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Simultaneous Determination of Acephate and Methamidophos in Feed by LC-MS/MS

Masakazu SAIKI"

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

An analytical method was developed to simultaneously determine the levels of acephate and
methamidophos in feed using liquid chromatography-electrospray ionization-tandem mass
spectrometry (LC-ESI-MS/MS).

After adding water to the samples, acephate and methamidophos were extracted with acetone and
the resulting solutions were filtered. The filtrate was then diluted with acetone to a final volume
of 200 mL. The sample solution was purified with Chem Elut (Agilent Technologies Inc.; Santa
Clara, CA, USA), Envi-Carb (Sigma-Aldrich Co. LLC.; St. Louis, MO, USA) and Sep-Pak Plus
Silica Cartridge (Waters Corporation; Milford, MA, USA) and injected into the LC-ESI-MS/MS
for determination of the levels of acephate and methamidophos. LC separation was carried out
on an ODS column (TSKgel ODS-100V, 2.0 mm i.d. X 150 mm, 5 pum from Tosoh Corporation;
Tokyo, Japan). In the MS/MS analysis, positive mode electrospray ionization (ESI+) was used.

Recovery tests were conducted on formula feeds, wheat, corn, rice straw and alfalfa hay.
Formula feeds and corn were spiked with acephate at the levels of 0.01 or 0.5 mg/kg and
methamidophos at the levels of 0.01 or 0.1 mg/kg. Wheat was spiked with acephate at the levels
of 0.01 or 0.1 mg/kg, and methamidophos at the levels of 0.01, 0.02 or 0.1 mg/kg. Rice straw
was spiked with acephate and methamidophos at the levels of 0.01 or 0.1 mg/kg. Alfalfa hay was
spiked with acephate and methamidophos at the levels of 0.1 or 3 mg/kg. The resulting mean
recoveries ranged from 70.3 % to 86.9 % for acephate and 72.5 % to 90.3 % for methamidophos.
The repeatability in terms of the relative standard deviations (RSD,) were not more than 9.9 % for
acephate and 15 % for methamidophos.

A collaborative study was conducted in ten laboratories using formula feed for dairy cattle, corn
and alfalfa hay spiked with acephate and methamidophos. Formula feed for dairy cattle was
spiked with 0.1 mg/kg of acephate and 0.01 mg/kg of methamidophos. Corn was spiked with 0.5
mg/kg of acephate and 0.1 mg/kg of methamidophos. Alfalfa hay was spiked with 3 mg/kg of
acephate and 0.1 mg/kg of methamidophos. The mean recoveries, the repeatability and
reproducibility in terms of the relative standard deviations (RSD, and RSDg) and HorRat,
respectively, were 74.9 % to 82.7 %, 1.7 % to 4.8 %, 8.4 % to 15 % and not more than 1.0 for
acephate, and 81.5 % to 100 %, 2.0 % to 8.4 %, 15 % to 18 % and not more than 0.83 for
methamidophos.

This method was validated and established for use in the inspection of acephate and
methamidophos in feed.

Key words: feed; acephate; methamidophos; liquid chromatoraph-tandem mass spectrometer (LC-
MS/MS); electrospray ionization (ESI); collaborative study
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Acephate Methamidophos
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O, S-dimethyl acethylphosphoramidothioate O, S-dimethyl phosphoramidothioate
C4H10NO3PS MW: 183.2 CAS No.: 30560-19-1 CoHgNO2PS  MW: 141.1  CAS No.: 10265-92-6

Fig. 1 Chemical structures of acephate and methamidophos
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Table 1  Composition of the formula feed

