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Development of Simultaneous Determination Method of Diquat and Paraquat
in Feed by LC-MS/MS

IZAWA Atsunobu™!, KATO Koichi*!, KUWABARA Masayoshi*!, SHIOTSU Momoko™?,
YAMAGAMI Yohei*? and YASUDA Iyo™?
(*! Kobe Regional Center, Food and Agricultural Materials Inspection Center (FAMIC),
*2 Fertilizer and Feed Inspection Department, FAMIC)

We have developed a simultaneous quantitative determination method of the concentration of diquat
and paraquat in feed using a liquid-chromatograph electrospray-ionization tandem mass
spectrometer (LC-ESI-MS/MS).

Diquat and paraquat were extracted with water and sulfuric acid by heating under reflux, and the
extracted solution was filtered. The filtrate was then purified with two types of solid phase
extraction (SPE) columns (Oasis MCX and Oasis MAX, Waters Co.; Milford, MA, USA). Having
oxidized these compounds, the sample solution was purified with an SPE column (Oasis HLB,
Waters Co.), and injected into an LC-MS/MS to determine the concentration of diquat and paraquat.
LC separation was then carried out on an ODS column (Inertsil ODS-3, 2.1 mm i.d. X 150 mm, 4
pm, GL Sciences Inc.; Tokyo, Japan) with a gradient of 0.1 v/v% formic acid solution and methanol
as a mobile phase. In the MS/MS analysis, the positive mode electrospray ionization (ESI+) was
used.

Recovery tests were conducted on formula feed for layers, as well as corn, rye, ryegrass hay, rice
straw and whole-crop rice silage (WCRS). Diquat was added at different levels as following: 0.02
and 0.15 mg/kg for formula feed for layers; 0.02 and 0.1 mg/kg for corn; 0.01 and 0.06 mg/kg for
rye; 1 and 100 mg/kg for ryegrass hay; 0.01 and 0.05 mg/kg for rice straw; 0.004 and 0.05 mg/kg
for WCRS. Paraquat was added at different levels as following: 0.02 and 0.15 mg/kg for formula
feed for layers; 0.02 and 0.2 mg/kg for corn; 0.01 and 0.1 mg/kg for rye; 1 and 5 mg/kg for ryegrass
hay; 0.01 and 0.3 mg/kg for rice straw; 0.004 and 0.05 mg/kg for WCRS. The resulting mean
recoveries ranged from 79.4 % to 108 % for diquat, and 73.4 % to 113 % for paraquat respectively.
The repeatability in the form of the relative standard deviation (RSDy) was less than 17 % for diquat
and paraquat.

Key words: diquat; paraquat; liquid-chromatograph tandem mass spectrometer (LC-MS/MS);
electrospray ionization (ESI); feed
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Diquat (dibromide) Paraquat (dichloride)
\ / \_

9,10-dihydro-8a,10a-diazoniaphenanthrene dibromide 1,1'-dimethyl-4,4'-bipyridinium dichloride
C12H12N2Br2 MW:344.05 CAS No.:85-00-7 C12H14CI2N2 MW: 257.16 CAS No.: 1910-42-5

Fig. 1 Chemical structures of diquat and paraquat
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Table 1  Compositions of the formula feed

. Proportion .
Formula feed type Ingredient types %) Ingredients
(V]
For layers Grains 54 Corn
Oil seed meal 25 Soybean meal, rapeseed meal, corn gluten meal,

corn germ meal

Animal by-products 2 Fish meal
Brans 1 Rice bran
Others 18 Calcium carbonate, animal fat, food by-products,

