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Occurrence of Mycotoxins in Korean Grains and Their Simultaneous Analysis

Dong-Ho Kim, Han-Sub Jang, Gyu-Il Choi, Hyun-Jung Kim, Ho-Jin Kim,
Hyo-Lin Kim, Hyun-Jung Cho, and Chan Lee'*
National Agricultural Products Quality Management Service
'Chung-Ang University

Abstract Eleven mycotoxins, including aflatoxins, ochratoxin A, fumonisins, zearalenone, T-2 toxin, deoxynivalenol, and
HT-2 toxin, were analyzed simultaneously in rice, barley, and maize produced in 2011 by liquid chromatography coupled
with triple quadrupole mass spectrometry (LC/MS/MS). Limits of detection (LOD) are 0.2 ng/kg for aflatoxin B, and G,,
0.3 pg/kg for aflatoxins B,, and G,, 0.1 pg/kg for ochratoxin, fumonisins, zearalenone, and T-2 toxin and 3.0 pg/kg for
deoxynivalenol and HT-2 toxin. Limits of quantification (LOQ) were 0.6 pg/kg for aflatoxins B,, and G,, 0.9 ng/kg for
aflatoxins B,, and G,, 0.3 pg/kg for ochratoxin, fumonisins, zearalenone, and T-2 toxin and 10.0 pg/kg for deoxynivalenol
and HT-2 toxin. Recoveries for 11 mycotoxins ranged from 70.45 to 111.11%. Fumonisins, deoxynivalenol, and
zaeralenone were detected from 0.9 to 334.0 pg/kg in the polished rice, barley and raw corn cultivated in Korea. Other
mycotoxins were not detected. Deoxynivalenol contamination was mainly found in barley (24 out of 43 samples) and the

average value in positive samples was 113.30 pg/kg.
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olZ2}=A(aflatoxin, AF), 23254l (ochratoxin, OT), FEY
2 (fumonisins) 2] F%o] =2 (mycotoxiny= 3300l €Jate] A
B 22k tiARbEelH, AF7HA] 4009 Fol LA ATKI-
3). SVEHEAE Aspergillus flavus, Asp. parasiticus 72 50|
of o3 AP, =44 T8 FEste oE gEA oy
@), L3ATEARL dsp. ochraceus, Asp. ostianus 52| Aspergillus

species®} Penicillium viridicatum 732 Penicillium species 58°]
of o AAE, A B 2P B4, MeAs B JIERE 5
S dotks). 3, FERYAE Fusarium moniliforme, F. pro-
liferatum 732 FFo7F Ahstw, A 2 2 54, HEE
(pulmonary edema), & T A3}5(equine leukoencephalomalu-
cia) 52 Fuete 202 UHA Urke). FRUAS Aikshk=
Fusarium species= ©] 2ol = ©SA| Y2 & (Deoxynivalenol,
DON)3} A Z#|:=(Zearalenone, ZEN), T-2 toxin(T-2) 2 &330]
45 ASH6). dSAIUEE s L= F graminearum,

E culmorum, 18] E crookwellense 7-2 +3olo| o8] F=
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AR BAEH, TEENA AFE AN (feed refusal), T A
Sl(immunosuppression), 75 (estrogenic syndrome) 5
WSEH6). T2 toxin(T-2) FE sporotrichioides®} F. trincitum 732
Fold oz 29¥ FEoA FE HHAFHH, IF E(hem-
orthage), §-9138 7 (alimentary toxic alenkia) 5<] H2H-2 &2
she Aoz U#A UThe).

A BZA7]5(WHO) ksl =4 434 (International Agency for
Research on Cancer, IARC)= &t AHs] FHo|mAaES
O o] /3t Utk oFEEtEAlS group 19 IHEE
(carcinogenic to humans)©|™(7), LIEZFEA1 A(OTA)S}F FRUA]
B,, B,(FB,, FB,)2 group 2B &t7FsE (possibly carcinogenic
to humans)°]th®). 3-8, A2 =, dlSA U E, T2 toxin
group 39| HIELAR EFT F gle =& (not classifiable as to
its carcinogenicity to humans)Z 7=, 99| 7|Eo 2 FFo]
E4E59 S A=Al Arh9). A FBol54 HEH
71e FRolEA JNEEAS B3 ORI dow, AA =
ot} FA7|FEC] o] ARES vEe R FFol5ie] HYd
§71%S AAste] A=t Aok 2HA R FHol5A 2HS
N HAEE AER] gow, ofe] FFo|FAEC] FAlM 2
H=o] WHElE Ado] Ut FHFo|HAES] FAITEL UA
710 747kl Azl AV 2 Tk ulSAUEEE, Al
=, FRUAL FAIHZPE EE S (brewing yeast)2] A3
o mR= F10), Holul Hol2](broiler or broiler chick) A5
of mAIE okFeHEAl, eATEA, FREUAL T2 toxin, U2
HilEe] FAILH G311, oFEEEAl E FRUYZ B