Formula feed Ingredient types Proportion Ingredients
types (%)
For layer Grains 60 Corn, milo, wheat, polished rice
Oil seed meal 27 Soybean meal, rapeseed meal, corn gluten meal
Animal by-products 1 Fish meal, meat and bone meal (derived from pork and chicken)
Brans 1 Wheat bran
Others 11 Calcium carbonate, animal fat, calcium phosphate, salt,

saponified paprika extracts, silica, feed additives

For boar Grains 54 Corn, milo, polished rice
Oil seed meal 17 Rapeseed meal, soybean meal
Brans 13 Wheat bran, rice bran
Animal by-products 1 Fish meal
Others 15 Beet pulp, molasses, calcium carbonate, calcium phosphate,

dried ocher, salt, glucose, oligosaccharide syrup, fatty acid
calcium salt (soap), feed additives

For dairy cattle Grains 55 Corn, lupine, wheat, corn starch
Oil seed meal 26 Soybean meal, rapeseed meal, corn gluten meal
Brans 16 Corn gluten feed, wheat bran, screening pellet, rice bran, corn

distiller's dried grains with solubles

Others 3 Molasses, calcium carbonate, salt, Saccharomyces cerevisiae
feed additives
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Table 2  Operating conditions of LC-MS/MS

Column TSKgel ODS-100V (2.0 mm i.d. X 150 mm, 5 um), Tosoh
Mobile phase 2 mmol/L. ammonium acetate-methanol (19:1)
Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)

Mode Positive

Source temperature 120 °C

Desolvation gas N2 (800 L/h, 350 °C)

Cone gas N2 (50 L/h)

Collision gas Ar (0.20 mL/h)

Capillary voltage 0.5kV

Table 3 MS/MS parameters

Precursor Product ion Cone Collision
Target ion Quantifier Qualifier voltage energy
(m/z) (m/z) (m/z) V) (eV)
143 — 20 5

Acephate 184

- 49 20 20

. 94 — 30 15
Methamidophos 142

- 125 30 15

5 i &

HFoi/ SRM 7~ 7706 — 7 HBELADRE I ZRO TREMRZERL, 3O
T 72— ELOAXI RERAEZHEH L.

B, TEEOME% Scheme 1 [IZ/R L 7.
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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 100 mL of acetone (grass hay: 120 mL) and shake for 30 min

— filtrate through No. 5B under reduced pressure

wash with 50 mL of acetone

— fill up to 200 mL with acetone

—dilute sample solution of grass hay except rice straw 10-fold with acetone

— 8 mL of sample solution

——evaporate to the volume of 1 mL under 40 °C

add 3 mL of water and 1 g of sodium chloride

Chem Elut and ENVI-Carb cartridge

apply sample solution to Chem Elut and allow to stand for 10 min

wash with 10 mL of hexane (four times)

—attach ENVI-Carb cartridge (prewashed with 5 mL ethylacetate) under Chem Elut
wash with 10 mL of ethylacetate (twice)

—elute with 40 mL of ethylacetate

——evaporate to dryness under 40 °C

—dissolve in 5 mL of hexane-acetone (7:3)
Sep-Pak Plus Silica cartridge
prewash with 5 mL of hexane-acetone (7:3)

—apply sample solution

wash with 2.5 mL of hexane-acetone (7:3) (three times)
— elute with 20 mL of hexane-acetone (1:1)

evaporate to dryness under 40 °C

——dissolve in 1 mL of water
LC-MS/MS

Scheme 1 Analytical procedure for acephate and methamidophos in feed
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Fig. 2  Calibration curves of acephate and methamidophos
by peak area (left) and peak height (right)
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Table 4  Elution pattern of acephate and methamidophos from Chem-Elut / ENVI-Crb

Recoverya) (%)
Pesticides Hexane Ethyl acetate Total
0~40 mL 0~40 mL 40~60 mL 60~80 mL  80~100 mL  100~120 mL
Acephate 0.0 76.7 3.2 0.0 0.0 0.0 79.9
Methamidophos 0.0 91.9 0.0 0.0 0.0 0.0 91.9

a) Mean (n=3)
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33 VUBFNI =BT LD O HE ST ORERE