corn steep liquor, calcium phosphate, salt,

paprika extract, feed additives

22 &I
) 7Ebr=hUVIIEEREE--PCB RBHEH W, A% 7 — 3RS - PCB B
(LC-MS/MS DIEEER D LC-MS H (& L7 A v AFfeiisksl) ) 2 Mz, $Eid LC-MS
A (BEE7 AV afestisiid) 2R\, k7 =L, EEE, KBRLEST NI UL, 7
U7 A U o AR ORI T RSEFR R 2 H v 72, KX Milli-Q Integral 5 (Merck Millipore %)
IC X DR L -8Rk (JIS K0211 @ 5218 |[ZEFHE S #BHtiAk) %Az,
2) VU7 U v MERERE
TERALY Uy F— KRS, (BT A L ARDEHIEEEL, HEE 99.0 %) 2631 mg & &
ST 50 mL O2ET7 T 232 AN, HEE (0.01 mol/L) M TN L, FITERE Tl
(0.0 mol/L) ZMMAT¥ 7 Uy MEEFRKRAZMBLZ (ZO# 1 mL X, 27Uy e LT
0.5mg & H) .
3) /8T a— NMERERUK
NRTa—hrvrnal FERELS (BT AV Lfeiisisl, Wi 98.0 %) 25 mg 2 8-> T 50
mL OEET7 T A2 AN, HEE (001 mol/L) ZMx CTE&EMNL, FICEMRE CTHEE (0.01
mol/L) %Mz CT/N7 a— MEMFERZAKL L7 (ZORImLiX, XF7a3—rELT05mg%
=h) .
4) RAEERIK
P Uy MEERK 1 mL X ONT a— MEERKE 1| mL % 25 mL ORFET 7 X 3 [TEMRIC
ANTEA L, BITEMRE CHEEE (0.01 mol/L) #Mx TRAEERIKRZFM L (Z0WK 1
mLi%, Y7 Uy hERORTa—hE LT 20ug 25H) .
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23 HEROSGE
1) ek
M 1 (BB EHE SRR, &9 bAZ L)
ZM 200 Retsch i (HBA&E 1mm A2 U—, i HEFE#ER5Z 14000 rpm)
ek 2 (REACE, Fihdo b &Y WCRS H)
SM 100 Retsch 8 (HBIZ 1mm A~ U —>, [ ((0HE) 1430 rpm)
2) 4 T ey AEENYE= AR —N-E=r e ) RUOERESERI =T L (LT
IMAX X=#7A] &£WW9. ) :Oasis MAX (FETAKI&E 500 mg, U — —%K& 6 mL)
Waters
3) ANFUVEBEEMHCE =AU EYy—N-E=rvrl) FOEEGERI =T L (UF
TMCX X=#7 4] &£\W9. ) :Oasis MCX (R TAAKIE 500 mg, V¥ — —%&E 6 mL)
Waters il
4) VE=AXRBU—N-E=rte ) FORESKI=NT L (UUF HLBI =47 4] &
9. ) :OasisHLB (FECAHI&E 60 mg, V¥ —/3—% & 20 mL) Waters
5) AT T2 7 4% — : 13HPO4SAN (FLEZ 045 um, ERE 13 mm, KUV 7 N7 74T
L) BRI
6) LC-MS/MS :
LC #F : Nexera X2 BEtfl/EpTHl
MS/MS 5 : LCMS-8040 & i { iy il
24 TEEIFE
1 #h
HTEREN 10 g 28> T300mL D723 7 7 A 22 AL, /K 60 mL K OEEE 30 mL % Iz,
ZEIE 2 AHT 120 °C O T 60 oy MINEGEF L Tl L7z, 200mL O &®& 7 7 Aa% 7 7 )
—RFOTICEE, BHEOMmHEEZ A (5 F B) TWEIA@ L%, KoRrTE7 7 A2
F Ok E &AW K 100 mL THEF L, FARICKGI AW L. S5, RET7 7 AaDERET
KEMZA Tz, Z O 2mL (FAEIE, HIZHEE (3mol/L) TIEMIZ 25 MR L7-1%&, DK
2mL) ZR Y 7rb L ole—0 —IZIEMICOEL, K 30mL 2%, Kb hU U AR
% (12 mol/L) T pH 5.5~65 IZFHE L7-%, SOmLRRELRD L HIKEMZ, BT LMETIZ
T D FEHRIR & L7z,
2) T LAERT
MAX KOMCX R =H T hEZTNZENAY /—/L 5mL KO/K SmL THERFES L, MAX 2
=H T L0 RIZY == (FE3I0mL) WY 1F, MAXI=HF LD FICMCX I=h7
L Ui, BREHER Z ) P — " —IC AR, REAFETARO BIRISET HFE TR (B
20 U Tt 1 mL/min FREICZ2 D X oWl Lz, BUFREER. ) L7z, BEHERO A>T
R 7Lyl ——%/K S5 mL 95T 2 myEH L, PRiREZIERER I =07 A2z,
[FARIC U S 72,
MAX S =HF724%F7TL, I0mLARY 7oLy flefE 77 2a%2 MCX S =87 LD FIZ
BE, BT =0 AEK 25 wiv%) 9mL 2 MCX 2 =07 A2z, Y77 v kRO
Ta— hEBEHSER., SOICERE CTHEAT VT U ARK (25 wv%) Iz, Bt
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L7z, K=A%/7—0 (4+1) I mL (£HHAZ LI 2 mL, #HEIL 4 mL) % IEfMIZMZT
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5) FEEMEROML K O T LB