=
O
Al AFT HA Aol mAe AsaAdT312,13), EFEL
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(combination of toxins)oll 9|3t MEZFEe] =4 F52E 5 &
FolEie] FALH] WA= 54
3L UATH(14-19). WEbA, ] 71 5471 17kt 71Eo] o] &
st AR w2 EC] oug FEeR o 2
sl A=A AuEes JAYo] BFHelg & 4 Utk
oA AFg 8 FFoIHAES WY
column, TAC)S ©]-&3l] HA|5lal, HPLCE o83t AHFsle=
Ao o] AT E FRIEAHAA ®ol o8 Ut
ME G Ao oA olgisk EAHES vi$ At &
EFolga & F Uk 2, o] 7R FRolsAE FA
A5 dlele Aty 8 Hellx FEjdelzta & F §l
ot mEbA, FAEAS fe B A7F ARSI k. FEo]
=4 FAES AR (syringe)ell FX13t] A A7 7Hsa)
T2 9E WOIISEEJAC: A0, AOZ, 1/6), THAIE AA2&
SPE(Solid Phase Extraction: BondElut, Mycosep), QuEChERS
(Quick, Easy, Cheap, Effective, Ranged, Safe)l 5 B2 3]z
ol aviEaL glom, AA| A EvE Y] B4 (HPLC/MS/
MS)E AHE-3E W Eo] thEstE AL UTh20,21).

B AFolA o}ZgEA B, B, G, G(AFB, AFB, AFG,
AFG), 23854 A, FEUAB, By, HSALH =, A2
=, T2 toxin, HT=2 toxinS $HHell AT = A=E AEA 7
el WS- (1/6 column, vicam, USAYS ARE3led LC/MS/
MSZ FA] EAehs WS ASsich 283 o] A HE o]
|3at] ShollA] tiEA IR A, dn, Hel 9 ASSFF
(raw com)ol] thated FFolHa FAILA HEE AR &
2 ABAHo=E U] FAoH, duFoR 0% E B
3te] Wlw](white rice, polished rice) FENZ AAFH I oLt el
E04+= H(unprocessed rice) 2|F TS #| A3 Hwvl(brown rice,
unpolished rice) e AHIE F7I8IAL Atk whEba], Hojlx] 2
H FFo|5A7E dn U] 72 gEo] init =& & 9o
g, Sl Al B ARE0 R FYst e STre 9
o2 FgolEh oHd =&Y Hrh mEhA Sl ol
FolEa #HErlEe] AAEY oy, BE Ax o &
&3tolL} =4 {2 A|F(com or comn derived products)
Fo=z gt Aot AR, st Ay FEe SerE
a3 sk 553 318 7L Qo] ASTrE F
540 HHAE 7hssk AdEjolth
AA7A g ke et 115 FEol54Y 2
Aol A AAgE glon, F3olss LATES
AREIZE Qich o] e wiAstel] 2011 A W, A&, HE]
AA 11 FHO|EALE FAEA siHen, Fgolsh
AV o] Ardde g Ul fEEE IR

LHEEgS Wele A=Y, =l fEEE 2E
st et 7|xAEE &89 & US Ae=
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TgolHA FES 938l Sigma(St. Louis, Mo, USA)AL<]
PBS(phosphate buffered saline, pH 7.4), Merck(Darmstadt, Ger-
many)AFe] HlERE-S ARESIITE AA-E W 2152 H (immunoaf-
finity column)©- 2 Vicam(Milford, MA, USA)AFS] 1/6 AHS A}
|3l9om, dxe] AvZ P52 87| (Taitec, SR-2w, Saitama-
ken, Japan), 94%-2]7](Hanil, Combi 514R, Incheon, Korea), &
4~%%7](Interface, HyperVap HV-300, Daejeon, Korea) 52 AR
ST ImtaktAle] C 2% (150x2 mm, 3 pm, Kyoto, Japan)2-
AHgete] theke H4AE EEs o, AgilentAhe] HPLC
(1200series)’t AAE ZAFFEA7](AB, Applied Biosystems, Foster
City, CA, USA)E #3ol54E ZRIsrh