EOBLAZLEMY, 240 DR DIZX VR L2 T 208 I3 23 0BHRKRIC, 7F
Z7x—hELTOS5 mekg Y E (REHEHAKRT T 02 pg/mL fAYE) ROAZ I RAREL
T 0.1 mg/kg MY & (BEREHATRH T 0.04 pg/mL FH4 &) 2L, YUV B FAVI =0T L
OOWHE 2R L. £72, JFRL IETIHERABHEKD N> TW e T 7 7 A a2 EET 5
BAENI2NTZ, ~FH =T b (7+3) 2.5 mL T3 RIYEHT 28EZ BN L. Ok %E
(X Table 5O &LV, ~FHor—T8F (7+43) 0~12.5 mL OFE TIEHEHET, ~F o —7
T k> (1+41) 0~20 mL O@ESy TETHEH L, 20~40 mL OEZIZITEH Lotz 202 &
25, JFRLEE FERICA~FY =T b (1+41) 20mL TIEHESEL Z i LT.

Table 5 Elution pattern of acephate and methamidophos from Sep-Pak Plus Silica

Recoverya) (%)

.. Hexane-acetone Hexane-acetone
Pesticides
(7:3) (L:1) Total
0~12.5mL 0~10mL 10~20mL 20~30mL 30~40 mL
Acephate 0.0 92.1 0.7 0.0 0.0 92.8
Methamidophos 0.0 87.0 2.9 0.0 0.0 89.9

a) Mean (n=3)
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Fig. 3  Selected reaction monitoring chromatograms of standard solution
and blank sample solutions of formula feed for layer and alfalfa hay
(Scales of vertical axis are the same between three chromatograms for methamidophos (a) and

acephate (b) respectively, and the baselines were shifted for display. Arrows indicate the
retention times of methamidophos and acephate.)

A: Standard solution (0.0025 pg/mL: 0.005 ng as each pesticide)

B: Formula feed for layer

C: Alfalfa hay

3.5 ~ hU w7 AR OMER
24 O 1), KN X VR L Bt E i AR, ILAAMEEREAEE, IE, &5
LAZ LK LD T I v 7 BHRIRIC T 7 = — F & LT 0.5 mgkg FIY & (R&EEBHAK
T 02 pg/mL FHYE) MOAZ I RAAL LT 0.1 mgkg HHYE (REREHAK T T 0.04
pgmL FHY &) , TV T 7 VT s HEOT T v 7 BHERICT 87 = — h & LT 2.5 mg/kg FHY
B (RERENRE R T 0.1 pg/mL MM E) ROAZ I KA AL LTI mgkg MM E (REREHE
EH T 0.04 pg/mL Y E) Z2ZNTNIRMLTEE~ R v 7 ZEAERIZOWNT, RIFREOEHE
WRIZKTHE— 7 L EZHR LI 2 A, E—JHBELRIET 7 =— Tk 93~101 %, A ¥
I RARATIE 94~101 % THY, 7ETZz— MR OPAFZ I RARATHAE~ M) v 7 XX HKRE
BB EZ D ERPERARETH o T,

3.6 IRANEN AR
R B HE AR, FLHAREHEGER, NE, LH9bAZ LATRbLIZT BT =— b
&L T0.01, 0.1 XU0.5 mg/kg tH4 & (Fi&aUEHAK S T 0.004, 0.04 2 T* 0.2 pg/mL Y &)
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BOAH I FARAELTO0.01, 0.02 %O0.1 mgkg Y& (A& REHAR T T 0.004, 0.008 &
0.04 pg/mL FAME) ZFEMLEZRE LT VT 7 V7 FREEICT 72— E LT 0.1 KO 3
mg/kg FHY B (FA&EHATEH T 0.004 LTV 0.12 pg/mL FHYS &) ROA X I RAAELTO1 &
O3 mg/kg A Y B (& EEHAIE T 0.004 £ T 0.12 pg/mL Y4 &) 2L, KRIEIHE- TH
InEIEAER 2 Fe ki U, PRI ER J ORI U RS BE 22 sk 6D 72

