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Simultaneous Determination of Clothianidin, Dinotefuran and Thiamethoxam
in Rice Straw, Whole-crop rice silage and Paddy rice for Feed by LC-MS/MS Simultaneous

Yasutoshi SUGIMOTO®

(*Food and Agricultural Materials Inspection Center, Fukuoka regional Center)

An analytical method was developed to determine clothianidin, dinotefuran and thiamethoxam levels
in rice straw and rice products for feed using liquid chromatograph-electrospray ionization-tandem mass
spectrometer (LC-ESI-MS/MS).

After addition of water to samples, clothianidin, dinotefuran and thiamethoxam were extracted with
acetone and solutions were filtered. The filtrate was diluted with acetone to a final volume of 200 mL.
The sample solution was evaporated to dryness and dissolved in water, and then purified by Chem Elut
cartridge (Agilent Technologies Inc.; Santa Clara, CA, U.S.) with ethyl acetate. The elute was
evaporated to dryness and dissolved in acetonitrile, and then purified by an ENVI-Carb/NH, cartridge
(GL Sciences Inc.; Tokyo, Japan), with acetonitrile. The elute was desolvated again, dissolved in a
water-methanol solution (9:1 v/v) and analyzed by LC-ESI-MS/MS for determination of clothianidin,
dinotefuran and thiamethoxam. The LC separation was carried out on an ODS column (Mightysil
RP-18 GP, 2.0 mm i.d.x150 mm, 3 um from Kanto Chemical Co., Inc.; Tokyo, Japan) using gradient
with 5 mmol/L ammonium acetate solution and acetonitrile as a mobile phase. The MS/MS analysis

was performed using the selected reaction monitoring (SRM) mode.

Spike tests were conducted on rice straw, whole-crop rice silage and paddy rice spiked with 0.01, 0.02,
0.2, 2 or 5 mg/kg of clothianidin, dinotefuran and thiamethoxam. The mean recoveries of
clothianidin were 77.5 to 101 % and its repeatability in terms of relative standard deviations (RSD;)
was not more than 16 %. The mean recoveries of dinotefuran were 76.9 to 106 %, and RSD, were not
more than 13 %. The mean recoveries of thiamethoxam were 79.8 to 105 %, and RSD, were not

more than 8.7 %.

A collaborative study was conducted in nine laboratories using rice straw, whole-crop rice silage and
paddy rice spiked with clothianidin, dinotefuran and thiamethoxam at 5, 3 and 0.2 mg/kg,
respectively. The mean recoveries of clothianidin were 90.4 to 94.5 % and the repeatability (RSD,)
and reproducibility (RSDg) in terms of relative standard deviation, and Horwitz ratio (HorRat) were 8.3
%, 14 % and 0.68, respectively. The values for dinotefuran were 89.3 to 94.4 %, 4.0 %, 15 % and
0.71 respectively. The values for thiamethoxam were 92.1 to 98.6 %, 9.5 %, 11 % and 0.72

respectively.

This method was validated and established for use in inspection of rice straw and rice products for feed

for clothianidin, dinotefuran and thiamethoxam.
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Clothianidin Dinotefuran

(E)-1-(2-chloro-1,3-thiazol-5-ylmethyl)-3-
methyl-2-nitroguanidine

(RS)-1-methyl-2-nitro-3-
(tetrahydro-3-furylmethyl)guanidine

C6H8C1N502$ MW: 249.7 C7H14N403 MW: 202.2
CAS No.: 210880-92-5 CAS No.:165252-70-0

CHs

/——N
@) N—NO
\_N>: ?

\

CH,
S
Y

Thiamethoxam
(EZ)-3-(2-chloro-1,3-thiazol-5-ylmethyl)
-5-methyl-1,3,5-oxadiazinan-4-ylidene(nitro)amine
CsHoCINsOsS  MW: 291.7

CAS No.: 153719-23-4

Fig. 1 Chemical structures of clothianidin, dinotefuran and thiamethoxam

2 EBRAXE
21 & OB
oo & K OBLKIZOWTIZZENEN 1 mm OfESD WV Z T 5 £ ThfkL, stk s Lz, i
FEEARHZ DWW T, # L7125, fndb & ROk & [FERICHAE L, Bakelel & L.
22 HHE
1) Z7uF7 = FEREETR
saFT = U AEREN (Fiyehlisk T30 HiEE 99.0 %) 25 mg % EHEICE > TS0mL O&ET7
AN, TE M CEMZATENL, BITHERE CREE A INZ T aF 7 = AR %
WL (ZoORImLIE, Z7oF 7=y LT05mg (f=0.990) =&/ 5. ) .
2) VT 7T U AERERR
DT 7T RN, (KA T3ERL B 99.9 %) 25 mg ZIEMEICE -S> T S0mL DR T T A2
IZAI, A ) —VEMZTENL, FIERE CREEEINZ TP ) 77 7 U FERERR & R L
72 (ZoWImLlE, ¥ /77721 7T05mg (f=0999) #&Aa3 5. ) .
3) FT A XY AEAERK
FT A Y AR, (Feiise TR, M 99.0 %) 25 mg & IEfEIZE > TS0mL DT T



4 fARHFZEE S Vol. 37 (2012)
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IIBTEREE 100 g Z 8-> T 300 mL OHAe =47 7 22 A, /K 30 mL CBKIE 20 mL) &0
Z, 30 srRERER, EIZ7E 2 120 mL BKIEX 100 mL) Z00Z, 30 43R 0 B Chili L
72. 200 mL OR®ET T 2227 7 —k}O TICES, itz A% (5 fE B) TREIAE LT
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Table 1 Operating conditions of LC-MS/MS for analyzing clothianidin, dinotefuran and thiamethoxam
Column Kanto Chemical, Mightysil RP-18 GP (2.0 mm i.d.x150 mm, 3 pm)

Mobile phase 5 mmol/L ammonium acetate solution-acetonitrile (9:1) — 15 min —

acetonitrile (2 min) — 0.1 min — 5 mmol/L ammonium acetate solution-

acetonitrile (9:1) (5 min)

Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)
Mode Positive

Source temperature 110 °C

Desolvation gas N, (800 L/h, 400 °C)

Cone gas N, (50 L/h)

Capillary voltage 1kV

Table 2 MS/MS Parameters

Target ion Precursor Product  Qualifier vgl(z :ge C:;lel:g/n
m/z m/z m/z
mz) e () " )
Clothianidin 250 132 169 15 15
Dinotefuran 203 129 157 10 10
Thiamethoxam 292 211 132 15 15

5 5 H
BoNTEIRE GBI o~ 87T A6 E— 7 HEIEm S 2RO THRERAZER L, 3Bt
DruaFr=vy, V)T IT7ITUROTFT A NS LABREREH L.

kB, TEEOMEES Scheme 1 [Z/R LT-.
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Sample 10.0 g

— add 30 mL of water (Paddy rice:20 mL)
— allow to stand for 30 min

—add 120 mL of acetone (Paddy rice: 100 mL)
— shake for 30 min

— filtrate with suction filter (No.5B)

— wash with 50 mL of acetone

— top up to 200 mL with acetone

— evaporate 20 mL of sample solution to the volume of about 2 mL under 40 °C
Chem Elut cartridge

— apply concentrated sample solution

— wash with 2 mL of water

— allow to stand for 10 min

— wash with 25 mL of hexane (twice)

— clute with 40 mL of ethyl acetate

— evaporate to dryness under 40 °C

— dissolve in 5 mL of acetonitrile

InertSep GC/NH,

— prewash with 10 mL of acetonitrile

— apply sample solution

— wash with 10 mL of acetonitrile (twice)
— evaporate to dryness under 40 °C

— dissolve in 20 mL of water-methanol (9:1)
LC-MS/MS

Scheme 1 Analytical procedure for clothianidin, dinotefuran and thiamethoxam

3 BRRUER
3.1 MEMOIER
22 D HTHE- TR U7 EIRIEAEYERS 5 uL 2 LC-MS/MS IZIEA L, 557N SR
s~ 7T AP E—7 @S L OHEEZ RO TREMEZIER L7z, ZO/R, Fig. 2~4 OLEB0,
BERIZZaF T =y, PI)TITITUROFT A MY LLE LT, TNEH 025~100 ng/mL (A
& LT 0.00125~0.5 ng) O#iPH CEARMEE R LT,
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Fig. 2 Calibration curves of clothianidin (left : peak area, right : peak height)
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Fig. 3 Calibration curves of dinotefuran (left : peak area, right : peak height)
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Fig. 4 Calibration curves of thiamethoxam (left
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1= 7 MO

: peak area, right : peak height)

faboblicrzanFr=r, V)T 7T ROFT A RFH AL LTH 2 mgkg HYEZTRMN LR
Ba AT, BOrtr X —IECEVIE LA, 7aF T =0 kO ) 777 o OREINER
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270 %% THEIDFERTH 7.

Z 2T, BRIROFRNEZHRT D20, bbliczuFr=Uy, )T 770 ROFT A MF
P AL LTH 2 mgkg HEEZRMLT, 24 O DIZEWHIH L232kaik (LT THEH R EHA
" W) ZHWT, Bt ¥ Ik CTHEAINTWD 3FEEON T MBI SN TERE
UGS L7z,

1) ZHMETrA Y T Eh T eV

BETHREHEIRIZOWT 24 @ 2)OFIC LV AT A VY T 2T 5 (UF 751 L
9. ) THFEL, ~FH AT K DPeEHK 50 mL K OWEE T F /LI X D% K 40 mL & 21274 40
°C L F DK TIE E A EHz[E 2 F TRIERM L7, SR T A &iko THE L.

K=A% = (9+1) 2 mL M2 TEEW AR L. 2O 1 mL % 20 mL DE&ET T A3
IZAR, BEMETK—AH 7 —v (9+1) ZINZ CTRE L 7-3ENATRZ LC-MS/MS 12X W #HlE L
7.

2y TI977ANI—R /Ty Vb U B FAERE I =0 T A E VBt

FRpFHREHARIZ OV T 2.4 O DITHEVLEL L7244, 2.4 O DNOFIAICLY 7T 7 7 A4 N —R
YT Ta e Y Y B SV =T A (UUF A7 A1) &vo. ) TUHE LT
7 b= MUK DUEHIE 25 mL (B L72sUBRAIR 5 mL 25T, ) % 40 °C LR OKIB TlE
& A EIET D E CIRUE R L7 1%, RN A &% THIE L7z,

K=AZ = (9+1) 2 mL ZMNMX THEREMEZEP LT, ZOW 1 mL %220 mL O2&ET 7 A2
IZAI, ERRE TR — AL /7 —/b (9+1) ZMx CTHM L7 EHRREZ LC-MS/MS 12X W fllE L
7-.

3) HHETAIFI=hT AEHROERR

BREHHFBHRIIZ OV T 2.4 O RO NEWVLEE L, 7T AT 05O Z 40 °C LLF DK
WTIEE A LHET 2 £ TRIERNME Lo, EFRTAZESTHE Lz, Fig=F/L 5 mL ZZ
THREWEENL, HONUORET=F /L 10 mL THREF LT LI F I =8 T AT,
FEfE—F /L 10 mL T O CHE 2 [BIPed L, IRZNARS 7 JINZ 72, Big=F UWIZ K D0
25 mL (AfF L7ZABHAIE 5 mL 25 3e) % 40 °C LA FOKIB TIE & A CHEET 5 £ CRUTE IR
L7, BHEHAZE-> T L.

K—=AZ = (9+1) 2 mL ZMX THEEMEZEN LT, ZOW 1 mL % 20 mL 27 7 X 3|2
AR, BERETK—RAH 7= (9+1) ZINZ TR L 73UBHAR 2 LC-MS/MS 12 X 0 JllE L7z,
D3)DFERIE, Table3 DEBY THHo7-.

AT L1 KON X DB RAFRIENERTH D Z & D3R S vz

FHET VI F I =T DML DI T, B F VIS K D0 ORICY ) 775y, 7as
T2V ROTFT A MFRFLABREINTIC T2 2 LRI NT. 202 ERRELOHTE
VEETO T T =V RN ) T 7T o OENENMET LIZER EB 2 b o, RETIEH
PET NI FTI=NT AL DU EERT HZ L& LT, Dot EITo7z.
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Table 3 Results of elution and spillage from column I, Il and neutral alumina

Recovery (%) ¥
Pesticide Spiked level Column I Column II Neutral alumina
(mg/kg) Hexane Ethyl acetate ~ Acetonitril Ethyl acetate
(50 mL) (40 mL) e (25 mL)
Clothianidin 2 0 92.0 97.0 56.0
Dinotefuran 2 0 99.0 95.0 28.0
Thiamethoxam 2 0 91.0 91.0 11.0

a) n=1

3.3 BRI E OB

FebblicrzaFr=yr, V)T 7T ROFT A RS AL LTH 02 mgkg fNEEZRMLT-
AEZHWT, 24 @ 1) S)ITHEWVEIEL, Bt v & —IEICEWIRERENSIR Z K — A % ) —
b (9+1) 2mL THML, LC-MSMSIZEVHIELIZEZ A, 7uTF T =V ROFT A XHLAD
EIERDS 70 %o TEIDFER TH - 7.

T, ZOJRKNIRHERITNZ L D4 T ALIfI TH L EHEE L, TOREZERT 572D, 5k
DEARENAN %, TIZK—AHZ 7 — (9+1) T 2~20 fFIZAHRL, LC-MS/MS (2 X v HlE LI[EY
RO

ZORERIL, Tabled DEBY THY, 10 fFLL EAR LGB R 2R RBE LN,

2T, MREET 10 EFTHRBERMEONDEBILNTZZ LD, RIETIIK—RAH ) —
v (9+1) DIEREERN D' X —1E0 2 mL 205 20 mL (A H U CRiERENAK 2845 2 &
L7z,

Table 4 Comparison of recoveries of clothianidin, dinotefuran and thiamethoxam
by dilution level

Pesticide Spiked level . Recovery (%) *
(mg/kg) undiluted 2-fold 5-fold 10-fold 20-fold
Clothianidin 0.2 43.8 61.3 84.2 94.0 94.1
Dinotefuran 0.2 96.7 96.0 101 91.2 94.6
Thiamethoxam 0.2 58.9 71.7 94.9 95.1 92.8
a) n=1

3.4 BiEWE O

b o 4 M) , FRFsEEER Q iR KOWKk G i) 2V, AR Xk 0L
Wik% LC-MSMS IZIEAL, ERAPITOE—7 OFEEAMHELIZE 25, BiEFL—27IFFH LN
o7,

7B, WEDWEOBFTHEROLNERICHRIE 7 v~ 77 ADO—fl% Fig. 5 1R L.
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Fig. 5 SRM chromatograms of rice straw (non-spiked)

(Arrows indicate the retention time of thiamethoxam (A), clothianidin (B) and dinotefuran (C).)

3.5 EINEEER

2.1 THB LMD 2 MK, MREEHATE L ORAES | ikl nFr=r, Y2777 0Kk
WFT A RFHAELTHES, 2 KON0.2mgkg FHYEA RN L 723082 HWT, RIEIZX Y 3 80MT
T A IR L, R R OV LRSS 2 fst L 7.

ZOFEEIL, Table 5~7 D& BV, 7 uaF7 = OFEHREIRIT 83.1~101 %, F Ok Uk EIX
FHAEEYERR 72 (RSD,) & LT 7.0 %A, ¥/ 775 DOFHEILERIT 81.5~106 %, & D Uk
IZRSD, & LT91 %L, F7 A FFT LD FEEIET 87.9~105 %, £ Ok LFEEILRSD, & L
T8I%NLLTFThHoT-.

7k, IINENGRER ORGEC&5 b B IRIGHRIT 7 v~ R 77 LDl % Fig. 6 I8 LT-.

Table 5 Recoveries for clothianidin

' Feed types
Slp 1keld Rice straw 1 Rice straw 2 Whole-crop rice silage Paddy rice
(meg‘;ig) Recovery” RSD,” Recovery” RSD,””  Recovery”” RSD,”  Recovery”’ RSD,”
(%) (%) (%) (%) (%) (%) (%) (%)
5 88.0 3.6 90.0 3.7 83.1 2.7 87.5 4.5
2 99.5 2.4 86.5 0.7 101 2.7 94.0 1.9
0.2 91.0 3.5 914 2.6 98.0 3.1 91.6 7.0

a) Mean (n=3)

b) Relative standard deviation of repeatability
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Table 6 Recoveries for dinotefuran

Feed types
Slp ikeld Rice straw 1 Rice straw 2 Whole-crop rice silage Paddy rice
(m:;ig) Recovery” RSD,” Recovery” RSD,””  Recovery”” RSD,”  Recovery” RSD,”
@) ) (%) (%) (%) %) (%)
5 87.0 4.9 88.0 4.8 84.0 6.6 89.0 5.7
2 99.0 2.8 85.0 1.4 100 2.2 85.7 2.7
0.2 95.2 9.1 106 8.9 96.0 33 81.5 3.4
a) Mean (n=3)
b) Relative standard deviation of repeatability
Table 7 Recoveries for thiamethoxam
Feed types
Slpikeid Rice straw 1 Rice straw 2 Whole-crop rice silage Paddy rice
(meg\;lig) Recovery” RSD,”  Recovery” RSD,”  Recovery” RSD,”  Recovery” RSD,”
(%) (%) (%) (%) (%) (%) (%) (%)
5 95.0 3.0 93.0 2.0 96.0 2.7 91.0 2.1
2 105 8.0 96.8 2.3 101 2.7 95.7 1.4
0.2 102 6.5 92.0 8.2 87.9 8.7 98.8 5.7

a) Mean (n=3)
b) Relative standard deviation of repeatability
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Fig. 6 SRM chromatograms of clothianidin, dinotefuran and thiamethoxam
(A) Standard solution (The amount of clothianidin, dinotefuran and thiamethoxam are each 0.25 ng.)

(B) Sample solution of rice straw spiked with clothianidin, dinotefuran and thiamethoxam at each 2 mg/kg

3.6 EE FREUHH TR

KREOEE FRE O FREZM#ET 5720, MbbRKOWKIInF 7=y, V)T 770k
OF T A MFHLZRML, WINENGBRICEVEONDE—2 D SN A 10 KT 3 LR 5REL
k7.

ZTORER, HoNTZE—27 O SN 10 LI EE 72 53 E1L 0.01 mgkg TH o7z

WeRDT-DIZ, MOOROMKIZ 7 aFT =0, P2 TF 757 ROFT A AL LTEH 0.02
mg/kg K& T8 0.01 mg/kg FYBEAZ M LZ3B2 HWT, KEICED 3 S0HMTOE2ER L, [FIRE
OV U RS EE A fat LTz,

ZOFERIL, Table 8~10 D E KBV, 7 aF 7=V OFHEULERIT 77.5~93.0 %, < OMEK UKSE
IIAHERER 2 (RSD,) & LT 16 %L, ¥/ 7 77 OWHEILERIT 76.9~89.1 %, Ok LK
FEIZRSD, & LT 13 %LL T, F7 A &% LD FHEILERIL 79.8~96.1 %, T DK UK5HE X RSD, &

LT65%UTFTHoT.
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F72, SNHAS3 L 72 BILEEIL 0,003 mgkg T o7
LLEDOFERMN S, REOEETFRIZZ aF 7=V, V)T 770 ROFT A MFHALEH120.01
mg/kg, R TFERIZ 0.003 mgkg THh-o7-.

Table 8 Recoveries for clothianidin at levels near the limit of quantification

' Feed types
Spiked Rice straw 1 Paddy rice
level - -
(mg/kg) Recovery’ RSD,”  Recovery” RSD,”
(%) (%) (%) (%)
0.02 81.6 3.7 93.0 23
0.01 71.5 7.3 80.2 16

a) Mean (n=3)

b) Relative standard deviation of repeatability

Table 9 Recoveries for dinotefuran at levels near the limit of quantification

' Feed types
Spiked Rice straw 1 Paddy rice
level . -
(mg/kg) Recovery” RSD,””  Recovery” RSD,”
(%) (%) (%) (7o)
0.02 89.1 5.4 86.8 2.1
0.01 82.8 4.8 76.9 13

a) Mean (n=3)

b) Relative standard deviation of repeatability

Table 10 Recoveries for thiamethoxam at levels near the limit of quantification

. Feed types
Spiked Rice straw 1 Paddy rice
level T -
(mg/kg) Recovery” RSD,”  Recovery” RSD,”
(%) (%) (%) (%)
0.02 79.8 59 89.0 2.1
0.01 96.1 4.6 95.6 6.5

a) Mean (n=3)

b) Relative standard deviation of repeatability

3.7 JL[ERER

REOEMBBIEEZRET 5720, HiEFUEHT L 5 KRR Z F0E L 7.

b, MBEEHHEE L ORI aTF T =0y, V)T 770 FOFT A RS LALELTENE
#10.2 mg/kg, 3 mgkg KOS5 mg/kg FI4E (1 mL FIZENZEIL2 pg, 30 ug, S0 ug =269 H4%
YL 1 mL N 28 L7zakeh 2 vy, tEEE N B ARV AR EH SR AR o 2 —, WAL
NBARBSRSHTE o # —ZBEGEET, B AN SRS RBFEET, JSZATEOE N RMOKEEHE 224
Hiirt o ¥ —Efafr e s, Ffit s ¥ —, FEiletr 42—, B4 hEtZ—, FEFzs
2 — R OVFEIERE v 2 — (G 9 RER=) 128\ T, ARJEICHEWIERIRER 2 50 L7, #E RO IS
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WL, IUPAC D7 1 b =—/L Ny, Cochran #7E, #MUVIE 1 {E D Grubbs #7E M OSMUE 2 f#
® Grubbs MEZITV, AIUEOZEEME4T - 7 L CEHEIEE, MK UKE (RSD,) KR H IS
& (RSDp) ZHML7-. S 5472 RSDr 25, {EIE Horwitz 20% VT HorRat % 3R 7-.

FERIT Table 11~13 D B0 THHo 72,

yaF7 =V TG, FIEEHETE L OPEKIZOWT, SEYEIERIZZNE 904, 94.5 K&
923 %, RSDIZZTNTH 83, 42 KN 1.8 %, RSDpIZZTNZEH 14, 5.9 KN 44 %, HorRat L%
I 0.68, 046 KT1r0.32 ThoTe.

)T 77T ED D, FRREEHER L OBLKIZOWT, SEYRINERITZENZ 89.3, 94.4 KN
923 %, RSD,IZZNZH 3.4, 40 3.5 %, RSDRIZZNZEI 15, 6.7 K1N8.9 %, HorRat | ZZnZ
3071, 0.53 }r0.65 Th-o7z.

F7 A MFHLATIERD D, FRREEAHLATEL L OBKIZOWT, FEHREIGEZEIEI 92.1, 98.6 &
0 93.7 %, RSDIZZNZH 9.5, 3.8 KUN3.5 %, RSDRIZZNZ4 11, 9.0 XX 58 %, HorRat (3%
NZEI 052, 0.72 K043 ThoTe.

BEDWD, FRRECHEA LLREY o~ N7 7 & 07 MV B OMTES % Table 14 12
~L7z.

Table 11 Collaborative study results of clothianidin

Feed types
Lab. No. Rice straw Whole-crop rice silage Paddy rice
(mg/kg) (mg/kg) (mg/kg)
1 0213 0.204 505  5.03 270 2.61
2 0.156  0.152 466  4.64 275 275
3 0.160  0.166 466 478 294 292
4 0.167  0.152 432 459 272 2.67
5 0.195  0.169 418 478 267 270
6 0.163  0.185 506  5.03 2.81  2.93
7 0.160  0.170 452 455 273 2.62
8 0222  0.191 624" 594" 290 296
9 0.195 0233 468  5.09 3559 2.65?
Spiked level (mg/kg) 0.2 5 3
Mean value 9 (mg/kg) 0.181 4.73 2.77
Recovery © (%) 90.4 94.5 92.3
RSD, ¥ (%) 8.3 42 1.8
RSDy © (%) 14 5.9 4.4
PRSDy ? (%) 21 13 14
HorRat 0.68 0.46 0.32

a) Data excluded by Cochran test

b) Data excluded by single Grubbs test

¢) Rice straw: n = 18 ; whole-crop rice silage and paddy rice: n =16

d) Relative standard deviation of repeatability within laboratory

e) Relative standard deviation of reproducibility between laboratories

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

modified Horwitz equation
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Table 12 Collaborative study results of dinotefuran

Feed types
Lab. No. Rice straw Whole-crop rice silage Paddy rice
(mg/kg) (mg/kg) (mg/kg)
1 0.178 0.161 4.59 4.79 2.64 243
2 0.182 0.183 4.98 5.05 2.88  2.90
3 0.129 0.134 4.17 4.30 2.83 2.73
4 0.180 0.184 4.72 4.89 277 272
5 0.182  0.171 4.45 4.96 2,61  2.79
6 0.210 0.215 5.23 4.93 2.69 2.64
7 0.168 0.162 5.00 4.63 244 268
8 0214 0.206 6077 6.28" 327 329
9 0.244 % 03157 442 438 355Y 2409
Spiked level (mg/kg) 0.2 5 3
Mean value ¥ (mg/kg) 0.179 4.72 2.77
Recovery © (%) 89.3 94.4 92.3
RSD, ¢ (%) 3.4 4.0 3.5
RSDg ¢ (%) 15 6.7 8.9
PRSDy ? (%) 21 13 14
HorRat 0.71 0.53 0.65

a) Data excluded by Cochran test

b) Data excluded by single Grubbs test

¢) Rice straw, whole-crop rice silage and paddy rice: n =16

d) Relative standard deviation of repeatability within laboratory

e) Relative standard deviation of reproducibility between laboratories

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

modified Horwitz equation
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Table 13  Collaborative study results of thiamethoxam

Feed types
Lab. No. Rice straw Whole-crop rice silage Paddy rice
(mg/kg) (mg/kg) (mg/kg)
1 0.170  0.207 5.15 5.40 278 256
2 0.189 0.193 5.14 5.07 2.86 288
3 0.182 0.182 4.54 4.62 2.81 2.74
4 0.154 0.156 4.54 4.64 270  2.66
5 0.189 0.185 443 4.90 2.89  3.02
6 0.163  0.192 5.25 4.97 290 287
7 0.174  0.168 4.87 4.58 2.51 2.60
8 0212  0.196 5.72 5.87 3.05 2.92
9 0.175 0.230 4.71 4.34 3.06 2.79
Spiked level (mg/kg) 0.2 5 3
Mean value ® (mg/kg) 0.184 4.93 2.81
Recovery ¥ (%) 92.1 98.6 93.7
RSD, ” (%) 9.5 3.8 3.5
RSDy ? (%) 11 9.0 5.8
PRSD; ¥ (%) 21 13 14
HorRat 0.52 0.72 0.43

a) Rice straw, whole-crop rice silage and paddy rice: n =18

b) Relative standard deviation of repeatability within laboratory

¢) 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 14  Instruments used in the collaborative study
Lab. No. LC-MS/MS . LCcolumn
(i.d.xlength, particle size)
Kanto Chemical
1 Waters Quattro premier XE Mightysil RP-18 GP
(2.0 mmx150 mm, 3 pum)
LC: Waters 2695 Agilent Technologies
2 MS/MS:Micromass ZORBAX Eclipse XDB-C18
Quattro micro API (2.1 mmx150 mm, 3.5 pm)
LC: Agilent Technologies 1200 Series GL Sciences
3 MS/MS: Agilent Technologies Inertsil ODS-SP
6410 Triple Quad LC/MS (2.1 mmx150 mm, 5 pm)
Kanto Chemical
4 Waters ACQUITY TQD Mightysil RP-18 GP
(2.0 mmx150 mm, 3 pum)
SHISEIDO
5 Waters ACQUITY TQD SHISEIDO CAPCELL PAK C18 AQ
(2.0 mmx150 mm, 5 pm)
Kanto Chemical
6 Waters ACQUITY TQD Mightysil RP-18 GP
(2.0 mmx150 mm, 3 um)
LC: Agilent Technologies 1200 Series GL Sciences
7 MS/MS: AB SCIEX Inertsil ODS-SP
API-3200 (2.1 mmx150 mm, 5 pm)
LC: Agilent Technologies 1200 Series Agilent Technologies
8 MS/MS: Agilent Technologies ZORBAX Eclipse XDB-C18
6410 Triple Quad LC/MS (2.1 mmx150 mm, 3 pm)
LC: Agilent Technologies 1100 Series Tosoh
9 MS/MS: AB SCIEX TSKgel ODS-100S

API-2000

(2.0 mmx150 mm, 5 pm)

4 F&OH
fAELHA X T 7uF T =y, V)T T7TUROFT A RFYLIZONT, LC-MS/MS %
W2 E BEOFE O EE~OBEH O A GEICOWTHRE LIz E 25, UTFORENSS, AN
EThdEBEZ LN
1) BEFIIZINEI 0.25~100 ng/mL (FEARE:E LT 0.00125~0.5 ng) O#iPH CHEMMEZ R L7,
2) ZHMETA Y UL T LD OBEBKEDOHG 1T o728 25, WHEEIEX 40 mL T+ Toh -
7-.
3y U977 A NI—RT I )T a T VM Y ASNAEE S =h T A TORBIREORG %
1T & 2 A, MHEEIT20mL THoThoT-.
4) BAOSHE S —IENSTPET LI T H T A X HREREZEM L, BEGUEHATEZ 2 mL 725 20
mL &35 2 & TR RE 2Tz,
5) Wb 4 MK, FEREEHATEL 2 B KL UMLK 3 BRI OV T, RIEICHE > TRIRRSHIE 7 7~ &
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T LR LIZE A, suF 7=y, PITIITURNFT A NSV LAOEREY T HE—2
IR R o7z,

6) FRb D 2 Bk, FREHAREOHKIZZuaF T2, P)T 7T RBFT A RS LEL
T, ZNZEN 02~5 mgkg AL REAZTML, AECXZVTNMENGBRZ L LI 25, 7aF 7=
DUATOWTERENETE, 83.1~101 %, EOMuK UIEEIXRSD, & LT70%LL T, ¥ /777 iC
DWTHELEIRIE, 81.5~106 %, DK UKSEEIZRSD, & LT 9.1 %A, F7 A hFHAIZDON
TEHELERIL, 87.9~105 %, Z DG LIEEIL RSD, & LT 8.7 %LL FORAEN S B ALz

7 AEBZEDEETRIE, 7nF 7=y, V)T T7T70RNFT A MY AL HIZEEHT 0.01
mg/kg, R TBRIE, 0.003 mgkg Tho7-.

8) /mFT =y, VITTITUVROFTA IRV LALELT, fbbIZZNZEI 02 mgkg, Fn%E
HATEHZ Z I Z4 5 mg/kg M UWLKICZENEI 3 mgkg HHYEZ RN L7ZREZ VT 9 BR=ICE
WTARIEICHEW L FRBR 2 i L= & 25, Bk RE2157.

#
HLFRBRICSIN L T2V AR N A AR A B 2 B AR IE o 2 —, WA BARR i
STt o B —ZEERTIERT M O B AN SRS AL P RBFERTIC B 1 % BIRE AALIEH O Z 2R L £

X W

1) EMOKPEL GIERRIEE - fE O A FME OEEEREDHIEIZOVT, BRI 63 410 A 14 H, 63
% B 552050 5 (1988).

2) JEABEIR B, WSO, IBF134412 H 28 B, BEABERE 370 5 (1959).

3) EAGEEEEEN RN EEA - NIRRT DRI, SR XX EMW) = SE 5 DRk
DCTHLWEOFERIEIZOWT, EE 1741 H 24 B, BZIEEE 0124001 5 (2005).

4) WMHNENRAARBEGHE 2 —, Tk 21 FEER PO EMESESINEZEEE WP ofRSE
WEFEDITEDRFE (2010).

5) BRMUKPEREE - ZEJFE®EA R EEOHIEIZOWT, Rk 20 4 A 1 H, 19 {HLH
14729 5 (2008).

6) Horwitz, W., Protocol for Design, Conduct and Interpretation of Method - Performance Studies, Pure & appl.
Chem. , 67(2), 331-343 (1995).
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Simultaneous Determination of Carbaryl and 8 Pesticides
in Rice Straw, Whole-crop rice silage and Paddy rice for Feed by LC-MS/MS

Yoshinari SAKAKIBARA"

(*Food and Agricultural Materials Inspection Center, Nagoya regional Center)

An analytical method was developed to determine nine pesticides (carbaryl, carbofuran, fenobucarb,
fludioxonil, furametpyr, furametpyr-hydroxy, methoxyfenozide, tebufenozide, and thiacloprid) levels in
rice straw and rice products for feed using liquid chromatograph-electrospray ionization-tandem mass
spectrometer (LC-ESI-MS/MS).

After adding water to the samples, 9 pesticides were extracted with acetone and solutions were filtered.
The filtrate was diluted with acetone to a final volume of 200 mL. The sample solution was purified
with octadecylsilanized silica gel mini column (InertSep Slim-J C18-B from GL sciences Inc.; Tokyo,
Japan) and analyzed by LC-ESI-MS/MS. The LC separation was carried out with an ODS column
(ZORBAX Eclipse XDB-18, 2.1 mm i.d.x150 mm, 5 pm from Agilent Technologies Inc.; Santa Clara,
CA, U.S)) using gradient with 2 mmol/L ammonium acetate and acetonitrile as a mobile phase.
MS/MS analysis was performed in the selected reaction monitoring (SRM) mode. Spike tests were
conducted on rice straw, whole-crop rice silage and paddy rice spiked with 0.05 or 0.1 mg/kg of
fludioxonil and 0.1, 0.2 or 1.0 mg/kg of other eight pesticides. This resulted in recoveries ranging from

77.1 % to 115 % with not more than 16 % in relative standard deviations of repeatability.

A collaborative study was conducted in 12 laboratories using rice straw and paddy rice spiked with 0.1
mg/kg of fludioxonil and 1.0 mg/kg each of the other eight pesticides. The mean recoveries of the
pesticides in rice straw were 94.0 to 100%, the relative standard deviations of repeatability and
reproducibility (RSD, and RSDgr) were 4.4 to 9.8 % and 4.7 to 12 %, respectively. The mean
recoveries of the pesticides in paddy rice were 92.5 to 107 %, RSD, and RSDy were 2.8 to 5.1 % and 5.2
to 12 %, respectively.