M1

EE23
242 981 B 139 FPoIS BEEL] ZuHA

=

olZ 25 Al (aflatoxin mix, 5mL)# LI EEA(5SmL)S Biopure
(Biopure, Tulln, Austria)Ale] A&Eo|H, dlSAIUdEE 2 mL), F
FEYAl(fumonisin B,, B,), AZH=2mL), T2 toxin(T-2, 1g)3
HT2 toxin(HT-2, 2 mL)S SigmailollA TP =AUt 25847
9] 7= (sensitivity)5 18+ AFEEN (stock solution)SZ OFA| B
UEZ(ACN)o] ARE-El o, HF8N(working solution)yS 20%
O EVEHR A 3T
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< "UE=(mani-fold)e] A2 F AN B 25mL
HFALQ2-3 dropsisec), 10mLe] PBSE A& &3t}

A 25mLE Y WHoR S84, S5mLY
DW= AlFatatt. FAPIG ARE o835t 3] AH
o Hol e L AA & F mEg smLE o]&sl] Ao

e 2 jo

ARSI QW BE 545 FET. FET 9S8 50°C Ao
Az sien HEHoR 0.5mLY 20% ACNe| Hof

okl FgolEA e 98 sl (gradien) 27 S ©&
SIATHTable 1). A&%E HPLCE S/F5°1™, ACN/0.1% formic
acid® BEY o7 ARSI TH0.25 mL/min). 2} 5459 & &
Az7AEC] AME THEBR FARA Z70A o 5452 2
Ao Az BAER] et B ATolA positive modeZ 4]
o] AAHE FHAES HwF 2 A= E4FE & YU
negative mode?llA] A&7t £ HSAIY L =2 79 positive
modedl|A] AtfFo g e Zno] EXRAS HYPT F 5o
Aot ALE =L negative modeclA Z=7F ¢ o4 238}
B4l A (peak)el w2]7F oJH 9 positive modeol| A A F AT}
AR S 9gh o238} 2713 MRMP-Z Table 29} 2Tt
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Table 1. Solvent gradient condition for LC/MS/MS analysis

Total time Flow rate A (%) B (%) ,
(min) (uL/min)  distilled water ACN/0.1%
formic acid
0 0 250 95 .
! 5 250 50 50
2 7 250 45 s
3 13 250 10 90
4 16 250 10 90
5 16.1 250 95 5
6 20 250 95 s
Zot g oy
SLEME QIS HER Y
ztzte] o thet 2 EYD AZrE 2@ (EIC)S Fig 190
Yehliglon, o]2 ngo g EAEe] ARHNL AT 2

FEA7|Z PR A A AL HPLC BAA B u$-
oJgt}. o] 23} = (ionization) 52 W3l ot A 2717kt
SkRzke] Zjo]7t WS | matrix match, W% &2 (internal
standard) AH8- G o] 7HA] HAWHE o] &3 AE Foli
AUTE £ AFM = HAKSEE S AMEete] E8H0E 4
£ FE313 ZAR7] wio] R A8 FFH(matrix
effectio] wEEAT) olZetE4l B eFEkE4l A9 kA
24zt y=3.39x10°x+23803 y=9.72x10°x+56.3010. o1, A A4
()= 0.9993} 0.99990]Ac}. AZel=a) vl SA I Eeze] AP
& Z7F y=264x-1863 y=28.7x-94.1°1} oW, AHAF ()

Table 2. MS conditions for the analysis of mycotoxins

& FAREY 113
1.00002+ 0.999901Ac}. FEU2 B T2 toxin®] A& 7t
7} y=198x-7295} y=720x-88.7°I131°™, ZAAT (1= EF 0.999
o] AT}

3|8, MMEH|(LOD) ¥ HZEHH|(LOQ)

