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Development of Simultaneous Determination Method
of Carbaryl, Carbofuran and Fenobucarb in Feed by LC-MS/MS

Satomi TANAKA " and Masayoshi KUWABARA®

(* Kobe Regional Center, Food and Agricultural Materials Inspection Center)

An analytical method was developed to determine the levels of carbaryl, carbofuran and
fenobucarb in feed using a liquid chromatograph-electrospray ionization-tandem mass
spectrometer (LC-ESI-MS/MS).

After adding water to the sample, carbaryl, carbofuran and fenobucarb were extracted with acetone
and the extracted solutions were filtered. The filtrate was then diluted with acetone to a volume
of 200 mL. The sample solution was purified with a SPE column (InertSep Slim-J C18-B, GL
sciences Inc.; Tokyo, Japan) and injected into the LC-MS/MS to determine the levels of carbaryl,
carbofuran and fenobucarb. LC separation was carried out on an ODS column (ZORBAX
Eclipse XDB-C18, 2.1 mm i.d. X 150 mm, 5 pum from Agilent Technologies Inc.; Santa Clara, CA,
USA) using a gradient with 2 mmol/L ammonium acetate solution and acetonitrile as a mobile
phase. In the MS/MS analysis, positive mode electrospray ionization (ESI+) was used.

Recovery tests were conducted on formula feed for finishing beef cattle, wheat, corn, milo and
oaten hay. Formula feed for finishing beef cattle and corn were spiked with 0.01 or 0.1 mg/kg of
carbaryl, 0.01 or 0.05 mg/kg of carbofuran and 0.01 or 0.3 mg/kg of fenobucarb. Wheat was
spiked with 0.01 or 2 mg/kg of carbaryl, 0.01 or 0.2 mg/kg of carbofuran and 0.01 or 0.3 mg/kg of
fenobucarb. Milo was spiked with 0.01 or 10 mg/kg of carbaryl, 0.01 or 0.1 mg/kg of carbofuran
and 0.01 or 0.3 mg/kg of fenobucarb. Oaten hay was spiked with 0.1 or 250 mg/kg of carbaryl,
0.1 or 13 mg/kg of carbofuran and 0.1 or 10 mg/kg of fenobucarb. The mean recoveries ranged
from 86.6 to 103 % for carbaryl, 91.3 to 105 % for carbofuran and 85.5 to 99.1 % for fenobucarb.
The relative standard deviations of repeatability (RSD,) were not more than 10 % for carbaryl,
7.4 % for carbofuran and 11 % for fenobucarb.

Key words: carbaryl; carbofuran; fenobucarb; liquid chromatograph-tandem mass spectrometer
(LC-MS/MNS); electrospray ionization (ESI); feed
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Carbaryl Carbofuran Fenobucarb
2,3-dihydro-2,2-dimethylbenzofuran- (RS)-2-sec-butylphenyl
1-naphthyl methylcarbamate
7-yl methylcarbamate methylcarbamate
C12H44NO, MW: 201.2 C12H15NOs MW: 221.3 Ci2H17NO>, MW: 207.3
CAS No.: 63-25-2 CAS No.: 1563-66-2 CAS No.: 3766-81-2