IREGIEERR 1lmL % 20mL ORE T 7 A 2T AR, FE#HRFE THEE (0.0l mol/L) #INZ THE
ICHIRAEER AR L (ZOW 1mL 1%, 27Uy hRUOARTa—hELTH 1 ug 28
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O Fa—krELTO1, 02, 04, 06, 08, 1, 2, 4, 6, 8, 10, 15 XN 20ng AN EZEAH
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FREHATE f VR A EUE 4 10 uL 2 LC-MS/MS (Z7EA L, BIRFUGHE (LLF TSRM] &

Wo. ) Zua~w 7T AESGE. WESRMN%E Table2 XT3 12/ L7,

Table 2  Operation conditions of LC-MS/MS

Column Inertsil ODS-3 (2.1 mm i.d. X 150 mm, 4 um), GL Sciences

Mobile phase 0.1 v/v% formic acid aqueous solution — methanol (4:1) — 10 min —
(3:7) (hold for 2 min) — 5 min — (4:1)

Flow rate 0.2 mL/min

Column temperature 40 °C

Detector Quadrupole mass spectrometer

Tonization Electrospray ionization (ESI) (Positive ion mode)

Nebulizer gas Air (3 L/min)

Drying gas N> (15 L/min)

Interface temperature 300 °C

Heat block temperature 500 °C

Desolvation line tenperature 100 °C
Collision gas Ar (230 kPa)
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Table 3 MS/MS parameters

Precursor Product ion Collision
Target ion Quantifier Qualifier energy
(m/z) (m/z) (m/z) (eV)

) . 171 — 25
Diquat oxide 215

— 153 10

. 174 - 31
Paraquat oxide 217

— 104 45

7 i OE

oIz SRM 7 n< 7T L6 E— 7 HiEZ RO THRERZERL, oY 70y

FEEONRNTa— EZRHB L.
0k, EFEHEOWEZ % Scheme 1 128 L7-.
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Sample 10.0 g (300 mL evaporator flask)
——added 60 mL of water and 30 mL of sulfuric acid
— heated under reflux at 120 °C for 60 min
—— cooled to room temperature
—filtered through filter paper (No. 5B of JIS P3801) under reduced pressure
— washed with 50 mL of water
—filled up to 200 mL with water
I
1 mL of sample solution (25 mL volumetric flask) (grass hay)
filled up with 3 mol/L sulfuric acid
2 mL of sample solution (100 mL polypropylene beaker)
—added 30 mL of water
—adjusted pH to 5.5-6.5 with 12 mol/L sodium hydroxide aqueous solution
——added water to make about 50 mL
Oasis MAX-Oasis MCX jointed cartridge
—— prewashed with 5 mL of methanol and 5 mL of water
—attached Oasis MCX under Oasis MAX
—applied pH adjusted sample solution and drain

——washed with 5 mL of water (two times)