1159 #Fgol547t HEHA] 42 & Aol Table 4
g IPo|EAE QYFOT QPAT] & EASS B
35es 243U 7045%% ADH =] 35go] TP Hek
o YR BELELS 79.05-111.11%2] %53 A7=E Jehidch
zZhzbe] E4e] gk 348 2 84, AHeHAl= Table 33 2th

7+O.
S

WL ok

TEO|SA SA| 2RYE =A}

Al 5 v 478, 2] 43", AS5SF(raw corn) 547854
3, FEA G AAFA (cultivation stage) A8 3080l T
sto] FFolEh QUE RANE AASIITE AL Y BE A
FoA o}ZgEAl, oI EAl A, T2 toxin 2 HT-2 toxine 7
ZHA okt Mo A FRUAS AL =] 22 1750
A FPem YeEhY 2AF U B4 F 7P 290 A% Ao
2 Ueigth FEY2 B2 14804 o= YeRt 29.8%9]
AEES nAom FAJAEHd(average in positive samples) £
A== 1.95 ughkgol ATk ZENS 477 AF ZF 177000 AZE
o] 362%2] HAEES BIoH, PYAEHFLS 246 pgkeol
ok bl UEE S ] 3FA FHoew Yehten, H)
A& 93.10 pgkgol Atk WA, ALd=s Fruyale] H&A|
U Erth Athdog £ 9988 Hole Zoez yeht
on, FEUM AP Ee] FA edH Aee A 477
% 67127 12.8%0]UT)

Mycotoxin Precursor ion Ql Q3 DT DP EP CEP CE CXP
Y m/z)  (wz) ) ) ) ) ) )
AFB AT 3 241 100 70 11 24 51 4

! [M+H] 128 100 70 11 24 89 4
AFB NEAHT 315 259 100 70 10 19 50 3
2 [M+H] 257 100 70 10 19 50 3
AFG AT 329 311 100 70 11 14 25 4
! [M+H] 200 100 70 10 20 50 3
AFG NEAHT 331 189 100 70 10 20 50 3
2 [M+H] 257 100 70 11 14 47 4
OTA AT 404 239 100 41 5 18 31 4
[M+H] 358 100 41 5 18 19 6

B NG 9 335 100 91 8 33 53 6
! [M+H] 352 100 91 8 33 43 6

- AT 06 354 100 70 9 30 45 15
2 [M+H] 336 100 70 9 30 47 4
T2 AT ™ 215 100 21 6 25 29 4
) [ ] 185 100 21 6 25 31 4
ZEN AT 319 283 100 46 11 20 17 8
[M+H] 187 100 46 11 20 25 4

HT2 MANET 2 263 100 26 3 20 19 8
) [ | 215 100 26 3 20 19 4
DON MoHT 205 265 100 -40 7.5 -14 -12 -4
[M- H] 138 100 -40 75 -14 22 2
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Fig. 1. Spectrums and chromatograms of mycotoxins. (a) aflatoxin (B,,B,, G,, G,), (b) ochratoxin A, (c) fumonisin (B,, B,), (d) zearalenone,
(e) deoxynivalenol, (f) T-2 and HT-2 toxin

Hejo] A Ald=o] 437 NFE T 15N Foem & o8 yeht 5581%2 24
Aulo] 34.88%2] ASEE W9t vig £ L9ES UE ug/kg—i Aoz P S
Walek. e, vlSAUEEES 4370 AR F 247004 3 < BA Re] ABelAMRE FA
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Table 3. LOD, LOQ and recovery of mycotoxins in polished rice

Mycotoxin AFB, AFB, AFG, AFG, OTA FB, FB, DON ZEN HT-2 T2
Spiked level (ug/kg) 10.1 2.5 10.1 2.5 2.0 50.0 50.0 100.0 50.0 50.0 2.5

Recovery (%, n=4) 97.18 106.14 94.50 111.11 103.09  100.95 81.85 79.05 70.45 106.50  95.30

+=SD(%)* +8.02  +11.94 1886 £11.12 +5.21 +7.73 +16.90 1142  +3.44 +7.63 +10.84

RSD (%)** 0.83 0.28 2.02 0.25 0.10 3.83 10.32 14.45 2.44 3.58 0.28
LOD (ng/kg) 0.2 0.3 0.2 0.3 0.1 0.3 0.3 3.0 0.3 3.0 0.3
LOQ (ng/kg) 0.6 0.9 0.6 0.9 0.3 1.0 1.0 10.0 1.0 10.0 1.0