These results suggested that this method will be added to the Official Methods of Feed Analysis. This
method was validated and established for use in the inspection for nine pesticides in rice straw and
rice products for feed.

Key words: carbaryl ; carbofuran ; fenobucarb ; fludioxonil ; furametpyr ; furametpyr-hydroxy ;
methoxyfenozide ; tebufenozide, ; thiacloprid ; liquid chromatograph-tandem mass spectrometer
(LC-MS/MS) ; electrospray ionization (ESI) ; feed ; rice straw ; whole crop rice silage ; paddy rice

; collaborative study
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X—TU—R: VNIV VR T T T ) THNVT TV FR ) =)b; 7T A MY
NV TITARENLE RRF UK AN T2 VR T T2 VR FTouTY
Ry ks v~ s7o 7807 DRVEEGHGE, =L 7 b X7 b—A FAbik ; ikl
 fado & FRFSHERLATEL ; K ; 2L RER

1

BEMOKEE XFEARBOR CTh D2 R8E B3 - BAEARGE (CFk 22 4F 3 H 30 ARERE) 128\ T,
R 20 FEEEIZ 26 % (FIH LR 3R & (TDN) ([ZHAR) Th o 7okt B A3 4 AL 32 £ FE TIZ 36 %I
FlE BT EHBELE LTS, ZO7OORYMAD—D2L LT, Fa 19 FEOMHE T 78 %TH
ST HEEHZ B DEFEOEIG &, K 27 FEETIZ 100 %ET5Z L2 HELE L, b bS okt
FHAZREL TS, ZHICHES T, PRk 21 4E 1 A 29 AT CTEIEIO A BB OFFE Y VN IE &
, fib b K OREREALEEHZ DWW TR RO LB AR E Sz, 0% bHIEIIESh, BIEIX
FUKIZ DWW T b IR RO TR LR E STV 5.

oo, FRISBEHLETE N OBK (KEETICB W T, 252 TEBETHA T TERET A
FERETD. ) IIRERERRE SN TS EED H B, FIEMIHrEE T S TORVER S
W5 L, FRERETRE SN TORWAENTRICHEH S0 FTREMED & 2 BIEICHONWTHE=X
VY T H0ENHDZEN0, 2O OEIEEZ I E & RER O0WNEOBBAMLIE L SN TN 5.

AfEl, MEVEN BARSONE &2 =2, Bk 21 EEERF O EME S SIEMRRETFECE
WTB%E LIz R aHE Y (T, TREOHE 2 —iE) ). ) 2, BRofrer ¥ —ik
DGR ETHREIERSTD S HO A TI—TIZXK G Shiz 8 Fi¥E 9 ilsy (AU, IART T,
T ) TANT, TANTFHXY =), TT7ARELKEDRT T A RELE REX AR, A RFo T /Y
K, 77 7x /Y RIENNCF 77 a7 Y R) OEEGHTEES~OBEHO R GEIZONWTHRFT LD T, %
DOWEZRET .

BB, BEETIZ, SRR LIDBIED S BIFEEMEF AR E STV D 6 FEHICOWT, 5EHLHE
fli% Table 1 (/R L7-.

il
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Table 1 Regulation values of the harmful substances in feed (extract)

Kind of pesticide Target feed Regulation value
(mg/kg)
Fenobucarb Rice straw 5
Whole-crop rice silage 5
Paddy Rice 3
Fludioxonil Rice straw 0.05
Whole-crop rice silage 0.1
Furametpyr Rice straw 5
Whole-crop rice silage 1
Methoxyfenozide Rice straw 5
Whole-crop rice silage 2
Paddy Rice 2
Tebufenozide Rice straw 20
Whole-crop rice silage 10
Thiacloprid Rice straw 0.5
Whole-crop rice silage 0.2

2 EBRAE
21 & B
o 6 R OBKICOWTIEZENEN 1 mm OS5 WA RS 5 £ ThfkL, dakalel e Lz, fi
RN OV, W L2tk e b R OWEK & [ERRICHR L, ftakalel & L7z,
22 K%
1) B REFARYEIK
Table 2 DA EFAEAET, 25 mg & IEMEIC > CENZEN S50 mL D&Y 7 A3 AN, Tk hr
EINATENL, HITHERRE CREEEZ I 2 TA BIEERIRZ A L7 (250 1 mL i,
FRIEO0Smg 2 EHTH. ) .
2) REKIRA YRR
TN Y = UAEHEFR 10 mL K OVE Ol 8 [ii5y DA EFIEEFR 2 mL % 100 mL D45~
TFAIZANTIRAL, HIERETTE b2z CRKEAEREREZRLEZ (Z0fE 1
mL %, ZATAFY = LT50ug, TOMBARSDREIEL LTHI0pg 2 EHT D, ) .
BRICE L C, BRESEEREO —ER&%E, 7 h=rULb—/k (3+2) TEMICHRL, 1
mL 27 VT A% =L TO0S5, 1, 25, 5KUN10ng, FOM kD EEE LTO.1, 0.2,
0.5, 1 XU 2ng # 5 AT HEBIIRAIEER AR LT,
3) T b AT - PCB B 2 V. T b= b U b R OV AR R 3 R K
PCB B H %, WHERIZITRIEZ v~ N7 F 7 HE W, KITEMAKZ V-
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Table 2  Pesticide standards

Kind of pesticide Manufacturer Molecular formula MW CAS No Purity(%)
Carbaryl Wako pure chemical industries  Cj,H;;NO, 201.2  63-25-2 99.0
Carbofuran Wako pure chemical industries  Cj,H;5NO; 2213  1563-66-2 98.0
Fenobucarb Wako pure chemical industries C;,H;7;NO, 207.3  3766-81-2 99.8
Fludioxonil Wako pure chemical industries C;,H¢F,N,O, 2482 131341-86-1 99.0
Furametpyr Wako pure chemical industries  Cj7HoCIN;O, 333.8  123572-88-3 99.0
Furametpyr-hydroxy Wako pure chemical industries ~ Ci7HoCIN;O;  349.8 - 99.0
Methoxyfenozide Dr.Ehrenstorfer C5,H,5N,0;4 368.5 161050-58-4 99.5
Tebufenozide Wako pure chemical industries  C,,HpN,0, 352.5 112410-23-8 99.0
Thiacloprid Wako pure chemical industries  C;oHyCIN,S 2527 111988-49-9 98.0

23 EK U E
1) Wikr o~ 7574 T ZAVE RS
LC #B : Waters 82 ACQUITY UPLC System
MS 5 : Waters 2 ACQUITY TQ Detector
2) WREHGW: 2147y 78 LT ry 2 —N—SR2W
3 AV TN I ML Y BTN I =T A VA = AHL InertSep Slim-J C18-B (%
TAHIE 500mg) 2V — "—%EFE Lzt 0
4) WE|l~v=Fr—)L K V—x YA A8 GL-SPE W5|~=FHK—/L F
5) kLB a7 YR H-51
24 EEFIE
H f

IIMTERER 100 g 28~ T 200 mL O3k =7 7 232 A, /K 30 mL CBLKIE 20 mL) Z 0
Z, 30 srEEER, LIZ7 ' M2 120 mL (BKIX 100 mL) 200, 30 43RV EE Thltl L
72. 200 mL ORET 7 A 2% 7 7 —R}FOTICES, ks A% (5 fE B) TlksIAHLE
%, KO T T A ROFESZIART & b2 50 mL THF L, [REEICKS] A LZ. Hicai
TIAADERETTE M E2MAT-. 2O 2 mL (ZAVA% Y = VLS OZ O 8 5oy D
WEARET H2HEITH - T, EIZT & b TIERMRIZ 10 AR L%, €O 2 mL) % 50 mL
DT T T A NTIEMICAIL, K 20 mL 211 TREG Lotk 77 LUEHET 2 3 0RHATK &
L7-.

2) BT LALER

T BTN I D B FNVI=h T AT =KL 5 mL KOVK 5 mL CHEKRGES L
7z.

RENRIEZ 2 =7 7 LA, FEE 1 mL/min F2HE TRl L CHREID T CAFID ERiciET 5 F
Tt Sz, FIZHEBHRIRDO A > TWe T 7 7 XA az k=T h=K U/ (9+1) 5mL T
T2EWER L, WRZIER I =7 7 M2, FRRICRE S S, 1I0mLORET7 7 XA a%2 I =
TLADFICEE, TEF=FU/—K (3+2) 10 mL %I =47 A%, JEEL CTKEREKD %
WS-, B, 287 7 A aOERE CREEZ N, TORO—EE% 5,000xg (10,000
pm) T 5 yEOOBEL, EBAIREIRIKS v~ 7T 7 2 T ARV ESHTRHC X A BEICHE
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TOREHAR & LTz,
3) Wk m~ NI T T ARVERSHTEHNC X A WE
EHA N OB IR EIREIR S 5 uL 2k s n~ N7 9 7% 07 DB RGHTE (LLF TLC-
MS/MS| L 9. ) IZHEAL, Table3 K& Table 4 DHEESIFICHE > CTRINKEKRIE 2 v~ N7
L aFFTz.

Table 3  Operating conditions of LC-MS/MS for analysing pesticide

Column ZORBAX Eclipse XDB-C18 (2.1 mm i.d.x150 mm, 5 um)

Mobile phase 2 mmol/L. Ammonium acetate-acetonitrile (4:1) — 15 min — (1:9) (5 min)
Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)

Source temperature 120 °C

Desolvation temperature N, (650 L/h, 350 °C)

Cone gas N, (50 L/h)

Capillary voltage Positive: 3.5 kV, Negative: 1.0 kV

Table4 MS/MS Parameters

Cone Collision
Precursor Product Qualifier

Target ion Mode voltage  energy
(m/z) (m/z) (m/z) V) (eV)

145 - 24 11

Carbaryl + 202
- 127 24 25
165 - 32 11

Carbofuran + 222
- 123 32 23
95 - 28 13

Fenobucarb + 208
- 77 28 35
Fludioxonil - 247 180 — 48 28
- 126 48 28
157 - 36 32

Furametpyr + 334
- 290 36 16
157 - 38 22

Furametpyr-hydrox + 332
PYFRY Y - 76 38 56
149 - 18 18

Methoxyfenozide + 369
- 133 18 28
Tebufenozide + 353 133 — 18 20
- 105 18 42

12 - 2

Thiacloprid + 253 6 36 0
- 90 36 36

4) % "
SoN-EBIRM o 7o~ M7 A0 b — 7 HBXIIE I EZ RO THREREZER L, B
‘:P@%\E%E%%ﬁ L7-.
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8, EEIEOME% Scheme 1 (2R L7,

Sample 10.0 g

—add 30 mL of water (Paddy rice: 20 mL)

— allow to stand for 30 min

—add 120 mL of acetone (Paddy rice: 100 mL)

— shake for 30 min

— filtrate with suction filter (No.5B)

— wash with 50 mL of acetone

— top up to 200 mL with acetone

—add 20 mL of water to 2 mL of sample solution (Except for Fludioxonil :

2 mL of sample solution diluted ten-fold with acetone)

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)
— clute with 10 mL of acetonitrile-water (3:2)

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

— centrifuge for 5 min at 5,000xg
LC-MS/MS

Scheme 1 Analytical procedure for pesticides in feeds

3 BRRUER
3.1 MEMOIER
2.2 O DITHES TR L 7= SRR AENERR A 5 uL %2 LC-MS/MS (27 EA L, 557 @R s
ru< N7 AP bE—ZEBAOE S 2RO TREMRZIER L. £ORE, Fig. 1-1 726 12 O
ERBY, TAUARY =L, 05~10 ng/mL (FFEARE LT 0.0025~0.05 ng) O#HiPH CEAREZ R L
7o, Ot 8 ASy DEERKIL 0.1~2 ng/mL (FFE AR E LT 0.0005~0.01 ng) D& CEMRNMEZ /R LT,
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Fig. 1-1
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Calibration curves of five pesticides by peak area (Left) and peak height (Right)
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Furametpyr-hydroxy Peak area Peak height
6000 r _
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20000 r
2000 r 10000 |
0 0
0 0.5 1 1.5 2 0 0.5 1 15 2
Methoxyfenozide
6000 | R2=0.9999 40000 - R2=0.9999
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z 3000 - £ 20000 f
.E g
5 1500 r & 10000 |
o) =
E 0 S 0
2 0 05 1 15 2 Z 0 05 1 15 2
Tebufenozide § E
- ~ 60000
8 6000 r R2=10.9999 %o R*>=0.9999
= 'S 40000
4000 r T
2000 | 20000 F
0 0
0 0.5 1 1.5 2 0 0.5 1 1.5 2
Thiacloprid
3000 r
R2=0.9995 25000 - R2=10.9998
2000 F 20000 r
15000 r
1000 r 10000 r
5000 r
0 1 1 1 | 0 1 1 1 ]
0 0.5 1 1.5 2 0 0.5 1 1.5 2
Concentration (ng/mL) Concentration (ng/mL)
Fig. 1-2  Calibration curves of four pesticides by peak area (Left) and peak height (Right)
32 A7 ET NI Y BNV =T AOTEHE G ORER

TR OFGD &, FEAFAREE R OBk A VY, ARIEIC LD i U7 3UBRAR IS & IR OREHENR 0.1
g MY BZIRML T, A7 2T N Vb U BTNV =0T 5D ORMBEIy 2R Lz, %
DFEF, Table 5-1 776 53 DEBYV WVWTNOHEIZENTHEBFIKR TCHLK—T =MV

(9+1) 10 mL IZITEER S OWMHITA AT, EHKTHLTE F=FU/L—K (3+2) TIL10 mL
TETOEERY OWRHIHEGR SN, -2 OHO 10 mL IIXEH TR SN e o7z,
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Table 5-1  Elution pattern of pesticides from InertSep Slim-J C18-B (rice straw)

Recovery” (%)

Water-acetonitrile
pesticide (91)(23) ............ ( 23) ...... Total
10mL 0~10mL ~20mL
Carbaryl 0 93 0 93
Carbofuran 0 94 0 94
Fenobucarb 0 98 0 98
Fludioxonil 0 86 0 86
Furametpyr 0 98 0 98
Furametpyr-hydroxy 0 99 0 99
Methoxyfenozide 0 95 0 95
Tebufenozide 0 97 0 97
Thiacloprid 0 99 0 99
a) n=1

Table 5-2  Elution pattern of pesticides from InertSep Slim-J C18-B (whole-crop rice silage)

Recovery” (%)
Water-acetonitrile
pesticide (91)(23) ............ ( 23) ...... Total
10mL 0~10mL ~20mL
Carbaryl 0 99 0 99
Carbofuran 0 99 0 99
Fenobucarb 0 100 0 100
Fludioxonil 0 87 0 87
Furametpyr 0 99 0 99
Furametpyr-hydroxy 0 103 0 103
Methoxyfenozide 0 104 0 104
Tebufenozide 0 102 0 102
Thiacloprid 0 102 0 102

a) n=1
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Table 5-3  Elution pattern of pesticides from InertSep Slim-J C18-B (paddy rice)

Recovery” (%)
Water-acetonitrile
pesticide (91)(23) ............ ( 23) ...... Total
10mL 0~10mL ~20mL

Carbaryl 0 105 0 105
Carbofuran 0 102 0 102
Fenobucarb 0 105 0 105
Fludioxonil 0 96 0 96
Furametpyr 0 101 0 101
Furametpyr-hydroxy 0 99 0 99
Methoxyfenozide 0 99 0 99
Tebufenozide 0 102 0 102
Thiacloprid 0 102 0 102
a) n=1

3.3 WIEWEOKE

o6 1 MR, FRFEEEFETE 1 MR L OWK 3 ik z JHVy, AREIC L0 it U723 EHAi &2 LC-
MSMS (ZIEAL, ERmEHTHE—7 OFEZHERLIZEZAH, WTHOREBHIB W THIE L2
HE—=ZIIRRO N T,

W EYE ORGFHCHE DN RIS 7 v~ ~ 77 AO—f5l% Fig. 2-1 [IZR L7z,

72%, Fig. 2-1 ICBWTRFFRFHOME I NDO E— 27 BERO LMD AN ANV VKA hF 2T =
J Y RIZHOWT, ERTIRMAYOELER (0.1 ng/mL) OZBIRSHH 7 v~ 77 AL Ok % Fig.
22 1T LTz,
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Tebufenozide i ¢ '|

Methoxyfenozide ¢ b I k

Fludioxonil W.q\w
v

Fenobucarb !
b ek
Carbaryl r‘

§ Furametpyr ¢
8
%‘ Carbofuran
§ u._«._.,.
= Furametpyr-hydroxy
100 ¢
=1 Thiacloprid WN o gy ;
Retention Tine # min
I:I'|'"'I""'I"''l"''I""‘I"''I"'''I''''l''''I""'I""l""l""l""
0,00 2,00 4.00 6.00 5.00 10,00 12.00

Fig. 2-1  SRM chromatograms of rice straw (non-spiked)
LC-MS/MS conditions are shown in Table 3 and 4.

(Arrows indicate the retention time of pesticides and highest intensity peak is shown as 100 % in each segment.)
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Fig. 2-2  SRM chromatograms of rice straw (non-spiked) and standard solution
LC-MS/MS conditions are shown in Table 3 and 4.
(Arrows indicate the retention time of pesticides.)
(A)(C)  Sample solution of rice straw (non-spiked)
(B) (D)  Standard solution (The amount of carbaryl and methoxyfenozide are 0.1 ng/mlL..)

3.4 UshnmEyERER

2.1 THEL LD 6, FRIBEHATE R OPKIC 7 P %Y =18 LT 0.1 KT 0.05 mgkg A4
w, TOM 8 i DREIIZONTIIHREIEL LTI LTUN0.2 mgkg fHYEZTRML, KEICHEST3
ROMTMT 2 I L, BIGE R ORIR URSEE 2 et L7z,

ZORERIZ, Table 6 DLV, HANY JUZDOWTHIEHEILER 90.1~101 %, & OHK UG I
FAXHE#ERZE (RSD,) & LT 82 %LLTF, HART T A HONTILEHEIULE 82.5~101 %, + Dk
LKL RSD, & LT 9.1 %LAF, 7=/ 7 HATIZONTITEHEIULER 86.1~103 %, DK LK
JEIZ RSD, & LT 7.9 %L, ZAPFF Y =/ oWNTITEHEITER 92.0~104 %, F Ok Uk E
IZRSD, & LT 7.6 %AT, 77 A NEMIOWTITELENE 87.0~104 %, & Dffuk UK X RSD,
ELTILL %L T, 774 FEE R XK ON T EHEIILER 78.5~90.4 %, <+ Ofguk UKSE
IZRSD, & LT 7.1 %L, A FFT 7=/ RIZOWTITEHEIER 77.1~93.2 %, Z OHRR LK
IZ RSD, £ LT 7.7 %UATF, T7 7=/ Y RIZOWTITEHEILER 88.8~94.2 %, F Dk UKSE X
RSD, & LT 3.7 %LU, F727u7 ) RZOWTL ALK 88.0~94.2 %, T DOk UKEE X RSD,
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E LT 4.0 % FORGENE SN,
7ok, TINEINGRER TS ORISR 7 v~ 7 F 5O—fi% Fig. 3 12~ L7,

Table 6 Recoveries of pesticides

Feed types
Kind of Spiked Rice straw th;i;g;p riee Paddy rice
.. level
pesticide (mg/kg) Recovery’ RSD,”  Recovery’” RSD,”  Recovery” RSD,”
(%) (%) (%) (%) (%) (%)
Carbaryl 1.0 96.0 4.0 99.4 1.6 99.0 0.7
0.2 101 0.8 97.7 8.2 90.1 6.2
Carbofuran 1.0 89.0 2.5 96.7 1.8 96.3 7.1
0.2 101 8.6 96.6 3.0 82.5 9.1
Fenobucarb 1.0 86.1 1.7 943 6.9 94.4 3.6
0.2 103 6.4 96.3 6.9 914 7.9
Fludioxonil 0.1 92.9 2.6 92.0 1.7 95.9 2.7
0.05 104 7.6 99.3 6.8 98.9 1.7
Furametpyr 1.0 87.0 4.1 93.8 3.7 93.7 3.0
0.2 104 9.8 103 11 87.8 7.4
Furametpyr-hydroxy 1.0 89.6 3.7 90.4 4.9 90.0 3.5
0.2 85.5 7.1 82.0 6.5 78.5 1.4
Methoxyfenozide 1.0 91.6 3.7 92.9 1.1 93.2 0.4
0.2 92.5 6.3 77.1 7.7 90.7 5.1
Tebufenozide 1.0 89.2 1.0 94.2 1.9 92.9 2.8
0.2 92.7 2.6 92.7 3.7 88.8 2.4
Thiacloprid 1.0 88.0 1.7 94.2 0.4 91.7 2.6
0.2 89.9 2.9 89.3 34 89.5 4.0

a) Mean (n=3)
b) Relative standard deviation of repeatability
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Fig.3 SRM chromatograms of pesticides
LC-MS/MS conditions are shown in Table 3 and 4.
(A)  Standard solution (The concentration is 10 ng/mL for fludioxonil and 2 ng/mL for other pesticides.)

(B)  Sample solution of rice straw (Spiked at 0.1 mg/kg of fludioxonil and 1 mg/kg of other pesticides)

1ghest mtensit €ak 1S Sshown as o In each segment.
Highest intensity peak is sh 100 % in each segment.)
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3.5 EE FREOWH TR

REOFERE TRE OB TRZMRT 5720, ftb b, FAREHEE L OWKIZ 9 oy D% KA
WL, WMEGRERIZE VSO E—27 O SN 10 XT3 L2 DIREZRDT-.

TINTHF Y ZJIONTIE, BE—27 O SN A 10 LLEE 22 5T 0.05 mgkeg THY, iz,
SN LA 3 L 72 HIREIX 0.02 mg/kg ThoTe.

WEBDT=0IZ, Fab b, FRRBEHETE L ORI 7 Lo % Y =1 & LT 0.05 mg/kg HH 24 & & RN
L7 EHZ DWW, REICHE- T3 ST e FEiE L& 25, ORI EITEE K OWMEK USSR X
Table7 D EEBY THoT-.

Z Dt 8 Ay DEIKIZONWTIE, BoNZE—27 D SN S 10 LLEE 725X 0.1 mgkg TH
O, F7o, SNEHR3 L2 DREIL 0.03 mgkg Th o7z,

R DT, bbb, TaISEEHLATE L UK IZZ Ot 8 plir D EE E LT 0.1 mg/kg MY &% TN
L7ZiRBHZ DWW, RIEIZHE- T3 mOHMTO a2 L& 25, ORI K UK UFEE X
Table7 D LY TH-oT-.

UL EDFERD G, RIEOTVTF Y =)L OER FIRIZ 0.05 mgkg, M TRRIE 0.02mgkg TH Y,
Z DML 8 Ay D EESK D E R T IRIE 0.1 mg/kg, #H FIRIZ 0.03 mgkg ToHh - 7.

Table 7 Recoveries of pesticides at the level of limit of quantification

Feed types
Slzlxl;eld Rice straw Whole-crop rice silage Paddy rice
(mg/kg)  Recovery” RSD,” Recovery”  RSD, " Recovery”  RSD, "
(%) (%) (%) (%) (%) (%)

Carbaryl 0.1 103 6.7 115 11 106 9.3
Carbofuran 0.1 89.4 11 92.1 16 94.4 8.0
Fenobucarb 0.1 99.1 9.3 101 2.8 92.3 13
Fludioxonil 0.05 104 7.6 99.3 6.8 98.9 1.7
Furametpyr 0.1 103 12 104 12 111 5.7
Furametpyr-hydroxy 0.1 102 5.7 96.4 9.9 89.1 9.8
Methoxyfenozide 0.1 95.3 6.7 96.7 9.6 89.8 0.7
Tebufenozide 0.1 102 12 97.3 1.6 93.0 7.3
Thiacloprid 0.1 107 11 99.1 6.9 97.0 11

a) Mean (n=3)

b) Relative standard deviation of repeatability

3.6 JLfEEER
AIEOBMFBUEE 2 AT 5720, HisEaehc X 2 AR 2 5206 L7z,
b bR ORKIC TNV AF Y = LT0.1 mgkg MM E (1 mL HIZ2 ng &0 T HIEAERR
0.5 mL #i5AN) , 2Ol 8 il DRI E LTZENZTIL 1 mgkg A% E (1 mL HIZ20 pg 256795
PEAERR 0.5 mL #9023 L 7306k 2 vy, R EHE ST, thlsthBdr 7 2 U ¥—
¥, REERERFMGES SO ¥ —, HEEAN AR FEEHG SR e s v 2 —,
HVEN B AR T8 o 2 —ZEEE T, Elzfi/\bﬁiiﬁ%ﬁqj%ﬁ%ﬁﬁ, MSTATBUE N BMOKPETE B
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TR 4 — BN A, FALRE 2 —, FilErr 2 —, R4 ERE 2 —, [ffE
A —ROEERE 2 — G 12 BBR=E) 128\ T, REICEWILFERRERZ i L. fSROM
Fric oW TIE, TUPAC O 71k =—1 YZHEVy, Cochran i, #RHUE 1 80D Grubbs #iE M U4k
filfl 2 {8 Grubbs BEZTTVY, AIUEDOTEHZAT -7 ECEBENLER, K LFEE (RSD,) KUM=
FESE (RSDp) #H M L7z, 55172 RSDr /b, EIE Horwitz 20% FV T HorRat Z 3R ¥ 7-.

fEH% Table 8 5 16 (TR L7z,

AN S Y VTGS 6 LOBKIZOWT, FEEIERIE 97.6 LT 101 %, RSDIFZNZEh 44 K&
4.3 %, RSDRIZTNEH 7.7 e T¥ 11 %, HorRat [ZZH 24 0.48 }1X0.69 T -7z,

TNV T T TERRD 6 K ORERIZOWT, SPEHEIERTT 992 KOV 102 %, RSD, (ZZiL£i 4.6
FX3.8%, RSDpiZZN 24 6.1 K1X7.8%, HorRat ZZ 14 0.38 K11 0.49 Th-7-.

7 x ) TN T TIERRD B R OREKIZOWT, FHEIERIL 99.3 LTV 105 %, RSDIFZIEILS.S
F 5.0 %, RSDpidxZ# 24 10 21X 6.2 %, HorRat IZZHEH 0.65 KTr0.39 TH o7z,

TN XY =)V TiERRD b L OBEKIZOWT, SEHEIE 100 LT 107 %, RSD, ILEEiL
9.8 X 13.8%, RSDpIZZTNEH 12 KN 12 %, HorRat IZZ1ZF4 0.55 K1Y 0.53 Th-7-.

77 A MENLTERD B L ORERIZOWT, FEHEIET 982 KTY 100 %, RSD, IZZHE1L 7.6
J X 4.5%, RSDpIZZNZEH 7.9 9.5 %, HorRat [ZZE4 0.50 K1 0.60 TH-7=.

7T A RELE Rad R TIERD D R UOBEKIZOWT, EEEIERIL 94.0 KT 92.5 %, RSD, i
ENEI 5.5 3.7 %, RSDRIZENEIL 7.3 TN 8.0 %, HorRat (ZEIE4L 045 TR 049 ThH-o
7z.

A RXT T /Y RTERGD LR OBLKIZOWT, EHEILERIT 97.3 LN 103 %, RSD, (ZZh <
5.0 X150 %, RSDRIZZTNEH 7.8 1859 %, HorRat T4 049 KR0.37 THoT-.

F7 a7 ) RTHERD L KOPKIZOWNT, FHEIEIE 99.0 LT 103 %, RSDXEILEIL4.5
F X 2.8 %, RSDpidxZN 24 8.6 KT1N5.2%, HorRat IXZHF40.53 K 110.33 ThH-7-.

T77x )Y RTIERD LR OMEKIZOWT, SEHEIET 952 TN 102 %, RSD IXZZ1 5.1
J 5.1 %, RSDpiZZNZEH 4.7 6.1 %, HorRat [ZZ1E4 029 10039 TH-7=.

BEDTD, FkBRETH A L 72 LC-MS/MS OREFESE % Table 17 1277 L7z,
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Table 8 Collaborate study results of carbaryl
Feed types
Lab. No. Rice straw Paddy rice
(mg/kg) (mg/kg)
1 0.900 0.872 0.946 0.858
2 1.01 1.01 1.05 0.994
3 0.894 0.805 0.774 0.718
4 1.09 1.02 1.04 1.12
5 0.974 0.976 1.03 1.07
6 0.992 1.09 0.967 0.981
7 0.939 0.891 0.961 0.959
8 0.925 0.994 1.05 1.04
9 1.01 0.946 1.08 1.10
10 0.989 0.916 1.05 1.05
11 1.04 1.02 1.16 1.11
12 1.10 1.03 1.19 1.05
Spiked level (mg/kg) 1.00 1.00
Mean value ¥ (mg/kg) 0.976 1.01
Recovery ¥ (%) 97.6 101
RSD, ” (%) 4.4 4.3
RSDg 9 (%) 7.7 11
PRSDy @ (%) 16 16
HorRat 0.48 0.69
a) n=24

b) Relative standard deviation of repeatability within laboratory

¢) 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 9  Collaborate study results of carbofuran
Feed types
Lab. No. Rice straw Paddy rice
(mg/kg) (mg/kg)
1 0.986 0.932 0.841 0.854
2 0.986 0.989 1.01 1.00
3 0.936 0.990 1.17 1.04
4 1.06 1.06 0.992 1.06
5 0.952 0.971 1.00 1.01
6 1.04 1.15 1.14 1.08
7 0.946 1.03 1.01 0.975
8 1.03 1.02 1.01 0.941
9 1.01 0.889 0.965 0.999
10 0.900 0.924 1.01 1.00
11 0.973 1.07 1.14 1.09
12 0.978 0.978 1.09 1.05
Spiked level (mg/kg) 1.00 1.00
Mean value * (mg/kg) 0.992 1.02
Recovery * (%) 99.2 102
RSD, ” (%) 4.6 3.8
RSDg ? (%) 6.1 7.8
PRSD; @ (%) 16 16
HorRat 0.38 0.49

a) n=24

b) Relative standard deviation of repeatability within laboratory

¢) 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 10  Collaborate study results of fenobucarb
Feed types
Lab. No. Rice straw Paddy rice
(mg/kg) (mg/kg)
1 0.987 0.927 0.96 0.99
2 0.961 0.982 1.03 1.02
3 0.840 0.747 0763  0.7427
4 1.10 0.967 1.05 1.07
5 0.993 1.02 1.02 1.02
6 1.03 1.18 1.17 1.06
7 0.975 0.969 1.01 0.99
8 1.04 0.974 1.11 1.12
9 1.00 0.927 1.03 0.93
10 0.952 0.976 1.05 1.02
11 1.21 1.19 1.08 1.01
12 0.988 0.908 1.21 1.04
Spiked level (mg/kg) 1.00 1.00
Mean value ” (mg/kg) 0.993 1.05
Recovery b (%) 99.3 105
RSD, 9 (%) 5.5 5.0
RSDg ¥ (%) 10 6.2
PRSDg © (%) 16 16
HorRat 0.65 0.39

Data excluded by single Grubbs test

Rice straw: n = 24 ; Paddy rice: n =22

Relative standard deviation of repeatability within laboratory

Relative standard deviation of reproducibility between laboratories

Predicted relative standard deviation of reproducibility between laboratories

calculated from the modified Horwitz equation
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Table 11 Collaborate study results of fludioxonil
Feed types
Lab. No. Rice straw Paddy rice
(mg/kg) (mg/kg)
1 0.0924 0.0855 0.0909 0.0933
2 0.105 0.107 0.111 0.113
3 0.114 0.108 0.108 0.110
4 0.107 0.100 0.106 0.109
5 0.0936 0.0982 0.110 0.106
6 0.103 0.114 0.118 0.125
7 0.106 0.103 0.109 0.119
8 0.131 0.0969 0.0904 0.0926
9 0.0968 0.0847 0.0838 0.0940
10 0.0826 0.0833 0.103 0.101
11 0.0991 0.112 0.126 0.133
12 0.102 0.0790 0.100 0.107
Spiked level (mg/kg) 0.100 0.100
Mean value ¥ (mg/kg) 0.100 0.107
Recovery * (%) 100 107
RSD, ” (%) 9.8 3.8
RSDg © (%) 12 12
PRSD; @ (%) 22 22
HorRat 0.55 0.53
a) n=24

b) Relative standard deviation of repeatability within laboratory

¢) 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 12  Collaborate study results of furametpyr
Feed types
Lab. No. Rice straw Paddy rice
(mg/kg) (mg/kg)
1 1.00 0.906 0.896 0.915
2 0.977 1.02 1.03 1.05
3 1.03 0.813 0.850 0.727
4 1.09 0.981 0.987 1.06
5 0.947 0.940 0.991 1.06
6 1.05 1.16 1.17 1.12
7 1.03 0.884 0.953 0.988
8 0.970 0.948 1.03 0.976
9 1.00 0.943 1.04 0.969
10 0.877 0.923 1.02 0.995
11 0.985 1.11 1.12 1.09
12 1.03 0.942 0.966 1.06
Spiked level (mg/kg) 1.00 1.00
Mean value ¥ (mg/kg) 0.982 1.00
Recovery * (%) 98.2 100
RSD,” (%) 7.6 4.5
RSDg ? (%) 7.9 9.5
PRSDg ¢ (%) 16 16
HorRat 0.50 0.60
a) n=24
b) Relative standard deviation of repeatability within laboratory
¢) 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 13  Collaborate study results of furametpyr-hydroxy

Feed types
Lab. No. Rice straw Paddy rice
(mg/kg) (mg/kg)
1 0.936 0.944 0.879 0.905
2 0.917 0.931 0.929 0.930
3 0.908 0.850 0.751 0.763
4 1.05 0.959 0.941 1.05
5 0.935 0.982 0.946 0.935
6 1.00 1.15 1.04 0.985
7 0.924 0.919 0.968 0.904
8 0.950 0.937 0.944 0.936
9 0.915 0.879 0.875 0.836
10 0.880 0.841 0.922 0.929
11 0.917 1.01 1.04 0.960
12 0.972 0.842 0.907 0.921
Spiked level (mg/kg) 1.00 1.00
Mean value ¥ (mg/kg) 0.940 0.925
Recovery * (%) 94.0 92.5
RSD, ” (%) 5.5 3.7
RSD; @ (%) 7.3 8.0
PRSDy @ (%) 16 16
HorRat 0.45 0.49
a) n=24

b) Relative standard deviation of repeatability within laboratory

¢) 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 14  Collaborate study results of methoxyfenozide

