
i 7]ell ¥o 1327k AshAl &5 & w8l skt Aceto-
nitrile3-(‘45)S 20 mL F8ko] 40°Col8l 8ol A A
H F71E Bolgol 1aF w533t o] W A|5e] %ol
100 mL ©o]3lo]al o] W 739 w5 AFs 7t
&=7](Caliper Life Sciences, Turbo Vap LV, USA)E A}
&3ttt

AAFHS GCEA T LCEAE Yo A3ttt GC
22 florisil cartridgeE haxane 5 mL<e} 20% acetone/
hexane 5mLE #4333 20% acetone/hexane 4 mLol|
521 AR NS cartridge Aol ¥l §EAIA Al

t}. thAl cartridgedl] 20% acetone/hexane 5 mLE &
sto] ZH2 Al ko] Wrol 40°C o]3} 8730l A A

E Bojyo] 23 w9ttt Sulj7t &3] A AE A
#ll 20% acetone/hexane 2mLE €0 0|3 0.2 um
PTFE filter (Whatman, USA)Z oJ3}ste] A]g &0 g A}
L3t} LCE4A]S amino-propyl cartridgeE: dichloromethane
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Table 1. Analytical condition of GC/ECD, GC/NPD and GC/TOF/MS

Detector type ECD NPD GC/TOF/MS
DB-5 DB-35
(Agilent, DB-5, USA) (Agilent, DB-35, USA)
(30 m x 0.25 mm, 0.25 pm) (30 m x 0.25 mm, 0.25 pm) RTX-5MS
Column (RESTEK, RTX-5MS, USA)
. DB-1701 ) DB-5 (30 m x 0.25 mm, 0.25 pm)
(Agilent, DB-1701, USA) (Agilent, DB-5, USA)
(30 m x 0.25 mm, 0.25 pum) (30m x 0.25 mm, 0.25 pm)
°C/min next hold °C/min next hold °C/min next hold
initial 150 1 130 1 60 2
Oventemp.  rampl 5 200 3 8 180 1 20 180 0
ramp2 3 230 3 4 210 3 10 300 8
ramp3 25 275 21 10 300 8
Injector temp. 270°C 260°C 250°C
Detector temp. 300°C 320°C 260°C
N, 5.0 mL/min
Gas flow N, 60 mL/min H, 3.5 mL/min He 1.5 mL/min
Air 60 mL/min
Table 2. Analytical condition of UPLC/PDA and HPLC/FLD
Detector type UPLC/PDA HPLC/FLD
BEH C18 Carbamate
Column (Waters, BEH C18, Ireland) (Waters, Carbamate Analysis, Ireland)
(2.1 x 100 mm, 1.7 pm) (3.9 x 150 mm, 5.0 pm)
Flow rate 0.4 mL/min 1.0 mL/min
Detector UV 254 nm XA 1340 nm EA : 455 nm
Time A(%) B(%) Time A(%) B(%)
85 15 40 60
1 95 5 2.5 40 60
3 75 25 3 50 50
5 65 35 10 70 30
Mobile phase 7 45 55 10.5 70 30
8.5 15 85 11.5 20 80
9.5 15 85 12 40 60
10 15 85
12 0 100
A =15% ACN A = Water:MeOH:ACN = 2:4:4

B =100% ACN

B =12% ACN

5mL¢} 1% methanol/dichloromethane 4 mLZ &433}sl 1L
1% methanol/dichloromethane 4 mLll =<1 A|ZS- cartridge
Aol BWar §EAIA Aol Witk v cartridgeell
1% methanol/dichloromethane 7 mLE &3] 778 Al g
ol ol 40°C T84 BAE F71E Bolgo] 24}
T} Sui7F SA3] AlA" APl acetonitrile 2 mL
Hol Zo|i AJPg&Ao g AT

GC/ECDS} GC/NPD (Agilent, 7890A, USA)E AF&-31o]
71
9 Eg]o}E(triazole)Al 7+
AEd NE=

E

=

=2

=

& 2x(organophosphorous)Zl, #7121 (organochlorine)7l

= o B E
HREFS TSI s ool

GC/TOF/MS (Leco, PEGASUS HT, Singa-

pore)Z® AES Eelstct. wlzd-2-g ok (benzoylurea)Zl
o} 7| o] E (carbamate)d] H75F> UPLC/PDA (Waters,
Acquity, USA)®} HPLC/FLD (Waters,
M2695, USAYE AH&3t o™, 717] &A%
29} Ztt
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2 2o,

&3 (limits of detection, LOD)&} & @F3HA| (limits of
quantitation, LOQ)x ICHOA] A|AIgE o} 2Eub o u}
gt F3AHT.