*: Standard deviation
**: Relative standard deviation

SFEY F2 WujoflA Fol HEHoH, tSAEHES
HejolA Bol ASHUL, ALd=e] vt FEo2 oHd
Aoz FRIHAT. webr], Wuja} Bejo] BAsks gl
F7F e Aoz ARREA

=M Lee 52202 v] 51504 dSA UL =3 A2
g Sol AEHA ST BHASIITE 28Y, Ok 5(23)9]
Aol el vl SAIUEEEe] 43%S] LHER EAEIL
), YHAE HF2E X (average in positive samplesyE 28.4 pg/
kg & BV} o] Al AT = HAEHA wgkon,
oA dSAUEEES 39%2] LHES UERAITE HSA|
Hikls NS HIFoHe 374 ugkeolon, A= 14

Al

o°
=

of\

N AR F UNe] 333 pgkg 502 HAEHALE Seo 5(24)
o] winl, &r], Be] 7} 127 e R g Aol FRUA
< AEEA ko, Ax S 128 F 33 122268 py
kg TR FEULlo] AEHUTE HEF, Ok 5(23)2 WAl

Ydkdlzo] WiudX 14% AEEHRNe™, o] 20 pgkg
Folgly Busldh dvodE 16% AE&o 35 ugke B
LHEE Yo, BaolM 58% HEE 22 ugkg Hdt L
TZ2 BATHO). ol 1993delE B FollA HSA L
=3 AlZe=o] 247 89.7%(F3H o] 170 ngke), 51.3%(%73
i 287 ugke)el LUEE B3 A7t ATHR5). At B d
B IRE A7AFAELS WuloA 293%92

FrYA ods)
362%2 AZEE 29eS 2o o Ardel we o7}
AR, Bale] A 2dEH LHAFFA FAY ATE
she} ol AP Thol] & zfe|7t YA Tt ArAFe] A

ol AR AEF, Adoldt A o FEHEE, B
(accuracy)?F 7H=(sensitivity)’} T B4 Fo] lo=w A

2 SleiE gusta 3

W, 55 s4gol hstel FYoISA BA 0 FAE A
NS ANE A FES5S 8EH AR FESFS
64, TE1 A9, F¥ AQ $5e55 4 59, F A9 X
Ao S3e Jleln J” AAA BS5S 7 1582 o)
oz It BE NE F A% FENR 1N Frua
of AEHYO, o ATE Aol WAR HelZ THel £
5 Fold NERA fER70] $A tot FPolBar} BT
Aoz AREG. BF $54E IO @ Kim 55l @

TAFNA AZREFFAA HSAIU Y E0] 30%S] SAE(F
AAE FF 310 pgked] LEE)S BoH, AT =E 174%
9] QAE(151 ngkedl Ha L9=)e YeRHIEE 200532 2006
Qo] 38 SFFolre dSAYReEs A i=e] 2zt
71%, (379.4 pghkg FHELAE)} 64% L A& (42.8 ngkg BdL
HAE)Z AEHYeH, §4553 Y (canning corn)= B SA L
o] 86% 29 AoE UERITH66.3 pgke Ha 28 =)(20).

S a

ESh 19960 El AU EEEo] HF 93% S HEH 145 ngkg
o] RLAEE YE HIE Jrh0). o] 7ol AREFFoA <]
Ao #et Ats Bol Jouh, ASF
ZAL A3 Bae obF) gl o/l ARAl
A3k AEFFoM e FFolELTE A HAEA] &
grom, RES] FFo|Eh oFe Ax, AFANA WAH
© Zo® AlgEt) ol FAMA ofZetEAl, eAREA, T
2 toxin(HT-2 toxin)& WEPFA] 2UTH(Table 4).

jubes

LFEAS] A W] 601 T 5HelA 0.9-6.0 ngkg TS
2 AZHYen, By 228 & 58 06-0.9 ngkg FEL

2 Axt RrHIKE). 200232 A HE|9} SppoME

olZE}EAIB, FREUAIB, LIATEAN Fo| AEHA dUtt=
B7b dom(26), dEoME Wnmolx] ¢ F2}EA Hn]olA
olZElE4l, FRUAl Fo| FHolEate] HEHA Arthe