——removed Oasis MAX

—placed a receiver (10 mL polypropylene volumetric flask)
—eluted with 9 mL of 25 w/v% ammonium chloride

—filled up with 25 w/v% ammonium chloride

I
2 mL of sample solution 0.1 mL of 1 ug/mL mixed standard solution

Oxidation (polypropylene beaker) |—

— 10 mL of 12 mol/L sodium hydroxide solution

. . . —2 mL of 25 w/v% ammonium chloride
— 1 mL of 1 w/v% potassium ferricyanide

— homogenized

Oasis HLB

—— prewashed with 5 mL of acetonitrile and 5 mL of water
—— applied sample solution and drain

——washed with 10 mL of water (two times)

—placed a receiver (50 mL evaporator flask)

—eluted with 5 mL of acetonitrile

— evaporated under 40 °C and dried with nitrogen gas
—dissolved in water-methanol (4:1) (4 mL for grass hay, 2 mL for corn and 1 mL for the other samples)
— filtered through membrane filter (PTFE 0.45 pm)
LC-MS/MS

Scheme 1 Analytical procedure for diquat and paraquat in feed
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1) 2.4 @O DHTHHEIZHWZ 300 mL 2237 7 220, KEEEF N U o AR (1 mol/L) 12X
DIETE E WS (K9 15 o) L7ztk, HEAREEFRICK DR ETTo72.
2) DO EITSTe2TIBET7 7 A2 EZDEHTH22TON 7 AGREIZ OV THRE (1+10) |
LoETEEEE (—K) 21T-o7-.
2.6 IRINENGERER
22D D)KONDOT 7 Ty MEEFRE K O T a— MEEFHKZHERE (0.01 mol/L) TIEMEIZAT
R LB W,
Uy hELT, REFETHEASENS 0.02 LT00.15 mg/kg YR (& EHATK H T 0.4
KO¥3ng/mL) , £9HAZLIT0.02 XO0.1 mgkg FA4E (A 0.2 XN 1 ng/mL) , T A FIZ
0.01 2T 0.06 mg/kg FHY & ([A] 0.2 XY 1.2ng/mL) , T4 7 F AMEIZ 1 LT 100 mg/kg #1324 &
(A 0.2 2 T* 20 ng/mL) , Fg4> 512 0.01 KT 0.05 mg/kg FH4 & ([ 0.2 X O¥ 1 ng/mL) , WCRS
IR HLRE LT 0.004 KT8 0.05 mg/kg A4 & ([F] 0.2 LTV 2.25 ng/mL) , /XT7a— K& LT, K
i E HEAEEHT 0.02 LT 0.15 mg/kg #8245 (A 0.4 X3 ng/mL) , &9 HAZ LIC0.02 &
V0.2 mg/kg FEY & ([F] 0.2 X OF 2 ng/mL) , 7 A &2 0.01 0.1 mg/kg FHY & ([F 0.2 LT 2
ng/mL) , 7477 AHEIZ 1 KOS5 mgkg FHY&E (A 0.2 LTV 1 ng/mL) , iz HIZ 0.01 LY
osm@gﬁ%%(ﬁuzﬁwégmm,\wmsmﬁ%mﬁbfow4&mowmygm%%
(A 0.2 X225 ng/mL) IZ72b X2 lcZnEnmmtk L<EEG L, —&KiFE L7k (hris
STERL, FHEIEE KL OWIR LR 2Rk 72
728, WCRS ~OUIITEAFSAEHI LTV 7 Uy FEROVST 2— k& LT0.01 £10.1125
mg/kg tHY BT/ D K 94TV, PR ~OHEIL, R K OREZY T oKy &R EE 60%
LV 10 %EBELT, B ORGEARE 60 %) FIRE=REY OkoEAE 10 %) HIRE
225 DT L VAT T2,