Feed types
Lab. No. Rice straw Paddy rice
(mg/kg) (mg/kg)
| 0.885 0.941 0.904 1.07
2 0.944 0.952 1.02 0.999
3 0.899 0.922 1.02 0.899
4 1.07 1.05 1.08 1.09
5 0.958 0.967 1.03 0.995
6 1.03 1.14 1.17 1.09
7 0.839 0.887 1.06 0.965
8 1.04 0.998 1.02 1.03
9 0.998 0.884 1.01 0.967
10 0.930 0.926 1.03 1.03
11 0.961 1.09 1.11 1.07
12 1.06 0.981 1.04 1.01
Spiked level (mg/kg) 1.00 1.00
Mean value ¥ (mg/kg) 0.973 1.03
Recovery * (%) 97.3 103
RSD, ” (%) 5.0 5.0
RSDg ? (%) 7.8 5.9
PRSD; @ (%) 16 16
HorRat 0.49 0.37
a) n=24
b) Relative standard deviation of repeatability within laboratory
¢) 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 15  Collaborative study results of tebufenozide

Feed types
Lab. No. Rice straw Paddy rice
(mg/kg) (mg/kg)
1 0.939 0.928 0.863 0.969
2 0.935 0.945 1.01 1.01
3 0.960 0.923 0.952 0.956
4 1.11% 1.06 % 1.00 1.13
5 0.945 0.997 1.08 1.04
6 0.925 1.05 1.08 1.00
7 0.967 0.839 0.929 1.01
8 0.997 0.978 0.972 1.08
9 0.996 0.945 1.03 0.949
10 0.926 0.899 1.03 1.03
11 0.902 1.00 1.09 1.04
12 1.00 0.951 1.08 1.08
Spiked level (mg/kg) 1.00 1.00
Mean value * (mg/kg) 0.952 1.02
Recovery * (%) 95.2 102
RSD, 9 (%) 5.1 5.1
RSDg ¥ (%) 4.7 6.1
PRSDy, © (%) 16 16
HorRat 0.29 0.39
a) Data excluded by single Grubbs test
b) Rice straw: n =22 ; Paddy rice: n =24
¢) 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
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Table 16  Collaborative study results of thiacloprid
Lab. No. Rice straw Paddy rice
(mg/kg) (mg/kg)
1 0.964 0.947 0.97 0.940
2 0.975 0.995 1.05 1.04
3 0.888 0.817 0.749%  0.7187
4 1.12 1.07 1.07 1.13
5 0.951 0.960 1.04 0.997
6 1.04 1.19 1.14 1.10
7 1.01 0.965 1.00 0.971
8 0.938 1.00 0.97 1.03
9 1.01 0.945 1.03 0.989
10 0.898 0.912 0.98 1.01
11 1.06 1.14 1.05 1.07
12 0.998 0.967 0.97 1.03
Spiked level (mg/kg) 1.00 1.00
Mean value ” (mg/kg) 0.990 1.03
Recovery ®) (%) 99.0 103
RSD, ¢ (%) 4.5 2.8
RSDg ¢ (%) 8.6 5.2
PRSDy, © (%) 16 16
HorRat 0.53 0.33

Data excluded by single Grubbs test

Rice straw: n = 24 ; Paddy rice: n =22

Relative standard deviation of repeatability within laboratory

Relative standard deviation of reproducibility between laboratories

Predicted relative standard deviation of reproducibility between laboratories

calculated from the modified Horwitz equation



fREHFZEHE Vol. 37 (2012)

Table 17  Instruments used in the collaborative study

LC-MS/MS

LC column
(i.d.xlength, particle size)

LC: Agilent Technologies 1200 Series
MS/MS: AB SCIEX
API-2000

GL Sciences
Inertsil ODS-SP
(2.1 mmx150 mm, 5 um)

LC: Agilent Technologies 1200 Series
MS/MS: Agilent Technologies
6410 Triple Quad LC/MS

Agilent Technologies
ZORBAX Eclipse XDB-C18
(2.1 mmx150 mm, 5 um)

Waters Quattro premier XE

Agilent Technologies
ZORBAX Eclipse XDB-C18
(2.1 mmx150 mm, 5 pm)

Waters ACQUITY TQD

Agilent Technologies
ZORBAX Eclipse XDB-C18
(2.1 mmx150 mm, 5 pm)

Waters ACQUITY TQD

Agilent Technologies
ZORBAX Eclipse XDB-C18
(2.1 mmx150 mm, 5 um)

LC: Agilent Technologies 1200 Series
MS/MS: Agilent Technologies

Agilent Technologies
ZORBAX Eclipse XDB-C18

6410 Triple Quad LC/MS (2.1 mmx150 mm, 5 um)
Agilent Technologies
Waters ACQUITY TQD ZORBAX Eclipse XDB-C18

(2.1 mmx150 mm, 5 um)

LC: Waters 2695
MS/MS: Waters
Quattro micro API

Agilent Technologies
ZORBAX Eclipse XDB-C18
(2.1 mmx150 mm, 3.5 um)

LC: Agilent Technologies 1200 Series
MS/MS: Agilent Technologies
6410 Triple Quad LC/MS

Agilent Technologies
ZORBAX Eclipse XDB-C18
(2.1 mmx150 mm, 5 um)

LC: Waters Alliance 2695
MS/MS: Micromass

Quattro micro

KANTO CHEMICAL
Mightysil RP-18 GP Aqua
(2.0 mmx150 mm, 5 pm)

LC: Shimadzu Nexera System
MS/MS: Shimadzu
LCMS-8030

KANTO CHEMICAL
Mightysil RP-18 MS
(2.0 mmx150 mm, 5 pm)

LC: Agilent Technologies 1100 Series
MS/MS: AB SCIEX
API-2000

Agilent Technologies
ZORBAX Eclipse XDB-C18
(2.1 mmx150 mm, 5 um)

4 F&OH
FRBHH A R I FERE 2 8 FESEH 9 A DL (IR Y L, IANRT Ty, T ) THNT, TP
XY=, TTARELERRTTARELE ReX R, AN T2 /)UK, 777/ Y RIED
ZFT7T 7 a7 Y R) IZOWT, iKYy a~ ~7T 787 MVE ST & T E EVE O SREHHT
WEAOBEHOATFIZONTHRFT LTz E 25, LLFTORERSG O, BANFRETHDL B2 b,
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1) BERIEL, ATV FF Y =E, 0.5~10ng/mL (GEA&EE LT 0.0025~0.05 ng) DHiFH CHEMME L~
L7z, ZOfh 8 5oy D EHKIX 0.1~2 ng/mL (FFE A& L LT 0.0005~0.01 ng) DHEEFH CEMRMEZLZ R LTz,
2) FRb b, FREEEHEEILOBKICONT, 2 =0T A0nb0RHENZHELIZEZS, T =

FUV—IK (3+2) DOEHHEEIZ 10mL THoThHo7z.

3) fRb b, FREEHEIE R OPEKIZONT, REICHE-Tr/u~ NI AEERLIZE 2 A, EREEY
PIT 5 e =713 bk,

4) fRb b, TRREEEHATE R ORKIC 7 L4 % Y =L e LT 0.1 KTV0.05 mgkg FHME, Z DM 8 ik
IYDEINZONWTIIA B E LT1 LDUN0.2 mgkg Y EZRML, AECHES T3 S0HMTo0 23
B L, [EUER K OR UK EE 2 MGt L7 & 2 A RIFRRER PG O

5) AEOTNLTF Y =L OFEE FRIE0.05 mgkg, M TFIRIX0.02 mgkg THY, D8 kD
FEOER FIRIT 0.1 mg/kg, I TIRIZ0.03 mgkg Th-o7z.

6) TR LR OBKIC T LV AH Y =)Ll LTO0.1 mgkg S E, ZOMOEEKL L TZNZEN 1 mgkg
Y B2 L7ZkE 2 VT 12 BBR=EICB W TREICEWILFERER 2 i L7z, TORE, Bif
7R BBUEEME H .

B
BN L T2V RGBS A e, RAStRET 7 /2 U b —F, EEEEE
0T v F—, HEEN BAR R SR EEE e o & —, METEN R AR RS
FERFIERT M OF A AR DR AL T RATZERTIC B 1 5 BIRE S ALIC S O 2 R L £ 7

FH[RIEER 2
G SRS iEa
er2—%

X M

1) EMOKEE S ERRIEM SR OAEWE OFREREDHITEIZOWT, WM 63 4 10 A 14 A, 63
% B % 2050 5-(1988).

2) BRMOKERNE - ZEREEM - SO EEOHEICOWT, E 2044 H 1 H, 19H%
% 14729 5(2008).

3) WHENRBARRSEDN Y 2 — R 21 SFEER PO EDEESITIELEFE WP oaE
WYE S O HTIEDOBFE (2010).

4) Horwitz, W., Protocol for Design, Conduct and Interpretation of Method - Performance Studies, Pure &
appl. Chem,. 67(2), 331-343 (1995).
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3 BEMIATDI/OAS LI I =Za—IILOFAIOAT FTS TR T LE
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IESE SANPN X C &
Determination of Chloramphenicol in Dried Skim Milk by LC-MS/MS

Kengo YAMAMOTO™" and Shinji OSHIMA
(*lFood and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department,
“Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

(Now Ministry of Agriculture, Forestry and Fisheries of Japan))

An analytical method was developed to determine chloramphenicol levels in dried skim milk using

liquid chromatograph-electrospray ionization-tandem mass spectrometer (LC-ESI-MS/MS).

After adding chloramphenicol-ds and 100 mL of methanol-1 % metaphosphoric acid solution (3:2
v/v), the sample was homogenized. The extract was filtered and the sample was diluted with
water to a final volume of 200 mL. Twenty mL of this solution was concentrated and purified
with a divinylbenzene—N-vinylpyrrolidone copolymer column (Oasis HLB from Waters; Milford,
MA, U.S.), and analyzed by LC-ESI-MS/MS. The LC separation was carried out with an ODS
column (ZORBAX Eclipse XDB-C18, 2.1 mm i.d.x150 mm, 5 pm from Agilent Technologies
Inc.; Santa Clara, CA, U.S.) using 10 mmol/L of ammonium formate solution-acetonitrile (7:3 v/v)
as the mobile phase. The MS/MS analysis was performed in the selected reaction monitoring
(SRM) mode.

Spike tests were conducted on four kinds of dried skim milk spiked with 1 or 25 pg/kg of
chloramphenicol and two kinds of dried skim milk spiked with 0.5 pg/kg of chloramphenicol.
The mean recoveries ranged from 93.8 to 102 % with relative standard deviations of repeatability

of not more than 12 %.

A collaborative study was conducted in 12 laboratories on two kinds of dried skim milk spiked
with chloramphenicol at 5 pg/kg. The mean recoveries of chloramphenicol ranged from 105 to
106 %, with repeatability and reproducibility in terms of relative standard deviations (RSD, and
RSDg) of 4.9 %, 9.9 %, respectively and Horwitz ratio (HorRat) of 0.79.

This method was validated and established for use in the inspection of dried skim milk for animal

feed for chloramphenicol.

Key words: chloramphenicol ; liquid chromatograph-electrospray ionization-tandem mass
spectrometer (LC-ESI-MS/MS) ; dried skim milk

UOSTATBOE N EEMOKPE Y B e R o 2 — IR R A T
2 OPNTATBOE N EMOKEY B 22 HiTE v % — RER 2 2RAT, Bl EAKEENE - #AR
5K PE 22 A P
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¥—U—KK:Jughvz=a—LGKEKkrae~v 77 7-2 7 ha RS b—AF k-
5 o7 DRV R HTER AR L

1 #*

s h7x=a—)L (LLF ICP) EWH. ) L, (LFEMKIZL > TLEMRIENTHORL T
BIKHPR /P A7 MV EATHHEWE TH S Y. BHER & LT, BRo&EmEREICER %
KEL, BARRBHENS ZFERT L AERENDH S ™.

TNETIX, CP IXFEHRMYICHEE SN EFAYE TlIRnwiw, fikte2ikic 3 < ol
wEEs YOMEICLY, FEHCEENTEALARAVWE SR TWS. £, B RO BHKIC
BOTEASNTEALRVESE LTHESH TN 9.

CP OERET, R TIE, BEBMLETSRE LGk DROEB KO AEE (BIskhIz
JFEIE T2 b0 &<, ) 5l L ik YV WE ok DI s Tnsg. £/, Zofh
I, Wik v~ 7T 7 ERBSNE EHOZEAEEE O ERRBRE VSR EN TN S.

AR FL 2t 5 & L 72 iE T R O REBEIC 7 m e R v A2 VW TR Y, BREm &k O
FOREVERREDOBAND, Zua Rtz HWRWHEREEN TS, F7z, CP IFEEHT
BENRTERLRVESTHY, BIEHMALEZNSRE L TUIEREDOERE TR TH D 5 pngkg LV
RETOEEPRD HILTVD.

A, BEAEFE OERRRE V%25 L LT, BEHLEHNRIC, ZookLazHneng
BIESHIEOREEHENE L, K7 o~ 7775057 2GRS (LLF TLC-MS/MS) &
WoL ) ERWEFEERR LEZOT, TOMELERETS.

7%, CP OGN % Fig. 1 (TR L7z,

i

OH Cl

ZT

Cl

SN HO

Chloramphenicol (CP)
2,2-dichloro-N-[(1R,2R)-1,3-dihydroxy-1-(4-
nitrophenyl)propan-2-yl]acetamide
C1 H,CLN,0s  MW: 323.13
CAS No.: 56-75-7
Fig. 1 Chemical structure of chloramphenicol
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2 REAFE

21 #® B
AR F. CREFE, BT HE, =a—V =TV REXQRT T RAE) ZZNEI 1 mm OS5
DV, EiE L 0%, fEREEE L.
22 W K
1) CPiEHEIK
CP HEYESL (Foyt ik T2EM, #l/F 98.0 %) 10 mg 2 EMEICE > T 100 mL DEET 7 A =2|2
A, T F=FIAZIMATENL, FITESRE TRESEAZ A T CP R ZHH L
(ZOW ImLlE, CPELTOIlmgaZEETD. ) .
W, EEREO - ER&EZ 72 b=V /L TEMICHRL, | mLHFICCP LTI ug 28
BT DR Z R L7,
2) REFRNARICHEER CP (CP-ds) PIAEHERIK
CP-ds E#E 5% (Cambrige Isotope Laboratories ¢, 100 pg/mL 7 & k= b U LR, Ds
98 %) 1 mL Z 100 mL O &E 7 7 XA 2 ZIEMIZ AN, FEHRETTE h=FJLEIZ T CP-ds
PR 2R L7 (ZO® I mLHFIECP-ds & LClug 2 EHT 5. ) .
3) MR EHRAER T R R
WIERFRO—E&% 7 b= KU L TEMIZHRL, 1 mL F1Z CP-ds & LT 250 ng =5
BT HNEREREZRI L. BIZ, CP EERKOEONERKRO —E&EEZK—7TE =11
b (743) TEMICHRL, 1 mLHIZCP &LTO1, 02, 05, 1, 2, 5, 10 X120 ng &5
AL, 1D CP-ds & LT 25ng 5T 2 EMIEMMIEERZ TR L 7.
4) I NEEER
EAHICE L CNEERKO —TEE AKX ) — LV CTEMRICHRL, 1 mL FiZ CP-ds & LT 25
ng % EA T % U NAE R & i U7z,
5 74 VUt
A T A——F L (Celite ) ZfHH L7-.
6) K, AZ =NV KOT7E R =R NI WL, WEIZe~ N7 T7HEHW., A2 0 U@L, B
FALR (R L. M 37.0 %L E) b oE v,
23 HEEROZHE
1) LC-MS/MS :
LC #B : Agilent Technologies ! 1200 Series
MS B : Agilent Technologies B  Agilent 6410 Triple Quad LC/MS
2) BT VF AP — : Hsiangtai & HG-200 (ff I Ff[EIE5%% 10,000 rpm)
3) m—XYJ—x= KL —%—:BUCHI & R-200
4) VE=AXREBUy-—N-bE=tr ) FUOEESGEI=NT L (LT I3=0725) LW
9. ) : Waters 8 Oasis HLB (FECAAI&E : 60 mg, V¥ — 3 —% & : 3mL)
5 AT TUT7 4H—  HEEKR DISMIC-13HP  (fL£% 0.45 um, [E£ 13 mm, HAKME
PTFE)
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2.4

E Rk

H

2)

3)

INTEEL 5 g ZIEMEIZ B> T 100 mL O 3Rem LR I A, BINANAEYER 1 mL % 1E
MEWCINZ =, FICAZ ) —b—1 W% A X U UERIRH (3+2) 100 mL 2z, mEZFHA Y
—% H\T 10,000 rpm T 1 5322 ZRE T L7z, 200 mL 02 &7 7 22 %27 7 F—JF}
DFICES, fitEZHO0PTDTr A4 Y U t% 2 mm OEIICOEZAH (5F B) THAIA
U7, oo e LS Kk O X Z KK 50 mL T L, FRERICERS AL, FIZ4e
B7 7 Aa0ERE TKEMZIZ. 2O 20 mL % 100 mL O3 7 7 A 2 (ZIEHIC AR,
40 °C LA FOKIBTHI 10 mL £ CRUERME L, =07 2o 230HAK & LTz

=T LA

=T LI 10 mL OY F—_"—ZHfEL, A%/ —/L 5 mL kUK 5 mL TIERGES L
o ABHERZ I =0 7 J AN, REHARO A > TWeRkTIE 77 Aa%/K 5 mL §-5T 2
B L, WKRZIEK I =07 22Nz, RiEBFTTAHO BisICET 2 F Tt S 872,
FIZAK10mL %2 X =4 7 AT R S B 7.

50 mL ORFTHT7 T AaZI=AT7LOFICEE, AX =/ 10mL =07 HIMA
T CP 2 S H7-. WHIEAE 40 °C LN OKIB T E A ERET 5 £ CRUERM L%, =
TN A Ko CTHIE LT,

K=7Fr=krUV (743) | mL Z EREICINZ CTEREVERN L, AT 707 4V H—T
A L, LC-MS/MS IZ & 2 Mg I3 2 3k & L7z,

LC-MS/MS 2 X &

ABHAI K OV W B R VE R A HE 45 10 uL &2 LC-MS/MS (27 A L, Table 1 & T\ Table 2
DOWE S - TRIGUSKR (LLF ISRMJ 2 WH. ) 7ua~ 7T AxHGT-.

Table 1 Operating conditions of LC-MS/MS for analysing chloramphenicol

Column Agilent Technologies, ZORBAX Eclipse XDB-C18 (2.1 mm i.d.x150 mm, 5 um)

Mobile phase 10 mmol/L ammonium formate solution-acetonitrile (7:3)(1 min)—9 min—

(1:19) (10 min)—0.1 min—(7:3)(10 min)

Flow rate 0.18 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)
Mode Negative

Nebulizer gas N, (340 kPa)

Drying gas temperature N, (350 °C)

Capillary voltage 4 kV
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Table 2 MS/MS Parameters

. Fragmentor  Collision
Precursor Product Qualifier &

Target ion voltage energy
(m/z) (m/z) (m/z) V) (eV)
Chloramphenicol 321 5 00 0
— 257 100 5
CP-ds 326 157 — 100 15
4) F# H

o7 SRM EIRFK el 7 a~ 7 Z A5 CP &Y CP-ds ® B — 7 [HfE % KD THIE
R LV BREREZIERL, BT CP E&FFEE L=,
R, EEEOMEE % Scheme 1 127 L7-.

Sample 5 g

——add 25 ng of internal standard

——add 100 mL of methanol-1 %metaphosphoric acid solution (3:2)
——homogenize for 1 min at 10,000 rpm

—— diatomite filtration with suction filter (No.5B)

——wash with 50 mL of water

——top up to 200 mL with water

——evaporate 20 mL of sample solution to the volume of about 10 mL under 40 °C
Oasis HLB

——prewash with 5 mL of methanol and 5 mL of water

— apply concentrated sample solution

——wash with 5 mL of water (twice), and furthermore 10 mL
—elute with 10 mL of methanol

—— evaporate to dryness under 40 °C

——dissolve in 1 mL of water-acetonitrile (7:3)

— filter with a menbrane filter (0.45 pm)

LC-MS/MS

Scheme 1 Analytical procedure for chloramphenicol in dried skim milk

3 WBRRUBE

3.1 REARE & AR HEVE O Rt

CP DOWIEICOWT, EATHE O ERRBRE "CTIRREREZFRA L T3, f@EOH
B & TV D LC-MS/MS 12 K 2 fpy K OBl G et (DAL A EHREHE 375 & O & B
<. ) BRBLE LEOIE TIRNEEEZFRA LTS, 2 TAKEICET 2 NEREEDO L E
PEIZ DWW THFT L7,

2.1 TR L 7ZMAEMFLIZ CP & LT 1 pgkg Y EZ WM L7302 HWT, RiEIZE- T3
SO T 0T & i LR B IE R OCNEEYETE IS BT 5 T2 0 CP ORI R K O UK E %
L.
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ZOFERIT Table3 D LB TH Y, REMRIE TITEHEIER 147 KON 144 %, Z O UK
FEX, MRHMEHERFZE (RSD) & LT45 KN 1.8% Th o7z, WAENELL TIXEHEILE 99.6 Y
102 %, & OKE UIEEIX, RSD, & LT3.1 K 1.0% TH-7-.

ZOZEND, RERIETIEANT EOBUEREL 20 ERR2EENRETH 720, NIE
WIECTIIRERBEREME ORI, Ko T, RIETIINEREEEZRHAT LI LTl

Table 3  Recoveries of chloramphenicol by external and internal standard method

External standard Internal standard
Spiked level Kind of sample method method
(ng/kg) (Country of origin) Recovery”’  RSD,” Recovery”  RSD,”
(%) (%) (o) (%)
i Dried skim milk (NZ) 147 4.5 99.6 3.1
Dried skim milk (France) 144 1.8 102 1.0

a) Mean(n=3)
b) Relative standard deviation of repeatability

3.2 MEAMOIER
2.2 D )THE- THE L 72 EARER AR HER & 10 uL 2 LC-MS/MS IZHEA L, B o
SRM 7 -~ k7'F A CP LN CP-ds O B — 7 HffL & KO TREREIER LIZ. ZORE,
PRI Fig.2 DBV, CP & LTO0.1~20 ng/mL (7EAE L LT 1~200 pg) O#iPH CHEMRNEZ
~ L.

R?=0.9998

Peak area ratio of chloramphenicol / CP-dg

0 o5 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9

Relative concentration of chloramphenicol /CP-ds

Fig. 2  Calibration curve of chloramphenicol

33 =7 20 EHES OB
CPIZOWVWTYE= LR B U —N-E=ta ) RUREASIRI =8 T 2056 OEHE 4 O
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MEITo.

2.4 O DIZHE> THAEMFL CKIERFE) 2 OHiH U7ciitigkiz, CP & LT 10 ng #H4 &R
L, 2D D> TI= I T LB EIToT. AX ) —NVERERHBKE LTI =T L0L0D
KR E Y EZNENRTIE Y 7 A5 L. BT, KBV, SEHES T o CP &
AREML, WHESZRER L.

ZORERIT Table4 DELBY THY, CPIE, A/ —/L0~5mL OE/FIEHL, KTOUE
R M NS mL LABED A & 7 — VI S vie o 7o, BLEDRER NG, EATIE 0%
RARERE OLRBEICAZ 2 — L 10mL TIHHT 52L& LT,

Table 4  Elution pattern from Oasis HLB

Water Methanol
Fraction volume (mL)
20 0~5 ~10
Area ratio of chloramphenicol (%) 0 100 0
Area ratio of CP-ds (%) 0 100 0

a) Ratio to area of methanol 0~5 mL

3.4 WiEWE KRG
AR 9 sl CKEE 3 8, VIV AFE 1R, A—AFTIUTHEILN, =a—Y—TF
RPE 1 A, BT EFRE 3 &) AV, AECI VR LZREHAKZ LC-MS/MS IZHEAL, &
BEBTOEC - OFERAEHE LIz, TOME, ERZHETLIE— IR Ehieroiz.
7B, WEMBEORFTHEOLALSRM 7 v~ N7 J A0 —fl% Fig. 3 1Z/R L7z,
Intensity/arb.units

x 107
1.54

Intensity/arb.units
x10?
1.5

0.51 0.5

w0 ’ & ® Retention timeiiin - : > ® Retention tmefimin
Fig. 3  SRM chromatograms of standard and blank solution
LC-MS/MS conditions are shown in Table 1 and 2.
(Left)  Standard solution (The amount of chloramphenicol is 2 pg.)
(Right) Sample solution of dried skim milk (not spiked)

35 “E*ﬂﬁfc*ﬂrf\mi_)ﬂ
GRS N BIEM AL Z AT T L2 EBRREECTH 72728, RO X H 1T L TRETEE
%aﬂ%b RIEDOIHGGREL~D I DWW CTRET 21T - 7.
: BEAEMIFL 100 g2 CP & LT 10 pgkg FHY B E 705 X 51 CPARMER Z I L7, I
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MR T HE T3 A RMERE, EZJ@T’@L%
ii: 7RIV —THIHELTLSEEL, e E Lz, AR L zgeli5gstelizcon
T, ARIEIZHES T3 mOHTH *ﬁ%f;@ﬁmb [ 8 e UM LR JEE 2 B st L 7.
ZORERIT Table S D LBV TH Y, FHEUHEIT 101 L1105 %, £ OMR UK E X RSD, &
LTI2KN99 %Thote. 2D Enn, CPICIHEREINZABHIR L, RiEZ#EHT &
WCHEIE RV EHER ST,

Table 5 Recoveries of chloramphenicol from pseudo-contaminated dried skim milk

Dried skim milk Dried skim milk
Spiked (USA) (NZ)
level ) b) a) b)
(ng/ke) Recovery RSD, Recovery RSD,
(%) (%) (%) (%)
10 101 12 105 9.9

a) Mean (n=3)
b) Relative standard deviation of repeatability

3.6 IRANENEER
AVENZ X 2 AR Je ORI U NS JE 2 a3 2 7o 0 RN B GRIBR & St L 7.
HEHE%\" ZCP L LTENEIN L K25 ngkg Y EZIRM LIk 2 HVWT, KiEIZHE-> T
ROMT N2 M L, (R K OaR USRS FE & Bt L7z,
%@ﬁ;‘f‘% X Table 6 DL BV TH Y, CP OFHENTHEIL 94.2~102 %, E O LKEE X RSD,
ELT62%UTThHoTZ.
2B, WMENRBR TH 67 SRM 7 a~ 7 Z AD—fl% Fig. 4 (2~ L7-.

Table 6 Recoveries of chloramphenicol from spiked dried skim milk

. Dried skim milk Dried skim milk Dried skim milk Dried skim milk
Spiked (USA) (Canada) (NZ) (France)
level a) a) b) a) b) a) b)
(ng/kg) Recovery RSD,”  Recovery” RSD,” Recovery” RSD, Recovery” RSD,
(%) (%) (%) (%) (%) (%) (%) (%)
25 95.4 2.7 95.2 34 99.4 5.8 96.4 1.2
1 94.2 6.2 98.7 3.7 99.6 3.1 102 1.0

a) Mean (n=3)
b) Relative standard deviation of repeatability
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Intensity/arb.snits Intansity arb.onits
#1024 Chloramphenicol K102 Chloramphenicel
74 4.5
425
65 2
E4 3.75-
5.5 35
n 325
3_
45 e
4 254
35 2,25
el 21
1.75
25 1.5
24 1254
1.5 11
) 0,75
0.5
0.5 0254
0 0
4l 0,254
46 43 5 52 54 BE 53 E B2 E4 46 4% 5 52 54 BE 58 6 G2 R4
Fatantion timz'min Ratention time'min
Fig.4 SRM chromatograms of chloramphenicol
LC-MS/MS conditions are shown in Table 1 and 2.
(Left)  Standard solution (The amount of chloramphenicol is 0.1 ng.)
(Right) Sample solution of dried skim milk spiked at 1 pg/kg
3.7 M TR

ARIEOKRHE TR (CP 1%, fAEHCEENTERLRWHEEWE TH D=, & FRMY O
WEZATO2REZ > TR TIREERT. ) 2ERT L7720, BUEHIIC CP 2RML, &N
EIGRBRIC LV DNDE—27 D SN N 10 L 72 5B E &2 RDT-.

BFoNiE—27 O SN N 10 L EE R DIREX 0.5 ugkg THHoT-.

B D=6, 2 FMHEOBATHFLIC CP & LT 0.5 pngkg MY EEZ RN L7ZREHZ W T, AL

W~ T 3 RPHT M & F2h L 7.

ZDFEFRIL Table 7D L FBY TH Y, 2 FIHD PG FLIZ IV THEHEIUERIT 99.3 KT 93.8 %,

MR URSEEIXRSD, & LTCTI3 KN 12% ThHh-o7=.

UEDFRERNS, RIEICKDBNEMALT O CP O TERIZ 0.5 ng/kg L HELE Sz,

Table 7  Recoveries of chloramphenicol at the level of limit of detection

Dried skim milk Dried skim milk
Spiked (USA) (France)
level > b) a) b)
(ng/ke) Recovery RSD, Recovery RSD,
(%) (%) (%) (%)
0.5 99.3 7.3 93.8 12

a) Mean (n=3)
b) Relative standard deviation of repeatability



BEEL D7 0T A7 c=a—VOWRIKI v~ N 75 7 &2 7 DRUERGHTEHC EmE 55

3.8 IL[AIEAER

ARiEORMHBREEZREST D720, @kl X 2 LR 2 I L7-.

77 U AERBEMAL V=2 —r—F  REBIEMILIZ CP & LTS5 pgkg fH% & (1 mL HIC
25 ug FEA T HAEMER | mL RN EHRMUZREE AV, WHREEERE SRR, BAY
F—F — AR, HEEAN A ARB PR S B P A RS v 2 —, MENEN B AR ST
o Z—EZEET, B AR LRSI sERT, MEEA~ A 2 MR UomA RS, AT
BOE N EMOKEEE Z 2 ETE v 7 — B2 SRER, Rty ¥ —, Aletr%—, H
SR E 2 —, FMER X =R OFEEN Y 27— GF 12 3BR=) 2B\ T, KREICnit
a2 FZh L7z, fROMEN D72 12 MBREDO S 6, 1 REREIZBWTHRRDO HED RN

WO NI, YZHBREOREEITRFEEE LTHRA L. KD O 11 BRBREIZHOWT,
[UPAC O 71 b =x—L '"ZHEVy, Cochran Bi7E, AMLIE 1 fH D Grubbs HiE K& UM LIE 2 fH D
Grubbs fREZIT - 7oth, FHEULE, @K LUEE (RSD,) KO=EMEIEE (RSDp) ZHMHL
7-. B 547- RSDr 22 &, {&1E Horwitz 2.% H T HorRat Z R 7-.

fEH % Table 8 IZR L7z, FAREIZL Y WTHOREBHIBWTHANEE S DT —FITFR
D HNRNoT. BIEWE (75 v ZPE) 2oV T, FEHEINEIL 106 %, RSD, 1% 4.3 %,
RSDg 1% 7.2 %, HorRat (X 0.58 Th o7z, BIEHH (==2—T—TF 2 RpE) 2O\ T, FHEIR
#1X 105 %, RSD, 1% 4.9 %, RSDg (% 9.9 %, HorRat % 0.79 TH-7-.

SEDYD, FRBRETHEH L7 LC-MS/MS DOF§fi%: % Table 9 (273 L7=.
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Table 8 Collaborative study for chloramphenicol

Dried skim milk Dried skim milk
Lab. No. (France) (NZ)
(ng/kg) (ng/kg)
1 4.77 5.54 5.34 5.49
2 4.96 5.09 4.99 5.05
3 5.90 5.79 5.69 4.99
4 5.32 543 5.93 6.30
5 5.22 5.26 4.99 5.21
6 5.59 5.55 5.58 5.36
7 5.14 5.15 5.15 5.18
8 4.73 4.63 4.71 4.55
9 5.08 4.75 5.24 4.97
10 5.80 5.22 4.76 4.04
11 5.74 5.53 5.95 5.66
Spiked level (ug/kg) 5 5
Mean value ¥ (ng/kg) 5.28 5.23
Recovery 2) (%) 106 105
RSD,” (%) 43 4.9
RSD; © (%) 7.2 9.9
PRSDg ¥ (%) 12 12
HorRat 0.58 0.79
a) n=22
b) Relative standard deviations of repeatability within laboratory
¢) Relative standard deviations of reproducibility between laboratories
d) Predicted relative standard deviations of reproducibility between laboratories

calculated from the modified Horwitz equation



BRI F D/ 0T A7 z=a—VOiEKs a~ 7T 7% 07 DRVEBGITFHC X 5 ERE 57

Table 9  Instruments used in the collaborative study

Lab. No. LC-MS/MS _ LCcolumn
(i.d.xlength, particle size)
Agilent Technologies
1 Waters Quattro premier XE ZORBAX Eclipse XDB-C18
(2.1 mmx150 mm, 5 um)
LC: Agilent Technologies 1200 Series Agilent Technologies
2 MS/MS: Agilent Technologies ZORBAX Eclipse XDB-C18
6410 Triple Quad LC/MS (2.1 mmx150 mm, 5 pm)
Agilent Technologies
3 Waters ACQUITY TQD ZORBAX Eclipse XDB-C18
(2.1 mmx150 mm, 5 pm)
Agilent Technologies
4 Waters ACQUITY TQD ZORBAX Eclipse XDB-C18
(2.1 mmx150 mm, 5 pm)
Agilent Technologies
5 Waters ACQUITY TQD ZORBAX Eclipse XDB-C18
(2.1 mmx150 mm, 5 pm)
LC: Shimadzu LC-20AD Shimadzu
6 MS/MS: AB SCIEX Shim-pack XR-ODS
API-3200 (2.0 mmx100 mm, 2.2 pm)
LC: Shimadzu UFLC XR GL Sciences
7 MS/MS: Thermo Fisher Inertsil ODS-3
TSQ Quantum Ultra (2.1 mmx150 mm, 4 pm)
LC: Agilent Technologies 1200 Series Agilent Technologies
8 MS/MS: Agilent Technologies ZORBAX Eclipse XDB-C18
6410 Triple Quad LC/MS (2.1 mmx150 mm, 5 um)
LC: Agilent Technologies 1200 Series Agilent Technologies
9 MS/MS: Agilent Technologies ZORBAX Eclipse XDB-C18
6410 Triple Quad LC/MS (2.1 mmx150 mm, 5 um)
LC: Agilent Technologies 1100 Series Agilent Technologies
10 MS/MS: AB SCIEX ZORBAX Eclipse XDB-C18
API-2000 (2.1 mmx150 mm, 5 pm)
LC: Waters ACQUITY UPLC H-Class Waters
11 MS/MS: Waters SunFire C18
Xevo TQD (2.1 mmx150 mm, 3.5 pm)
4 FEO

AR L @ CP 12D\ T, LC-MS/MS % 7= E BEiE DO R AT B~ D3 H O /[ 12D\ T

et L& 2 A, WOENELI, EHANAERTHI EBEX LN,

1) ARIEFRERNMAEER CP 2 HWNEEERICL2EEEHMA L. £, RERIT 0.1~20
ng/mL (JEA&EE LT 1~200 pg) O#HIPH TEMRMEE R L7z,

2) WifE#MIL 9 HEMW, KBt Tz u~ b7 I L& LIZEZ A, CP ODEREYE
THE—ZITRO NIRRT

3) BRI SRE 2 W BIGGABR O KR, BAFREINR L OHITEENG AT Z &2
B, REFPITHERAB~OBEANAIRESZ DT,

4) AFEEOBAEMILAEHNT, CP & LT 1 K25 pngkg Y EIRIML, WMEIIGRER % S L
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ToRESR, SEHENEIL 94.2~102 %, Z OMOR UG I AEER 2 (RSD,) & LT 6.2 %L FD
AR DF B AT

5) AREIZLD CP ORI FIRIE, #EHTO0.5ugke THoTz.