ZTOFERIL Table 6 DE BV, T 7 =— MIHOWTIE, FEHEULRIT 70.3~86.9 %, T D
LRI XHEHER 7% (RSD,) & LT 9.9 %L T, AX I RAKACODWTIE, FHEIERL
72.5~90.3 %, T DO UKEEEIZ RSD, & LT 15 %L FOENE STz,

7B, o SRM 7 v~ 7T ADO—f% Fig. 4 IR LT,

Table 6 Recoveries for acephate and methamidophos
Feed types
) Formula feed Formula feed
Pesticides Sp(lrl;eg(ilie;/el for layer for dairy cattle Wheat
¢ Recovery” RSD;”  Recovery” RSD;”  Recovery’ RSD;’
(%) (%) (%) (%) (%) (%)
0.01 78.4 1.7 83.4 3.4 78.0 8.9
Acephate 0.1 - — — - 83.0 9.9
0.5 70.3 6.1 83.5 5.1 — —
0.01 90.3 7.0 79.6 12 75.8 2.1
Methamidophos 0.02 — — — — 84.3 12
0.1 83.3 7.7 87.6 5.8 90.2 2.0
Feed types
.. Spiked level Corn Rice straw Alfalfa hay
Pesticides
(mg/kg) Recovery” RSD,”  Recovery” RSD,’  Recovery’ RSD,”
(%) (%) (%) (%) (%) (%)
0.01 77.1 8.1 79.0 3.6 — —
Acephate 0.1 — — 86.9 2.4 73.4 8.8
0.5 80.5 4.1 — — — —
3 — — — — 79.1 2.3
0.01 81.9 9.5 85.7 13 — —
Methamidophos 0.1 82.3 5.2 72.5 15 89.0 13
3 — — — — 73.1 5.8
—: Not tested

a) Mean (n = 3)

b) Relative standard deviation of repeatability
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Fig. 4  Selected reaction monitoring chromatograms of acephate and methamidophos
(Arrows indicate the peaks of methamidophos (a) and acephate (b). The peak heights are shown

as 100 % in each segment, and the baselines were shifted for display.)

A: Standard solution (0.1 pug/mL: 0.2 ng as each pesticide)

B: Sample solution of formula feed for layer spiked at 0.5 mg/kg of acephate and 0.1 mg/kg of
methamidophos (0.2 pg/mL as acephate and 0.04 pg/mL as methamidophos)

C: Sample solution of alfalfa hay spiked at 3 mg/kg of acephate and 3 mg/kg of methamidophos
(0.12 pg/mL as each pesticide)

3.7 EETREOHH TR

RIEOE & TIRE ORI FIRA MR T 5720, WRAEHEEHELA R, LA 46 S HELA R
IWNE, EOBAZL, MOLRKOT VT 7 VT 7 HEILT 72— MR ORAFZ I RRALZRML,
TNEUGRBRIC L VG 5N D —27 D SN 10 KDV 3 LR B BE 2R 7T-.

ZORR, 77— b AX I MRk, KEHAETREAGE, FLAAMEEHE AR
INE, LI BAZLEURRD S TIX SN A 10 & 72 5721 0.01 mg/kg, SN N3 LRk
1% 0.003 mg/kg, 7/VT7 7V 7 RELETIL SN LAY 10 & 72 DX 0.1 mg/kg, SN R 3 L0 5
IREIX 0.03 mgkg TholzZ L, EBELSNTIEER TRRIZ 0.01 mgkg, M TFIRIX 0.003
mg/kg, FLAE CIXER TIRIX 0.1 mg/kg, fH TR 0.03 mgkg TH o 7=,

72¥%, Table 6 2R L7c& B0, MELE&E FIRIEEICK T 20MEINGRERFE RIZRIFTHh > 7-.