3 BRERUBR
3.1 WIEHEWE OB
2.6 DEMEUGGRER ORI RHAEI D> G, LH5bAZ L, 7477 AHE, Fib b KON WCRS (2
DWTII A3 EEITHRFE A DT D, KEETTh o TR E HELA B L DT A ZIZHOW0
T, REICL VAL 72EHAR 2 LC-MS/MS IZIEA L, B 6M72 SRM 7 u~ k7 J A& fifgid
L7z, ZORER, P70y PRONRTa— b NOEEEHITLHIE—27IERO NN T-. 728,
BT E AE AL DT A EICBNTY 7 Uy RO T a— k&R URFRREIIC E— 7 2358
DO, TA RO TIIEE AT HEAERFR 3 ORBRIEOZ Y MMRIETA RT74 (LR
(U HRERBIETA RTA ) E0n ). ) KEDONEHHFEY —27 OFF@BEN GEUEEITFE Y
THE—ZHEED 1/10 Ki) THY, EHAEFTHEGERHIB W TS ZYMMRIETA NI A
VNZED DT E Y — 7 OFEFAN GEEEDAED A TWARWEAIE, E& FIRIEEICH
VI HE— 7 HEED 1/3 Kiii) Thoiz.
B, o/ SRM 7 n~ b7 T A% Fig. 2 (TR LTz,
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Fig. 2 Typical selected reaction monitoring (SRM) chromatograms of diquat oxide and
paraquat oxide in standard and blank sample solutions
(LC-MS/MS conditions are shown in Table 2. Arrows indicate the retention times of 1:
diquat oxide and 2: paraquat oxide. The baselines are shifted for display.)
A, B: Standard solution (A: The oxidative product of 0.4 ng/mL each as diquat and paraquat,
B: The oxidative product of 0.6 ng/mL as diquat and 1 ng/mL as paraquat),
C, D: Blank sample solution (C: Formula feed for layers, D: Rye)

32 < hU v A RO
B3 FEITRRF CTH - To B ERHE GBI LT A ZIZOWT, v b v 7 AR %
Rl 24 O DS HITK YR L 7T HE G807 7 7 3 BHSRIC, 77 v |k
KORT7a— k& LTO0.15mgkg fHY & OiEEBHARH T3 ng/mL fHY &) %, 74?0)7’7
v REHAIRIZ, Y7 U v hELTO0.03 mgkg FHY & (A 0.6 ng/mL AHY &) KON T7a— k&
LT 0.05 mg/kg fHY & ([ 1 ng/mL MY &) ZRIMNMLIESE~ Y v 7 ZEERITHOWT, 22 D
)5 HKN 2.4 D 5ITHE - TR L2 [FRE O & BEEERIC ST 2 ¥ — 7 miEh 2 fiE L7
ZORER, Tabled DBV, REI~ Y v 7 AOWEE~OBHE R EBITRD Lo T,



AN

fEth oY 7Ty NRORT a— bOWEEs a~ 75752 07 DRVEESHTENT X 2 HED B 35

Table 4  Matrix effect study

Concentration b
) 2) Matrix effect
Matrix standard Sample
Samples . (%)
solution (ng/mL) (mg/kg)
Diquat  Paraquat Diquat  Paraquat Diquat  Paraquat
Formula feed for layers 3 3 0.15 0.15 100 101
Rye 0.6 1 0.03 0.05 105 107
n=1

a) Converted from the concentration in matrix standard solution
b) Ratio of peak area of pesticides in the presence of matrix to that in the absence of matrix

3.3 WHnENGGRER
26 I XV IEMEIGERERZ E L 72, TOREIL Table s DERBY, 7 Uy MIHOWTITEY

[EI I 79.4~108 %, & Ol UKEEE TSR AR 2 (RSDy) & LT 17 %LAF, /X7 a— hiC

DOV TIT B AT 73.4~113 %, RSD, 1T 17 %L FORGENSE DAL, Z4VEMGRIETA KT A

NZED DT BEM (B 70 %Ll E 120 %LLTF, KR : 22 %L T (FRINEEE 0.01~0.1125

mg/kg) , 21 %LLF (A 0.15 mg/kg) , 20 %LLF (A 0.2 mg/kg) , 19 %LA T (7] 0.3 mg/kg)