6) WIEWIH (77 AERN=a—Y—F 2 NpE) |2 CP & LT 5 pgkg Y EZ RN L 7238k
ZHWT, 12 #BBR=E (96 | BBREIFIEZ RN L7272 DRI I2B W TRIEIZIEV LR
BFEM L. O, 7T ZAEMRIEMILICOWT, FEHEILEIL 106 %, RSD, 1 4.3 %,
RSDg (% 7.2 %, HorRat (X 0.58 ThHo7z. ==2—T—F v REMEBILICOWT, FEHEILE L
105 %, RSD, (X 4.9 %, RSDgI% 9.9 %, HorRat (X 0.79 T > 7-.

# &
RPN L T2 IO 72 i RS R NS AR IERT, BAD 4+ — &% — AR th, BN
BB 2GR S P2 R TE Y o 2 —, WA N B AR & Z — AT IERT, B AN LFR
AR AL RAFTEFT R O EIE N~ A = v U RARH RIS 2BERESMICE#HOEZRLET.
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Determination of Deoxynivalenol in Dry and Semi-dry Type Pet Foods by LC-MS

Tomohiro UENOYAMA"!, Satomi TANAKA ™', Toshiaki YAMATA™ and Yuuichi TAKAHASHI
(*lFood and Agricultural Inspection Center, Kobe Regional Center
“Food and Agricultural Inspection Center, Kobe Regional Center
(Now Fertilizer and Feed Inspection Department)
“Food and Agricultural Inspection Center, Kobe Regional Center

(Now Nagoya Regional Center))

An analytical method was developed to determine deoxynivalenol levels in dry and semi-dry pet
food using liquid chromatograph-atmospheric pressure chemical ionization-mass spectrometer
(LC-APCI-MS).

Deoxynivalenol was extracted from pet food with acetonitrile-water solution (21:4 v/v).
Twenty five grams of pet food was added to 100 mL of acetonitrile-water (21:4 v/v) and heated
at 60 °C for an hour before extraction. The extract was diluted to two-fold with acetonitrile-
water (21:4 v/v). The diluted solution was purified with MultiSep 227 Trich+ multifunctional
column (Romer Labs Inc.; Union, MO, U.S.) and desolvated. The residue was dissolved in
water-methanol-acetonitrile (18:1:1 v/v/v) and analyzed by LC-APCI-MS.

Spike tests were conducted on four kinds of pet food. Adult dry dog food, adult dry cat food, all
life stages dry cat food, and small breed adult semi-dry dog food spiked with 0.1 or 2.0 mg/kg, 0.1
or 1.0 mg/kg, 0.1 or 1.0 mg/kg, and 0.1 or 1.4 mg/kg of deoxynivalenol, respectively. The mean
recoveries of deoxynivalenol ranged from 88.2 % to 108 % with relative standard deviations of

repeatability of not more than 6.8 %.

A collaborative study was conducted in eight laboratories using four kinds of pet food. Adult dry
dog food, adult dry cat food, all life stages dry cat food or adult semi-dry dog food was spiked
with 2.0 mg/kg, 1.0 mg/kg, 0 mg/kg (without added deoxynivalenol) or 0.2 mg/kg of
deoxynivalenol, respectively. The mean recoveries of deoxynivalenol were 97.3 %, and both
repeatability and reproducibility in terms of the relative standard deviations (RSD, and RSDy)
were 6.5 % for adult dry dog food. These values were 97.1 %, 5.7 % and 7.2 % for adult dry cat
food and 97.6 %, 2.8 % and 6.3 % for small breed adult semi-dry dog food. For naturally
contaminated all life stages dry cat food, the average quantitative value of deoxynivalenol was
0.225 mg/kg and RSD, and RSDg were 6.6 % and 9.4 % respectively.

This method was validated and established for use in the inspection of pet food for

deoxynivalenol.

OMSIATEOE NBMOKEN R R A v 4 — v 4 —
ZOMSTATEOE NEMOKEM R et o 4 —E e v 2 —, B RN SR
BOMSEATECE N EMOKEEE R B R H—, B AR Z—
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Key words: deoxynivalenol ; pet food ; liquid chromatograph mass spectrometer (LC-MS) ;
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F—U— R FAX =NV b BB G Rk v~ 87T 7RO
it R&RFEALTA F oAbk AR

1 #

TAFT="L ) — (LI IDONJ W95 . ) &, FEIZFusarium& O RPN EAT H RY
AT URONPRETH L. EHLE AR ODONIZ DWW TIE, FRk234R9 A 1 H 17 TRAH2
ng/g K OV A1 png/gbh T o M3 B Sz 2.

MSTATBOE NEMOKEN B L 2B % — (LT [FAMIC) &\ 9. ) BED L EEYH
ikt o> DON OERIEICHONWTIE, =y MU ERSRLE LIz HiE YO EESH TS, Z
DFHEE, MENENBERER Ot 2 —0BR% Lk v~ 77 7E&5HE (LT TLC-
MS] W9, ) ZRHWELE Y (LT &Rt g —ikl Evo. ) 1220 T, FAMIC 23k
FFRBRIC L 2 2R EZITo 2 Vb D Th 5.

RIABBBE O I RIABEZHGL L HFEICONTYH, SR, Bioit s ¥ —ikziic
Bt E{To72. BN X —IETIREHKIED 7 L TRIE, ZJuehLlazHWiE7rD UL
N7 DK DERET o TWIED, RIETIIHHKEEZARE, Z2WED 7 L TRHEITLZLICX
V, Z7ua RV bzHn570 ) LB T AL ROBB AR TH72. £, —HORE
TRINR L OMIR UBEORK TARD N2 b, M B W THEE2ITo 72

R L EBiEOZLLE A S OB IE~O M O A2 OWT, BB GRS 0 52249 7
B EITST=DT, TOMEERETS.

72%, DON OfiEN % Fig. 1 (TR LTz,

i

(3a,70a)-3,7,15-trihydroxy-12,13-epoxytrichothec-9-en-8-one
CisH200s MW:296.3 CAS No.: 51481-10-8

Fig. 1 Chemical structure of deoxynivalenol (DON)
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2.1 & B

2 REBRAE

EoEHEE (F7 A RELROEI FIA/E) 21 mm OS5 25 VA2 diE T 5 % TH

Licboz i, R EO—fFl% Table 1 127 L7z,
Table 1  Examples of ingredients list of pet foods
Pet food types Ingredients
Complete and balanced Grains (maize, rice, wheat flour, unpolished rice, etc.),
dry type for adult dogs meat (chicken, beef, etc.), plant protein, oils and fats (palm oil, soybean oil,

sunflower oil, etc), alimentary fiber (beat pulp), dehydrated protein, soybean,
xylose, vegetables (carrot, tomato), green tea extracts, powdered milk,
vitamins (A, By, By, Bs, B12, C, D3, E, choline, niacin, pantothenic acid,

folic acid), minerals (Zn, K, Ca, Cl, Se, Fe, Cu, Na, Mn, I, P),

amino acids (glycine, methionine, cysteine), preservative (potassium sorbate),
colorant (caramel), antioxidants (mixed tocopherol, rosemary extracts),

pH adjuster

Complete and balanced
dry type for adult cats

Wheat, poultry meal, cone gluten meal, beef fat, dehydrated protein, egg,
fish meal, tuna meal, bonito meal, sardine meal, lamb meal,

beaf meat meal, potato, powdered milk, powdered cheeze, cereal bran,
vegetable meal, minerals (Ca, K, Na, Cl, Fe, Cu, Mn, Zn,

I, Se, Co) , vitamins (A, D, E, K, B;, B,, pantothenic acid, niacine,

Be, folic acid, biotin, Bi,, choline, C), amino acids (taurine, methionine),
colorant (food red no.2, food yellow no.4),

antioxidants (mixed tocopherol, rosemary extracts)

Complete and balanced
dry type for cats in all
growth stages

Grains (maize, cone gluten meal, wheat flour, bread crumbs),

meat (poultry by-product meal, powdered beef, powdered pork), fishes (fish meal,

dried bonito fish, bonito extracts, powdered small fish, powdered white bait),
oils and fats (palm oil, chicken oil, beef oil, y -linolenic acid),

white meat chips, defatted soy bean, oligosaccharide, harbs (thyme,

dill, fennel), vegetables (tomato, carrot, spinach), powdered cranberry,
minerals (Ca, P, K, Cl, Cu, Zn, I), wall of yeast cells, pH adjuster,

amino acids (taurine, triptophan, methionine), vitamins (A, B1, Bz, Be, E, K,
nicotinic acid, pantothenic acid, folic acid, choline), colorant (annatto pigment
food red no.102, food yellow no.5, food blue no.1, titanium dioxide),

antioxidants (mixed tocopherol, rosemary extracts), glucosamine, chondroitin

Complete and balanced
semi-dry type for adult

small dogs

Meat (chicken, etc.), saccharides, beans, starch, grains, fish, oils and fats,
powdered green tea, alimentary fiber (powdered cellulose), vitamins (A, D, E,
B, B2, Bg, B2, C, nicotinic acid, pantothenic acid, folic acid, choline),
minerals (calcium phosphate, calcium carbonate, sodium chloride,

magnesium sulfate, ferric sulfate, zinc carbonate, copper sulfate,

manganese carbonate, calcium iodate), emulsifier,

thickening stabilizer (glycerin, casein sodium),

quality improving agent (propylene glycol), preservative (potassium sorbate),
pH adjuster, colorant (titanium dioxide, food red no.106, food yellow no.4,
food yellow no.5, food blue no.1), colorant (sodium nitrite),

antioxidants (sodium erythorbate, mixed tocopherol, rosemary extracts)
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22 A ¥
1) DON #EHEHR
TAF V=N ) — ) UER (A 3 bR R, FRMZE TR, KR 100.0 %) 2.5
mg % EMICE-> TS50 mL ORET 7 A2l AN, T M= MU LEMZX THENL, FITER
£ CRREEZ N2 T DON EHEFEZFAE L7~ (ZDiE 1 mL iZ, DON & LT 0.05 mg (f =
1.00) Z&HT5. ) .
YRR O —EREK—AZ ) ——T % h=FU/L (18+1+1) TEMICHRL, 1 mL T
IZ DON & LT 0.010, 0.025, 0.050, 0.075, 0.10, 0.25, 0.50, 0.75 XN 1.0 pg 2 EHT 5%
DON #EHEIR 2 R Hd L 7=
2) K, AX =NV KORTE =N WTEREKZ e~ T Z7 T7HERH W,
23 HEROEGE
1) e O =R TR HIFXS = — - — MW-DRV
2) ELATEER  ARBBRERTR 7 —T 0 by 7O 4000
3) ZHBEREH T L : Romer Labs ! MultiSep®™ 227 Trich+ 71—~ U » ¥
4) m—&Y—x /KL —%— : BUCHI Labortechnik %! Rotavapor R-200 (EZ¢=2> hr—F V-
800 fif %)
5) Y BERE - B S TR HIMAC SCTI15B
6) ks a~ 77 7ERESHE
LC #B : BER/EFTH Prominence
MS &6 : SEERT R LCMS-2010EV
24 TERFIE
D #
MR 25.0 g B> T 200 mL D3 =AM 7 7 A3l A, T F=hVUL—7Kk (21+4)
100 mL Z 1%, 60 °C T 60 sr[F#{ER, 60 /R IEE THliH L7z
K % 50 mL O O IREBE I AN, 1,000xg (2,300 rpm) T 5 M OmBEL 7=, EEA
WO—EEZTEF=FUL—JK (21+4) TEMIZ 2 FARL, 77 2L ITHT 53 EHE
we L=,
2) T L
REHRIR 7 2R 7 A AT, FIDOFHIK 3 mL 2T/, 0% OWHIK 2 mL % 50
mL ORI T A IZIEFEICAIL, 50 °C LT oK TIEZ & A EHE$ % & TRIERME L 72
%, BRI A &Ko THE L.
K—=AHR)—=)—=T% r=hrVU/ (18+1+1) 1| mL % EFEICINZ THERBWEZEL, 5,000xg
(10,000 rpm) T 5 srfm.0orEEL, EBAREZWEIEAZ o~ 7T 7 EBESHEHC L HHEIC
T D FBHRIR & L7z,
3) LC-MS 2 X 2HlE
RBHEIR K NS T A F =" ) — VIR 4 5 L % LC-MS (Z{EA L, Table 2 OHIES
R > TRIRA A U7 v~ N7 T A %457,

I
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Table 2 Operating conditions of LC-MS for analyzing deoxynivalenol

Column ZORBAX Eclipse XDB-C18 (3 mm i.d.X250 mm, 5 pm)

Mobile phase 10 mmol/L ammonium acetate solution-acetonitrile (19:1) (1 min) -
10 min - (1:1) > 4 min - (1:19) (15 min)

Flow rate 0.5 mL/min

Column temperature 40 °C

Ionization Atmospheric pressure chemical ionization (APCI)

Mode Negative

Nebulizer gas N, (2.5 L/min)

Interface temperature 400 °C
Heat block temperature 200 °C

CDL temperature 250 °C
Monitor ion m/lz 355
4) 7 H

SBont-®mRAs A vtz a~ 77 5035 DON O — 7 HEZ KO TREREZIERL,
B> DON &2 HH L=,
B, EEIEOEE % Scheme 1 (TR L7z,

Sample 25.0 g

——add 100 mL of acetonitrile-water (21:4)
—— swell sample at 60 °C for 60 min

— shake for 60 min

— centrifuge for 5 min at 1,000xg

— dilute supernatant with same volume of acetonitrile-water (21:4)
MultiSep 227 Trich+ multifunctional column

— apply sample solution

——waste 3 mL of elute

—collect the elute 2 mL

—— evaporate to dryness under 50 °C

——dissolve in 1 mL of water-methanol-acetonitrile (18:1:1)

— centrifuge for 5 min at 5,000xg
LC-APCI-MS

Scheme 1 Analytical procedure for deoxynivalenol in dry and semi-dry type pet foods

3 HRRUBE
3.1 LC-MS MIEFRMFDEE
BN 2 —1EDWRIK7 v~ 77 7 5&M:TlE, 10 mmol/L BT = AR — A ¥
=V (4+1) MBAX ) =N ~DT TV hElgoTnh. LML, YRBRETHEH L
LC-MS s X OVt 7 5 ClX, SO B B OREHAKR 2 LHEST 5 &, 5
BRIENARLZECR D, =27 BIROEL, MEOKTFTENRLNDZ ENb oz, RENAKRICH
KT DRI T T D ROA A UPICERET L2 ERNRRE LTEZLN, BHERE A X ) —
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NEOETEHIINENEEINDGT b= VIEFT L L. 2B, 4 LC-MS ©
APCI (AA A E—F) TiX, BWEERICHBEZRH WD ZENRTE RN &b, Tl EOREE
WROETEIMFT Lo T,

3.2 HREMR

3

220 DIZXVFHM LT 0.01~1 pg/mL DT A F =L ) — /UIEAERX 5 ul 2RIk 7 v~ b
7T 7 EHEGHEHICIEAL, o &E& RS AUl e~ N7 7 406 E—7 EHEEZ AW TH
EBMAER Lz, ZO/E, MERITFig. 20 LBV 0.01~1 pg/mL GEARE LT0.05~5 ng)
DI CHEMEE R LT,

Peak area/arb.units

R?=0.9998

0.00 0.25 0.50 0.75 1.00
Concentration of DON (ug/mL)

Fig. 2 Calibration curve of deoxynivalenol by peak area

3 FIAKOE I FT A JWaEOFRBEDOMFEL

BT 2 —1EDO R 74 ROt I FT A -G ORTRERIZEBWTIE, ZHERED 7 2026 D0k
MRO—FE&EE 7 vV h— XK ) — (9+1) ITEWRE L%, 7 A8~ 727 a3 =
717 I (Waters # Sep-Pak Plus Florisil) 2LV FITHEMAEZITH 2 & & LTWD. OHTEOEDLHE)
W RS ORRAETE D~ 2 RET 5104720, ZoakL A0 RITERRY S LT
HRETHDLIEND, BHBEORBELBRT L.

Bt 4 —ETAKRTAB~Y 7RV T AI =T MIL DM BN L, &
AT v~ 75 A RICKRMER D DB, TRICEETSZ0 Y Tho2s, BEON
v —EOBELTHERERR 0.02 mgkg (2R LT, HEEMEY— 7 OB TSN R R
JEE LT 001 mgkg RiiiTH Y, TXTORETHND D TIERD -7, EErEi L
@ DON O HEHEME L, KM 2 mgkg ROMM 1 mgkg L FTHDZ &nnn 2, BBHEK %2 7R
LCERRBAZSE EFTHIER W EE T,

FD, ZHEEEN T LML DB ROmM EL B E LT, Ykl 7 AR IR %2 A
I D8EEZ M, BN EL X —EOEGRT AW~ 7 H L T LI =0T LI K DREREZEE
T3k E R L.

DON (Z X BVG RO vl 4 FEOZ B HEE CRH N7 4 85 2 F8, WHRZ A
1 FEELORHAEI RIAA85 1 BE. 2720, AR ARBTRRECH- 2729,
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DON & LT 0.05 mgkg FHMEZRMLIZBD. ) IOV T, REICEVHELEE, A) KK
DEFE, B) BHEKE 2 BFHRLIEE, ThENSHED T L TR L, DIFTAREICHE - TRE
WAL, EEEE L.

ZOFMEFIL Table 3 D EBV THY, AEEITBDOLNZWVDN, B)DHBRETEDICERE SN
o, Fi, WThoJE, BEHZBWTH, BIRA A vt/ r~ N7 7 A ETERZFET S
7 IR b hode. REHIH R T2 58S (v M) v 7 R) DERMEICEELTND
FREMEN B 2 BT, (A)DEAEEHAK Z AR L THIE L CH ERMEOHEMITA D &l
o722 Enh, LC-MS 28T 54 A Abifil CidZe <, ZHWED T LB T HM 61D ED
BaNH o7,

—J7, HEHEEE (0.5 mg/kg~) & DON (2 X D5 NRD b KA R T A 85 KO A
R AREE 1 FEEZ AT, RBRAICHEKEZ S EAIRL CRBRICEREZI T2 A, 21F
FROBADEBRMBEI VK -7-. 20D, v~ N v 7 22 BREICHRT 5 L, DON NLH
B T DB S NS ATREMENE 2 b LT,

EDZ EH#BEL, KIETIHE, 700 RV AN BETLARTABY TR TLI=NT
LML DR AR L, 72, BIUCERE T OBGIER N LC-MS ~DO AR 28T 28805, il
% 2 MR LTt, SHED 7 Dk EITO> Z L& LT,

Table 3  Quantitative value relative with dilution of extract solutions

Sample solution Undiluted solution Diluted solution (two-fold)b)
Pet food types Quantitative value (mg/kg)a) Quantitative value (mg/kg)a)
Dry type pet food for dogs A 0.047 0.067
Dry type pet food for dogs B 1.23 1.31
Dry type pet food for cats 0.090 0.098
Semi-dry type pet food for dogs 0.067 0.072

a) n=2

b) Extract solutions were the same origin of the left column.

3.4 HhH AT O IR O ES
MEHIER L C—HOMH R 7 A4 58T, By AR L7 %ICEIE K OWIE USRS O T A3 R
bhiz. LrL, ThboiEtzMnTh, REFMNZIREFRERNGEONTEY, £z, WTh
DFEIZBNTHMH LIEER, el 7 JEMEITRO 6o Tz,
IO, o AR LN YEEEHTM S OB AR Z 0, DON O % 8515 7= 7 HE
PEZ B, IRE D M ORTNIZING - BEEEZ N2 5 2 & 2Rt LTz,
DON (Z X 2V5 Y358 btz 5 B O Z B AR CRA N7 4 80 2 B8, MA N7 A
R 2 FEEE ORI FIA8 1 5 [2onT, ok 10 g lc7E b=k L—K
(21+4) 100 mL Zh1 R 7=, EHIZIRE 5 (Raotrt o #—1k) LA L 40, 50, 60
IE 70 °C IZERE LI-1HIRME T T 60 o RIFHE Lz, IRESMHLEEA L OERME L L
72 (—EEREHZ DWW TIE 40 LV T70°C 28/ LT=. ) .
ZOFERITFig. 30LBY THY, RAKOHHO K7 AT, #IRE 5 HHORNITINET 5
LKV EWERENEONDIRER -T2, 72, BEICXDZEERMBEOEIIZOWVTIT,
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50 )CLLET—ETHoz. WA THE 78 = U EkiE, Wit 76.5 °C TAMK 16 %
OIWIREME 2D Z LD, BREOT-DMHFTONMBIEEIX 60 °C & L.

IRRERENZ DWW TR, RA R A S ROMH R 7 4 854 1 FEEEZHY, 3008 60758 %
B L 7e PRsBR (n = 3) OFER, EEMEICHEIZZR S, MHHMEERZETRA FT A 825 T 30
57 :98%, 6043 4.7 %, WHRZAET304:72%, 6057 :55%& 60 3N L7z 74
TS VHRA AR D o7, 60455 & L.

0.5 -

0.4 - & <> @ =&=Dry type fordogs A

== Dry type for cats A
. / -

Semi-dry type for
02 Pg?-_. dogs A
=>&=Dry typefordogs B

0.1 1 == Dry type for cats B

Concentration of DON (mg/kg)

0.0 . . . . .
RT 40°C 50°C 60°C 70°C

Temperature of swelling before extraction

Fig. 3  Concentration of deoxynivalenol (DON) in pet foods derived by
several temperatures of swelling before extraction
(40~70 °C: Samples were swelled at each temperature for 60 minutes before extraction;

RT: DON was extracted without swelling of samples.)

3.5 WiEWE OB

KRIEOBYNEZ BT D720, 15 BEOEEMWAEE (R K785 5 f8E, HHRrZ
AR STEEOKRAE I R85 SFEE) IOV TRIEIZENZ v~ N EHT.

FORER, hEC—7FTRBO NN T2,

AR THLONTE®RIRA A B 7 e~ 7T A0 —#l% Fig. 4 A)IT/RLT-.

B, FERA AL L Tmliz 295 (DON D711 kU BilfiA 4 2) ICOWTHHEIE LA, 4%
AF NI — T RENEREA A m/z 355D 1/10 LLFC, SNEBMETT 5728, DON D E—7
DR TE DDA 0.10 pg/mL LAk, SEHFRE S L T04mgkg L EOEETH T,

3.6 IRANEN AR

AIEOBEE R OHITHEE 2R T 5720, KRARFZ A8 1 #IZ DON & LT 0.10 X 2.0
mg/kg FIYS &, JHH K7 4 85 2 fi2 DON & LT 0.10 X 1.0 mg/kg FAS BT RKAHAE I K
TAR TR (KD FTE 30 %) IZDON & LT O0.10 2O 1.4 mg/kg FIY & %2 N L 7=kt % H
VY, KIEICHE-S T 5 BOMTTOWEITo72. ok, MR 85LIC>WnWTiE, DON &4 L
TWelow, ERENS BRIGYREEZE LW TEIRGEZ RO 7.

FOFERIT Table 4 DEBY THY, WP EEROREEOHAE D EM- LT,

72k, FEIEWHEEHZ DON & LT 0.10 mgkg 4 EA2IFM L= EZ AV, IRE Db
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AIONIRZ LW HIET, 3 ST oz iTo7z. ZO/E, BRI AH K7 485 T
111 %, BEH BT A "G T 86.2 %, EMEEMEIMH FT A Wi T 74.3 %M ORCRE] - MERF /N
BMRHAEI RTAH-FETR2%THY, WMHARNIARETEHE TR L.
AT THONIZRINA A U7 v~ N 7T 5O—f% Fig. 4 B)IZR LT-.

Table 4  Recoveries of deoxynivalenol from four kinds of pet food

Pet food types
Spiked level of Dry type for cats in all Semi-dry type
d§0xynivalenol Dry type for dogs Dry type for cats ” g};f)wth stages for smarﬁ] d}(I)I;S
(mg/ke) Recovery” RSD,”  Recovery”® RSD,”  Recovery ™ RSD,”  Recovery”® RSD,”
(%) (%) (%) (%) (%) (%) (%) (%)
2.0 92.6 2.5 - - -
1.4 - - - 96.5 1.8
1.0 - 97.0 25 93.8 4.0 -
0.10 108 6.8 92.4 2.5 88.2 2.5 90.0 3.7

a) Mean (n=5)
b) Relative standard deviations of repeatability
¢) Blank value (0.04 mg/kg) was subtracted in calculation of recovery.

d) Blank value (0.11 mg/kg) was subtracted in calculation of recovery.
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Fig. 4 SIM chromatograms of deoxynivalenol (DON) in selectivity and recovery tests
(Arrows indicate the peak or retention time of DON.
Scale of Y-axis for B is ten times larger than A and C.)

A) Blank sample of dry type pet food for cats

B) Spiked dry type pet food for cats (Spiked level was 1 mg/kg for DON)

C) Standard solution of DON (0.125 ng equivalent per milliliter)

3.7 GEERS (TR KO RS

ATTE C M L 72 RIMNEIGRER D 5 5, KR (0.1 mg/kg fHY &) 2B 218IA 4 Rty
0~ 7T ANHE—27 O SN EHRLT.

ZOFREER, INEETICHIM L7ZHG A, DTN/ A ZARKRELLRSTWEDR, WTho
AHEHZ BN TS SN I 10 BLESHEE S, RINEIGRBROMSR G B CThoTe 2 & h, KRik
D E wmRFUTFEH 0.1 mg/kg & L7z,

AEORMRRIL, SN 3 Zf7- A & LT, 3B 0.03 mgkg & L7,

3.8 JL[AE]EAER

KA KT A8 (772748 0.03 mgkg) (27 AF =3/ —/L (DON) & LT 2 mgkg F

M (50 pg/mLAEHERK 1| mL) ZRINL72REE, M R A8 A (77 78 0.04 mg/kg) 12
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DON & LT 1 mg/kg FHY&E (25 pg/mL EHERK 1| mL) ZHRMLUZEE, HH K785 B 0OA
RIGRHAB R O RHEI R84 (77 271 0.03 mg/kg) |2 DON & LT 0.2 mg/kg A2 &
(5 pg/mL BEHEWK 1 mL) Z@INL 72302 v, MENEN B AR &0 v 2 —Z BT,
H AN DR AL P RAFZERT, MNZATBOE N MK ETE & 2 2t o & — IRk 2 2k A5,
FfLRE > % —, Rt % —, A4 EREr 2 —, @ 2=k OFRME 22— (B

8 REBRE) IR\, KRBTV ILFERER %2 £ L7z,

EHRBREDN D ADET 3 - THONMEZ 8 S8, TUPAC © 71 b a—/L Y2fEvy, Cochran
FRENE N AV 1 KXY 2 D Grubbs MREZ{To 72 b, HEHLEEITo72. 728, FREIC
KO EA SN THBREB 1L 20 o 72,

ZORERIT Table 5D LBV THY, RHFT ARG TITPEHEINEIL 97.3 %, £ O LK
FE R OVER [ TR BURS BE 13 2 A HE (R 72 (RSD, &Y RSDR) & LT 6.5 % 6.5 %THY,
HorRat (X 0.45 Th o7z, MH K7 A 85 A TiE, FHEIERZ 97.1 %, RSD, XU RSDy %
57 %&TN72 %THY, HorRat 1% 045 Tho7o. A N7 A8 B T, ‘FHEEMIL 0.225
mg/kg, RSD, X T) RSDg 1% 6.6 % &1 9.4 % TdH YV, HorRat £ 047 Th-o7o. RHEI N7 1
i Cl, “EHIEILERIL 97.6 %, RSD, & (X RSDg 1% 2.8 %% 11 6.3 % Tdh Y, HorRatld 031 TH-o
o, Wb B = EEEEN G LN,

BEDYD, FRBRECHEA LIRE s o~ 7T 7E &V R ORTEY % Table 6 127 L7z,
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Table 5 Collaborative study results of deoxynivalenol

Pet food types
Lab. No. Dry type for dogs Dry type for cats A
(mg/kg) (mg/kg)
1 2.05 2.03 1.16 1.07
2 1.81 2.03 1.00 0.984
3 2.10 1.81 0.984 0.891
4 1.90 2.00 1.05 0.955
5 1.93 1.99 0.984 1.03
6 2.07 1.74 1.01 0.858
7 1.99 2.11 1.06 1.07
8 2.03 2.02 1.05 1.02
Mean value” (mg/kg) 1.98 1.01
Spiked level (mg/kg) 2.00 1.00
Blank (mg/kg) 0.03 0.04
Recovery” (%) 97.3 97.1
RSD, (%) 6.5 5.7
RSDg ¢ (%) 6.5 7.2
PRSD;, © (%) 14 16
HorRat 0.45 0.45
Pet food types
Lab. No. Dry type for cats B ?eml-dry type
or small dogs
(mg/kg)
(mg/kg)
1 0.232 0.239 0.247 0.240
2 0.220 0.188 0.208 0.200
3 0.214 0.249 0.234 0.233
4 0.236 0.238 0.210 0.227
5 0.212 0.209 0.212 0.219
6 0.194 0.215 0.242 0.230
7 0.213 0.224 0.214 0.219
8 0.243 0.269 0.235 0.233
Mean value” (mg/kg) 0.225 0.225
Spiked level (mg/kg) - 0.20
Blank (mg/kg) - 0.03
Recoveryb) (%) - 97.6
RSD, ¢ (%) 6.6 2.8
RSDg ¢ (%) 9.4 6.3
PRSDy © (%) 20 20
HorRat 0.47 0.31

a)yn=16

b) Blank value was subtracted in calculation of recovery.

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
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Table 6  Instruments used in the collaborative study

Lab. No. LC-MS EC column
(i.d.xlength, particle size)

! Shimadzu Agilent Technologies ZORBAX Eclipse XDB-C18
LCMS-2010EV (3.0 mm x 250 mm, 5 um)

5 Waters Agilent Technologies ZORBAX Eclipse XDB-C18
Quatro Premier XE (3.0 mm x 250 mm, 5 pm)

3 LC: Waters 2695 Alliance Agilent Technologies ZORBAX Eclipse XDB-C18
MS: Micromass Quattro micro API (3.0 mm x 250 mm, 5 pm)

4 Waters Agilent Technologies ZORBAX Eclipse XDB-C18
ACQUITY TQD (3.0 mm x 250 mm, 5 pum)

5 Shimadzu Agilent Technologies ZORBAX Eclipse XDB-C18
LCMS-2010EV (3.0 mm x 250 mm, 5 pum)

6 Shimadzu Chemicals Evaluation and Research Institute L-column2 ODS
LCMS-2010EV (3.0 mm X 250 mm, 5 pum)

- Agilent Technologies Agilent Technologies ZORBAX Eclipse XDB-C18
1100 Series G1956B (3.0 mm x 250 mm, 5 pm)

g LC: Agilent Technologies 1100 Series Tosoh ODS-120A
MS: Applied Biosystems AP12000 (4.6 mm x 250 mm, 5 pm)

4 F&EOH
EHEMAGE (K7 A REKOEI FTARE) FOTAF =L —1IZ20T, LC-

MS ZHWe gt v & —IEORMBEEO MA@ R L, BiThbanmERIEZ Mz =5

EEBRRL, EE AR SEOREE~OEHAOAIFIZONT, ZYUEOEREZITV, ROMSER

DEOLNTZZ G, EHNAIETHDL EEZ X T,

1) #R&EDHIHRATZ 60 °C T 60 MR - B SE 52 LIk, RAKOHHO K7 484 TX
D EWERMENE LN DB D bz,

2) MERIE, 0.01~1 pg/mL (FEAE L LT O0.05~5ng) OFPHCHEMRMEZ R LT,

3)) By 2 —iElcBnT /e RV A EZBETHERT AR I X T LI =T AT
K ORERBEZ AN L, MR E 2 (SAREBICZHERED 7 2 X DR AT, BICHiH a7
- BHEBEEZ N2 TH, EE—27 38T, BREOHEZEZ L T\

4)  ARIEIZ X0 BINBEIGAER 2 Ff U 7o R, M OHMTRE ORMEL G- L Tz,

5) AREOEE TR, 3B 0.1 mg/kg, #BHRRIE 0.03 mgkg Th o7z

6) AJEIZE Y 4 FEOFEE VT 8 BBR= T FIFBR 2 M U 7oAk 8, S 1 B0 B o BLYE &
7L Tui=.