Fig. 1 Chemical structures of carbaryl, carbofuran and fenobucarb
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Table 1  Compositions of the formula feed
Formula feed Ingredient types Proportion Ingredients
types (%)
For breeding  Grains 55 Corn, brown rice, milo
Ic)f)rici:(;in Oil seed meal 26 Soybean meal, rapeseed meal, corn gluten meal, sesame meal,
corn germ meal
Animal by-products 1 Meat-and-bone meal
Brans 2 Rice bran, corn gluten feed
Others 16 Calcium carbonate, animal fat, dried leftover, corn steep liquor,
calcium phosphate, salt, enzyme-treated copra meal, feed additives
For breeding Grains 65 Corn, milo, oat
period pigs Oil seed meal 13 Soybean meal
Animal by-products 3 Fish meal
Brans 8 Wheat bran, rice powder
Others 11 Alfalfa meal, bakery waste, calcium carbonate, calcium phosphate,
salt, feed additives
For finishing  Grains 56 Barley, corn, corn starch, potato starch
beef cattle Oil seed meal 5 Soybean meal
Brans 38 Wheat bran, hominy feed, soybean hulls, corn gluten feed, rice bran,
brewers grains
Others 1 Molasses, calcium carbonate, salt, lactic acid bacteria, brewers yeast,
butyric acid bacteria, saccharification bacteria, natural aluminum silicate,
light silicic acid, galacto-oligosaccharide, glucose, zeolite, calcium propionate
22 K
1) 7 M ATEREER-PCB BAHZHWEZ., 7 h= 1MV W h T DALEI TR 3K
PCB B Z H\Vy, IRIER & T LC-MS/MS ¥ EERIC i&%7D7F777%%%wt.%%
TR U LIEERE o~ 877 7 (1 mol/L WK, FOGHMBE T HER) & M. Kix

Millipore, DIRECT-Q UV 3 (Merck Millipore )
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TS VEEAE S, GRLEE 99.8 %, BIAILFHL) 25 mg Z EfEIZE>TS0mL ODRET 7 A2
AR, TR EZMATENL, TITERETTE 2L TH N UAEAE R % 57 5
L7z (ZOW 1mLiE, ZANYLELTO0SmgEzalHTDH. ) .

TR T T EAE R

TINVIR T T RERERL (M 99.8 %, BIH(LFHR) 25 mg # EfEICE > TS50mL D&Y T A
AN, TEMAZMZTENL, FIERETTE N Z2MATHVRT T U NEREFR 2
FEL7- (oW ImLiE, IVRZ750LLTO05mgaa AT 5. )
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5) IRAIEHER

FIEEF A 2 mL % 100 mL D275 22l ALTRAL, BICERETTE Fr2m
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TELTK IOug a8 HTDH. ) .

RICEE LT, BRAEERED ~E&4%, 7 b=tV L—/Kk (3+2) TIEMICHFRL, 1
mL FICHANRY L, INVRT T RO T =) T HATELTH 0.04, 0.06, 0.08, 0.1, 0.2,
0.4, 0.6, 0.8, 1, 2, 4, 6, 8, 10, 20, 40, 60, 80, 100, 200, 400 KX T* 600 ng Z &A%
IREGAEER 2R L 7.
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Fmet 1 (B LIS ) @ ZM 200 Retsch 8 (1 mm A 7 U — 2, fEHRFEIEREL 14000 rpm)
otk 2 (REACRH)  : SM 2000 Retsch 8 (1mm 227 U —2, [Al#E8 (f£R) 835 rpm)
2) #RE O : MW-DRV AT TR (I HRFHR & 5 %X 300 rpm)
3y AU EFTINT VALY U AN =T A InertSep Slim-J C18-B (£ T A& 500 mg)
VI AY A AR Y PN =R E L2 O
4) LC-MS/MS :
LC & : ACQUITY UPLC System Waters %
MS/MS #B : ACQUITY TQ Detector Waters
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TR 10.0 g 28> T 300 mL O3k =/~ F 222 A, 7K 20 mL (F2¥CH1E 30 mL)
Nz, 30 pREEE%, BFI27 ' b2 100 mL (24081 120 mL) 0%, 30 />R RE
THIH L7z, 200 mL O2RE7 I 22427 7 —RIOFIcES, MtiEz 58 5 # B) T
Wl A L7z, EDO=A7 7 2AaRUHESLIART &~ 50 mL THEEL, RERICEKSA
WL/, BIZRBET7TAIDERETTE RN ZMAT. ZOWK 2 mL (FEBEEIZ DWW T,
ZOWRD—ERET & M TIEMIZ 10 fEHRLZHK 2 mL) % 50 mL O3 7 7 A 2TIE
el AFL, K20mL ZMx T, » 7 LI 23HAKR E LT
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WL, WENAKZ R =8 7 A2 AR, FiiE 1| mL/min FEE CTW 5| L Tk 27 TAAIO bk
WCETHE T SE. BICRBARDO A>T\ RTIE 7 I Aazk—Tk =K UL