LOD=3.36/S
LOQ=104/S

8 : The standard deviation of th response
S : The slope of the calibration curve

o

A8 87t

AlEe FrrEolA AEE sk Sl Bk dE:
g v 2 AU FHF H(estimated daily intake: EDI)
3} FoFe] JUAF3]-8 H(acceptable daily intake: ADI)S
o] &3t %ADIE AtEste] Brisigion, ks 42 of
g oF 2oy, 2] Fore] L FH A #1818 FH(maximum
permissible intake: MPI)& ADIO| &<l i A 52l 55
kg (KFDA 2004)2" 3o} A3ttt

EDI = 3 & 27 3 (mg/kg) x € A2 =4 3 & (g/day)/1,000
MPI = ADI x 55 kg

%ADI (Hazard index) = (EDI/ADI) x 100

%MPI = (EDI/MPI) x 100

Results and Discussion

o
AFEF HAAE AA8 A= Table 33 2t & 914
o] AR F 37(3.3%)°] AlBA FFEefo] AEHUS
s

e guE), 7REr 2 sREEE PREE 247 @

n| =] 93%, 95% L 97% ©|&tE A&, o] A

Table 3. Pesticides detected in functional rice

o2 Alg ¥

A 2205 ¢ T AdAl 521 propiconazolet
A 2 A EA 2GR 5 isoprothiolane®] & E
ATk FY ZFFL7]FMRL)S 2343 A E5E QA
™, propiconazole ¥ isoprothiolane®] Zt] A& 0.0340,
0.0566 mg/kgdll thaled MRL tH] zHz} 34%, 2.8% ©]3t
2 HEHo] T Aew wAddn

propiconazole 2 & Al AME-E|= triazoleZ ¥ A+t
AZ W, ], Frjol AME-EW, isoprothiolanes 2ol 4]
AZHIL Y= WEAQ FFoz mEy ol ojAnlEH
o AF&-E& dithiolaneAl € AoA=2 W, Atz vhs, 49}
of AREETH?. 9 P2 AmloA HAEE w9 11T F
isoprothiolane®] Z&W %7} 42.7%= 7P Edthy B
S, A 5L 69719] & AlgoA FHREsefe] 37 A
Z(43%)=A2 AEE w2 2T isoprothiolane®] 2kl
wBysglon, 4 T = AGEES] 63719 2 Alg
oA zkFEefo]l 67 HE(.5%)ENL HEH F 2F
isoprothiolane (0.01~0.04 mg/kg)]2t H 23k v}

AETA 4 oA F 10 mgkg MITHe EHEZ WA
shH, 71ER2Fel tigh 8187152 30 mgkg VRO R
AEo] AT, Monier-Williams ol 2|gk 7|54 &
9172] o]4ka}l&(sulfur dioxide) ¥ A3} ¥ EZHZE0]
Ak A TP oA o]4kstgto] ND~2.16 mgkg A&
HAL, £ AF T olEts dujzAblA 7 21

AolA BT EAE HJvty BAE A3 A3 AAE

oA s el st
ol AZFRT) EE B Wl AR Al Rugx o
2R og AgiEd ok AlgsE A OETF, T
AY olg, AE 09 A5 FY 5 kAT AT Akl
7] 913k ThFa 53] 71<z0] A s Qleps

No. Sampling month Agricultural products Pesticide detected Concentration (mg/kg) MRL (mg/kg)
1 June germinated glutinous unpolished rice propiconazole 0.0340 0.1
2 July black glutinous unpolished rice isoprothiolane 0.0566 2.0
3 September germinated glutinous unpolished rice isoprothiolane 0.0343 2.0”

a) Notification No. 2015-78 of the Ministry of Food and Drug Safety
b) Notification No. 2016-64 of the Ministry of Food and Drug Safety
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Table 4. Recoveries and LOD®, LOQ" of pesticides