3.8 JL[AE]EAER

REOEM B E 2RI 5720, REI@Em, N OIEPIRO 2 fKE @R L 53

[ Bk A FE e L7z



12

fREHFIE S Vol. 41 (2016)

@kl e LCiE, WHASREREAFEENC T 72— & LT 0.1 mgkg IS ER A Z
RAAELTO0.01 mgkg fHY&E (OATHRE 10 glzxf LTI mLHIC7E7=—hELTI1 pg
LOAZI RARARELTOl pg 25 AT ORI mLIIN) , EH5bAZLIKTETZ7=2— &
LTO0.5mgkg FHMELRA KX I FAR AL LTO0.1 mgkg tHH4UE (OHAHRE 10 g2 LT 1 mL
HIZ7E72—hE LTS5 pg MOAZ I REAL LTI pg 2B HEUERR 1 mL M) LW
TNT 7T 7 BT 72— & LT3 mgkg fHREENK A X I RAA L LTO.1 mgkg tA
WE (OWARE 10 gl LTI mLFICT7 72— FE L T30 ug KRAZ I RARAL LTI
ng ZEATAHEHERR 1 mL RN %, FRBREICTONBIMBORT B ICHI L TR L 72308 %2 H
Wi ZIREREL, —BMENEN B SRR A S RO R AT, AE R W RS G Sk
HPE AT ZERT, — MM EEN BARR SO v X — 2R, MR A B ARG R R
BRI v & —, MNIITBOE NBRAWRKEER 22N v & — BfEEk 2 SR A, AL
Rty s—, Filetr%—, RALTEREEZ—, RMEFtr 2 —kOFE®ERE % — (5 10
REBRE) Thole. HMROMATIZHOVWTIE, EHEMIIANA—FT A XS FEHRRICET 2 F
JIE 9 D% £3E\2, Cochran MiiE, FFHUE 1 180> Grubbs & K& UM AUIE 2 8 Grubbs #iE 21T\,
SANAE O F 2 RS L7z LTI, #oR LEE (RSD,) RO=EMEIEE (RSDr) #H
HL, B5M7 RSDp 725, {EIE Horwitz 2L ®% VT HorRat % 3K 7=,

FESRIL Table 7-1 KON 72 O LB Thotz. AAFHEEREGEE, &5 AZ LEKRT IV
T 7IVT FRLEIZOWT, TE T = — FOYEIERL 81,9, 82.7 KUY 749 %, RSD, I 1.7,
4.8 J (X35 %, RSDpiE 11, 8.4 } T} 15 %, HorRat|E 0.48, 0.46 Jx X 1.0, A% I Rk ADYH
[T 81.5, 81.9 ¥ 100 %, RSD, % 2.0, 84 KT 4.5 %, RSDg ix 15, 15 &Y 18 %,
HorRat (X 0.67, 0.70 X T 0.83 TH V) BAFRH5 R Td > 7-. HorRat 7% 0.50 Z 37T FE- TV
DHDNH ST, KIENZEEMHAEE DO A 2 I FER250E "EFERETHY, £<0
HBRENRBRBFA TH-T-T-DEEZ LT,

BEDTW, FkBRE T L7z LC-MS/MS DO#fEi%E % Table 8 (2R L7-.
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Table 7-1  Collaborative study for acephate
Feed types
Formula feed
Lab. No. Corn Alfalfa hay
for dairy cattle
(mg/kg) (mg/kg) (mg/kg)
1 0.0815 0.0845 0.402 0.462 2.24 2.19
2 0.0727 0.0732 0.385 0.409 2.06 1.96
3 0.0891 0.0916 0.473 0.492 2.62 2.67
4 0.0779 0.0770 0.371 0.421 2.13 2.12
5 0.0786 0.0811 0.394 0.394 2.34 2.10
6 0.0908 0.0921 0.437 0.438 2.58 2.62
7 0.0632 0.0648 0.392 0.365 1.59 1.58
8 0.0854 0.0847 0.385 0.378 2.29 2.21
9 0.0881 0.0865 0.426 0.416 2.27 2.06
10 0.0892 0.0860 0.411 0.414 2.66 2.62
Spiked level (mg/kg) 0.5 3
Mean value * (mg/kg) 0.413 2.25
Mean recovery * (%) 81.9 82.7 74.9
RSD: ” (%) 4.8 3.5
RSDk ° (%) 11 8.4 15
PRSDr @ (%) 2 18 14
HorRat 0.46 1.0
a) n=20