FAFEE AR T 7} QJTk27,28). €, o}zl g} volx]gele] 7
2011 AoA] ofFetEAlo] 28-372 ugkg FEANIA 100%7
25, QIATELL 134-341 pgkg oA 66.7% HEE
th29). o2t AlElE LgNlE ¥ AEFA A FHATHE
3 g ool AFEMAe} ulg- e Ff-olH, ofxelr} Ao
o] AmighE B 8 & Ayt YvEE 23S ofA|ol=3t

ol e 28 dehlie Rl ¥ 4 gldh

4 7125 BWOISA 2y
o] FHe MR RF F ANY 2L 2ol Jbg B,
Avle 4y Q¥ Tl 1 27k Fheka ik mebA, of

]_
25t 2Fe] AR E fIste] B, dn|, =4 W XgE=
7hegollA FFolEA 29E Wels AL dutdes
HuloA] wim Bt FFo]E5A7) B4 SHH e AR o
dElng FolEAa YEHrtE sl dvlel wnje Fgols
A =F Ax, U 58 Hgs] Totelal glofof gt o] e
Exo=z 1999 we dv], 28] 539 &S 154 AY AR
2 AMslEon, BlE A =gste] dn 2 WnE o] £
A AFE |23 THTable 5).

oA FRUAB, B/} 68%9F 47%, AZ#=o] 68%, tlS
AL Eo] 16%2] Ha L8ES Ytk dreides F
ZUAB O] 197 AR F 97 AlBlA AEEY 47%= 7AE
Rom, FAANE Ha 2.97 pgkeel Ak ALal=e A 7 Al
oA HEFO] 37% SHUEE AR, Hd 26.09 ugke
o] 2AEE YERon, disAULEES HEHA Zoth
Wulol M= 57 F I AlRelX FEUAIBRo] Het 343 pg/
kg AEEUTE BlolA gnugo] 7HE Eokor, dnjy win|
oM HulFoezm e FEE HEFAY BAEE /M 3
S AXHEA AR Qe 4Bl YRR AARE e Fl

29 =AE

T AT F8 < FRUAF ALH=elde

3}

=
=
=
=2 =
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Table 4. Occurrence of mycotoxins in rice, barley and corn

AN EASEA A 45 A A 15 013)

AF
(B,B, G, Gy OTA FB, FB, DON ZEN HT-2 T2
1.94 1.24 49.60 2.46
sk sokk
Polished Average®*£SD*** (ug/ke) 0 0 +1.71 037 3877  +1.59 0 0
Rice . o 14 3 3 17
(n=47) No. of positive samples (%) 0 0 (29.8) (6.4) (6.4) (362) 0 0
Maximum (pg/kg) 0 0 6.74 1.66 93.10 6.66 0 0
113.30 3.54
ko skoksk
Average**+SD*** (ug/kg) 0 0 0 6.06 +93.03 4904 0 0
Barley y , 1 24 15
(n=43) No. of positive samples (%) 0 0 0 2.3) (55.8) (34.9) 0 0
Maximum (ng/kg) 0 0 0 6.06 334.00 8.95 0 0
R Average**+SD*** (ug/kg) 0 0 68.00 32.90 0 0 0 0
aw
.. 1 1
0,
( gggl) No. of positive samples (%) 0 0 (12) (1.2) 0 0 0 0
Maximum (pg/kg) 0 0 68.00 32.90 0 0 0 0
*: not detected
**: in positive samples
***: Standard deviation
Table 5. Occurrence of mycotoxin according to processed stage in unpolished rice
AF
(B, B,G, G, OTA FB, FB, DON ZEN HT-2 T2
i Average+SD* (ug/kg) 0** 0 343 0 0 0 0 0
Poh.shed +0.23
(};fse) No. of positive samples (%) 0 0 3(60) 0 0 0 0 0
Maximum (ng/kg) 0 0 3.70 0 0 0 0 0
2.97 26.09
Average+SD* k 0 0 0 0 0 0
Unpolished rice . (hgke) +0.90 +39.02
n=19) No. of positive samples (%) 0 0 9(47) 0 0 7(37) 0 0
Maximum (png/kg) 0 0 448 0 0 113.00 0 0
106.61 57.23 41.03 126.54
*
Unprocessed rice*cr28e+SD” (ugke) 0 O 129479 +12898 3870 29135 >0 0
(n=19) No. of positive samples (%) 0 0 13(68) 9(47) 3(16) 13(68) 1 0
Maximum (ng/kg) 0 0 1080.00  399.00 84.50  1080.00  15.50 0