(9+1) SmL > T2 [EFEHL, WRAEINEXRI =1 T ANz, FERCHEESEZ. 10 mL O
PETITIAAEZI=ANTLAOTICESE, 7EF=M) =K (B+2) 9mLZI =07 AIIMNx,
FARICR S L CREER D 2R S, 287 7 A a0EfRE CREEZMZ, ZOHO—
E R % 5000xg T 5 pMiELHEEL, EEAEEZ LC-MS/MS IZ X A HIEICHT 23 AR & L
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Table 2  Operating conditions of LC-MS/MS

Column
Mobile phase

Flow rate

Column temperature

ZORBAX Eclipse XDB-C18 (2.1mm i.d. X 150 mm, 5 pm), Agilent Technologies

2 mmol/L ammonium acetate solution—acetonitrile (4:1)
— 15 min — (1:9) (hold for 5 min)

0.2 mL/min

40 °C

Ionization Electrospray ionization (EST)
Mode Positive
Source temperature 120 °C
Desolvation gas N2 (650 L/h, 350 °C)
Capillary voltage 1kV
Cone gas N2 (50 L/h)
Collision gas Ar (0.20 mL/h)
Table 3 MS/MS parameters
Precursor Product ion Cone Collision
ion Quantifier Qualifier voltage energy
(m/z) (m/z) (m/z) Q%) (eV)
145 — 22 12
Carbaryl 202
— 127 22 28
165 — 24 12
Carbofuran 222
— 123 24 23
95 — 24 16
Fenobucarb 208
— 77 24 36
4 F R
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Sample 10.0 g (300 mL Erlenmeyer flask)

add 20 mL of water (grass hay: 30 mL) and allow to stand for 30 min

add 100mL of acetone (grass hay: 120 mL) and shake for 30 min
— filtrate through filter paper (No. 5B of JIS P3801) under reduced pressure

(receiver: 200 mL volumetric flask)

wash with 50 mL of acetone

—fill up to 200 mL with acetone

dilute sample solution of grass hay 10-fold with acetone

2 mL of sample solution (50 mL eggplant flask)

|—add 20 mL of water

InertSep Slim-J C18-B (500 mg)

(prewash with 5 mL of acetonitrile and 5 mL of water)

apply sample solution

wash with 5 mL of water—acetonitrile (9:1) (twice)

—place a receiver (10 mL volumetric flask)

elute with 9 mL of acetonitrile-water (3:2)

—fill up to 10 mL with acetonitrile—water (3:2)

centrifuge for 5 min at 5000xg
LC-MS/MS

Scheme 1 Analytical procedure for carbaryl, carbofuran and fenobucarb in feed
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17152308 THY, IANY L, INVKRTTURONT = /)7 V7134 0.04~600 ng/mL
(A& E LT 0.0002~3 ng) DO#iH CHEMMEL R LT,
kB, BEBEROEEGIL, IANUL, BLRTZITROT =/ T HNT % 0.004~60
mg/kg AT D N BB 2 RIEICE WAL U 72 e fKRENEIR R O I AR Y v, BIVIRT T v R
W7 = /) 7NV TIREREICHEY T 5.
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Fig. 2-1  Calibration curves of carbaryl by peak area (left) and peak height (right)
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Fig. 2-2  Calibration curves of carbofuran by peak area (left) and peak height (right)
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Fig. 2-3  Calibration curves of fenobucarb by peak area (left) and peak height (right)
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% O 10 AR 2TV & & LTUBRORMEIT- 7.
33 AUV ETFTINTIIMMET Y BTN =T B O HE S OWHeRR
NEEZHW, 24 © DICX VR L72H T LI 23EHEIKRIZ, TN L, TR T
FURRT7 2 ) THNTELT 1 mgkg Y & (REFEHERH T 10 ng/mL FHY4 &) ZIRNL,
F I BTN DN Y BTNV =H T A0S OIS R LT, £ OREHIL Table 4 @
LB THY, AT, ﬁw?7?y&w7l/fww717tb:%Uw—m(Hﬂ
0~9 mL OFE /M L, 9~18 mL O E/MTITIEH A R b 2o 7=, JFRL i YTl 10 mL TI&
HEETWVD A, %mﬂ%xﬁé*“#10mLéi77x:T%Dﬁﬁ%ﬁzék%n#%é
ZEMnD, RIETIE, 9 mL THEMIE%, RET 7 A2 OERE CRIELELEZ N Z LC-MS/MS
IZ R DHEICHT 2 EHRIK & LT,