b) Relative standard deviation of repeatability within laboratory

c¢) Relative standard deviation of reproducibility between laboratories

d) Predicted relative standard deviation of reproducibility between laboratories calculated from the

modified Horwitz equation
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Table 7-2  Collaborative study for methamidophos

Feed types
Lab. No. Formula feed Corn Alfalfa hay
for dairy cattle
(mg/kg) (mg/kg) (mg/kg)

1 0.00899  0.00872 0.0820 0.0858 0.130 0.117
2 0.00853 0.00838 0.0709 0.0743 0.0980 0.0963
3 0.00830 0.00859 0.0955 0.0938 0.121 0.123
4 0.00702  0.00700 0.0734 0.0815 0.0836 0.0906
5 0.00945 0.00944 0.0848 0.0825 0.0833 0.0774
6 0.00817  0.00808 0.0964 0.0955 0.108 0.106
7 0.00602  0.00607 0.0690 0.0728 0.0723 0.0641
8 0.00806  0.00781 0.0771%  0.0502° 0.106 0.0974
9 0.00991 0.0102 0.0926 0.0954 0.117 0.118
10 0.00735 0.00693 0.0953 0.0904 0.101 0.0987

Spiked level (mg/kg) 0.01 0.1 0.1

Mean value ”’ (mg/kg) 0.00815 0.0819 0.100

Mean recovery ° (%) 81.5 81.9 100

RSD: ' (%) 2.0 8.4 45
RSDr ¢ (%) 15 15 18
PRSDk 7 (%) 2 2 22
HorRat 0.67 0.70 0.83

a) Data excluded by Cochran test
b) Formula feed for cattle: n=20; Corn: n=18; Alfalfa hay: n=20

c) Relative standard deviation of repeatability within laboratory

d) Relative standard deviation of reproducibility between laboratories

e) Predicted relative standard deviation of reproducibility between laboratories calculated from the

modified Horwitz equation



R DT E 72— MR OA Y I READEK Y a~ 7T 7% 0F7 DRVE EHHTEHT L 5 FRIKEE &L

15

Table 8 Instruments used in the collaborative study
LC column
Lab.No. LC-MS/MS
(i.d.xlength, particle size)
| LC: ACQUITY UPLC, Waters TSKgel ODS-100V, Tosoh
MS/MS: Quattro premier XE, Waters (2.0 mmx150 mm, 5 pm)
LC: ACQUITY UPLC, Waters ZORBAX Eclipse XDB-C18,
2 MS/MS: ACQUITY TQD, Waters Agilent Technologies
(2.1 mmx150 mm, 5 pm)
LC: ACQUITY UPLC, Waters ZORBAX Eclipse XDB-C18,
3 MS/MS: ACQUITY TQD, Waters Agilent Technologies
(2.1 mmx150 mm, 5 pm)
LC: ACQUITY UPLC, Waters ZORBAX Eclipse XDB-C18,
4 MS/MS: ACQUITY TQD, Waters Agilent Technologies
(2.1 mmx150 mm, 5 pm)
5 LC: Nexera X2, Shimadzu TSKgel ODS-100V, Tosoh
MS/MS: LCMS-8040, Shimadzu (2.0 mmx150 mm, 5 um)
LC: 1200, Agilent Technologies ZORBAX Eclipse XDB-C18,
6 MS/MS: 6410 Triple Quad LC/MS, Agilent Technologies
Agilent Technologies (2.1 mmx150 mm, 5 um)
LC: 1200, Agilent Technologies Acquity UPLC BEH C18, Waters
7 MS/MS: 6410 Triple Quad LC/MS, (2.1 mmx150 mm, 1.7 pm)
Agilent Technologies
LC: ACQUITY UPLC, Waters ZORBAX Eclipse XDB-C138,
8 MS/MS: ACQUITY TQD, Waters Agilent Technologies
(2.1 mmx150 mm, 5 pm)
9 LC: 1200, Agilent Technologies TSKgel ODS-100V, Tosoh
MS/MS: API-3200 Q TRAP, AB Sciex (2.0 mmx150 mm, 5 um)
10 LC: ACQUITY UPLC, Waters TSKgel ODS-100V, Tosoh