*: Meantstandard deviation in positive samples
**: not detected
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Table 6. Occurrence of mycotoxin according to region and species of unprocessed rice
AF
(B, B,G, G, OTA FB, FB, DON ZEN HT-2 T2
9.94 11.55
E3 sksk
Gyunggi Average+SD* (ug/kg) 0 0 +12.05 6.60 0 +10.83 0 0
(Chuchung, n=4) No. of positive samples (%) 0 0 2(50) 1(25) 0 4(100) 0 0
Maximum (ng/kg) 0 0 18.60 6.06 0 27.60 0 0
32.58 19.46 47.40 77.08
sk
Chungbuk AveragetSD™ (ughke) 0 O L5064 42120 5247 48411 0 0
(Chuchung, n=6) No. of positive samples (%) 0 0 5(83) 3(50) 2(33) 4(67) 0 0
Maximum (ug/kg) 0 0 125.00 43.50 84.50 195.00 0 0
12.90 130.16
%
Chungnam Average+SD* (ug/kg) 0 0 0 0 411 +12431 0 0
(Junam,n=5)  No. of positive samples (%) 0 0 0 0 2(40) 5(100) 0 0
Maximum (ug/kg) 0 0 0 0 15.80 337.00 0 0
59.30
Average+SD* 0 0 0 0 12.80 0 0
Chungnam ¢ (nghke) £66.43
(Hopum,n=5)  No. of positive samples (%) 0 0 0 0 1(20) 5(100) 0 0
Maximum (pg/kg) 0 0 0 0 12.80 165.00 0 0
54535 20227 265.31
*
Chonbuk AverageSD* (ngfke) 0 O isenr 27822 0 x30800 190 0
(Hopum,n=7)  No. of positive samples (%) 0 0 2(29) 2(29) 0 7(100) 1(14) 0
Maximum (pg/kg) 0 0 1080.00  399.00 0 1080.00  15.50 0
17.87 3130
*
Kyungbuk Average+SD* (ug/kg) 0 0 0 0 40,18 135 0 0
(Illpum, n=5) No. of positive samples (%) 0 0 0 0 3(60) 4(80) 0 0
Maximum (pg/kg) 0 0 0 0 28.00 57.10 0 0
3647 15.36 44.00
%
Kyungnam Average+SD* (ug/kg) 0 0 4092 +16.59 0.00 +55.44 0.00 0
(Dongjin,n=5)  No. of positive samples (%) 0 0 3(60) 3(60) 0 2(40) 0 0
Maximum (ng/kg) 0 0 83.70 34.50 0.00 83.20 0.00 0
*: Meantstandard deviation in positive samples
**: not detected
Table 7. Occurrence of mycotoxin according to grade of unprocessed rice
AF
(B, B,G, G, OTA FB, FB, DON ZEN HT-2 T2
37.29 23.20 17.97 3541
* ks
Special grade Average+SD* (ng/ke) 0 O 418 £1598 935 42967 0 0
(n=8) No. of positive samples (%) 0 0 3(38) 2(25) 3(38) 7(88) 0 0
Maximum (pg/kg) 0 0 83.70 34.50 28.30 84.40 0 0
127.68 70.86 33.82 108.98
*
First grade AverageSD* (ngfke) 0 0 135716 +16076 +3470 23536 >0 0
(n=25) No. of positive samples (%) 0 0 9(36) 6(24) 4(16) 20(80) 1(4) 0
Maximum (pg/kg) 0 0 1080.00  399.00 84.50  1080.00  15.50 0
13.05 202.20
Average+SD* (ug/k; 0 0 125.00 43.50 0 0
Second grade gesSD* (ngke) 1389 +214.03
(n=6) No. of positive samples (%) 0 0 1(17) 1(17) 2(33) 5(83) 0 0
Maximum (ug/kg) 0 0 125.00 43.50 15.80 510.00 0 0
*: Meantstandard deviation in positive samples
**: not detected
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