#o
IFEBRBIZSI LTV 20T M A AR R v 2 —ZBERFJERT R OV A A Dbk
HIRAFIEATIC B 2 BRE SR H OB EZR L £ T,



72 fREHFIEHE Vol. 37 (2012)

X M|

1) BMWKESS - BREAS  ZEWHEE O KO BKEICET 28N, Fl 2144 A 28 A,
JEMOKFER & - BEEETH 1 5 (2009).

2) BMOKEAS - BREAD  ERAHYHEE ORSBREFEICET 2850 —HMeET 54
P23 A 1R, BAOKEESS - REESHE 35 (2011).

3) MMNAATBUENEBMOKENE L 2ENE o2 —fBEREm . [ZEREmAEEEomEE] Ofl

ENWZDOWT, FR 2149 A 1 H, 21 {HEE 1764 & (2009).

4) WHNENBARRRSHTE 2 — Sk 21 EEEN AV MG Z SR ESREFE <
v N7 — R OFEEWEOSIIEDRFE, 47-72 (2010).

5) EA EL, EfE HE—, i FIEK B ABAEE (Ve y MG foTFd =1
S =D E T v b 7T T EBESHTENC LD E BIEO LR, SEWFEERE, 36, 114-119
(2011).

6) Horwitz, W., Protocol for Design, Conduct and Interpretation of Method - Performance Studies, Pure &
appl. Chem., 67 (2), 331-343 (1995).




BRI DA 2 I FRZADEEK I v~ s 75752 07 WREEBESHENI L D ERIE 73

5 ZmWAGM (FSMEREUVEIFIAMEA) D AEZ I FRA
DRAEIOAT NI S IR VT LEEESHEICLSERE

NS T
Determination of Methamidophos in Dry and Semi-dry Type Pet Foods by LC-MS/MS

Toshiichi KOMORIYA”®

(*Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department)

An analytical method was developed to determine methamidophos levels in pet food using liquid

chromatograph-electrospray ionization-tandem mass spectrometer (LC-ESI-MS/MS).

Methamidophos was extracted with acetone-water. The extract was purified with macroporous
diatomaceous earth, Envi ENVI-Carb (Supelco; Bellefonte, PA, U.S.) and Sep-Pak Plus Silica
Cartridge (Waters; Milford, MA, U.S.), followed by LC-ESI-MS/MS analysis for determination of
methamidophos. The LC separation was performed with an ODS column (ZORBAX Eclipse
XDB-C18, 2.1 mm i.d.x150 mm, 5 pm from Agilent Technologies Inc.; Santa Clara CA, U.S.)
using 2 mmol/L ammonium acetate solution-methanol (19:1 v/v) as the mobile phase. MS/MS
analysis was performed in the selected reaction monitoring (SRM) mode. Spike tests were
conducted on adult dry dog food, all life stages semi-dry dog food, and two kinds of dry cat food
spiked with 0.02 or 0.2 mg/kg of methamidophos and adult dry dog food and dry kitten food
spiked with 0.01 mg/kg of methamidophos. The mean recoveries of methamidophos ranged from

72.6 to 86.8 % and the relative standard deviations of repeatability were not more than 8.7 %.

A collaborative study was conducted in nine laboratories using adult dry dog food, all life stages
semi-dry dog food or adult dry cat food spiked with 0.08, 0.05 or 0.08 mg/kg of methamidophos.
The mean recovery of adult dry dog food was 85.9 %, the repeatability and reproducibility in
terms of the relative standard deviations (RSD, and RSDg) were 2.1 % and 11 %, respectively, and
the Horwitz ratio (HorRat) was 0.48. The values for all life stages semi-dry dog food and adult
dry cat food were 85.6 %, 4.0 %, 11 % and 0.49, and 80.6 %, 2.6 %, 12 % and 0.53, respectively.

This method was validated and established for use in the inspection of pet food for

methamidophos.

Key words: pesticide residue ; methamidophos ; liquid chromatograph-tandem mass spectrometer (LC-

MS/MS) ; electrospray ionization (ESI) ; pet food ; collaborative study

XU — RN B AFZINRR WK~ NS5 TR T AREESTE =L b
0 AT L— A A AbiE  EEiEi AR LERER
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1 #%

AL I REBARE 1964 FFIAA A4 Lo THRBE SN RIEEMTH Y, WA TITR
BANE LTHERA SN TWD. A X I RARRIKICETOT W EE CIREBMENE <, B8 0 PR
RIZHDLZTEFNA) AT T —VOEMEERET 2 LIk ZBRRERL, FEREV.

ARICEBWTRIERGFIT <, BEIFHEICESTENTORIEEL L CoRE - @A - 1T
EEnTn5g.

ERICE T 5 EFEHER T ORRSHE E LT, 02 ng/g DEEENPRES LTINS VAN, #
I RBRADEREN RN LD, ARl BT L R0

Z2C, [Pk 20 FEEEFORFEWEEREIEELZRET 2720 O HrERE K ONFEE%E~
DBATHEZFCEE] BV THEIEAN R R OB =203 LoD A Z I R
RAROT 72— FEDORBFERE Y (LT BRIy —ik L), ) 2HiC, BEH)
YRR B DML D~ DEA O HIZOWTORNEIT o720 T, TOWMBELHET 5.

B, AZIFRAOHEX%Z Fig. 1 (TR LT,

i

O
g
0
Hﬁl\%//
0,S-dimethyl phosphoramidothioate
C,HgNO,PS MW: 141.1

CAS No.: 10265-92-6
Fig. 1 Chemical structure of methamidophos

2 EBRAE
2.1 &R
ot HEEL (R B 4 85, BREBERAE I NI 85, il 7 85 LK)
PR R 7 A8, ) 2201 mm OfSDWEEET 5 ETHRL THWZ., ZhEhic
KR I TV B4 Table 1 (273 LTz,

Table 1 Ingredients list of pet foods

Pet food types Ingredients
Corn, Gluten feed, Rice bran, Soybean meal, Wheat bran, Poultry by-product meal, Animal fat, Feather meal, Fish oil (DHA,
Dry type EPA), Yeast extracts, Carrot, Chamomile, Rosemary, Oolong tea extracts, Minerals (Calcium carbonate, Salt, Zinc sulfate,
for adult dogs Calcium iodate, Copper sulfate), Vitamins (A, B,, B;,, D3, E, Calcium D-pantothenate, Choline chloride, d-biotin), Coloring

agents (Yellow-4, Blue-1)

Grains (Corn, Wheat, Bread crumb), Meat (Poultry by-product meal, Beef meat meal, Beef powder), Soybean meal, High-
Semi-dry type fructose corn syrup, Animal fat, Defatted rice bran, Beer yeast, Vegetables (Spinach, Carrot, Pumpkin), Dried small fish,
for dogs of all life stage Powdered cheeze, Oligosaccharide, Propyleneglycol, Minerals (Ca, Cl, Cu, I, Na, P, Zn), Emulsifier, Preservative (Potassium
sorbate), Malic acid, Citric acid, Coloring agents (Titanium dioxide, Red-106, Yellow-4, Yellow-5 Blue-1)

Grains (Corn, Bakery waste), Meat (Poultry by-product meal, Pork meat meal), Corn gluten meal, Fish (Fish meal, Powdered
Dry type fish extracts, Tuna meal), Animal fat, Powdered cellulose, Vegetables (Beat pulp), Minerals (Cl, Co, Cu, Fe, I, K, Mn, Zn),
for adult cats Vitamins (A, By, By, By, B», C, D, E, K, Choline, Niacin, Pantothenate, Biotin, Folic acid), Amino acids (Methionine,
Taurine), Coloring agents (Red-102, Red-106, Yellow-4, Yellow-5, Blue-1), Antioxidants (Mixed tocopherol, Herb extracts)

Dry food

for Kittens Grains, Meat, Plant protein extracts, Fish (White fish, Bonito, Tuna, Salmon), Amino acids (Taurine), Vitamins, Minerals
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22 ®OE
1) A% KR AEAER

A K I R AR, (Dr. Ehrenstorfer B, H{ifE 98.5 %) 25 mg # IEMEIZ &> T 50 mL D4
7 IAIZAN, TEMEMATENL, HITHEMRE CRVEB AN Z TA X I RR AERER
WML (ZO ImLiX, AXIFARALELTOSmgE2aAaT5 (F=0985) . ) .

AT LT, AX I RAAEMERK 2 mL % 50 mL D& 7 7 A 2 |ZIEMIC AN, FITHE
MECTT I ZMAT, | mL FIZAXIRFALLT2 pg 25672 ERHR L. 2
D 1 mL ZIEMEIZED, ER T AZE> THLE L7ZHRIOKCTEMICHRL, 1 mL FITA X
2 REAELTERZEN 0.002, 0.004, 0.008, 0.02, 0.04, 0.08 %X 0.16 ug &A1 5HHE
itk 2 EL U7z,

2y 7MY, BTV, ~FHUROET N U ATEREES - PCB B EZHWZ. A
Z ) — VTR o~ N5 7 H, BEET =W ATEE T TR 10 mol/L iR (=
ARV — B .

23 HEEROZGE
1) Wilkra~ oo 752057 ARG
LC B : Agilent Technologies £ 1200 Series
MS 5 : Agilent Technologies # 6410 Triple Quad LC/MS

2) REHI: AT vl Ly T uy = —h—SR2W

3) m—%Y—xT KL —%—: BUCHI # R-200

4) ZAMEr A Y U117 L : Agilent Technologies 8  Chem Elut, 5 mL (5 mL f&£F )

5 777574 MH—AR>I=H7 A : Supelco B ENVI-Carb (F&TAAIE 500 mg)

6) “UNTNI=HT L Waters 8 Sep-Pak Plus Silica Cartridge (78 TAHI& 690 mg) 2V
PN HlfE LI b D

24 TEEIFE

1 #h

IINTEE 10.0 g 28> T 200 mL O3t =/ 7 T 222 AL, /K20 mL Z1%, 30 5k
%, HICT7 ' M 100 mL 2012, 30 pMIRVIBE TRt L7z, 200 mL O2& 7 7 X 2%
77 F—RIOTFICEE, MHiERE Ak (5 B) TWRBIABLIEE, koA T7 T Aa k)
BSEIEXRTE R 50 mL CHEL, FHEICESIABLE. BIZEET7 T AaOERETT
EhoZMMATZ. ZOW S mL % 50 mL D72 T BT 7 A2 TIEMEIZ AL, 40 °C LL T OKIET
2mL AT £ CRUEEME L, 5T 20 1 230BamR L LTz,

2) 7 LNE T

AREHARIZK 3 mL LONEALF MY DA g Z2NxT-t%, 2% Y 707 AN
A, 10 pEE L. k0T K77 A3z ~%H 2 10 mL 5T 4 FYEHL, EiRE
NER A Z 22N, WA TAHIO BimlZ#Ed 5 £ Tt F ez,

WIZ, 77774 NI—ARI=hT7 L% BTNV S mL THREL, ZnELAMET 1Y
VAT LD TEICERE ST, 100 mL ORTET I XA az2I=07 L0 FIZES, WA
WOANS TV T T F A ZFEE=F /L 10 mL 32T 2 BEEE L, BKEIERD 7 LI
Mz, WEANFKTAHO ESGICET 2ETH FLTAXY I RARRAZEHN S E2. BICFEER
40 mL 271 7 M A, [AARICEH S8 72, iK% 40 °CLUL T ORI TIZ L A EHET 5 %
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TWUEIRME L7=th, BRI A& ko THiE L.

XY =Ty (743) S mL ZMX TEEWEZED L, 77 L0 11 T 2308
we L=,

3) T ARLER L

VUBTFNI=H T EEANFTH =T b (743) SmL THEE L7-.

RENA Z X =7 T LI AN, WKEAFTETAHIO BIRICET 5 TR S &7, BEHER O
A TWERTIETZ FAaz~FHhr—7TE by (743) 25 mL 92 C3 EHEEL, BEKE
=T KNIMZ, RS2, Blia~dHh =78 Ry (743) SmL Z I =07 A2
%, FERICTH S 7.

50 L DR T T7 7 Aa%2I=AT7 LD FIZEE, ~F¥r—7TkErr (1+1) 20 mL & 2
=T ATMATAZ I RRAZRBSE . IEHHKAE 40 °)CLULTOKIBTIE & A EHET 5
FOMERME Lictk, ER T AL Lo Tzl L7z,

K1 mL ZEMEICMZ TEREMZENL, K7~ 777207 LRVEEGIFICED
WECHT 25 0HAR & LTz,

4 WK a~ N7 T 78T ZREBESEHT X DHIE

AUBHA IR o OV AR B 45 5 uL iR 7 =< |k 777&/7Aﬂ,% $ﬁ(uTFM>
MS/MS| LW 9. ) ([ZHEAL, Table 2 %X Table 3 OHIE SN » TR 7 1
AN 2 Y

Table 2  Operating conditions of LC-MS/MS for analyzing methamidophos

Column Agilent Technologies, ZORBAX Eclipse XDB-C18 (2.1 mm i.d.x150 mm, 5
Mobile phase 2 mmol/L ammonium acetate solution-methanol (19:1)
Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)
Mode Positive
Nebulizer N, (340 kPa)

Drying gas temperature N, (350 °C)
Capillary voltage 4kV

Table 3 MS/MS Parameters

) Precursor Product Qualifier Fragmentor Collision
Target 1on
(m/z) (m/z) (m/z) voltage (V) energy (eV)
Methamidophos 142 94 125 100 12

5) % L
SONT-BINSHBE 7 0~ T A0 BAZ I RARADOE—7 B EXITHBEZ RO ThE
ﬁ%@ﬁb,ﬁﬂ¢@f&:b$x;%%ﬁbk.
nR, EmiEOMEZE % Scheme 1 1278 L7,
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Sample 10.0 g
—— add 20 mL of water and allow to stand for 30 min

——add 100 mL acetone and shake for 30 min
— filtrate under suction filter (No.5B)

— wash with 50 mL of acetone and top up to 200 mL with acetone
8 mL of sample solution
— evaporate to the volume of 2 mL under 40 °C

—add 3 mL water and 1 g of NaCl
Macroporous diatomaceous earth cartridge

— apply sample solution and allow to stand for 10 min

—— wash with 10 mL of hexane (four times)

under macroporous diatomaceous earth cartridge
— wash and elute with 10 mL of ethyl acetate (twice)

— elute with 40 mL of ethyl acetate
— 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

— 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 methamidophos in pet foods

3 BRRUBE
3.1 FREMR

- connect graphitized carbon cartridge (prewash with 5 mL of ethyl acetate)

— wash with 2.5 mL of hexane-acetone (7:3) (three times), and furthermore 5 mL

22 O DIZESTAZ I RAARLELE LT 1T mL HiZ 0.002, 0.004, 0.008, 0.02, 0.04, 0.08 &
0.16 pg x5 AT HHARMERZRB L, SHEMERK 5 uL % LC-MS/MS IZHEA L, 15D IRK

ISR 7 v~ N T AN A I RARAOY —7 @S R OEEZ RO THRERE ERk L7,

<D

FEE, MEMUI Fig. 202380, 0.002~0.16 ng/mL (FEAE L LT 0.01~0.8 ng) O #iPH T MM

LT,
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R?=0.9999

Peak area/ arb.units

0.00 0.02 004 006 0.08 0.10 0.12 0.14 0.16
Concentration of methamidophos (pg/mL)

R2=0.9995

Peak height/ arb.units

0.00 0.02 0.04 006 0.08 010 0.12 0.14 0.16
Concentration of methamidophos (ug/mL)

Fig. 2  Calibration curves of methamidophos by peak area (upper) and peak height (lower)

32 ZHMT A VO LT ERKRRT T T A A=K =8 T DB ORG

SHMT A DI T ERORT T 77 A4 NI—AHR I =0T LB OPE Sy DR Z LT O
LEBDITo .

R R A4 240 DIZK VAL, Wal A L7, 200 mL IZEZR L72#K 8 mL 12 A
I RABRALELTO1 ng GUEHPIREE L LT 0.25 mgkg Y4 &E) ZIFML, 40 CLLFOKEKBT
2 mL LU T & CRERM L CHEROTZDDORBHAKR E LTz, ZORBHAKRZ 2.4 © 2)IZ X0 #(E
L, A% FARAOEEHES ORI 2 R L.

ZDOFES, Table 4 D LBV A X I RARIIFEEE T F /L 0~60 mL O[5 TIEHI L, 60 mL LIk
DOEFITITER SN2 hoTe. Flo, ~F T UEHFERND A X I RARAOEHITED bhigdo
7.

UL EORERN S ARETIIERTF /L 60mL TIEHTHZ L & L.
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Table 4  Elution pattern from macroporous diatomaceous earth cartridge
and graphitized carbon cartridge

Fraction volume Hexane Ethyl acetate
(mL) 0~40  0~10 ~20 ~30 ~40 ~50 ~60 ~70  Total
Recovery of
methamidophos (%) 0 8 39 24 20 3 Tr. 0 94

33 VUBSFNI=F T DB ORG

VUBTNI =T DOV OB AL TO LB VITo 7.

AR R 7 A8 Z 24 O DEORDICEVBIELIZIRICAZ I RARA L LT 0.lpg GUBHHIR
L LTO025 megkg fHRY &) N L7IEEIREZ, 24 D3N LB > THREL, AX I RKAD
T H 1 Gy D (A I 4 % e 8 L 72

ZOFER, Table 5D LBV AXZ I RARAFI~FH L —7 & b (1+1) 0~15 mL O THH
L, 20 mL UBEOESIIZEH S 2o, Fiz, ~FHh o —T+8 by (7+3) THFE»D A
I RABEADOERITRO bieiro T,

U EDRERMNS, Bdoiit & —iE LRk, KRiEF~Fo—78E M (1+1) 20 mL T
H3sz & L7

Table 5  Elution pattern from silica-gel mini column

Fraction volume  Hexane-acetone (7:3) Hexane-acetone (1:1)
(mL) (0~12.5) 0~5 ~10 ~15 ~20 ~25 Total
Recovery of
methamidophos (%) 0 > 85 2 0 0 92

34 HE—TF NV KD TIHT T A 2 0BG RO KRG

BN E L Z—IETIED T DUHE TICBWTA X I RAAZRHT DK, Fifg—F /L 10 mL
TREBEREL, WKEZAMNErA YU+ 87 2IINZ 28/EE2 6 B KL TWDH A, BIEMN
JEHEZ 72 2 Z s, REEHAE RS 2 B TLL FORF &21T 72,

T T T AL, AXIRAALLTI00 ng #5AHT HKEKES mL KO Y U A ]
gEMzT=. RIZ, TNBHEZT A AR—FTNLERy MZTRELEE, HIZ~FH 2 10 mL §
DT 4 [Al¥EH LEERE = T V2 X D BRI O RET &2 1T o 72

ZOFER, 1 R OWHFRICBWTAZ I REALLT 04 ng (n=2) OEENED LN

FNLURBITEREDBRO NPT 00, IR FVICL DR TIEY 7 XA a0EEEE 2
B L7

3.5 WiEHEWE OB

RO E i AR (KA R 7 A 8RO I RT 4 8004 3 FEIEONCH A 7 0 85 4
@%)%%m AIENHE > THE L 723 EHR K 2 LC-MS/MS ([ZIEA L, #iEE—27 OfF %
DLl E A, hEEY—7IIRDOENENoT-.

3.6 WNIENNERER
2.1 THBLUIERRH N A8, 2l EEBRHEI N7 85, BEH K7 1 85 K0y
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MR R A B AZ I RABRALE LT02 &000.02 mgkg Y4 B2 L7ZiEHZ2 HWT, ARk
2RV 3 AT CERL, BEIEROMOR LIEEAMRF L. ZORSIE Table 6 DL BV TH
0, AH I REAOFEENLHEIL 72.6~86.8 %, T O UKEEEIX, FHXIE%ERFZE (RSD,) & L
T 8.7 %LL T ORGENE HILTZ.

7k, WMENGRER T o BROSHE 7 v~ 7T LD —H#% Fig. 3 1R LT,

Table 6 Recoveries of methamidophos from four kinds of pet food

Pet food types
Spiked Dry type for Semi-dry type for Dry type for Dry type for
level adult dogs dogs of all life stages adult cats kittens
(mg/kg) Recovery” RSD,”  Recovery’ RSD,”  Recovery’ RSD,”  Recovery’ RSD,”
(%) (%) (%) (%) (%) (%) (%) (%)
0.2 84.8 1.1 77.3 8.7 75.9 4.6 72.6 4.0
0.02 86.8 2.7 78.7 7.8 73.8 5.3 77.5 3.6
a) Mean recovery (n=3)
b) Relative standard deviation of repeatability
(A) Intans i_h' £ oarbounits (B) Intensity & arb.units
Methamidophos | Methamidophos
s 4 4’5 s 35 4 43 s
Fetention Time / min Fetention Time / min

Fig. 3 SRM chromatograms of standard solution and sample solution
LC-MS/MS conditions are shown in Table 2 and 3.
(A) Standard solution (The amount of methamidophos is 0.4 ng.)
(B) Sample solution of dry food for adult dogs spiked methamidophos at 0.2 mg/kg

3.7 EERF O R
AEOERETREMRT D720, RAHRIARBEEONH T A BRI A X I RERRE
L C0.01 mgkg fHSEZRML-REZHWNT, KECEVEEL, o/ —27 D SN k%
Koz, TOREE, SN 10 &7 DEIX 0.0l mgkg Tho7mZ &b, AX I RBFADER
TRRIX 0.01 mgkg TH-o7-. £z, RREZHWTRECHEST 3 AT CEE LB RIT
Table 7 D LBV TH Y, FHEILFEIL 82.0~85.7 %, Z DMK LKEE X RSD, & LT 2.0 %L TFT
boto. Tz, AXIRKRAOBRH TFIRIZSN LR 3 L7258 ENS 0.003 mgkg ThoT-.
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Table 7 Recoveries of methamidophos at the level of limit of quantitation

Pet food types
Spiked Dry type for Dry type for
level adult dogs kittens
(mg/kg) Recovery” RSD,”  Recovery” RSD,”
(o) (%) (%) (%)
0.01 85.7 1.5 82.0 2.0

a) Mean recovery (n=3)

b) Relative standard deviation of repeatability

3.8 JL[aE]EAER

REOEMBHBREELZRET H720, KA N7 A BB EORER K7 A IAHIRARA
&1L 7T0.08 mg/kg FEY & (1 mL HIC 0.8 ng 5 AT HEEHERKR 1| mL RN iﬁkﬁzﬁxﬁkbkﬁ%

IRIA AKX I RAARLLTO0.05mgkg fAYSE (1 mLHIZ05ug 25 H T HEEHERR 1 mL
whn) %%bnbtaﬁﬂ%ﬁﬁu\f W ENEN B AR 0T v % — 2 BEAFSeET, #EEIE AN B AR
Ak s, SEEERERFMSES SO v 2 —, BREEHE RS AR ZEET, MNTATBE A R
%7}<E‘(é%£é&mﬁ./545*@%4%/}:@@% ety 22—, RAHTERE 22—, RMFEtE
VA=K OEERE 2 — (9 RBRE) TRV T, KRB CHhERBRZ FEhE L-. RO
Friz oW i, TUPAC 71 haa—L 9| \_TIEI/\, Cochran BiE, #FAUIE 1 D Grubbs #E K Y
SAAUVIE 2 D Grubbs 1 E 21T o 72 L CHE RIS, ol UG R K OV ] 7 BURS B O FH R Y R
7% (RSD, X IYRSDp) Z#H M L7z, 5472 RSDg 5, {&1E Horwitz &% H V> C HorRat % 3R &
7.

ZOFER % Table 8 IR Lo, BRH R T ARG TIE, FHENEIT 85.9 %, E Offilk UK E
FKOEMFBEEIZZNZRSD, KOXRSDg & LT 2.1 %& V11 % THY, HorRat iX0.48 TH
o, BREBEEAMAEI NI /T, FHEIGERIT 85.6 %, T O UK K OVEH
B IXE 24U RSD, XUV RSDg & LT 4.0 %KX 11 % TH Y, HorRat (%049 ThHoto. A
AR T A 85X, FHEIEET 80.6 %, & O UK M OVE R BURE L 1L 2 /L2 4L RSD, K&
'RSDg & LT 26%K%TN12%T& Y, HorRat (X 0.53 TH o7z,

B, BEOREYD, FRBRETHH L7 LC-MS/MS OFFf% % Table 9 128 L7
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Table 8 Collaborative study results of methamidophos

Pet food types
Lab. No. Dry type for adult dogs Semi-dry type for dogs of all life stages Dry type for adult cats
(mg/kg) (mg/kg) (mg/kg)
1 0.0708 0.0731 0.0470 0.0449 0.0646 0.0687
2 0.0815 0.0838 0.0495 0.0510 0.0773 0.0793
3 0.0596 0.0609 0.0390 0.0381 0.0608 0.0596
4 0.0599 0.0572 0.0387 0.0360 0.0560 0.0548
5 0.0709 0.0728 0.0430 0.0432 0.0681 0.0668
6 0.0660 0.0647 0.0386 0.0365 0.0537 0.0539
7 0.0704 0.0713 0.0494 0.0437 0.0677 0.0684
8 0.0697 0.0732 0.0431 0.0439 0.0666 0.0678
9 0.0655 0.0663 0.0430 0.0422 0.0608 0.0654
Spiked level (mg/kg) 0.08 0.05 0.08
Mean value” (mg/kg) 0.0688 0.0428 0.0645
Recovery”(%) 85.9 85.6 80.6
RSD,” (%) 2.1 4.0 2.6
RSDR?(%) 11 11 12
PRSD"(%) 22 22 22
HorRat 0.48 0.49 0.53
a) n=18

b) Relative standard deviations of repeatability within laboratory

¢) Relative standard deviations of reproducibility between laboratories

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

modified Horwitz equation

Table 9 Instruments used in the collaborative study
Lab. No. LC MS/MS ~ LCcolumn
(i.d.xlength, particle size)

1 Agilent Technologies Applied Biosystems Tosoh TSK-GEL ODS-100V
1200 series API 3200 (2.0 mm x150 mm, 5 pm)

) Agilent Technologies Agilent Technologies Agilent Technologies ZORBAX Eclipse XDB-C18
1200 series 6410 Triple Quad LC/MS (2.1 mm %150 mm, 5 pm)

3 Waters Waters GL Sciences Inertsil ODS-3
Alliance 2695 Micromass Quattro micro API (2.1 mm %150 mm, 5 pm)

4 Agilent Technologies Agilent Technologies Agilent Technologies ZORBAX Eclipse XDB-C18
1200 series 6410 Triple Quad LC/MS (2.1 mm %150 mm, 5 pm)

5 Waters Waters Agilent Technologies ZORBAX Eclipse XDB-C18
Alliance 2695 Micromass Quattro micro API (2.1 mm x150 mm, 5 pum)

6 Agilent Technologies Agilent Technologies Agilent Technologies ZORBAX Eclipse XDB-C18
1200 series 6410 Triple Quad LC/MS (2.1 mm %150 mm, 5 pm)

7 Waters Waters Agilent Technologies ZORBAX Eclipse XDB-C18
ACQUITY UPLC System  ACQUITY TQ Detector (2.1 mm x150 mm, 5 um)

3 Waters Waters Agilent Technologies ZORBAX Eclipse XDB-C18
ACQUITY UPLC System  ACQUITY TQ Detector (2.1 mm x150 mm, 5 pm)

9 Waters Waters Shiseido CAPCELL-PAK C18 AQ
ACQUITY UPLC System  ACQUITY TQ Detector (2.1 mm x150 mm, 5 um)
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1) BEHRITAZ I FAALLTO0.01~0.8 ng OHEPH CEMRMEZ R LTZ.

) ZHMTA Y TEITLARRT T T 7 A =R I =8 T L0006 DEHES DR Z1T-7-
LA, WHEEO L EREIZ 60mL Tho 7.

3y VIUNTANI= AT ENLORMEIGERFLIZE A, WHIEEOVNEEIX20mL ThH - 7-.

4) HERTF VIR DR TIHT 7 A a D ERERG 21T 24, 2EDEY TH 7.

5) HROELEWHAEE (RARFZABELEOE I FT 0 84 3 FET A K71 5 4
) I2oWT, RIEICH > GRIRFIGHRHZ o~ N7 AEBERLTZEZ A, AXIREAD
EEEHTHE—7IERO LT,
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Lz 2 A, FHEUNERIK, 72.6~86.8 %, * Ok UKL, MxHEMERFZE (RSD,) & LT
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7)) AKEIZLDALZ I FARAOERE FRIEL, #BH T 0.01 mgkg, B FRIZ 0.003 mgkg THY,
FHEELC ﬂLT+A@ﬁFﬁH%nt

8) FRARH RT7 ARG L ORI R 7 A I A X I FARA L LT O0.08 mgkg FIY &, 2R BRE
RKHAEIRTABBICAZ I FAARAELTO0.05 mghkg FHY EZ M LA Z HWT, 93 BR=
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Simultaneous Determination of Organochlorine Pesticides
in Wet Type Pet Foods by GC-ECD

Mitsunori YAKATA"

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

An analytical method of determination was developed to determine organochlorine pesticides
levels (16 kinds of organic chlorinated compounds) in wet pet food using a gas chromatograph
equipped with electron capture detector (GC-ECD).

Sixteen organic chlorinated compounds (a-BHC, f-BHC, y-BHC, 6-BHC, heptachlor, heptachlor
epoxide, trans-heptachlor epoxide, aldrin, dieldrin, endrin, o,p’-DDD, p,p’-DDD, o,p'-DDE, p.p'-
DDE, o.,p'-DDT and p,p'-DDT) were extracted from the samples using acetonitrile. The
acetonitrile extract was dehydrated by liquid-liquid distribution with ethyl acetate/hexane solution
(1:1 v/v). Further purification was performed using sequential solid phase extraction with the
following: Chem Elut cartridge (Agilent Technologies Inc.; Santa Clara, CA, U.S.), gel permeation
chromatography (GPC), and ENVI-Carb/NH, (Supelco; Bellefonte, PA, U.S.) and Sep-pak Vac
Florisil (Waters; Milford, MA, U.S.). Analyses of the purified samples were performed with a
GC-ECD equipped with a fused silica capillary column (DB-1701; 0.25 mm i.d. x 30 m, film
thickness 0.25 pm from Agilent Technologies).

Spike tests were conducted on wet dog and cat food spiked with 1 or 20 pg/kg of six DDT related
compounds and 1 or 2 pg/kg of other ten compounds. Recoveries of six DDT related compounds
and the other ten compounds ranged from 81.6 % to 97.1 % and 58.2 % to 98.7 %, respectively
with repeatability in terms of relative standard deviations which did not exceed 12 % of DDT
related compounds or 17 % of the other compounds.

A collaborative study was conducted in six laboratories using wet pet food spiked with 1, 2 or 20
ng/kg of six DDT related compounds and 1 or 2 pg/kg of the other ten compounds. The range of
mean recoveries, repeatability and reproducibility in terms of the relative standard deviations, and
Horwitz ratio (HorRat) were 91.3 to 110 %, not more than 6.8 % and not more than 19%, and not
more than 0.85 regarding kind of DDT, respectively; 62.3 to 110 %, not more than 7.2 % and not
more than 16%, and not more than 0.75 regarding other compounds, respectively.

This method was validated and established for use in the inspection of pet food for organochlorine
pesticides.

Key words: organochlorine pesticides ; gas chromatograph equipped with electron capture detector

(GC-ECD) ; gel permeation chromatography (GPC) ; collaborative study
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F—U— R FEERREE  ETHERHBNE IR/ a~v T 7  FARE/ v~
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AR FERERIIFBEEAHREEYEICEEND N, FRREEAIGYEME L%, sk, oM
M, EEREEROCERBBESMEEZ A L, ANORBITREICHEEL KT ETHDH. HH
E & & o5 170 I ELL EDSKERE L CW 2B ARG E T 2 2 b v 7 RV ASEK T,
IO OLEWE A RE L, WiE, MmEROHHEZBGI T2 LTS, BIED L Z A 21 B
BERFEIITODA, HKBEMI N TWD. AHEERRREITEN R R &2l B h ) b3,
NETHILR A S NN, B SN BEDH ~ORE R OREBR/EEMEE 20, FT8E
EETEHEE T 1960 MBI L0 25 BEOM A TG L E O EN L DR, A
HEREIRIILE LEEEND HEPT TOL M UICK S BREPTICESBEELZ &b, BETHH
DEEOVEMCBOTREREDTO 2N L REOERBEFRNHRE S TN5.

T HLEN ) AR D A SR 35 R I DR R IC DWW TIEERL 23 4F 9 B ICEEYEME "R ED H i,
RIA4ROE I KT AREOSEIC O TIXEEEY A SO REE DI T TRI4
AL oL ) SRTWAN, Uxy MULIZOWTITNE ST, 4El, 7o i
LEFECy oy MURHPOREBEENED bNTALFWEEZ G 16 FEOAERREEDE &L
IZOWTHRHEIT =0T, TOMBELRETS.