MS/MS: Xevo TQ MS, Waters

(2.0 mmx150 mm, 5 pm)

4 F&EOH
R T AT 72— FROAZ I FARRITHOWT, JFRL EA IS, LC-MS/MS % v

7o B BIEOE BT EIE~ DR DO A I OWVWTHRET L7z 2 A, 7T AR TIZB W CTHEIED

WAL D 72 D IZHEEE = F )L TOWHFEIFROZE L K O 7 LA 1T IZBWTRTET 7 2 3 OPif#:

ED 727 TcTeDiBINL, LT OREPGLI, EHBRTHL EE X L.

1) MEMRIE, 0.0025~0.25 pg/mL (JFEA&EE LT 0.005~0.5 ng) DO CHEMIEEZ R L. 2B,
BHMERIZBIT 24~ MY v 7 2OUMNEIGRER O EREIL, 0.004~0.2 pg/mL FHYRE &
L7,

2) AREE MG EGE, KT AT AR, LA EEHEGEE, KE, NE, £96A52
L, OLROTIT 7 )T 7 HEIZONWT, KB THRLNZZ v~ M7 T AT, E&
BT HE =2 IIRD LR 0T,

3) EHEE ARG R, FLHFREHRGER, hE, LIObAZLEMROLLIZTETZ =—§
ELTO0.01, 0.1 V0.5 mgkg tHYEKLNA X I KA AL LTO0.01, 0.02 %TN0.1 mg/kg FH24 &
EWIML, TIVZ7 7NV T7 7T 72— M OAX I RAEALLTO0.1 L3 mgkg 14 &
BRI, ARIEICHE- T3 mOMT oM &2 50 U, [EUER KR OWR LIS 2R 7o & 2 A BiF 7k
EnEoi.
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4) KEOTEZ7x2— MR RAZ I FARRAOER FRIZ, @HE Wbbakk<. ) T4 0.1
mg/kg, T OMOELIH TH 0.01 mgkg, B FIRIE, #iE (BbhbxkR<. ) #TH 0.03
mg/kg, & DOMOEEF TH 0.003 mg/kg Th 7.

5) JLHAREREAFEEHC T 72— & LT 0.1 mgkg MY EROAZ I KEAL LT 001
mgkg FHYSE, EH9HAZLICTEZ7=2—FELTO0S5S mgkg fHEERONAZ I KA AL LTO.1
mgkg fHHEBRRT NV T 7 V7 7 HEIZT 72— e LT3 mgkg FHYEL A X I RAER L
LT 0.1 mg/kg FHYEZ RN L 73E 2 VT 10 BRBRE 2B W TARIEIZHE W S [R FUBR 4 5506 L
& ZAh, RIFRMERBHELNT.

# &
HFEPBRIZSIN L T 7207z — Y R N R oh BR BT A 1 & RO S 26 T, [ R 2 1 [RI A 50
DR EEE ET R TERT, M AN AR R T v X — S EENIERT, — WA B AR R
BARAE D IMERRE 7 — 1B D BERESMICEHOE LR L ET.
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