16 %LL T (A 1 mg/kg) , 13%LLT (A Smgkg) , 8%LL T (IF 100 mg/kg) ) Z i/ LTz,
7k, o SRM 7 v~ 7T ADO—f% Fig. 31T LT,
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Table 5 Recoveries for diquat and paraquat

Diquat Paraquat
Spiked level b Spiked level
) ©) b) ©)
Feed types (mg/kg as fed Recovery RSDx (mg/kg as fed Recovery RSD;
0 1) 1) 1)
Formula feed 0.02 106 17 0.02 88.5 9.7
for layers 0.15 94.7 4.4 0.15 92.3 4.1
0.02 79.4 4.4 0.02 74.7 15
Corn
0.1 87.4 4.5 0.2 88.4 6.8
0.01 81.8 12 0.01 85.5 17
Rye
0.06 81.3 6.2 0.1 90.1 5.2
R b 1 93.3 6.8 1 91.5 2.9
egrass ha
yegrass iy 100 86.7 24 5 86.2 43
. 0.01 104 6.0 0.01 73.4 7.4
Rice straw
0.05 102 4.0 0.3 87.0 2.8
0.004 108 11 0.004 113 11
WCRS
0.05 96.1 4.2 0.05 91.7 4.2

a) The pesticides were spiked to air-dried WCRS samples one night prior to extraction.
The spiked levels were 0.01 and 0.1125 mg/kg as air-dry basis for each pesticide. The
levels of pesticides as fed basis were calculated with following equation on the
assumption that the moisture content of WCRS samples was 60 % as fed basis and 10 %
as air-dry basis.

The levels of pesticides as fed basis (moisture 60 %)
= the levels of pesticides as air-dry basis (moisture 10 %) / 2.25
b) Mean (n = 6, except corn (n = 5))

¢) Relative standard deviation of repeatability
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Fig. 3 Typical SRM chromatograms of diquat oxide and paraquat oxide in standard
and spiked sample solutions
(LC-MS/MS conditions are shown in Tables 2 and 3. Arrows indicate the peaks of 1: diquat

oxide and 2: paraquat oxide.)

A: Standard solution (The oxidative product of 0.2 ng/mL: 0.002 ng as each pesticide)

B: Sample solution of corn (spiked at 0.02 mg/kg of each pesticide (as 0.2 ng/mL in sample
solution))

C: Sample solution of ryegrass hay (spiked at 1 mg/kg of each pesticide (as 0.2 ng/mL in
sample solution))

D: Sample solution of rice straw (spiked at 0.01 mg/kg of each pesticide (as 0.2 ng/mL in

sample solution))
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3.4 EETIREKOHH TROMBG

U Uy B RURT a— N ORERDERMEZ R UZ#E, 4 0.1~20 ng/mL O FuEAF T & e
HIRE (RREHEE AE AR T 0.02 mg/kg fHY & (FERBHART 0.4 ng/mLFHYE) , &9 %
AZ L TO002 mgkg tHHY & (A 0.2 ng/mLFHY &) , 74 %&, Fbo b KR WCRS (E&ZyH) T
0.01 mg/kg tH4 & (A 0.2 ng/mL Y &) , 74 77 AME T 1 mg/kg fHY4 & (A 0.2 ng/mL #4324
&) ) OWRMENGAEROFERIL Table 5 D LBV BAFTHY, o572 — 27 D SN A 10 LUk
Tholeleh, Y7 Uy NRUONT a— FNOER FIROBEIIREEEHESEER L RE S B A
Z LT0.02 mgkg, 7A4Z, fisb>o KO WCRS (A H) T 0.01 mgkg, 7177 AFET 1
mgkg & L7z, ZOREREX, YZ7TUy FRONRTa—MIOWTEIBAZ LOKEEEM (22
AL 0.05 mg/kg KON 0.1 mg/kg) 1ZxF L TENEI 2/5 KR 1/5, T4 ZDOIEMEE (£ 0.03
mg/kg X T 0.05 mg/kg) (2K LTENEIN 13 K5, T4 7T AGEOEMEME (L £ 100
mg/kg & OV S mg/kg) (2K L CENEI1/100 OV 1/5, Fiido & OF LI (221 0.05 mg/kg
F O 0.3 mg/kg) ICKLTERZN 1/5 KO 1/30, WCRS H oD% H L VAl o Jal 52 4 v #a 554
(0.1125 mg/kg) 2k LT /11 THY, ZYMWHERIETA FT7 4 ICED vz HEEE (GEHEE
0.1 mg/kg Adii : 2/5 AT, FEYEME 0.1 mgkg UL E : 1/5LF) ZHi/=L Tz,