¥, BE LI AEESEREKE Table 1 \TR L2, £/, ZEi AR DOREREMN OkSE
HEI10 %IHRFE L 0 LT) EAKRGERED 80 %DIHHED Y = v 5 O ) O HE
D L & Table 2 (278 L 7.

i

Table 1 List of organochlorine pesticides used in this study

Name Formula MW  CAS No Name Formula. = MW  CAS No
1 a-BHC CsHsCls 290.8  319-84-6 9 o.,p'-DDT C14HoCls 3545  789-02-6
2 p-BHC CsHeCls 290.8 319-85-7 10 p,p'-DDT Ci4HoCls 3545 50-29-3
3 y-BHC CsHsClo 290.8 58-89-9 11 Aldrin Ci2HsCls 364.9  309-00-2
4 §-BHC CsHeCls 290.8  319-86-8 12 Endrin Ci2HsClO  380.9 72-20-8
5 o,p’-DDD CiaHioCls  320.0 53-19-0 13 Dieldrin Ci2HsClsO 3809 60-57-1
6 p,p'-DDD CiaHioCls  320.0 72-54-8 14 Heptachlor CioHsCly 373.3  76-44-8
7 o,p'-DDE Ci4HsClh  318.0 3424-82-6 15 Heptachlor epoxide CioHsCO  389.3  1024-57-3

8 p.p ""DDE Ci14HsCls 318.0 72-55-9 16 trans -Heptachlor epoxide CioHsCl;O0  389.3  28044-83-9
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Table 2  Standard values of organochlorine pesticides

Real standard value

corresponding to wet type
Name Standard value o et ty Instructions
(1g/g) (mg/kg)
BHC 0.01 0.002 Total of a-BHC, -BHC,
y-BHC and 6-BHC
DDT 0.1 0.022 Total of p p'-DDD, p p'-DDE, p p'-DDT
and o p'-DDT
Aldrin 0.01 0.002 Total of aldrin and dieldrin
Dieldrin
Endrin 0.01 0.002
Heptachl
eptaciior 0.01 0.002 Total of heptachlor and heptachlor epoxide

Heptachlor epoxide

a) Calculated with 80 % of moisture content

2 EEBRAZE
21 # OB
ZEAER (KA zy MU 2 BEEOWHAY = NG 2 27— K7ty d
— CTHWEAL LR E L THW ., ZRE IR RSN TWIZEM B A Table 3 1278 L7z,

Table 3  Examples of ingredients of pet foods used in this study

Pet food types Ingredients

Wet type Meat (Chicken, Beef, Mutton), Wheat flour, Culinary plants (Potato, Carrot, Green peas),
for adult dOgS Minerals (Cl, Na, K, Mg, Zn, Se ,I), Emulsifier, Thickening agent, Coloring agent (Caramel,
1 Titanium dioxide, colcothar), Vitamins (Choline chloride , Pantothenic acid, Biotin, B,, B,

By, B,,, C, D,, E, Folic acid)

Wet type Meat (Chicken, etc. ), Rice, Carrot, Corn, Dietary fiber, Vitamins (B,,, D, E), Choline chloride,

122

for adult dogs Pantothenic acid, Folic acid), Minerals (Ca, K, Na, S, Zn), Glycine, Thickening agent, Phosphate

2 (Ca, Na), Color coupler (Nitrous acid Na), Coloring agents (Colcothar, Titanium dioxide)
Wet type Turkey, Pork, Salmon, Rice, Cornstarch, Cellulose, Wheat, Chicken extract,
for adult cats Soy bean, Chicken, Animal fats, Corn gluten, Yeast, Minerals, Vitamins
1 Amino acids (T aurine,methionine), Thickening agent
Wet type Tuna, Pork, Wheat gluten, Chicken, Soy bean protein, Spinach, Glucose

for adult cats Minerals, Vitamins, Amino acid, Thickening agent (Modified starch),

2 Coloring agents (Food red No.3, Titanium dioxide)

22 WK
1) A BEFAEE R
Table 4 D4 EIIEAE S, 10 mg 2 EHEICE > TENTN 50 mL OEET T A2 ZAN, T
R 10 mL#MZ TENL, FICHELETFATDOEMMET224- M) AF AL 2 U212
THEREREREEZFHU L (ZNO0ES ITmL g, £E2EELTC02mg2E87T 5. )
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2) RBRIKRAIEER
EHICEREL T, FEEEEREKO —EEXIRAGL, 224 M) AFAXUZ =T
(4+1) TIEREICHRL, 1 mL PICFKEEE LTEAZLR 0.005, 0.01, 0.02, 0.05, 0.1, 0.2
FOV05pg 25 AT 2 FRIRAEER 2T L.
3) TEh=hVUN, TRy, BT, ~FH RNV 7 a~FH o 3EHER - PCB &
BHERAWE, Y FALz—T VKN 22,4- 8 U AF AR A FEERIE v~ N7 7 H
s LAY

!

Table 4 The details of organochlorine pesticides used in this study

Name Manufacturer Purity(%) f= Name Manufacturer Purity(%) f=
a-BHC Dr. Ehrenstorfer  98.0  0.980 o,p’- DDT Dr. Ehrenstorfer  98.5  0.985
p-BHC Dr. Ehrenstorfer  98.5  0.985 p,p'- DDT Dr. Ehrenstorfer  98.5  0.985
y-BHC Dr. Ehrenstorfer  98.6  0.986  Aldrin Dr. Ehrenstorfer ~ 99.0  0.990
0-BHC Dr. Ehrenstorfer  98.5  0.985  Endrin Dr. Ehrenstorfer 995 0.995
o,p'- DDD Dr. Ehrenstorfer  99.5  0.995  Dieldrin Dr. Ehrenstorfer  99.0  0.990
p.p'- DDD Dr. Ehrenstorfer  99.0  0.990  Heptachlor Dr. Ehrenstorfer  99.0  0.990
o,p'- DDE Dr. Ehrenstorfer  99.0  0.990  Heptachlor epoxide Dr. Ehrenstorfer  99.0  0.990
p.p'- DDE Dr. Ehrenstorfer 98,5  0.985  trans -Heptachlor epoxide Dr. Ehrenstorfer  98.5  (0.985

2.3 HEKRUERA
1) IEEI>HE . A7y 78 Lo z—F— SR2W
2) B—=Z U=z /NR b —%— R E LSRR NAJ-160
3) HAZ v~ K777 : Agilent Technologies £  6890N
4 FrREru~ 7T 7 BASNE GPC VAT A
A7 PU-2080
F =~ 77— AS-2050
777 varal g X — . SF-212N
5) %M A Y U T L Agilent Technologies ! Chem Elut, 20 mL £&FfH
6) V777 A M I—AR /T /7 U U B NAVERI =5 T A Supelco
ENVI-Carb/NH; (500 mg/500 mg)
7 BT A~ AU LI =0T I Waters B Sep-pak Vac Florisil Cartridge (£ CAHI& S
g, U —/"—%&20mL)
8) AV T T T 40X —  HIEEMKE DISMIC-25HP (fL£% 0.45 um, [EfE 25 mm, #HKME

PTFE)
24 EBFGIE
1) il H

IHrakER 200 g Z#E - T 200 mL O3k =7 T 232 A, 7 b=k 100 mL %0
Z, 30 SRR VIR T L7, 300 mL O3 77 Aa%2 7 7 —RIOTICES, b
iz A& (5 fE B) THBIABLEE, KO=A7 7 2AaLOESEZEXRTE =YL 50
mL TYEF L, RERICWS] A L7z, A% 40 °C LLFOKE T 50 mL LA FIZ72 % & CHUER
i L7, MRICHT 23 BAK E L.
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2) ¥ M

ABHAW 2 200 mL O3k HZ , AEHRIRDO N> TWer T 7 7 A 2% 7 b= F
U4 mL THEHL, BEKREZS @ﬁ+ mzt ~F% Y —FEE = F L (1+1) 100 mL % 53K
=HZMzx T 3 DB IBRE-1%, a3 BICoMTs2ETI1s pMBE L. KB KT
JE) T, Holm 2 %A 300 mL ORI T T AIIZAN, 40 °C LLFOKBTIELE AL
95 F TRUEIRM L7oth, RN A% ko THAlE L7,

fAFIRIEK 20 mL 2 NX CEEMZRNML, B 7 MU LI 23hAK & LT

3) BT AR

REHRIR Z L A Y o h T DT AR, 5 pEERE L. 300 mL ORTIET 7 A 3%k
AT LDFICEE, REHEKOANS> TWERTIET 7 XA az %2 20 mL 5T 3 Bk
L, WiREINEXR S 7 2Nz, WEDAFTETARIO EICET 2 E TR FSECERT 2 &3
W S 2. BIZEEEE 40 mL 2 7 7 A2z CTRERICIEH S 72, HE % 40 °C LT O
KBTI E A EHET 5 F CHIERM L72th, RV A &% THIE L7,

vrua~ndtr -7k R (4+1) 10 mL Z EREICNZ TEREVMEZENL, ZO% 10 mL
OO E I ALY, 1,000xg T 5 ool Lz, EBAREA L T T 7 4 VE—TH
WL, YVREBEIu~ NI T 7 0 — T BN E LTz,

4 FNRFEB /AT NTTT 4 —

AREHAE 5.0 mL 27 ViEHE 7 u~ N 7T ZICHEAL, FERENEET 5% 100 mL O
YT T AL, 40 °C LT OKIBTIE L A LTET 5 £ CRITENG LIk, EX7
AriEoTHELE. vk, “ViEEIa~ NI 77 4 —0O5M% Table 5 (TR LTz,

FEfE = F /L 4 mL 2 N2 CHEREBWEZEN L, 77 L0 2 50HAKR & L=,

Table 5 Operating conditions of GPC for analysing organochlorine pesticides

Column Shodex CLNpak EV-2000AC (20 mm i.d.x300 mm, 15 pm)
Guard column Shodex CLNpak EV-G AC (20 mm i.d.x100 mm, 15 pm)
Eluent Cyclohexane-acetone (4:1)

Flow rate 5 mL/min

Fraction volume 70~105 mL

5) 7 LALE T
TI777 A =R/ TI 770V UMb VA NVHEES =8 T A& EiRT T L
10 mL THEHFH L. S0mL ORI T I A2 I =07 L0 FICES, RAEHWEKRE I =07 A
IZARL, WWEDFTETAHRO BIGIZET 5 £ Thit F S0, BREHEROA> TWERTIET 7
AAZFETF /L2 mL$OT2REPESRL, WREIERI =07 MM TERT D5 REKE
WSz, BIZ, BTV 4 mL 2 =0 7 LM FEERICHE S 72, iK% 40 °C
UITOKBRTIEE A EHg[ET 5 F THIERM L2k, R A2k THELE
XY 2mL ZMATEEDZENL, B 7 LHE ST 23EHAR E LT,
6) T LALER T
BRI AW~ T FY T AI =N T MY F )t —T /L 20 mL fOFH 2 20 mL TIEK
Wi L7z, 100 mL ORTIE 7 7 A% I =07 L0 FIZES, REHAKRE I =07 A2 AR,
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WRE AT TARIO ESFICET 2 E THRGM FSE72%, REHAROA > TWeRTIE7 7 22
XY 2 mL 3T OT2HEBESHL, BREZIERI =07 ANz, FBELRE IS, &
AT —v=Frm—7/0 (9+1) 40 mL # =7 7 MMM CRERICHE S 72, i
W% 40°C AT OKIBTIE & A CHLE T 5 £ THUERM L7oth, EH T AZ Lo THLE L7z,
224-F U AF AR H =T by (441) 1 mL ZIEMEICMZ CHEREWERNL, A
nv h77 7 =TT HREHAR & LTz,
7N HARIZw~ R NTTT 14—
AEHAIR S O 3B A SRS | uL 2 W A7 v~ NI 7ICFEAL, 7~ 7T 0%
=y
A7 v~ ~7 77 DORIESMN% Table 6 |27~ L7z,

Table 6 Operating conditions of GC-ECD for analysing organochlorine pesticides
Column Agilent Technologies DB-1701
(0.25 mm i.d.x 30 m, 0.25 pm film thickness)
Column temperature 60 °C (1 min)—20 °C/min—195 °C —2 °C/min—240 °C
—20 °C/min—280 °C (7 min)

Injection mode Pulsed Splitless (30 psi, 60 s)
Injection temperature 250 °C

Carrier gas He (1.0 mL/min)

Make up gas N2 (60 mL/min)

Detector Electron capture detector

Detector temperature 280 °C

Injection volume 1 uL

8) it B
SBonl-7ox T bEE—7 B3RO THREMREZIERL, REFOKZKELH
HL7=.
e, EEIEOWBE %A Scheme 1 (TR L7z,
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Sample 20.0 g

——add 100 mL of acetonitrile and shake for 30 min

— filtrate with suction filter (No.5B)

—— wash with 50 mL of acetonitrile

—— evaporate to the volume under 50 mL under 40 °C

Liquid-liquid extraction

——add 100 mL of hexane-ethyl acetate (1:1) and shake for 3 seconds
—— allow to stand for 15 min

Upper layer and middle layer (hexane-ethyl acetate and acetonitrile)

—— evaporate to dryness under 40 °C

—— dissolve in 20 mL of saturated salt solution

Chem Elut cartridge

—— apply sample solution and allow to stand for 5 min

——wash flask with 60 mL of hexane and apply washed solution
—— elute with 40 mL of hexane

—— evaporate to dryness under 40 °C

——dissolve in 10 mL of cychohexane-acetone (4:1)

—— centrifuge for 5 min at 1,000xg

— filtrate with membrane filter (0.5 pm)

GPC

apply 5 mL of samplen solution
—— collect the fraction of 70~105 mL
evaporate to dryness under 40 °C

——dissolve in 4 mL of ethyl acetate

ENVI-Carb/NH,

—— prewash with 10 mL of ethyl acetate

—— apply sample solution and wash flask with 4 mL of ethyl acetate and apply washed solution
——clute with 4 mL of ethyl acetate

—— evaporate to dryness under 40 °C

——dissolve in 2 mL of hexane

Sep-pak Vac Florisil cartridge

prewash with 20 mL of diethyl ether and 20 mL of hexane

apply sample solution and wash flask with 4 mL of hexane and apply washed solution
—— elute with 40 mL of hexane-diethyl ether (9:1)

evaporate to dryness under 40 °C

——dissolve in 1 mL of 2,2,4-trimethyl pentane-acetone (4:1)
GC-ECD

Scheme 1 Analytical procedure for organochlorine pesticides in wet type pet foods

3 HBRRUBR
3.1 MREMOIERK
FEIEL LT 1 mL FIZERZEH 0.005 0.01, 0.02, 0.05, 0.1, 0.2, XU 05 pg 2&A07 5
FEMEAEERAZRUL, 2N 50OHES 1 uL % GC-ECD IZHEAL, GohizZ7u~ 7T 4
MHLBEBEBROE—7 EE 2RO THREREER L. TOMRE, RERIZFig 1otBY THY,
F I L LT 0.005~0.5 pg/mL (FEARE LT 0.005~0.5ng) OFPHCHEMRMEEZ R L.
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peak height peak height

30,000
300000 4 a-BHC m §-BHC R? = 0.9989 ’ R? = 0.9994

® Aldrin ®Dieldrin 4 Endrin

) R? = 0.9990
25,000 - A 25,000
. y-BHC X §-BHC , R? = 0.9990
20,000 20,000
R? = 0.9972
15,000 15,000
10,000 R?=0.9996 10,000
5,000 5,000 R? = 0.9929

0 0

0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
Each pesticide density/ pg/mL Each pesticide density/ pg/mL
i . @ 0,p'-DDD upp-

peak height peak height o.p p.p'-DDD
R2=10.9995 "  »'-DDE

30,000 | & Heptachlor A, 30,000 A op-PDE. X PP 2= 0.9994
B Heptachlor-epoxide R? = 0.9995 . p.p'-DDT

25.000 R* = 0.9990 Xop-DDT @

’ Heptachlor-epoxide(trans) : 25,000 R?=0.9990
20,000 20,000 =0.9996
15,000 15,000 R? — 0.9996
10,000 10,000 R2 = 0.9888

5,000 5,000 R*=0.9905
Ly
0 0
0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5

Each pesticide density/ pg/mL Each pesticide density/ ?g/mL

Fig. 1  Calibration curves of organochlorine pesticides

3.2 VKRR BE DR
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WCRMEL, 2z 200 mL HOSERHCBE L, ~F¥ > —Ffg=F /L (1+1) 100 mL Z/1x 3
WHEYRE-% 15 SREE L-E 25, ETORE CHEIREE L KByt cE . KE
ERETCTIt, ol AMEIEIE % 300 mL ORI 7 7 22 |ZB L, BHEOBETFTIEEA LT
BT 2FETEMLIZEZA, RTOREBTREBEL P /ILY g VIIRAELERNSTZ.

Wy B HET 2 2R 80 mL ICiEfE L, FARICHIEL7ZE 25, TO%OENERIET
BT HHLONB T, TAIVUXEM LR &SR L TAFy —F = F v (1+1) ORI
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BERNDIRNZ G, KEBODHENR RS Tholzieb Bz bN. B L2 ToilE
DR 1338 5 OJUE T CORMEERIETK 50 mL L FICEM SN D ETIRHEHR Lol b
DD, EAVEBE O & BAEOMEMED G, fiHHKIE 50 mL DL FICEME LRIk ELIC it 5 2
MY B X O,

ANF R TV B RIS A T Ok E S Rl Z 3B L 5 T LIS B O i & 1T
ST, 5T LiZE A, 3 BOBALHELTIRE D BOKBOSHHCHKMAZE L, 7208
L 72K g D & J OLABE D IR Ma Hz E A I B W TXRE O R Th > 72.

NG DRERDG, RIETIIKEBEMEOIHEY 2 B0 Br< 72, k% 50 mL LA TFIZHRAM L,
SRR HC AL, ~F Y —FER =TV (14+41) 100 mL 2 0% 3 BPEIR 0 IRE 7%, /K8 A0
THETCHETLIZLELE.

33 BAMETA VT 1H T AOWHES O R

LM A VT T ADOEHE Y DBE 21T - 7=

RKHAT =y ML Z 24 O DA LD IR U 7RIZ A EIEKE LT 10 pgkg GUEHRED
HREE S LTC) MY EZRINL, 24 O NOZAMT A VU 10T 2T 23 EHEIKR & L
T, REICXVERELIE, WHESORIGEAZ MR LTz, ZOREFRIT Table 7 DBV TH Y,
ATORIET 0~100 mL (ZH&EH L, 100 mL U OEZIZIFEE SR o7z. LLEDORERNS,
KA T KX DEHITIEA~AFT 2 100mL ZH WD 2 & & LT

Table 7 Elution pattern from Chem Elut

Spike Hexane (mL)
Name level 0-100 100 - 150
(ngrkg) Rec overya)(%) Rec overya)( %)
a-BHC 10 81.3 0
B-BHC 10 90.1 0
y-BHC 10 81.2 0
0-BHC 10 93.7 0
o,p'-DDD 10 95.5 0
p.,p'-DDD 10 87.8 0
o,p'-DDE 10 90.6 0
p.p'-DDE 10 79.9 0
o,p'-DDT 10 94.0 0
p.p'-DDT 10 87.8 0
Aldrin 10 81.2 0
Endrin 10 84.5 0
Dieldrin 10 89.6 0
Heptachlor 10 86.7 0
Heptachlor epoxide 10 88.4 0
trans -Heptachlor epoxide 10 84.5 0

a) Mean (n=2)
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34 FARBIO~ NI T T 40— ORHES OB

FNREI v~ NI T T 4 —DOREE S ORR A T 7.

RAY =y M EZ 24 © 1)) X0 IR L 72RICKEHE L LT 10 pgke GUEHE® H
BELLT) MYEZIRNL, 24 © HOFNVIRE I a~ N7 77 o —IciET 2REHAIKRE L,
D%, RIEIZIVEIELI%, WHBSOREIEAZ MR L. £OFERIT Table 8 LBV T
HY, ETOEIEKT 75~100 mL (T L, 75 mL LLETKL TN 100 mL LA O 43I I3 E H S e m
o>, U EORERNG, RIETELZEMEEZBEL 70~105mL 25T 52 & & L.

Table 8 Elution pattern from GPC

Spike Cyclohexane-

Name level acetone (4:1)3) Recoveryb)
(ng/ke) (mL) (%)

a-BHC 10 80 ~ 100 87.3
S-BHC 10 80 ~ 100 91.9
y-BHC 10 85 ~ 90 82.5
0-BHC 10 75 ~ 90 91.8
o,p'-DDD 10 75 ~ 95 105

p,p'-DDD 10 75 ~ 100 97.8
o,p'-DDE 10 80 ~ 100 89.9
p.p'-DDE 10 75 ~ 95 99.6
o,p'-DDT 10 75 ~ 95 94.0
p,p'-DDT 10 75 ~ 95 99.0
Aldrin 10 75 ~ 90 81.7
Endrin 10 90 ~ 100 86.6
Dieldrin 10 80 ~ 100 94.0
Heptachlor 10 75 ~ 90 86.6
Heptachlor epoxide 10 75 ~ 90 90.2
trans -Heptachlor epoxide 10 75 ~ 100 86.7

a) Pesticides eluted only to fraction
b) Mean (n=2)

3.5 =07 MO
KA BMETE I NVRE v~ N7 7 4 —D%, Sep-pak plus Florisil (& TAAIE 910
mg. LAF [Plus Florisil] &9, ) ZHWTHKRITLIZLELTWD. BRINOKRKHLOMH
Uy MAGREHAWT 24 O DIV REZITY, FAVREZ R~ N T T 4 —THlRLE
5y & JEARRLE Lo OB M E R 7 A BEE L RRICA~F Y 2 mL IZBEMN L7k, Plus
Florisil {2z, ~F¥r—y=Frz=—7/b (9+1) THEHL, KEZESWTHT A7~ 7
T2 LT 2 A, Fig 2-1 DB)D LB Z< OFRMER T HK EE X DN DEY — 7 DR
Shic. ik, FIAMRBRELHBELTY =y MURHPOKMEY N L, T E TORUERE
DHTITHERA AR+ TH Y, Plus Florisil ] L7256, KM EZRFLENTHIEL T
WHZENEZxbNT. Fo, AEBEFERRRELZREEMYESE LY = v MG OFRKRE
WIRIREILI R 7 A -BEOZNOR S D 1 THY, MEOKHE LY —27 Thos THEREDIEIZ



94

fREHFIEHE Vol. 37 (2012)

RHT D, BRHEREBENLETH T,

% Z T, Plus Florisil (23 % AT OFEHEIK 2 AT e Vi ST s TEEO 7 =
sua~ 7T TEERSWEHC L2 —FoMriE] (T T—=FE) Lwvwo. ) THEHASATWS Y
TZI77A NI—R /T 7oA Uib U S AfEBEI =57 A (LLF TGC/NH, 2 =
NTE] EnD. ) ROBGRTABY I XV U AI =T 2 EAWTHER LSO RSEIC
DWTHREF LT,

1) GC/NH, 2 =% 7 A DRat

Je LRI, BRMORMA Y =y MG ZHWT 24 @O D)XV REZIT, FiRis
s~ NJT 7 4 —THER LTy ZRGEGTE L% OREME KR SEEBR=T L 4
mL TH&E2 L2, GC/NHy, =07 LIz, BEEWOAN-> TWeeTIT 7 2 2 ik~
F2 mL T2 REIFESHL, WERLFEIC GONH, R =077 MMM CTHEERE R S, #
ICHER = F /L 4 mL % GC/NH, X =0 7 A2 CRBRICH M S 7. Wik % 40 °C LT O
KB TIZE A EHET 5 F THIERM Lok, ERZVAEESTHELE. Zhid~FHo 2
mL [ZEfR L, %6 & [AARIZ Plus Florisil THRZ1To72& 25, Fig. 2-1 D(C)D LBV, KL
— 7 I3 S AU RS R D R S T,

T, IRAEMERZHVT GC/NHy R =87 A0 6 OK RO FEHE ) OER & 1T 72, B
Rt F /L 4 mL (VAR L7 IRAIENER 2 GC/NH, 2 =1 7 MZAR L7k, BT T L T&KE
WEAE I S, ZTOfEEIE Table 9 D LBV TH Y, REHATRARLICUEK 4 mL %
AL, TICHRTF LV 4mL 2 M2 52 CRERNRET D Z LM Sz,

2) BT AMB~ T AT LI =TT AORG

KTCAREZESCT Z IR RICOWTHREFTT D729, Plus Florisil, Sep-pak
Vac Florisil Cartridge O F CAAIE 2 g (LL'F [Vac Florisil 2 g &Wo. ) KOES g (UUF
[Vac Florisil 5 g] £\W9. ) ZHWEHEZLE L. BIRNORHEOMH Y = » ML
ZHAWVWT 24 O DSHICE VB L TELNZHREHAREZE I =D T LI, TREhO
=HT AL O EIEOFEHE S R L. AR R T A Bk L Rk AT Y — Y
TF =TIV (9+1) ZHEHA L. ZTOREFIL Table 10 D&Y TH Y, Plus Florisil T
HAPEIEE 10 mL, Vac Florisil 2 g TIi% 20 mL, Vac Florisil 5 g Tl 40 mL LA _E Oy #7312 1345
BIHOWMMHMPHR I N hoTz. 22T, HLRILABEREZHNTENENDI =0T LI
Mz, FIZHEOMFE CHERR L& & L T Plus Florisil TiX 10 mL, Vac Florisil 2 g Tl
20 mL K Of Vac Florisil 5 g Tl 40 mL Z Il 2 & 32 i S 7=, Z 2T, Vac Florisil 2 g &
W' Vac Florisil 5 g Z2fH L7=HA0ZNETh DY v~ h 7T L% Fig. 2-2 DD)LRE)NIRL
7. Thvoorua~ M7 L%zl LT 2 A, Vac Florisil 2 g 2T Vac Florisil 5 g ZffH L
Tet, MY — 7 DRI D Z & MR S 7. Vac Florisil 2 g ZfEH L7256, BEticH
W CIZE B T IRICHE T 2 EMEIGAER T 0p-DDD OEREZHET L — 7 BRI
72723, Vac Florisil 5 ¢ il L7 A IIERLZHET L E— 27 3B I, E& FRIZBIT S
IINENSGRBR OFE RITRAF CTh o 72
UbozZ End, RKIETEIVEB 7 v~ 8777 4 —CHERLUTZES & BREGE L 72% ok

MW EEifET—T L 4 mL THEMRL, GC/NH, X =57 AN T-t%, ReasOWREMZ, TITHE
ferF /L 4 mL ZIZWHSEHBMEIEELITH> 2L L Lz, £72, GC/NH, X =7 7 LLEET,
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X CERMR L Vac Florisil 5 g 12z, BRESOWRLFEEICINZ, Fii~FHr—YzF=x
—7 v (9+1) 40mL Z MM+ 52 & & L.

Table 9 Elution pattern from ENVI-Carb/NH,

Spike Recoverya)(%)
Name level Ethyl acetate (mL)
(ng/ke) 0~12 12~19

a-BHC 10 99.2 0
£-BHC 10 98.3 0
y-BHC 10 101 0
0-BHC 10 100 0
0,p'-DDD 10 98.0 0
p.p'-DDD 10 98.5 0
o,p'-DDE 10 102 0
p.p'-DDE 10 98.2 0
o.,p'-DDT 10 99.5 0
p.p'-DDT 10 99.3 0
Aldrin 10 101 0
Endrin 10 102 0
Dieldrin 10 99.6 0
Heptachlor 10 96.2 0
Heptachlor epoxide 10 97.1 0
trans -Heptachlor epoxide 10 99.2 0

a) n=1



96 fREHFZEHE Vol. 37 (2012)

Table 10 Elution pattern from several Florisil mini columns

Plus Florisil Vac Florisil 2 g Vac Florisil 5 g
Name Hexane - diethyl Hexane - diethyl Hexane - diethyl
ether Recovery(%) ether Recovery®(%) ether Recovery®(%)
(9+1)¥(mL ) (9+1)¥(mL) (9+1)¥(mL )

a-BHC 0~10 88.1 0~10 87.1 0~20 89.5
B-BHC 0~10 85.4 0~10 88.3 0~20 88.3
y-BHC 0~10 90.1 0~10 92.4 0~20 89.0
0-BHC 0~10 91.8 0~20 101 0~ 40 83.8
o,p'-DDD 0~10 112 0~10 88.4 0~20 100

p,p'-DDD 0~10 101 0~10 89.6 0~20 97.4
o,p'-DDE 0~10 90.8 0~10 84.1 0~20 98.2
p,p'-DDE 0~10 99.4 0~10 82.4 0~20 113

o,p'-DDT 0~10 104 0~10 89.1 0~20 98.4
p,p'-DDT 0~10 106 0~10 96.3 0~20 99.0
Aldrin 0~10 82.0 0~10 75.4 0~20 83.0
Endrin 0~10 89.2 0~20 77.4 0~30 82.5
Dieldrin 0~10 94.1 0~20 82.5 0~40 89.1
Heptachlor 0~10 87.6 0~10 80.6 0~20 93.6
Heptachlor epoxide 0~10 86.5 0~10 77.3 0~20 84.5
trans -Heptachlor epoxide 0~10 86.5 0~10 84.1 0~20 89.0

a) Pesticides eluted only to fraction
b) n=1
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(A)

Intensity/arb. units

Intensitylarb. units

Intensitylarb units

Fig. 2-1
(A) Mix standard solution (The amount was each 0.01 ng.)

2950 3
2000
1780
1500 4
3 L 2 5
1250 l L 4
] )
1000 6 78 LU
] 5 1 g l 12 14 15
750 L 13 | 16
] | 1 1 1
5003 L l
260 J\ i i
0l , , ,
1k 14 15 18 2h b 21 25 2b mir
RetentionTime/min
2950
2000
1760 9
1500 3 1 , 6 781
1250 L . 34 5 Lol
] X |
1000 4 10 15
] 11 16
750 L 12, 14 !
] L L 13 | l
500 1
0 LMJJ,MM
1 14 18 18 20 o 2 % 2B min
EetentionTime/min

VR R 15 2b 2 2 o 25 min
EetentionTime/min
1 o-BHC 5 p-BHC 9 o,p'-DDE 13 Endrin
2 y-BHC 6 J-BHC 10 p,p'-DDE 14 o,p'-DDT
3 Heptachlor 7 Heptachlor epoxide 11 Dieldrin 15 p.,p'-DDD
4 Aldrin 8 trans Heptachlor epoxide 12 0 ,p’-DDD 16 p,p'-DDT

Chromatograms regarding the effect of purification by several mini columns

(B) Sample solution of wet type pet food for dogs (purified with Plus Florisil)
(C) Sample solution of wet type pet food for dogs (purified with GC/NH, and Plus Florisil)
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(D) ]
2260
2000
L 170
‘g ] 6 78
‘éwm_E i 2 s L oo 0 15
B 1250 Ly | | IRE: 14 , 16
= ] 13 i »L
£ 10003 ol
e ] L
750
500
250
T
RetentionTime/tmin
) |
2250 3
2000
. 1750
g 1500 3 ) 6 ?T
s 1
B o] 2 5 L Moo 10 15
150 . 34 I LMo e | 16
£ 1000 Loy | 13 l
g ] Y
750
5003
250 _A
T T S e
RetentionTime/min
1 o BHC 5 B-BHC 9 o.,p'-DDE 13 Endrin
2 y-BHC 6 o-BHC 10 p.p'-DDE 14 o0.,p'-DDT
3 Heptachlor 7 Heptachlor epoxide 11 Dieldrin 15 p,p'-DDD
4 Aldrin 8  trans Heptachlor epoxide 12 O,p'-DDD 16 p,p’-DDT

Fig. 2-2 Chromatograms regarding the effect of purification by several mini columns
(D) Sample solution of wet type pet food for dogs (purified with GC/NH, and Vac Florisil 2 g)
(E) Sample solution of wet type pet food for dogs (purified with GC/NH, and Vac Florisil 5 g)

3.6 WiEWE ORET

g AR (RAY = > MG 8 FE, MY = v MG 9fE) ZARIEICE> THHTEITV,
WiEY— 7 O A iR L.

ZORER, KA =y MUTO 4 T op-DDD OREFFIFIICE — 27 BNHEGR S -, E— 27 0
R SN BER A T A7 va~ N7 7 7EESHEFHIM L T, MRIhlv—7 oEth a4
TEMBEMES EEIZARETH 2. L2L, TNHDOE—7 32 TORET o,p-DDD OE
BIRA (FIR) BEICHYTIE—27 0/ 20 %A TORS THo7=Z &b, Zoeshi ket
SEDORAEDE AR D R Y MRS T 2 IR O U 7= LTV, 2O BIED E &4 1
EFLE—7 IO LN o Tz,
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3.7 WHNENNERER

RKAT = N 2 BEEROMH Y = M 2 FEIC, DDT i 6 &% (o,p'-DDD, p,p'-
DDD, o,p"-DDE, p,p'-DDE, o0,p"-DDT }x O p,p'-DDT) ) 122\ TIiE45 20 pg/kg tHY &, Z o0
D FEIRIZ DN TIEA 2 pgkg AU EAZRM L7 2 A WTAREICE Y 5 ST CTERL, [
I R OV UK & f it L7z

ZOFER, Table 11 ® LBV, £TORKTEEBYAGEEORAEE VICED 5 EE KO
JEDFAEZ T2 LT,

B, WNEGREB S ON-rn~ 7T L0 —flE Fig3 IR LT,

Table 11 Recoveries of pesticides from four kinds of wet type pet food

Spike for dog 1 for dog 2 for cat 1 for cat 2
Name level Recoverya) RSD" Recoverya) RSD” Recoverya) RSD" Recoverya) RSD"

(ng/kg) (%) (%) (%) (%) (%) (%0) (%) (%)
a-BHC 2 86.8 3.9 80.8 4.8 91.4 3.0 87.1 2.9
B-BHC 2 88.3 4.0 91.3 3.6 94.7 4.8 88.3 3.9
y-BHC 2 85.7 3.6 82.6 2.5 98.7 5.3 92.4 3.1
0-BHC 2 91.0 4.1 91.5 3.7 94.3 6.2 92.5 3.9
o,p'-DDD 20 89.5 3.1 90.9 3.6 94.2 2.7 87.1 3.3
p,p'-DDD 20 89.8 2.1 93.6 3.5 96.8 22 89.1 3.2
o.,p'-DDE 20 91.0 2.6 91.1 4.4 89.7 2.1 83.5 2.2
p.p'-DDE 20 94.4 3.3 94.6 4.0 89.1 3.3 81.6 2.8
o,p'-DDT 20 93.8 2.5 97.1 2.1 89.5 3.0 88.1 2.8
p.p'-DDT 20 93.7 2.8 94.9 3.5 95.5 3.4 95.5 3.2
Aldrin 2 78.1 7.6 71.7 5.6 84.9 5.9 75.4 3.9
Endrin 2 84.5 5.1 89.9 4.5 73.0 6.1 73.8 5.9
Dieldrin 2 86.1 4.3 83.6 5.6 79.9 5.9 74.2 4.1
Heptachlor 2 82.5 4.5 87.0 2.9 87.7 3.2 80.6 3.5
Heptachlor epoxide 2 90.6 3.2 88.1 1.6 938 5.0 77.3 4.5
trans -Heptachlor epoxide 2 88.6 3.6 85.9 1.8 95.8 3.2 84.1 4.0

a) Mean (n=5)
b) Relative standard deviation of repeatability
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(A) 10
. 12nnn—: 15
g 1 9 1
£ 10000 1 12 14 16
E ] Lol
2 o0 ]
k= 1
6000
] 1
4000 1 2 3 4 6 78
] Lol 1 > 1o 1 13
2000 J l 1
] 1
! Qb 2‘4 2:5 mln
RetentionTitne/min
( B ) 10
14000 |
12000 4 1 5
10000 4 ]
g 1 12 14
5 8o
B
2 o0
|
400
11
2000 4 l
! 25 rmnI
RetentionTime/min
( C) 14000 -
] 10
12000 l
a8 ] 15
T 1000
£ ] 9 12 14
E so00 1
,‘5.9 suuu—f
4000 - 6
2000
. ]
RetentionTime/min
1 a-BHC 5 p-BHC 9 o,p-DDE 13 Endrin
2 y-BHC 6 o-BHC 10 p,p'-DDE 14 o0,p'-DDT
3 Heptachlor 7 Heptachlor epoxide 11 Dieldrin 15 p.,p'-DDD
4 Aldrin 8  trans Heptachlor epoxide 12 0 P '-DDD 16 p.p "-DDT

Fig. 3  Chromatograms of standard and sample solution in recovery test
(A) Mix standard solution (The amount were 0.2 ng for No0.9,10,12,14,15 and 16 (6 kinds of DDTs) and 0.02
ng for other 10 pesticides.)
(B) Sample solution of wet dog food spiked 6 kinds of DDTs at 20 pg/kg and other 10 pesticides at 2 pg/kg.
(C) Sample solution of wet cat food spiked 6 kinds of DDTs at 20 pg/kg and other 10 pesticides at 2 pg/kg.
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3.8 EE FREUHH TR

RIEOERETREOCHRH FTRZ#ERT H720, BMEGRBRICE VAL E—2 O SN I,
B 56 e OV URS & SR oD 7.