Table 4  Elution pattern of pesticides from InertSep Slim-J C18-B

Mean recovery (%)

Water-acetonitrile Acetonitrile-water Acetonitrile-water

Pesticides
(9:1) (3:2) (3:2) Total
10 mL 0~9 mL 9~18 mL
Carbaryl 0 97.0 0 97.0
Carbofuran 0 96.6 0 96.6
Fenobucarb 0 97.8 0 97.8
n=73

3.4 BiEWE OB
RCE A B G RE, A HELA SR, WASIEEHE AR, 2AZE, KE, IE, &
IBAIL, v B, FTAE, TNT7NANT 7 HEROF—YHES 1| B2 e LT, 24
D DEO 2T X %@Ltﬁﬂ%ﬁ%[ﬁM&Ms*&AL,%%MKSMA&vaﬁ?A%
MR L2 A, WTFRORBHICBWTHEIANRNI L, IARTITURNRT = ) T HILTDIE
BT L= IO oo,
72¥5, MEHEIO SRM 7 o~ k75 L% Fig. 3 10/ L=,
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Fig. 3  Selected reaction monitoring (SRM) chromatograms
of standard solution and blank sample solutions
(LC-MS/MS conditions are shown in Tables 2 and 3. Arrows indicate the retention time of 1:
carbaryl, 2: carbofuran and 3: fenobucarb. The scale of vertical axis is normalized to
chromatogram A, in which the peak height of the 0.1 ng/mL standard solution is to be shown as
100 % in each segment. The baselines are shifted for display.)

A: Standard solution (The concentration is each 0.1 ng/mL as carbaryl, carbofuran and fenobucarb.)
B~L: Blank sample solution (B: formula feed for breeding period chicken, C: formula feed for breeding
period pigs, D: formula feed for finishing beef cattle, E: oat, F: barley, G: wheat, H: corn, I: milo, J:

rye, K: alfalfa hay, L: oaten hay)
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24 O DEO )T LV IRK L2k E AR A Gk, FKEE SR, WA EHR S
R R ONE DB A LDT T 7 HREHEIRIC A AN L E LT 1 mgkg Y& (BEBHAR S
T10ng/mL AHYE) , IAVRTZ TR0 T =/ 7TH7E L TO0.5mgkg Y E (REREHAK
HCSngmL Y E) %, 2AE, KE, NhE A KkOTAEDOT T 7 B EHRIRIC LN
UL & LT 2 mgkg Y& (REREHAKF T 20 ngmL M4 &) , WLVRT7IUERNT =) T
ANT L LT 1 mgkg fAY & (RiEEHRIE T T 10 ng/mL fHY &) %, 77 7V 7 78K
WA —VWEDT T o 7 BBEIRIZ A NRY L, IART TR NT =) THALT & LT 20
mg/kg MY & (RAREHRIRT T 20 ng/mL MY &) ZZNTIIRMLIZE~ MY v 7 AEHER
IZDWT, 2.2 O SITHE S TR L7 RRE ORSGEERICRIT 2 ¥ — 7 bz iR Lz & 2
%, E— 7 HfEkIEL Table 5O LBV, HANYILTI3~108 %, HNVRT T2 T9I7~109 %, 7
= /) T HNVT T 93~104 %THY, WAV, DNVRTTZURORT = ) T HANVT L~ R Y
I RAZEDREREELZTHZLRPEARTHo -