No. Pesticides Spike (mg/kg) Recovery (%) LOD (mg/kg) LOQ (mg/kg) Correlation coefficient (R)
1 propiconazole 0.1485 90.57 £2.57 0.003 0.008 0.9999
2 isoprothiolane 0.1512 96.79 + 1.86 0.003 0.008 0.9990
a) Limits of detection
b) Limits of quantitation
Table 5. Risk assessment for human health exposure pesticides detected in functional rice
- Average of . b
. Pesticide . Food daily ADI? EDI® MPIY 0 o o y
Agricultural products detected dete(;u;/i;)a lue intake”  (mg/kgb.w./day)  (mg/day) (mg/man/day) #oADI oMPL
germinated glutinous oo osole 00340 6.97 0.019 0.0002370 1.045 12473 0.0227
unpolished rice
black glutinous 5 ihiolane 00566 6.97 0.1 0.0003945 5.500 03945  0.0072
unpolished rice
germinated glutinous ;o iotane  0.0343 6.97 0.1 0.0002391 5.500 02391  0.0043

unpolished rice

a) Food daily intake (g) by unpolished rice*®

b) Acceptable daily intake®”

¢) Residual concentration (mg/kg) x daily food intake/1000
d) Maximum permissible intake = ADI x 55 kg

e) %ADI (Hazard index) = (EDI/ADI) x 100

f) %Maximum permissible intake = (EDI/MPI) x 100

3|, AgeA APS e I A= Table 494 7+
ok 7} skl tiek 342 90.57~96.79%, U EEH
Z}(relative standard deviation, RSD%)= 1.86~2.57%% L}
epiglen, A& 9 AZFsHAl= 7H 0.003, 0.008 mg/
kg ® A=At T3 AN FAAFR)E 0.9990
o]e] A& Bt

4 A3 (European Union, EU)3} <A A & 7]+
(Food and Agriculture Organization of the United Nations,
FAO0)9| 3|5& 3 BlolAIFE] 7122 70~120%2} 20% ©]
Wolm3h, mj=+ 2] o] ok (Food and Drug Administration,
FDA)9| 238 38 »9171E2 80~110%°]HH?. -2
ks 39 70~120%, FHHEFARE 20% ol ste]tH?.
weba] B2 AP AHe BAHOR Alge o7 dd

=1t

T TRFA Hoi’d 8ot 2o

A E O FEbaA M= o8 HA 19 FHHAF
(TMDI, Theoretical Maximum Daily Intake)®] ADI thH]
80%E HA &7 FFEF3871E(MRLyS HelsiH, A
AAR] FHHATS Fotstr] flste] A7t A4 B
UEH AIYS st o). mex] A& s ol
MRLo]3}2 YEIYAY %ADIE ©roH QP sttt
o, 7154 AelA A& FoF 230l tigk FA
glstr] sl s H7HE AAlsHAtH(Table 5). 4
H Foo] zFste AT FAHES HFHAS d s

< %ADIE A HH dolardn|o)x AZE% propiconazole

il

o] 12%= 74 =93 UYHAE 04% mvke 2 ujn) g
TS Rl dRtd o R %ADIF 100%E 9
Felsttia AaE L JEdPY, B AqdA A&

£ dsitta AdE & 59 &
o AlF  FHuE AN FEofo] Fagitt= Aol
o} o 3

Sl e CEI P

B ATE Fol O 7154 el e PFE
a1, ol Z15A AR AEE el Egol @ Aol
2 AZ1eeh 2 Z15H e Ak e Hlste] 744
of B} B QY FEL A 7154 el ol
WE JEE AFo) REsThe A2l o] FF /15
el et mUE el Besity BaEc

oF ol o|itslete] zbFAEE FAFSIAL

Alstatt. 20161 2€95H 108704 i rtE 9 A A
oA FeEE 71548 & 91de FASI 35kt
GC/ECD, GC/NPD, GC/TOF/MS, LC/PDA, LC/FLDE ©]
L3 TR EA o 22050 AFEFAAS
A A3 371(3.3%)00AM 25 R EiEe]l AEENU
o HEE e AA| 22 propiconazoledt AAl
g A EARGZAA FF1 isoprothiolaneo] ™, AEFFS
0.0340~0.0566 mg/kg© = MRL (Maximum Residues Limits)
thu] ZFzt 34%, 2.8% ©]3tE A= AT}t Monier-Williams
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)

BE BHE otk ¢ HAEHE v

o]aka} & (sulfur dioxide)S ¥2]3F 2}
go
AU H 54 FHEDDF AL 88 FHADDS ©] &3}
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