TORER, BoNT-E—27 O SN 10 LLEE 722 EE, &KV p,p-DDT T, 1 ugkg T
BV, SNHN3ILLEERDIREEIL 0.3 ngkg Tho 7z,

MR DTZHIZ, RAY =y MG KOMAY =y FMERIZHREL L TEREN 1 pgkg Y
BEAEWML, RECH-T 5 ROMTONT 2 EK L7z, & OFYEIE K OHR LR E T,
Tablel2 D LBV TH VY L@ S OMEE "ICED 5 EE R UK EOKEZ - LT
7.

PLEDORER NG, RIEICELHEE TRRIE 1 ngkg, HHTIRIZ 0.3 pgkg EHELINT-.

Table 12  Recoveries at the level of limit of quantitation from two kinds of wet type pet foods

Spike for dog for cat
Name level Recovery” RSD” Recovery” RSD"
(ng/kg) (%) (%) (%) (%0)
a-BHC 1 88.3 3.6 88.5 3.1
p-BHC 1 94.9 6.1 99.5 2.9
y-BHC 1 90.9 5.0 88.6 4.2
0 -BHC 1 82.4 8.4 90.9 5.5
o,p'-DDD 1 106 12 95.4 9.8
p.p'-DDD 1 92.6 5.9 94.7 5.7
o,p'-DDE 1 98.4 3.9 95.4 1.5
p.p'-DDE 1 98.8 53 83.9 12
o,p'-DDT 1 97.1 1.4 97.5 1.0
p.p'-DDT 1 99.0 8.2 104 2.2
Aldrin 1 58.2 17 76.6 16
Endrin 1 91.4 10 81.9 7.2
Dieldrin 1 92.2 4.1 90.6 3.8
Heptachlor 1 96.5 6.4 71.6 11
Heptachlor epoxide 1 86.9 8.9 73.0 11
trans -Heptachlor epoxide 1 93.4 5.5 70.7 8.9

a) Mean (n=5)

b) Relative standard deviation of repeatability

3.9 Xt — 7 EMEROMRE

KEZEIVH/ONL 70~ M7 T AIBTLIFREONRE—27IIWPTHLZ e, Fof
E— 7 BxtG e — 7 OFFICHBL L EEIIERDPRERGENH L. 20X 97054, FiED
EOXYET =D T LAEHNTINLDOE—7 OHBLIEERCOBRIR 2R L, EMERVER
NARESI L7z, 3.7 THARAZu~ 971 iL Ry =y PRSI BEOWH Y = v b
B 1 FOREHAKE 5 %Y 7 2=1—95 %Y AFLRY vuaxHhra—TF 47 (Agilent
Technologies # DB-5, N 0.25mm, KX 30m, BEE 025um) 7 L% E LA 7~ |
T 7 LTI~ NS T A RS B, A ua~ NI 7 OMESRMIIARIEICE T,
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FERILFig. 4 0BV THY, TFEOKME —7 LG — 27130 T AORMEIZ L0 HBIRERI 2
BlL, EE—27 130T 22 LRI, £, EEOMEIT Table 130 L B0 THY B
HREIERG O, ZAbDZ b, RIEZIVFREPREINTZES, FvyET7 U —
1T L% DBSIZERL, RKiEOH A7 a~ N7 I 7OMEFMFICEIVEONE/a~ NI T A
ERHWDHZLICL D KBEEOEEROEENATRE LB 2 b,

] 1
14000 n
1 14
12000
- ] 9 l15 16
g 1000 1 12 1 1
g ] !
E 80004
g ]
e snun—: . 3 ,
P T > 6 18 =
1.2 1 l . l 13
R T S S S T
EetentionTimelnin
1 a-BHC 5 p-BHC 9 o,p'-DDE 13 Endrin
2 y-BHC 6 J-BHC 10 p.,p'-DDE 14 0.,p'-DDT
3 Heptachlor 7 Heptachlor epoxide 11 Dieldrin 15 p.,p'-DDD
4 Aldrin 8  trans Heptachlor epoxide 12 o.,p -DDD 16 p.p "-DDT

Fig. 4 Chromatogram of each pesticide used capillary column DB-5

Sample solution of wet dog food spiked 6 kinds of DDTs at 20 pg/kg and other 10 pesticide at
2 pg/kg.



ZoiE R (7= > LS TORMERREEOT A7~ 7T 7 (ECD) 12X 2% FRFERE 103

Table 13  Recoveries of pesticides from wet type pet food used capillary column DB-5

Spike for dog for cat
Name level Recovery” RSD” Recovery” RSD”
(ng/kg) (%) (%) (%) (%)

o-BHC 2 86.8 2.3 85.4 6.2
B-BHC 2 97.5 4.4 99.1 3.9
y-BHC 2 93.7 3.1 94.8 7.2
¢ -BHC 2 97.2 6.0 95.7 6.7
o,p'-DDD 20 92.1 3.5 91.3 6.3
p.p'-DDD 20 109 2.7 111 4.3
o,p'-DDE 20 92.7 3.8 94.2 4.8
p.p'-DDE 20 92.5 3.6 93.0 5.0
o,p'-DDT 20 87.7 5.6 88.8 5.7
p.p'-DDT 20 118 4.4 116 4.4
Aldrin 2 70.1 1.5 85.2 5.4
Endrin 2 99.6 6.2 103 9.4
Dieldrin 2 94.8 5.6 99.2 4.1
Heptachlor 2 99.3 9.6 98.1 5.8
Heptachlor epoxide 2 102 8.3 95.6 5.7
trans -Heptachlor epoxide 2 90.0 7.2 86.3 3.2

a) Mean (n=3)
b) Relative standard deviation of repeatability

3.10  H:[EEER

KEOHBEEZRET 220, @k X2 FERBREZ Em L2, RRAAY = v MG A,
AR Y = NS B ROREAHY = > MG ¢ ZHWT, MHEAR RSS2 —,
MSZATBOE N BMOKEN & 2 2Bt o % — BE Rk 2 AR, FELits 2 —, A4 hERE S
H—, RfFE L Z— RO T v 2 — (G 6 RBR=) ICB W TARIEICHE - THFEDHT £ i L
7. BRBREL O THAMN Lo REHO IR A IR 2 —E & RN 1T AR@%E) wm Lo Aricfit
T5HZ L& LT

BHC JHIZ DWW T Table 15205 18 D LBV TH Y, 7= v NGO K OE&RME
MY EAZRIM L7, oa-BHC OFH AN BHC HOMOWE & il L CTRVWMEBNIZ B - 7228,
BHC $i 4 ME & HICENKOEMHEREE IR TH Y, ERITZIEWY HE RS Ok
9 BEITE W B IR KOS o BAZfE &7 Lz,

DDT JEHIZ DWW TIL Table 1922524 DL B0 THY, v v MU FOLMEM, ©ERE L
OERRFUEDO 2 EHYELRM L. RAY = v MG TEEEUED 97.0 ~ 110 % TH Y i
[ & 72 DAE S HER SN, B o= fERiE DDT o 2WE ©HIE L 3 5 [BILEE K OFE &
il L7z,

KU HEIZ DWW TIL Table 25 725 27 LBV THY, 7= v NG HOFEER &K OVE &R
EEYEZBRM L. TR COREIERRRKH Y = v ML A IZBWTRICKLS, RbHIK
WHIEE TIZEULR A 48.5 % THh o7, HFERBRICHWZRE KA Y = v ML A 13, BFt
OHTEMEGREBIC AW ZFE TlRRA 20 L E—8dn (g e > b R OECEHE®E B 1351)
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TH DD, BIEGRERIZ B W T HAREICE O 23R STV 5D, 2 HREIEO K I,
BETOHF THRAH 2 OREHHICE TN DD L > TRIEDEBRIEB W TEENELCTWD HO
LEZoNTR, EFERBRICHWER KA Y =y MG A TIEEOBEPMBBEE ThoTo LB X
bihiz. =2 RY VKR T 4V R AZBWTHRIZRGTHY, TR ORI
RTIEIHD DD BEL T 2RI O E 2l 72 L7z

ANT X7 A VEIZOWTIE Table 28 25 30 DBV THY, vy MUK FOBE LZFOHE
Hefl, FEEMRIEA Y EROCERRMEO 2 MHEHEYEZRIM LT, ~TZ 7 aVEORWE L b
WCEAMVPEMBEEEIRGFCTHY, BEETAHREINELOEEEZT- L.

SEZEOD, FRBRECHEHA LT A~ 87T 7 OB % Table 14 (2R L7T-.

Table 14 Instruments used in the collaborative study

GC col
Lab. No. Instrument ) C(? u@
(i.d.xlength,Filmthickness)
) ) Agilent Technologies DB-1701
1 Agilent Technologies 6890N )
(0.25 mm 1.d.x30 m,0.25 pm)
) ) Agilent Technologies DB-1701
2 Agilent Technologies 6890N .
(0.25 mm i.d.x30 m,0.25 pm)
) ) Agilent Technologies DB-1701
3 Agilent Technologies 6890N )
(0.25 mm 1.d.x30 m,0.25 pm)
) ) Agilent Technologies DB-1701
4 Agilent Technologies 6890N .
(0.25 mm i.d.x30 m,0.25 pm)
5 SHIMADZU GC-17A" Agilent Technologies DB-1701
Agilent Technologies 6890N" (0.25 mm i.d.x30 m,0.25 pum)
) ) Agilent Technologies DB-1701
6 Agilent Technologies 6890N

(0.25 mm 1.d.x30 m,0.25 pm)

a) It was used to study of sample dogs B .
b) It was used to study of sample dogs A and cats C .
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Table 15 Results of collaborative study (a-BHC)
Pet food types (wet type for)
Laboratory No. dogs A dogs B cats C
(ng/ke) (ngrkg) (ng’kg)
1 1.39 1.49 0.703  0.700 1.41 1.33
2 1.35 1.52 0.664  0.626 1.68 1.50
3 1.30 1.23 0.647  0.664 1.21 1.25
4 1.44 1.44 0.715  0.676 1.52 1.55
5 1.34 1.51 0.709  0.691 1.42 1.29
6 1.83 1.78 0.870  0.890 1.59 1.71
Spiked level (ng/kg) 2 1 2
Mean value * (ng/kg) 1.47 0.713 1.45
Recovery Y (%) 73.4 71.3 72.7
RSD:” (%) 5.4 2.6 5.4
RSDr” (%) 13 12 12
PRSDr " (%) 2 22 2
HorRat 0.58 0.55 0.53

a) n=12

b) Relative standard deviation of repeatability within laboratory

¢) Relative standard deviation of reproducibility between laboratories

d) Predicted relative standard deviation of reproducibility between laboratories calculated

from the modified Horwitz equation

Table 16  Results of collaborative study (8-BHC)
Pet food types (wet type for)
Laboratory No. dogs A dogs B cats C
(ng/kg) (ng/kg) (ng/kg)
1 1.66  1.67 0.929  0.871 1.67  1.59
2 1.88  1.96 1.02 1.02 201 2.03
3 198  1.96 1.03  0.929 203 1.99
4 191 188 0.982  0.931 1.89  1.82
5 172 1.87 1.09 1.00 193  1.85
6 2,12 2.14 1.14 1.16 2.00  2.07
Spiked level (ng/kg) 2 1 2
Mean value (ng/kg) 1.90 1.01 1.91
Recovery ¥ (%) 94.8 101 95.4
RSD:" (%) 2.7 4.4 2.4
RSDr” (%) 8.5 9.1 8.3
PRSDr * (%) 22 22 22
HorRat 0.39 0.41 0.38

a) n=12

b) Relative standard deviation of repeatability within laboratory

¢) 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 17  Results of collaborative study (y-BHC)
Pet food types (wet type for)

Laboratory No. dogs A dogs B cats C
(ng/kg) (ng/kg) (ng/kg)
1 147 1.58 0.828  0.792 153 1.48
2 146 155 0.746  0.709 1.80  1.64
3 157 1.52 0.803  0.772 150  1.54
4 1.51  1.48 0.828  0.786 1.65  1.66
5 147 1.64 0.848  0.771 .66 1.51
6 198 191 0.960  0.960 178 1.84
Spiked level (ng/kg) 2 1 2
Mean value ¥ (ug/kg) 1.60 0.817 1.63
Recovery * (%) 79.8 81.7 81.6
RSD;” (%) 43 3.8 42
RSDr ? (%) 1 9.8 7.8
PRSDr ¥ (%) 22 22 22
HorRat 0.51 0.44 0.36
a) n=12

b) Relative standard deviation of repeatability within laboratory
¢) Relative standard deviation of reproducibility between laboratories
d) Predicted relative standard deviation of reproducibility between laboratories calculated

from the modified Horwitz equation

Table 18  Results of collaborative study (6-BHC)
Pet food types (wet type for)

Laboratory No. dogs A dogs B cats C
(ng/kg) (ng/kg) (ng/kg)
1 147 1.55 0.660  0.624 147 1.33
2 162 1.65 0.794  0.710 195  1.85
3 175 175 0.941  0.894 1.61 160
4 178 172 0.811  0.791 172 1.69
5 153 1.62 0.710  0.683 157 1.51
6 183 1.84 0.980  0.980 1.83 191
Spiked level (ug/kg) 2 1 2
Mean value * (ug/kg) 1.68 0.798 1.67
Recovery * (%) 83.8 79.8 83.5
RSD;” (%) 2.4 3.9 3.5
RSDr ? (%) 7.5 16 12
PRSD: ¥ (%) 22 22 22
HorRat 0.34 0.75 0.54
a) n=12

b) Relative standard deviation of repeatability within laboratory
¢) 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 19  Results of collaborative study (o,p” -DDD)
Pet food types (wet type for)
Laboratory No. dogs A dogs B cats C
(ng/kg) (ngkg) (ng/kg)
1 19.0 18.3 1.05 0.955 1.75 1.58
2 21.5 21.2 1.11 1.16 2.02 2.00
3 22.5 22.7 1.14 0.951 1.99 2.21
4 19.2 19.5 1.11 1.10 1.97 1.99
5 18.9 21.3 1.10 1.14 1.98 1.93
6 21.4 21.7 1.17 1.16 1.95 2.18
Spiked level (ug/kg) 20 1 2
Mean value * (ug/kg) 20.6 1.10 1.96
Recovery Y (%) 103 110 98.1
RSD;” (%) 3.6 5.8 5.3
RSDg ? (%) 7.7 6.9 8.8
PRSD: ' (%) 2 2 22
HorRat 0.35 0.31 0.40

a) n=12

b) Relative standard deviation of repeatability within laboratory

¢) Relative standard deviation of reproducibility between laboratories

d) Predicted relative standard deviation of reproducibility between laboratories calculated

from the modified Horwitz equation

Table 20  Results of collaborative study (p,p’-DDD)
Pet food types (wet type for)
Laboratory No. dogs A dogs B cats C
(ng/kg) (ng/kg) (ng/kg)
1 195 182 1.02  0.866 1.71 1.55
2 214 217 0.830  0.908 1.96  1.85
3 22.2 22.6 1.16 1.04 1.90 2.12
4 19.6 19.3 0.981 0.991 1.93 1.98
5 18.2 19.8 1.10 1.14 2.08 2.02
6 213 20.6 1.08 1.12 1.97  2.06
Spiked level (pg/kg) 20 1 2
Mean value * (ug/kg) 20.4 1.02 1.93
Recovery * (%) 102 102 96.4
RSD;” (%) 6.1 4.8
RSDr ? (%) 11 8.7
PRSD: ¢ (%) 22 2 22
HorRat 0.50 0.40
a) n=12

b) Relative standard deviation of repeatability within laboratory

¢) 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 21  Results of collaborative study (o,p’-DDE)
Pet food types (wet type for)
Laboratory No. dogs A dogs B cats C
(ng/kg) (ng/kg) (ng/kg)
1 180  17.9 0.983  0.899 1.64  1.54
2 204 203 0.957  0.922 2.00 1.86
3 220 215 1.07  0.902 1.81 201
4 168  17.6 0.914  0.851 .72 173
5 181  19.8 1.05 101 2.00 191
6 20.1 202 117 1.17 1.82  1.87
Spiked level (ug/kg) 20 1 2
Mean value ” (ng/kg) 19.4 0.991 1.83
Recovery (%) 97.0 99.1 91.3
RSD;” (%) 2.9 5.9 45
RSDr ? (%) 8.9 11 8.4
PRSD: ¥ (%) 22 2 2
HorRat 0.40 0.50 0.38

a) n=12

b) Relative standard deviation of repeatability within laboratory

¢) Relative standard deviation of reproducibility between laboratories

d) Predicted relative standard deviation of reproducibility between laboratories calculated

from the modified Horwitz equation

Table 22  Results of collaborative study (p,p’-DDE)
Pet food types (wet type for)
Laboratory No. dogs A dogs B cats C
(ng/kg) (ng/kg) (ng/kg)
1 189  18.4 1.07  0.935 .76 1.68
2 19.7 209 0.849  0.808 1.94  1.86
3 215 21.7 111 0.949 .73 1.97
4 17.4 177 1.06  1.04 1.88  1.92
5 17.4  19.5 1.09  1.08 2.04  1.93
6 201 20.7 .14 1.17 1.97  2.06
Spiked level (pg/kg) 20 1 2
Mean value ¥ (ug/kg) 19.5 1.03 1.89
Recovery * (%) 97.5 103 94.7
RSD;” (%) 3.8 6.2 4.7
RSDr ? (%) 8.2 12 6.5
PRSD: ¥ (%) 22 2 22
HorRat 0.37 0.53 0.29

a) n=12

b) Relative standard deviation of repeatability within laboratory

¢) 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 23  Results of collaborative study (o,p-DDT)
Pet food types (wet type for)

Laboratory No. dogs A dogs B cats C
(ng/kg) (ngkg) (ngkg)
1 190 17.5 .19 1.05 1.94 178
2 205 20.9 0.840  0.849 1.89  1.84
3 230 233 120 1.02 1.99 227
4 177 17.9 0.833  0.871 176 1.74
5 178 19.6 .00 1.05 211 2.16
6 212 202 118 117 196  2.06
Spiked level (ug/kg) 20 1 2
Mean value ¥ (ug/kg) 19.9 1.02 1.96
Recovery (%) 99.4 102 97.9
RSD;” (%) 3.8 6.7 5.1
RSDr ? (%) 1 15 8.9
PRSD: ¥ (%) 22 22 2
HorRat 0.48 0.67 0.40
a) n=12

b) Relative standard deviation of repeatability within laboratory
¢) Relative standard deviation of reproducibility between laboratories
d) Predicted relative standard deviation of reproducibility between laboratories calculated

from the modified Horwitz equation

Table 24  Results of collaborative study (p,p’-DDT)
Pet food types (wet type for)

Laboratory No. dogs A dogs B cats C
(ng/kg) (ng/kg) (ng/kg)
1 19.8 182 0.954  0.896 1.69  1.67
2 205 205 0.709  0.696 1.86  1.69
3 228  23.9 127 116 203 2.39
4 179 187 .00 1.02 175 1.81
5 17.1 187 1.00  1.04 211 2.25
6 216 20.4 1.19 118 202 2.19
Spiked level (ug/kg) 20 1 2
Mean value ¥ (ug/kg) 20.0 1.01 1.96
Recovery * (%) 100 101 97.8
RSD:” (%) 42 3.8 6.8
RSDg ? (%) 11 19 13
PRSD: ¥ (%) 22 22 22
HorRat 0.48 0.85 0.59
a) n=12

b) Relative standard deviation of repeatability within laboratory
¢) 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 25  Results of collaborative study (Aldrin)
Pet food types (wet type for)
Laboratory No. dogs A dogs B cats C
(ng/kg) (ng/kg) (ng/kg)
1 1.22 1.25 0.839  0.791 1.49 1.41
2 1.16 1.28 0.724  0.670 1.67 1.54
3 1.25 1.22 0.656  0.671 1.24 1.26
4 1.35 1.35 0.793 0.738 1.57 1.55
5 0.970 1.24 0.856  0.881 1.60 1.45
6 1.37 1.28 0.880  0.870 1.62 1.62
Spiked level (ug/kg) 2 1 2
Mean value ¥ (ug/kg) 1.25 0.781 1.50
Recovery * (%) 62.3 78.1 75.1
RSD;” (%) 7.2 3.5 42
RSDr ? (%) 8.7 12 9.5
PRSDr ¥ (%) 22 22 22
HorRat 0.39 0.53 0.43
a) n=12
b) Relative standard deviation of repeatability within laboratory
¢) Relative standard deviation of reproducibility between laboratories
d) Predicted relative standard deviation of reproducibility between laboratories calculated
from the modified Horwitz equation
Table 26  Results of collaborative study (Endrin)
Pet food types (wet type for)
Laboratory No. dogs A dogs B cats C
(ngkeg) (ng/kg) (ng/kg)
1 1.97 1.80 1.25 1.08 1.91 1.77
2 1.75 1.80 0.998 0.882 2.10 2.04
3 2.18 2.22 1.18 1.02 1.93 1.94
4 1.98 1.87 1.06 1.08 1.98 2.00
5 1.82 1.93 1.27 1.17 2.05 2.13
6 2.34 2.35 1.06 1.10 2.09 2.14
Spiked level (ng/kg) 2 1 2
Mean value ¥ (ug/kg) 2.00 1.10 2.01
Recovery (%) 100 110 100
RSD;” (%) 3.5 7.5 2.6
RSDr ? (%) 1 10 5.6
PRSDr ¥ (%) 22 22 22
HorRat 0.51 0.46 0.25
a) n=12

b) Relative standard deviation of repeatability within laboratory

¢) 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 27  Results of collaborative study (Dieldrin)
Pet food types (wet type for)
Laboratory No. dogs A dogs B cats C
(ng/kg) (ng/kg) (ng/kg)
1 1.66 1.62 0.978  0.920 1.75 1.62
2 1.65  1.69 0.834  0.790 1.86  1.85
3 2.08 2.12 1.13 0.995 1.91 1.88
4 1.90  1.87 0.992  1.01 191  1.94
5 1.75 2.03 1.12 1.12 2.05 1.98
6 220  2.16 1.00 1.05 2.04 216
Spiked level (ng/kg) 2 1 2
Mean value * (ug/kg) 1.89 0.995 1.91
Recovery * (%) 94.7 99.5 95.6
RSD;” (%) 45 4.7 3.0
RSDr ? (%) 12 11 7.7
PRSDr ¥ (%) 22 22 22
HorRat 0.54 0.51 0.35

a) n=12

b) Relative standard deviation of repeatability within laboratory

¢) Relative standard deviation of reproducibility between laboratories

d) Predicted relative standard deviation of reproducibility between laboratories calculated

from the modified Horwitz equation

Table 28  Results of collaborative study (Heptachlor)
Pet food types (wet type for)
Laboratory No. dogs A dogs B cats C
(ng/kg) (ngkg) (ng/kg)
1 170 1.70 0.981  0.885 1.65  1.54
2 .42 1.54 0.756  0.710 170 1.62
3 2.04  1.95 0.828  0.820 1.59  1.61
4 171 174 0.880  0.818 1.74 179
5 1.66  1.82 1.05 1.03 1.79  1.79
6 1.93  1.93 1.00 1.02 1.79  1.87
Spiked level (ng/kg) 2 1 2
Mean value ¥ (ug/kg) 1.76 0.898 1.71
Recovery (%) 88.1 89.8 85.3
RSD;” (%) 3.6 4.1 2.8
RSDr ? (%) 1 13 6.3
PRSD: ¥ (%) 22 2 22
HorRat 0.49 0.61 0.28

a) n=12

b) Relative standard deviation of repeatability within laboratory

¢) 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 29  Results of collaborative study (Heptachlor epoxide)
Pet food types (wet type for)
Laboratory No. dogs A dogs B cats C
(ng/kg) (ng/kg) (ng/kg)
1 1.66 1.67 0.894  0.836 1.63 1.56
2 1.75 1.81 0.825  0.811 1.98 1.81
3 2.01 1.97 1.00 0.887 1.77 1.79
4 1.81 1.84 0.941 0.945 1.86 1.88
5 1.52 1.66 1.15 1.11 1.39 1.32
6 1.89 1.86 1.06 1.14 1.72 1.75
Spiked level (ng/kg) 2 1 2
Mean value ¥ (ug/kg) 1.79 0.967 1.70
Recovery * (%) 89.4 96.7 85.2
RSD;” (%) 2.6 4.8 3.4
RSDr ¥ (%) 8.3 13 12
PRSD: ¢ (%) 22 22 22
HorRat 0.38 0.61 0.55
a) n=12
b) Relative standard deviation of repeatability within laboratory
¢) Relative standard deviation of reproducibility between laboratories
d) Predicted relative standard deviation of reproducibility between laboratories calculated
from the modified Horwitz equation
Table 30  Results of collaborative study (trans-Heptachlor epoxide)
Pet food types (wet type for)
Laboratory No. dogs A dogs B cats C
(ng/kg) (ng/kg) (ng/kg)
1 1.68 1.66 0.914  0.850 1.65 1.57
2 1.71 1.74 0.815 0.834 1.97 1.85
3 2.00 2.00 1.06 0.913 1.82 1.84
4 1.79 1.76 0.937  0.909 1.81 1.91
5 1.69 1.78 1.17 1.14 1.88 1.83
6 1.92 2.00 1.11 1.17 1.57 1.65
Spiked level (ug/kg) 2 1 2
Mean value ¥ (ug/kg) 1.81 0.985 178
Recovery * (%) 90.5 98.5 88.9
RSD:” (%) 2.1 5.1 3.2
RSDr ? (%) 7.6 14 7.8
PRSD: ¥ (%) 22 22 22
HorRat 0.35 0.65 0.36
a) n=12
b) Relative standard deviation of repeatability within laboratory
¢) 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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4 F&EOH
ZEEYREE R O 16 FEOAHIEF R (BHC 4 4 fiH (e-BHC, B-BHC, y-BHC KUY 5-

BHC) , DDT %8 6 % (o,p'-DDD, p,p’-DDD, o.,p'-DDE, p,p'-DDE, o,p'-DDT XU pp'-DDT) ) ,

RUCHEIFME (TR, 2 RUUVKOT 4V RY V) ROINT 27 a VE3 FEE (~T7 X

g, NFEITaLTRFY RED trans-~7 X 7 0 )L TIRF T R) ([ZO0WT, T A®G%EE

KA A v~ 877 712X HREREEEZMRG L, ZoiEhW HE B O ik~ H o "l 51

DWTHHLIZE Z A, ROFREHT-.

1) MR L2 TOREKORERIL 0.005~0.5 ng fHY & (FEA&EE LT 0.005~0.5 ng) OFiPH CHE
MrEE R LT,

2) v=v NUEOMMBRKRE, fMHEEZ 50 mL DL FICHEME L2k, ~F 0 —Eigo T (1+1)
A TR A TELT D 2 &2 X0 KRGy B OUKIEMER MM DS BRE S AL, TR 2 B ERE o 283k & —
NNV a DR EEIETE.

3) ZAMESA YT LI T ATIE, ~FH 2 100mL TETOEENEH L.

4y FNVREZ o~ N7 T 7 TEREHES 75~100 mL TR T ORISR L.

5) S=HTACEAREIC T T T 7,4 A=Ky /T FaE by ) hALVERE S =
717 2 (500 mg/500 mg) RMOGM T A~ 7 XU LI=AT7Lh 5g) ZHNLZEICEY+
SIRERBN R RGBTz,

6) RBIEOZAMAZMET2ORM Y =y M 2 BEAOMMA Y =~ MG 2 fHIC DDT
JE 6 FSEIC DWW T4 20 pg/kg HHY &, Z ORI 10 IOV TIEA 2 pgkg Y EE IR
MUTGERORHAY = MG 1 BEEEOMH Y = v M | BRI TOREL L 1 ngke
FHY BRI L 72556 ORINEINGRER 2 i L 72558, W oEa TH e ToREKETEIEIYH
FAEHE O RAEIEIZE D D EE RO E A7z LTz,

7)) KRB LDEETRIISERES I, B R%) #T 1 pgkg , B TRIT 03 pgkg TH
> 7.

8) KMEE—ZICKVEMEITEERNHEERGE, TAI/a~ N7 70F% v 7 ) —HT7 L%
DB-5IZZEH L, KEOWEFRMHIZEIVPET 22 LICE 0 EEKWVERNAGEEZ X b,

9) AIEOHINELZHRT 27O RMY =y MG 2 FELOMH 7 = v MG 1 FEE AT
6 MBREIZB W TAREBICHEWILFERER 2 F0E L=, £ OfE, BHC ¥ 4 IOV T, &R
BHOEEN JF#) T 1~2 pgkg N EZRIM LI E Z A EHEIERIT 71.3~101 %, < ORI
UAEE K O EHBIREE T2 Z AR R 2 (RSD, XUV RSDr) & LT 5.4 %M 16 %L T
ToH Y, HorRat (X 0.34~0.75 T o7-. DDT ¥ 6 FIHIZ OV TIX, HEHIRE (JFY) T
1~20 pg/kg M EZIRIM LT & 2 A EHEIEIL 91.3~110 %, F DMK UREE & OV W BB
FEIZZNZH RSD, KT RSDg & LT 6.8 %K% N 19 %LLFTH Y, HorRat (X 0.29~0.85 TH - 7-.
RUVHEHIFE (TARY Y, Z RUVROT 4L R 2) 22T, KalHaaer (R9)
HC 1~2 pg/kg FHE EA IR LTZ & 2 A B EIER I 62.3~110 %, 2 OffR UG K OV [ fR 8l
FEEILZE NI RSD, L OV RSDr & LT 7.5 %K TN 12 %LLFTH Y, HorRat % 0.25~0.54 TH -
oo ~"TEI7aVE 3 EE (AT X an, ~NTE7aLIREx Y REOD trans-~7" 4 7 A )L
RETR) o0 TiE, AREHZEE (F#) H T 1~2 pgkg IS EZRM L= & 2 A FHENY
FX 85.3~98.5 %, T ORI UK K OVER B EEIXZZ 4 RSD, XK' RSDr & LT 5.1 %K
14 %L FToHh Y, HorRat % 0.28~0.65 T~ 7=.
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Simultaneous Determination of Glyphosate, Glufosinate and
their Metabolites in Pet Foods by LC-MS/MS

Toshiaki YAMATA ™ and Satoshi YOSHIMURA

(! Food and Agricultural Materials Inspection Center, Kobe Regional Center
(Now Fertilizer and Feed Inspection Department),

"2 Food and Agricultural Materials Inspection Center, Kobe Regional Center)

An analytical method was developed to determine levels of glyphosate, glufosinate and their
metabolites in pet food using liquid chromatograph-electrospray ionization-tandem mass
spectrometer (LC-ESI-MS/MS).

Pet foods were spiked with glyphosate-13C2,15N. Glyphosate (GLYP), (aminomethyl) phosphonic
acid (AMPA), glufosinate (GLUF) and 3-(methyl phosphinico) propionic acid (MPPA) were
extracted with water. The extract was purified with two types of solid phase extraction mini
columns (Oasis HLB and MCX from Waters; Milford, MA, U.S.). Then the compounds were
derivatized with trimethyl orthoacetate. The sample solution was further purified with two other
types of SPE mini columns (Sep-pak Plus NH; and Silica from Waters) and injected into the LC-
MS/MS. The LC separation was carried out on ODS column (ZORBAX Eclipse XDB-C18, 4.6
mm i.d. X 150 mm, 5 pm from Agilent Technologies Inc.; Santa Clara, CA, U.S.) using 0.01 v/v%
formic acid solution-acetonitrile (93:7 v/v) as a mobile phase. In MS/MS, positive mode
electrospray ionization (ESI+) was used. The determined value of GLYP was corrected with the
recovery rate of GLYP-13C2,15N.

Spike tests were conducted on pet food. Dry dog food, dry cat food and semi-dry dog food were
spiked with 1 or 15 mg/kg of GLYP, AMPA, GLUF and MPPA. Wet dog and cat food were
spiked with the same compounds at 0.5 or 2.5 mg/kg and 0.5 or 3.5 mg/kg, respectively.
Recoveries ranged from: 88.2 % to 102 % for GLYP, 56.1 % to 110 % for AMPA, 88.3 % to 102 %
for GLUF and 81.9 % to 98.2 % for MPPA. The relative standard deviations of repeatability
were not more than: 8.9 % for GLYP, 22 % for AMPA, 10 % for GLUF and 11 % for MPPA,
respectively.

A collaborative study was conducted in ten laboratories using pet food spiked with GLYP,
AMPA,GLUF and MPPA in the following quantities: dry dog food: 2 mg/kg of GLYP or AMPA or
5 mg/kg of GLUF or MPPA; dry cat food 15 mg/kg of GLYP or AMPA or 2 mg/kg of GLUF or
MPPA; semi-dry dog food: 7 mg/kg of GLYP or AMPA or 2 mg/kg; of GLUF or MPPA; wet dog
food: 1 mg/kg of GLYP or AMPA or 2.5 mg/kg and wet cat food: 3.5 of GLYP or AMPA mg/kg or
1 mg/kg of GLUF or MPPA, respectively.