Table 5 Results of matrix effect study
Carbaryl Carbofuran Fenobucarb
Concentration Concentration Concentration
Feed types of matrix in matrix Matr i"b‘) in matrix Matri);) in matrix Matr i"b‘)
standard in samplea) effect standard  ing amplea) effect standard in samplea) effect
solution (mg/kg) (%) solution (mg/kg) (%) solution (mg/kg) (%)
(ng/mL) (ug/mL) (ng/mL)
Formula feed for
breeding period chicken 10 1 96 5 0.5 98 5 0.5 93
breeding period pigs 10 1 96 5 0.5 99 5 0.5 96
finishing beef cattle 10 1 108 5 0.5 103 5 0.5 104
Oat 20 2 93 10 1 97 10 1 99
Barley 20 2 104 10 1 106 10 1 97
Wheat 20 2 106 10 1 109 10 1 104
Corn 10 1 97 5 0.5 101 5 0.5 94
Milo 20 2 98 10 1 101 10 1 93
Rye 20 2 104 10 1 103 10 1 100
Alfalfa hay 20 20 108 20 20 101 20 20 97
Oaten hay 20 20 102 20 20 101 20 20 101
n=1

a) Converted from the concentration in the matrix standard solution

b) Ratio of peak area of pesticides in the presence of matrix to that in the absence of matrix

3.6 IRANEN AR

22 D 2)~AYD I NN NAEREE R, VR T T AERFE RO = ) TNV TERER G T
F= KU —ok (3+2) TIEMIZARLEIMZH W,

WAAEEREARE R RNE S HAHZ LICDNT, AU e LT0.01 &ON0.1 mgkg FH4
B (EERBHAK T T 0.1 2O ng/mL) , BART7 T L LT0.01 HTR0.05 mg/kg FY4 & (K
R EHAR T 0.1 XV 0.5 ng/mL) , 7=/ 7 HAT7ELTO0.01 K03 mgkg FHY & (&
BN T 0.1 LY 3 ng/mL) , /NEIZHOWT, AU LE LT 001 O 2 mgkg FHXY &
(R BHRIR T T 0.1 X820 ng/mL) , HART T & LT0.01 HT0.2 mgkg A& (i
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BRI T 0.1 Y2 ng/mL) , 7=/ 7 HATELTO0.01 K03 mgkg fHYE (RKakk
W T 0.1 O 3 ng/mL) , ~A 2ZOWT, AUl LT 0.00 LU 10 mgkg 14 &

(B SRR IR T T 0.1 2TV 100 ng/mL) , HARTF & LT0.01 &OY0.1 mgkg FYE (&
HERBHAE T 01 OV 1 ng/mL) , 7=/ 7 HN7 & LT0.01 K03 mgkg MY E (R
BHATK T T 0.1 XT3 ng/mL) , A—YVEEIZHOWT, BT L LT 0.1 K250 mgkg
HE (AR T 0.1 &Y 250 ng/mL) , AAART T & LT 0.1 KON 13 mgkg tHY &

(BRI T 0.1 OV 13 ng/mL) , 7=/ 7 A7 &L LTO0.1 KO 10 mgkg FHY&E (&
FEFBHAR T 0.1 XV 10 ng/mL) 12725 L2 ICZNZENEMNE LEAG L, —KEFE L2
ARIEHE > TER L, FHEIUE K QR LR E %2 R 7.

ZDOFEFIL Table 6 D LBV, AU LOEEEUTEIT 86.6~103 %, F Ot LK X
RSD, & LT 10 %A, HART T OFHEUET 91.3~105 %, % O LKSEEIL RSD, & L
TT4%LT, 7=/ 707 OFHEIEIT 85.5~99.1 %, % OE UKEIZRSD, & LT 11 %
LLF OFAENF DAL, R MDY ERGRIE T A RT A4 v D (ULF TS PEeRE T A R
FAL] EVnH ) ITEDONTZEEROPHTRE O BAEE 272 L T\,

ek, HoNSRM 7 u~ 7T ADO—f% Fig. 4 IR LT,

Table 6  Recoveries for carbaryl, carbofran and fenobucarb

Feed types
Spiked  Formula feed for cattle Wheat Corn Milo Qaten hay
Pesticides level > =y > 5 > =y > ) > )
(mg/kg) Recovery RSD: Recovery RSD: Recovery RSD: Recovery RSD: Recovery RSD:
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