RIEOHH TIRZMRT 2720, BIMEGRBRICEVGEONTE—27 D SN A 3 L 2R E
BROIZ. TORR, Y7 Uy FEROUST a— OB FIRIIREFEET ARSI L OTE S B A
Z LC0.006 mgkg, 7AZ, fib S KO WCRS (REZHH) T 0.003 mgkg, 747 7 AEET
0.3 mg/kg TH Y, FFRICZYERRIETA RTA4 ICED LI BAEM GE¥EE 0.1 mgkg R
it FEYEE O 1/5 BLF, FEYEE 0.1 mg/kg UL L FEHEEO 1/10 LLF) &7 LTz,

4 F&EOH
AR DY 7 Ty F RT3 — MZHOWT, JFRL #4512, LC-MS/MS % V7= [ & &%

DENE T EIESDINEH DO AT RIZHOWTHE L7 & 25, ITORERG L.

1) REEHFHESEE R ORI A FIZHONT, REE->THELNTZZ e~ N T H2E, Y7 U
v MR OVST a— k& [E U FFRER S t»—&z’;m&b%ntﬁx FMVERERRIE T A RT A VITED
LN EY—7 OFRHANTHY, TEEHITIE—7ITRD LR T.

2) W%%ﬁﬂﬁﬁﬁﬁﬂé\ﬁﬂﬂ&0\7/fiGZOb\T, KRIEZHENG S TR EHARIZ DWW T~ R Y v 7 R
IR AR LR, B~ b v 7 ZOWUEMB~OBEE L EEBITRD bR o7,

3) VU Uw RELT, REMABEHAEAEFEENZ 0.02 KO 0.15 mgkg FHYNE, &9 H A2 LI 0.02
K ON0.1 mg/kg FAY &, T4 12 0.01 X TV0.06 mgkg FHM &, T4 7T AHEIZ 1 KO 100 mg/kg
FAY &, fBd 512 0.01 KO0 0.05 mg/kg FH2Y &, WCRS (2P L T 0.004 % T 0.05 mg/kg 134
&, NT7a— e LT, KBEHEREASERNZ0.02 XTN0.15mgkg fHY &, &5 H A LIZ0.02
K OY0.2mg/kg fHE F, T4 FI120.01 XOV0.1 mgkg tHE &, T4 7T AFEIZ 1 KO 5mg/kg fH
W, Fibd 512 0.01 X003 mg/kg 4 E, WCRS ([ZHMHT L T 0.004 % T 0.05 mg/kg A1 &
AWML, AREHE- THM A FM L, BEUEEROHOR UEE A RO L 25, 4 MEMRIED
A RTA4NZED LN EE R OPHTREE O BAEME £ 7c TR R85 6.
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4y KEOTI Ty NRONRT a— OEE FROEEITAEHEHESEELRE S HEAZ LT
0.02mg/kg, 74 %, fido b LK WCRS (BEHF) T0.01lmgkg, 7277 AHET 1mgkg T
HY, B TFTRIZKESEEHREAFEE R RE S HAZ LT 0.006 mgkg, 7A4%, bbb kW
WCRS (JEF#)H) T 0.003 mgkg, 74127 7 AET03 mgkg ThoTo. RELLERE FEREK
OB TR, ZUMEMGRIET A RT A4 ICED bR BEEZ M- LTz,
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