0.01 89.6 7.2 92.6 8.8 96.0 10 90.6 7.2 — —

0.1 96.9 2.5 - - 96.2 4.5 - - 86.6 6.6
Carbaryl 2 — 92.9 4.0 — — — — — —
10 — - - - - 96.4 1.1 — —

250 — - - - - - - 103 1.1
0.01 93.2 6.6 95.1 6.5 105 7.4 97.8 4.3 — —
0.05 95.8 3.7 - - 94.0 1.2 - - — —

Carbofuran 0.1 — — — — — 93.4 6.9 92.8 5.0
0.2 — — 91.3 1.9 - - - - — —

13 — — - - - - - - 95.7 2.1
0.01 89.4 6.8 85.5 11 92.9 7.3 86.8 7.3 — —

Fenobucarb 01 B B B R B R B R 9.3 >3
0.3 95.0 1.3 91.8 2.7 94.3 3.1 95.6 2.2 — —

10 — — — — — — — 99.1 2.6

—: Not tested

a) Mean (n =5)
b) Relative standard deviation of repeatability
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Fig. 4  Selected reaction monitoring chromatograms of standard solutions and spiked samples
(LC-MS/MS conditions are shown in Tables 2 and 3. Arrows indicate the peak of 1: carbaryl,

2: carbofuran and 3: fenobucarb. Each peak is shown as 100 % in each segment. The

baselines are shifted for display.)

A: Standard solution (The concentrations of carbaryl, carbofuran and fenobucarb are 1 ng/mL,
0.5 ng/mL and 0.3 ng/mL, respectively.)

B: Sample solution of formula feed for cattle spiked at 0.1 mg/kg of carbaryl, 0.05 mg/kg of
carbofran and 0.3 mg/kg of fenobucarb (corresponding to 1 ng/mL as carbaryl, 0.5 ng/mL
as carbofuran and 0.3 ng/mL as fenobucarb)

C: Sample solution of corn spiked at 0.1 mg/kg of carbaryl, 0.05 mg/kg of carbofran and 0.3
mg/kg of fenobucarb (corresponding to 1 ng/mL as carbaryl, 0.5 ng/mL as carbofuran and
0.3 ng/mL as fenobucarb)

D: Standard solution (The concentrations of carbaryl, carbofuran and fenobucarb are 250
ng/mL,13 ng/mL and 10 ng/mL, respectively.)

E: Sample solution of oaten hay spiked at 250 mg/kg of carbaryl, 13 mg/kg of carbofran and
10 mg/kg of fenobucarb (corresponding to 250 ng/mL as carbaryl, 13 ng/mL as carbofuran
and 10 ng/mL as fenobucarb)

3.7 EETREOWH TR
KREOERETREOHRH TREZ#HRT 5720, ARAFREBEAME, &, 252 L,
AV RONA—=VHEIZANNY IV, VR T TR T = ) T ANT RN, BMEGUER
IZE0BELNDIE =7 D SN 10 K3 L biREERDT-.



32 fREHFIE S Vol. 42 (2017)

ZORER, SNHN 10 L3 LB L, DAV, WIVRT TR RN T =) THNVT L
Hiz, A—VEEUANAOFEHI DUV T 0.01 mg/kg & T8 0.003 mg/kg, A — Y #EIZ DWW TIL 0.1
mg/kg KT* 0.03 mgkg Tho7/2Z &b, BEHHP TER FRIL 0.01 mgkg (FAXEIZ OV T
0.1 mg/kg) , MH FBRIX 0.003 mgkg (FAXEIZOWTIL 0.03 mgkg) Thotz. RELEZECE
TIRIE, A6 NCEDLNIFEEFOU LR T T o OEMEHEOK/NEE 0.05 mg/kg 2% LT 1/5
DRETH Y, ZUMWHERIETA T4 ICHE SN BELZTZ LT\ e, B TRIZOWT
HIRERICBEE 2072 LTz,

72¥%, Table 6 [Z/RL7c& B0, MELE&E FIRIEEICK T 20MEINGRERF RIZRIFTH > 7-.

4 F&EOH
BN T DN NNU L, VR T TN T = ) T HLTIZONT, JERL IEROA k%

I, LC-MS/MS % W T2 & EIE D T B E~OEH O A HIC O THRE L& 25, flil#&

OREHA Z 10 fEAR L7222 & (MEEEZRS) KON 7 DRI E T D HEEEE 4 10 mL

MNHImMLICAEET S LT, UTFOMENELNT.

1) FMEHIT, 0.04~600 ng/mL (FEAEE LT 0.0002~3 ng) DOHiPH CHEMRMEE R LT,

E, UHRBROBERGEIZX, ANV, BVRTTURRT =) T AT % 0.004~60
mg/kg AT D oMHREE . RBIZHEWVIRE L 72 &SRR O VY v, INRT T
MO T7 = ) TN T REGHEICHEY T 5.

2) AEREE RS EE, FEREGE ARG, WHPEERESER, 2AE, KE, IE, &
PHLAHZL, vAn, TAE, TAT7NT 7L NA—VEHEIZONT, KEICHE->THD
Ni-rzna~ N7 7 A82%, EEEZITHE—7FBONRhoT.

3) ARBIZHENEFSNIZBHEHARIZOW T~ MY v 7 2R EMHER UIRER, BN, BAR
TR NT 2 ) THNTITRE~ Y v 7 AL DREREELZ L2 LR HENETH
> 7.

4 WHFEEHEAEE, £, LH2HAZL, ~ Ak OA—=YEEIZOANI IV, TILRT
TRV T =) TN T E LT 0.01~250 mg/kg Y EZIRML, KiEIZE-T 5 ST %
FhE L, ECER O LR E 2 RO 25, ZUMHERIETA RI7A4 VICED LN EE R
OMMTRE O BREE &2 7= 3 BAF i s b iz,

5) ARIEOANANRVN, HIVRTTURONT =) T AT OERE FRIZEEH T 0.01 mgkg (R4
ELZOWTIL 0.1 mg/kg) , MHTFBRIX 0.003 mg/kg (FEAXELIZ DV TiX 0.03 mg/kg) Thoi-.
RE LT E R TIRE ORI TIRIE, Z4PEMRIETA R4 VICED NI BEEZN 2L T
7.

X B
1) —MAEEEAN A AREDBE S - BN KT v 7 2016 4R (SGRTHTR) , 420-421, HAHE
WbhEE 2, B, (2016) (ISBN: 978-4-88926-146-2).
2) NEIMEMLERZES  BRMEEREERV AT 4,
http://www.fsc.go.jp/fsciis/foodSafetyMaterial/show/syu02850270108, cited 21 Dec. 2016.



BRI DO INANY I, INVRT TR OT = ) TANT ORI v~ N 757 5 7 DAVE &5HTEHT L 2 Rk E &k 33

3)) BAKAEZESBEHMMES, AN LZASDYHERLEMMES @ BE - BipHEK
sharflEE (2013).

4) BB ER R OEEHRINY O BRI T 58S, BMMSIAE 7 H 24 A, BHRESE
35 % (1976).

5) BMOKFEENE « ZRFHE®A - SRR OEEHRINY) O Ry BREEIZBET 2850 —# &2 %k
THEDORITICONWT, Rk 1845 A 26 H, 18 {HZEH 2321 & (2006).

6) EMIKERGEREBRD  fEOREYE OfEEENER VEBLHEIC O\ T, BN 63 4 10 A
14 A, 63 & B % 2050 & (1988).

7)) BMOKEENE - ZEREEA G EEDOHIEICOWT, L2044 A1 H, 19 HZ
%5 14729 5 (2008).

8) WMENENBAREMIHTE & — @ Fpk 21 R O/ EWE EF o IrERBEFEFE (2010).

9) FilJE BAL : B A SRR OB AN A 8 B DEIEDWIK s v~ N T T X2 F LARVE B
SINTENC K 2 RIREE &L, fEMFZEHRE, 37, 19-45(2012).