TOMSTATEOE NEMOKEM R At v 4 — et v 2 —, Bl RN SR
OMSTATBOE N BMOKBEWN R L RN X — i v s —
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The range of mean recoveries, repeatability and reproducibility in terms of relative standard
deviations and Horwitz ratio (HorRat) for each compound is reported as follows: GLYP:90.6 to
99.8 % with not more than 7.0 %, 8.7 % and 0.65; AMPA: 73.4 to 92.1 % with not more than 20 %,
24 % and 2.0; GLUF: 93.2 to 112 %, with not more than 15 %, 23 % and 1.6; and MPPA: 90.3 to
98.3 % with not more than 7.8 %, 11 % and 0.83, respectively.

This method was validated and established for use in the inspection of pet food for GLYP, GLUF
and MPPA.

Key words: pet food ; glyphosate ; glufosinate ; liquid chromatograph-tandem mass spectrometer
(LC-MS/MS) ; electrospray ionization (ESI) ; glyphosate-13C2,15N

F—U—F: Xy hT7—=F; ZURY—F; FARIR—F kK n~x N 7o 7807
LRV BINTRE ; =L 7 bu AT b—A A ARk RERAMKE#R 7 U Y — b

= H

1 #%

ZURY— R (BLF [GLYP) LW 9. ) 1E, Frdy M CKE) MBS L7 IR
HRIEREAICTh 5. FDETIIE B AR CRAKOWMH) OBk E LT, 15 pg/lg Ok
WEAZRESNTND VR, ZOERETIHZESNTELT, HENEELR-> TS,

Zoi AR O GLYP OERIEZMRETT 2124720, GEHGEOEREEEZSZE L L.
SRR YE D1Tix, HA 7 v~ b T 7L B RMAERE (LT TR EREE L v
I.) BBDL. LoLlans, ENEMETHL R EOHEENS, MHEABARL I 2 —
D5 TR 20 AEERE T OF EMEFREEELRET DD DOITERE K OCREEFE~DOBITH
BEEEFE) BT, Bk~ 7727207 2REES5HE (BLF TLC-MS/MS] & W
9. ) ERAVEEBMEELERE CIT MBSOt r 2 —ik Lo, ) Z2HRELE Y225
ThHY, ZORMSITE X —EEBRFTORERELE L.

F iz, EEVOHTREENEERORMOTE 2 —EREEOMGEE L TNnH 7 VAT xr— K~ (L
T TGLUF) W9, ) KR 3-AFNAKRAT 4 =a7yub F i (LT IMPPA] 9. ) ~D
BWRIZHOWTHREFFICHF L2, GLUF X, ~F & MMt (FA ) 2SBEIIE U 72 FEE 4R M 38 B gL s Ay
BREFITH Y, MPPA IZZDFEERH#W TH S, TWAETIE, SEMAEGEHZSOWTIX, MPPA #5&
W7~ L LT GLUF OREEMMAHE SN TWD D, ZHdh AAEHZ DV CTIXEEME A 72 0.

—J, GLYP OFXERH#EHY TH DT I ) AFNVHRAKREE (LT TAMPA] Ew)H. ) X, &
LTI D GLYP OERICITEEN WD, 2—F v 7 AEFEBS, BU ERED 5 EIEME I
%% E 7% TIE GLYP 2O AMPA % GLYP I[CHB LI BORMA LB Lo Tn5 Y. Zok
B, KRIED AMPA ~OjE H A REMEIZ DWW T H R L 7-.

BETORER, Bty 2 —E0—fMA2%BET5 2 &L TEREW A& L F O GLYP, GLUF X
NMPPA DEBMNAFETH 712D T, TOMEERET 5.

%3512 GLYP, AMPA, GLUF KUY MPPA D5 % Fig. 1 IZ/R L7,

Tiji
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Glyphosate (GLYP) Glufosinate (GLUF)

HO oH HO
NH,

(2RS)-2-amino-4-[hydroxy(methyl)phosphinoyl] butyric acid

N-(phosphonomethyl)glycine
CsH12NO4sP  MW: 181.1 CAS No.: 51276-47-2

C3HgNOsP MW: 169.1 CAS No.: 1071-83-6
3-(methylphosphinico)propionic acid (MPPA)
O
I

i
HO R—
HZN\/P\\OH Y\/ N oH

OH o

3-(methylphosphinico)propionic acid
C4HoO4sP MW: 152.1 CAS No.: 15090-23-0

(Aminomethyl)phosphonic acid (AMPA)

(aminomethyl)phosphonic acid
CHeNOsP MW: 111.0 CAS No.: 1066-51-9
Fig. 1  Chemical structures of glyphosate, (aminomethyl)phosphonic acid,
glufosinate and 3-(methylphosphinico)propionic acid

2 REBRAE

2.1 OB
) RIABBEOEI BT A 85
mOMPE CTH LI b 0 x v,
MO EsEY AR EZ 7 — RV ae vy —CTX—2 MRIZL7ZH D%

MTROFZTEYHAEEZ 1 mm DA 7 U — o &24EE LT

2) U=y MG
Ay
AW B D FEA D — i % Table 1 [Z/x L7z,
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Table 1

Examples of ingredients of pet foods used in this study

Pet food types

Ingredients

Complete and balanced

dry type for adult dogs

Grains (maize, rice, wheat flour, unpolished rice, etc.), meat (chicken, etc.),
plant protein, oils and fats (palm oil, soybean oil, sunflower oil, etc.),
alimentary fiber (beet pulp), dehydrated protein, soybean, xylose,

vegetables (carrot, tomato), green tea extracts, sodium tripolyphosphate,
powdered milk, vitamins (A, Bi, B,, Bs, Bi2, C, D3, E, choline, niacin,
panthothenate, folic acid), minerals (Zn, K, Ca, Cl, Se, Fe, Cu, Na, Mn, I, P),
amino acids (glycine, methionine, cysteine), preservative (potassium sorbate),
colorant (caramel), antioxidants (mixed tocopherol, rosemary extracts),

pH adjuster

Complete and balanced
dry type for kitten or
cats in pregnancy and

lactation

Grains (corn gluten meal, wheat, cereal bran, etc.), meat (poultry by-product meal,
beef by-product meal, lamb by-product meal, etc.), oils and fats (beef tallow, etc.),
beans (soybean meal, etc.), dehydrated protein, fish (fish meal), tubers (potato),
dairy products (powdered cheeze, powdered milk), vegetables (vegetable meal),
minerals (Ca, P, K, Na, Cl, Fe, Cu, Mn, Zn, I, Se, Co), vitamins (A, D, E, By, B,
panthothenate, niacin, B, folic acid, B2, choline), amino acids (taurine,
methionine), colorant (food red no.2, food red no.102, food blue no.1,

food yellow no.4, food yellow no.5)

Complete and balanced
semi-dry type for adult
dogs

Grains (maize, wheat flour, etc.), saccharides (glucose-fructose syrup, sucrose)
meat (poultry by-product meal, beef by-product meal, powdered white chicken meat,
etc.), animal fat, beans (defatted soybean,powdered soybean, etc.), fish (fish meal,
dried small fish), brewer's yeast, powdered cellulose, vegetables (powdered spinach,
powdered carrot, powdered pumpkin, etc.), powdered cheeze, propylene glycol,
minerals (Ca, Cl, Cu, I, K, P, Zn), emulsifier, preservative (potassium sorbate),

malic acid, colorant (titanium dioxide, food red no. 106, food yellow no.4,

food yellow no.5, food blue no.1), vitamins (A, Bi, B,, Bs, Bi2, D, E, K, choline,

panthothenate), antioxidants (mixed tocopherol, herb extracts)

Complete and balanced

wet type for adult dogs

Meat (chicken, etc.), rice, carrot, maize, plant protein, alimentary fiber,
vitamins (B2, D, E, choline, panthothenate, folic acid), minerals (Ca, Cl, K,
Na, S, Zn), glycine, polysaccharide thickener, pH adjuster,

colorant (ferric oxide, titanium dioxide), coloring agent (sodium nitrite)

Complete and balanced
wet type for adult cats

Pork, beef, wheat gluten, chicken, sardine, powdered soybean,
soybean protein, glucose,minerals, vitamins, amino acids,

thickening stabilizer (processed starch), colorant (ferric oxide, caramel)

22 @ 3K

1) 7'V AW — MEAREFK
VAR — MEAES, (oGl T 38 Wi 99.3 %) 0.1 ¢ Z IEMEICRE > T 100 mL D4 & 7

TAIZAIN, KEMZTENL, FIERETKEMZ T Y A — MEHERKEZRR L -
(ZOW 1mLiE, GLYP E LT lmgZ&AT 5 (£0.994) . ) .
2) T2 AFIVIR AR AR
T X AT IVAR AR RS (FiotpisE TR, M 100.1 %) 0.1 g Z IEfEIZ &> T 100
mL ODEET T AIIZAN, KEMZTHENL, FITERETKEMZTT I AFILHEAR
VEAERER R AR L (Z O ImL X, AMPA L LT 1lmg%2&A75 (£~0.988) . ) .
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3) TIR T p— MMEEERK
TR F— T =7 MMEAES (Dr. Ehrenstorfer 8, #li 94.5 %) 0.05 g % EfEIZ & -
T 50 mL O&®EY 7 A2 AN, KEMX TENL, FIEHRETKEMZ T VER Y F—
MEAEFEAF L7 (Z0@® I1mLlE, GLUF & LT Iimg2&AT5 (£0.895) . ) .
4) 3-AFNHRAT 4 =ar a4 IR
3B-AFNRAT 4 =ar a4 RS (FObMsE TR, §MAE 99.7 %) 0.1 g & 1EREIC
FEHoTI100 mL DEET7 7 AZAN, KEMZTENL, LITERE TKREMZT3-AF L
RAT7 f=a7ua A BEEREZFHL L7 (Z0# 1 mL %, MPPA & LT 1 mg 24 H
3% (~1.00) . ) .
5) LZERNARTREIE 7 ) RV — MR K O\ A A
YR — F-BC,,PN (BLF TGLYP-C,, "Ny &vv9 . ) #E%ER, (Medical Isotopes 4, °C,
M 98 %, N 98 %) 3 mg A EEICE > T 25 mL DERE T T X alZ AN, KEMAZTH
L, BITEEME TREMA TLERMAKTCHETE 7 VA — MEEFRKZRE L (208K
1 mL %, GLYP-"C,,"N & LTO0lmgaahad5 (115 . ) .
W, MO —E R A2 K CEMICAHR L, 1mL T2 GLYP-"C,,"N & LT 10pg 2 & H
T NAEHER A I L 7.
6) EIBEAIEERIK
7 VARV — MEERK, 7R — MEEFRIK, 7 I ) AF VR AR EEERERE L O
3BAFNRRAT7 4 =ara A U BERERKO —ER&EZEAL, TIKTEMIZHRL, 1 mL
112 GLYP, GLUF, AMPA X (X MPPA & L CTZINZI 100 ng =5 H T 5 IR A AR
TR 7.
7)) 0.01 v/v%X BRI
Xfe GRS, 98.0 %L EDOH D) I mLIZ/AKZMATIL &L, BIZZOH 100 mL 12K
ZMZTIL & LT,

8) AKMEOTEr=FIU NI, WKIa~ NI T7HEHW-Z. 78 b KO- T VX, 5%
BRI - PCB RBA A H W o, Fefe X, SRRk A iz, A0 MEEEE R Y A F L, BT
bRk T8 (MiE 98.0 %Ll L) b xEHW -

23 HEROGE

1) k7 a~ 7578 0 F ARVEESHTE
LC #B : Waters . ACQUITY UPLC System
MS 1 - Waters 8 ACQUITY TQ Detector

2) & O HAIMMILER A = —F— MW-DRV

3) OB AREBERTR T — 70 by TE L 4000

4) m—# Y —=x /KL —%— : BUCHI Labortechnik #! Rotavapor R-200 (EZfz> hr—F V-
800 fif )

5) fEHIREZERME 9 S RERTRL SNH-215S  (H 2A%HAY)

6) W5|~=7R—/ K : Waters f{ Extraction manifold

7 VE=AR_RrPr—N-E=itnl FUEBEAKRI =T L (500 mg) : Waters £ Oasis”
HLB 7 — RV v ¥ (U HF—"—% & 6 mL)

8) ANAKUVBEMivE= AL Br—N-E=rvrl) FOEEAEERI =T A (225 mg)
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Waters # Oasis® Plus MCX 7 — U w &
9) T/ Fub A UM U BA LI =H T A (360 mg) : Waters il Sep-Pak”™ Plus NH, 77
—rU w2V —"— (10mL) ZHEMHELZHD
10) Y UHBHFNLI=HF L (690mg) : Waters ! Sep-Pak® Plus Silica #— kU v ¥
24 TEEIFE
1 #h
i) RIAWMBEKROEI R A 8 IHrEREE 100 g 8- T 300 mL ot =f 7T 2=

[Z AL, PIEEYERR 0.5 mL Z EMEICINZ 7=, 7K 200 mL Z %, 60 °C T 2 BER#HE%, 30 5y

MHE v B CHI L=,

MK O —E &% 1,600xg T 10 o OoBEL, EEBAEO—ER&EZ/KTEMRIZ 2.5 %

WAL, BT LB I3 25 0RHEIKR & LT
i) 7=y Mg IHTEEE 10.0 g 28> T 100 mL O LILEE 2 AT, WEEYER 0.25

mL % EfECZ 7=, FIZ/K 50 mL Z00%, 30 /oREY RS T L7=1%, 1,600xg T 10

YREE L L, BB E 200mL DR T T X a2 AhT-.

EDILEAE N O SI2K 40 mL 2Nz, 2 30 B4R B CHi L72#, 1,600xg T

10 sy ODHEL, EBARELOEET 7 AIMA T, BIZZOEELZFEERIC 1 [E

Dk L7z,

ERT T AaADERETKEMNZ, ZOHRO—ER% 5,000xg T 5 ZyiELoyHEL7-#%,

B AIE A K CTIEREIZ 2.5 ISR L, 77 L0 1o+ 2R BRI & Lz,

2) T LALERT

ARV -N-E=rtn ) RUOLBESERI =0T L (500 mg) O FIZ ALK R
Efive=A_XrEBr—N-t=rtrl FOEEGEKRI =D T L (225 mg) ZEFEL, A&
J =6 mL UK 12 mL TIEKRGEHF L. (Ko~ =A—V FZ2EH L, i@ 2~3 mL/min &
L7z. LFREIC. ) .

S50 mL DORTIET T Azl 7 2O TFIZEE, FIAA-MGLAOE I NI 0§ TIEEH
Wi 1 mL, 7=y MU TIERENAIR 2 mL 24 7 LS IEREIC AN, KA T TAAIO i
ICETHECHRESEZ. HICKISmL 247 A%, EEARH S,

MK ZDBEDOKT200mL ORTHT T 222 L, HEE I+ 53BHAKR & LT-.

3) whEAKk

AHEHEIR Z 50 °C AT OKIBTIZ L A LT 5 £ CRIERM L2k, @RV AZE->THz
[# L7z,

FEfZ 1 mL KONV REEEE N U A F 0 4 mL 22 THEREDZEN L, B L TI100 °C T2
BFREINEN L 7= i L, 50 °C LT ORI TIE & A CHET 5 & TR L7-1k, @FE T A
ko CTHZE L7z,

Mg —F /v 4 mL & EfECINZ CTHREDZ R L, 7 DB I3 23R & LTe.

4) T LB

T/ 7ee I b U B SV =T A (360 mg) O FIZVI ATV =T A
(690 mg) ZuEfE L, MfET—F /L 10 mL THEF L (Kolv=A—V FZ2LHL, iE 2~3
mL/min & L7z. BAFREILC. ) .

AEHANK 2 mL 2RSS 7 AICIEREIZAIL, WEZFTETAFO ESZET 5 F Tt S ¥z,
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KRR F L 18 mL & 4 7 MMz, R S8z,

50 L ORFTIBET7 7 Aa%2 7 LD FICESE, T 10 mL 25 7 AT, KB F
TAAID EEsIZET 2 F TH R LT GLYP 58K, AMPA #FE/K MK Y MPPA 8k Z2 i &
.

Wi, 772 7abe Uik YV AFNVI =7 5%I1ET L, 7 =K (19+1) 10
mL %Y 7V =5 T AT Z T MPPA #%38 (K & ON GLUF # 8K 2 5 H S H 7.

WK % 50 °C LL N ORI TIlZ & A EHilE 3 25 £ CTRITERME Lk, ERT AL ko Tzl
L7z, 0.01 v/v% XK 2 mL & IEFEICINZ TR AR L, K7~ N7 7807 M
BB B HTRHC X D MEICHET 23 EAIR & L7z,

5) FEAEW OFERAL

BB AERERE 1| mL M OWERER 1 mL % 200 mL O3 7 7 2 2 ZIEMKICAR,
50°CUATOKIBTIZE ALHET D E CRIERME L%, ERTAL L TEE L.

FEfE 1 mL LAV REERE N U A F 0 4 mL 2 CTHEREMZRM L, HERLTI100 °C T2
BERINEL L 7= i L, 50 °C LT ORI TIE L A CHE 5 & TR RN L7-1%, @FET A
ko THzlE L7z,

0.01 v/v% XK 10 mL Z IEfEICINZ THREW 2o L, BICREEBEE CERICHRL, 1
mL H1Z GLYP, GLUF, AMPA %X MPPA & L CTZNZEH 1.0, 2.5, 5.0, 7.5, 10, 25, 50,
75 B TX 100 ng FH4 B ONZ GLYP-C,,°N & LT 0.10, 0.25, 0.50, 0.75, 1.0, 2.5, 5.0, 7.5
FO10ng Y EZ G AT 2 HKIEERZREL 2.

6) k7 n~ ~2T5 7820 F LDERSHEHT X HHIE

REHATE M OV 4 5 ul 2k n~ N7 7 7 2 05 MRVEBSHRHCIEAL, iR

POGHEH 7 v~ 7T NEfGT-. WESRM%E Table 2-1 OV 2-2 (TR L7z,

Table 2-1  Operating conditions of LC-MS/MS

Column Agilent Technologies, ZORBAX Eclipse XDB-C18
(4.6 mmi.d. x 150 mm, 5 pm)

Mobile phase 0.01 v/v% Formic acid solution - acetonitrile (93:7) (12 min)
- 3 min - (5:95) (10 min)

Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)
Mode Positive

Desolvation gas N,, 400 °C, 800 L/h

Cone gas N,, 50 L/h

Ion source 120 °C

Capillary voltage 3kV
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Table 2-2  MS/MS parameters

i Precursor Product Qualifier Cone Collision
Target ion
(m/z) (m/z) (m/z) voltage (V)  energy (eV)
GLYP derivative 254 102 152 22 17
GLYP-"C,,"N derivative 257 105 154 22 17
AMPA derivative 182 111 140 20 12
GLUF derivative 252 210 150 26 14
MPPA derivative 181 149 93 21 14

7w H

BONTRIRMGHRE 7 2~ b7 A0v5 GLYP #5E{K, GLUF #5E{K, AMPA 7%k,
MPPA #%fk & T8 GLYP-"C,,"N #Fisifko v — 7 Wiz R THRERZIER L, BT
GLYP #, GLUF &, AMPA &, MPPA &} OB T O GLYP-C,, "N #E (i i 4 5 1
L.

FIC TR LY, GLYP-"C,, "N OEULHE THiIE L2 B o GLYP &% R 7z.

B O GLYP O EfE = 3B o GLYP & x 2.5 + 3UEHEIK D
GLYP-"C,,”N ## % (ng/mL)

TEEFEOWE % Scheme 1 IZ/R L 7=,
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Dry and semi-dry type pet foods Wet type pet foods

10 g of sample 10 g of sample
——add 5 pg of GLYP-"C,,”N ——add 2.5 pg of GLYP-"C,,"°N
——add 200 mL of water and swell for 2 h at 60 °C ——add 50 mL of water and shake for 30 min
— shake for 30 min —— centrifuge at 1,500xg for 10 min

—— transfer supernatant to 200 mL volumetric flask
—— add 40 mL of water and shake for 30 min

—— centrifuge at 1,500xg for 10 min twice
—— transfer supernatant to volumetric flask

— fill up to 200 mL with water

—— centrifuge at 1,500xg for 10 min — centrifuge at 5,000xg for 5 min

——add 1.5 mL of water to 1 mL of supernatant
MCX-HLB joint cartridge (attach MCX under HLB and wash with 6 mL of methanol and 12 mL of water)
apply sample solution

(1 mL for dry or semi-dry type pet foods, 2 mL for wet type pet foods)
—— clute with 18 mL of water
transfer to 200 mL eggplant flask
—— evaporate at 50 °C and dry with nitrogen gas

Derivatization

add 1 mL of acetic acid and 4 mL of trimethyl orthoacetate
— plug air-tightly and heat for 2 h at 100 °C

—— cool to room temperature

evaporate at 50 °C and dry with nitrogen gas

add 4 mL of ethyl acetate

NH,-Silica joint cartridge (attach NH, under Silica and wash with 10 mL of ethyl acetate)
—— apply 2 mL of sample solution

wash with 18 mL of ethyl acetate

—— elute with 10 mL of acetone

——remove NH, cartridge

Silica cartridge

— elute with 10 mL of acetone-water (19:1)
evaporate at 50 °C and dry with nitrogen gas

——add 2 mL of 0.01 v/v% formic acid solution
LC-MS/MS

Scheme 1 Analytical procedure for GLYP, GLUF and their metabolites in pet foods

3 HERRUEE
3.1 LC-MS/MS &S0 Hast
ﬁ%%ﬁ?y&—%®ﬁ¢7mvk7?7%#@,m1m%¥M%Wf7ﬁ%:kUw

(%H)Ki6477§?4yﬁﬁﬁf%éﬁ REHARIZ TR R TN L GFEFNn T\
(k) Z &b, oD, HENSWEOEHEIC 7?9:y%%mfﬁ§A%%@¢é:
< DY

72, BEOMEHIZOWTE, a—VEBELOR2) Va o x X —2 Y BRECHEHLZ
MRk L, T2, MR A DO EEHE L.
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32 BTy X —iEomEH
TAREINZ M B 7 A 8512 GLYP, GLUF XU MPPA & L CENZ4L 1 mg/kg 24 &4 RN
L7=ilBh &2 Vv, BT vy ¥ —{EICi-> T 3 AT O 21T o72. ZOREE, Table 3 O &
BV, GLYP OEIENMELS, EFEbox b REhol.

Table 3 Recovery test conducted by JFRL method
Timing of One night before

Just before analysis

spike analysis
Analyte - - -
Spike level ~ Recovery® RSD,”  Recovery® RSD,"”
(mg/kg) (%) (%) (%) (%)
GLUF 1 99.7 23 105 7.3
MPPA 1 89.0 6.7 90.6 8.0
GLYP 1 442 15 52.6 28

a) Mean (n=3)
b) Relative standard deviations repeatability

ZORKNZMHERT D720, FREHZOWT, RIAEOLBME (TL i)~il) THREHAKZ 1/10
AR LIZBA D GLYP O EREA BMSHT o Z —EIck v o n-E&E (100 %&$5)
L LT, ZORRIIUTO LB ThY, HHEMSOEEIZLY LC-MS/MS HIERD A 4
NEBRE R OFFERA O FE TR Z > TVND Z EBNRB Iz,

iy 7/ 7uev Uik U B s v B viERE S T ALER, LC- - 116 %
MS/MS 12 X 2 HE ORI FUBHE K 2 10 %547 R

i) FEMgIL, T T AN Y AN A VEEES T A e 121 %
RLER D FNCRREHATR & 10 7R L, DL o ALe

i) fhH%, FERILORNIEEHEKZ 10 AR L, LIEOWLE 150 %

3.3 FHEMR(LETO N T LFER OB

GLYP %3 A A U RBEMEDRIETH D72, ko BB LTI B IR AL O AL SRR A
BzA A RMBE T 7 DMK AR AT TS, BT & —iEIE, YBEZERE LT
ZEDPHED 1 HOTHLN, HEMEOREL RO SENCREOK T 2 MG+ 5720, 77 LK
OB AEHF LT,

AR o BT BRI THUE STV DB EVERE A A U R iR A v~ v 7 1x2 CITAL (L
~FT7 7 A8 F, du<F T AOQBUTH L 0 ZITE S TW RN T L R UURRE D
LC-MSMS IZ X W HIET 272Dl EIZ b & T W &b, I=F722H0n52 L L L
7z.

TR A 4 o AR I = F & (Varian (3l Agilent Technologies) #! Mega Bond Elut
SAX (1 g, 6 mL) ) IZXDWAE, WHEMRF LD, RELFHEOHSIDPRNETH >0,
WHAE — R RO A A A — FIC K DR BHEIR O3 O % 3k 7 7z

AR K7 A BULIC GLYP % & L T4 10 mg/kg 2% B2 RN L 72588 10 g 127K 200 mL Z /0
Z, 30 MRV IEE CTHItH L7, LB A A /K CIEMIZ 10 5 R L CRBHEIK & L7z,

2 FFEHOWHI =7 & (Waters B Sep-Pak Plus C;g (FE CAAKI&E 360 mg) KT Waters H
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Oasis HLB (FE CAHIE 500 mg) ) O NIZENZNGA A U ZHIEI =57 A (Waters B Oasis
Plus MCX (FECAAIE 225mg) ) Z#E#FE L, A%/ —/L5mL KOUK 10 mL CHAKR S L7z,

50 mL DR TTET T AL ZNENDAT LD FIZES, WEHEK 2 mL $2%2% 5 7 L1200
Z, WHMNFETAAO EHGIZET 2 F T F LT GLYP & St72. K 10 mL 2475 7 A&
N &, [AERICHREH & E 7z,

PIF, 2.4 O 3)OFHERLEDOENEEZITV, LC-MS/MS IZ X Z2IEICf: L7z,

ZDORERIT Table 4 DL BY THY, WMHLEMTH S GLYP 282U 7 /L_—Z D Sep-Pak
FECAFNRFF SN D ATREED RO HAL, AU~ —FROD Oasis HLB DEHRE L TWDH EEZ D
.

BT o 2 — I L B RENA TR M OF Oasis HLB, Oasis Plus MCX 57 7 A2 L 0 RFRLL
TEREHR D h—2Z N A A rm~ 87T (TIC) OFIE Fig. 2 LBV THY, YiZdiEh
7 LIZEY GLYP FEARORFFRFFICELN D KM D3R E S, A A ALPHE D 520 iRk
SNDHZT ENBFI.

I, MELESE N T LB O GLYP FOUME Sy MR T 5720, KA T A8 RO
KT A8EE 1FEEZ 2.4 O D)O DIZHE- TREEL, 2)OH T A0 TIZEB W CHRENA 1 mL (12
GLYP, GLUF & TN MPPA & L T# 200 pg fRY EZMZ, EOHOHIK%E 47 E LT 3)OFkFE
RALLAE DB AT > 7=, ZFDFEHEIL Table 5 D& F 0 THY, /K 6 mL THIESFRESSDIF &
AERTRH L TR, SO7H/KI18mL Tiili&®5Z & & L.

L2ovL, [AEEORMEIGRERIZE VT, GLYP OEULED 40 %t &bk SR KT A
R BED LN, KRS OEBIIEB L TWEEEbNSZ s, AR+ THD
ATREMER B 2 Tz,

Table 4  Recovery test with two types of reverse phase - cation exchange joint column

Reverse phase mini-column  Sep-Pak Plus Cs Oasis HLB
Spiked level (360 mg) (500 mg)
Analyte ) >
(mg/kg) Recovery” (%) Recovery™ (%)
GLUF 10 92.1 98.0
MPPA 10 94.0 99.2
GLYP 10 49.0 79.1

a) n=1
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Table 5  Fractioning test of the effluent from Oasis HLB - Oasis MCX joint column

Sample solution

Fraction
Pet food types +0~6mL 6~12mL 12~18mL
Analyte Recovery Y (%)
Dry type for dogs GLUF 109 0.49 0.10
MPPA 86.6 0.24 0.07
GLYP 97.2 0.07 ND
Dry type for cats GLUF 98.3 0.42 0.11
MPPA 87.4 0.32 0.22
GLYP 109 0.08 0.05
a) Mean (n=2)
Retention time of Retention time of Retention time of
GLUF derivative MPPA derivative GLYP derivative
=]
e
s
=
5
E
= (@
2
‘ ‘ ‘ ‘ ‘ )
5 6 7 8 9 10
Retention time/ min

Fig. 2 Total ion chromatograms (Scanned range: m/z 50 ~ 500)
(Baselines were shifted to distinguish them easily.)
(a) Sample solution of dry type pet food for kitten prepared by JFRL method
(b) Sample solution of dry type pet food for kitten prepared by JFRL method
added purification with Oasis HLB - Oasis Plus MCX joint column

(¢) Standard solution

3.4 WNEEHEME ORI X 2 EIEE O IE

KHARZ A8 T, GLYP DNMEEULE 223 B8 H 0, AR+ O gEME N R S i
2 linb, RERMAITHE TER L GLYP-"C, N 2 Y & LTV, EIRZ M IE
THZEERELE.

GLYP-"C,,"N HH#E L 1X 5 mg T$ 2,120 LHEFICHEMTH Y, HREIOSH TEZREICH SR
W EnD, RIRFNLAFRL O GLYP (Native GLYP) Z5DFEHERRICxE L C 1/10 ¥REE OFEHERK

(10 pg/mL) ZFGMHRIICHT L2 L& L.

WHE OWNEEEE T, SRERHEERIC - EREONIEEMENEEND L O ICHET L2
¥, Native GLYP KT8 GLYP-"C,,"N 2 ZhZNFE MRS EDL L LRbNn, ToLHicT
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% &, Native GLYP &8 GLYP-"C,,"N % 1 2D AR T 7 5 2 a N THEMI L= BEI1T T
GLYP-"Co,"N KD B — V8RN 5 ~ 10 %R T L7z, & D GLYP-"Co,°N B4 7 AR D /e
T T 7 A aDORBEFICRESNIZAREERB XL, SENABRKIFEMIND Z &b,
GLYP-"C,,"N 0 #%E ik{ki%, 10 ¥ E D Native GLYP % OfF7E FCfF5 2 & & L, GLYP-
B0, N B O R B R % (ERE L CRUBHAT P @ GLYP-"Co,°N I ko, #kh o Native
GLYP &% GLYP-"C,,"N D[alL s CHl > THIETHZ & & L.
3.5 s

22 O SHIZHE- THB L7 GLYP, AMPA, GLUF &KUY MPPA & L T4 1.0~100 ng/mL #H &
A TNE GLYP-"C,,°N & LT 0.10~10 ng/mL FH4 EOREHERR 4 5 ul % LC-MS/MS IZIEAL, 5
DI ERESHEH 7 v~ N7 A0 b =7 HEZHWTHREREZEKR L. §oN0THRER
O—fliX, Fig. 3 ® A b E £TOEEY THY, GLYP, AMPA, GLUF & (" MPPA Tii%
1~100 pg/mL FHY & (FEAE L LT 5~500 ng HY4 &) O#iPH, GLYP-"C,"N Tix 0.50~10
ng/mL FHY & (FEA&EE LT 2.5~50 ng fHY &) O CEMAMELZ L. E—2EmSZHWT
b RSO EMREISE BT,

A) B) ®)
3z Z z
s 2 s
5 5 =
< £ 2
= = g
5 5] 5
= e -
< < <
v v v
[+ < <
(5] [ [
- R>=0.9993 - R2=0.9992 A~ R2=0.9995

0 25 50 75 100 0 2.5 5 7.5 10 0 25 50 75 100
GLYP (ng equiv./mL) GLYP-3C,,*N (ng equiv./mL) AMPA (ngequiv./mL)
D) E)
2 &
2 2
5 =
S ©
= e
< <
3 =
[ ]
- e
< <
A~ 2
[+ <
[ [
~ R2=0.9993 ~ R2=0.9996
0 25 50 75 100 0 25 50 75 100
GLUF (ng equiv./mL) MPPA (ngequiv./mL)

Fig. 3  Calibration curves of A) GLYP, B) GLYP-"3C,,"N, C) AMPA, D) GLUF and E) MPPA
by their derivative peak areas in selected reaction monitoring chromatograms

3.6 S ORRE
(1) BB AT R BRI K D
RKH FZ A 8512 GLYP, AMPA, GLUF T8 MPPA & L T4 1 mg/kg tHY &% RN —&K
HriE U772 sB 2 VY, R AT SR ENGEE I X 2 i (K 200 mL #0 % 721%% 30 RS 5.
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BTz 2 —ELRIC. ) 21TV, ZORITIAREICE > TRINEIGRER (n = 5) % E
L.

ZOFRERIT Table 6 DL BY THY, NIEEWEOHEHIZL Y —EOMIEDRNFED b
BT, ~HHEOHRIC GLYP 2RBHIR AT 2% L Tt s hic< <> THY,
MEO LB A BT 5 EHER ST,

723, AMPA X GLYP & FIERICIEIEME T L7z,

Table 6 Recovery test of GLYP in dry type pet foods for dogs
without swelling of samples with water before extraction

Compounds GLYP (corrected) GLYP-"C,,"N GLYP (raw data)
Spiked level Recovery® RSD,” Recovery ©® RSD,” Recovery  RSD,”
(mg/kg)  Replicate (%) (%) (%) (%) (%) (%)
1 5 67.6 5.5 48.8 25 33.2 28
Compounds AMPA GLUF MPPA
Spiked level Recovery  RSD,"” Recovery  RSD, " Recovery  RSD,"”
(mg/kg)  Replicate (%) (%) (%) (%) (%) (%)
1 5 43.3 32 96.2 11 89.0 8.0

a) Recovery correction was applied by dividing raw data by each recovery of GLYP-"’C,,"’N.
b) Relative standard deviations of repeatability
¢) 1 pgof GLYP-"C,,""N was added to each 10 g-sample.

(2) MBI OB

BREIE N ED B EE O GLYP O43#1iE P TlE, GLYP MNEE LaEICHA L TWD Z & o
5 80 °C T30 mHEEFHAH LIEBIRE ST 2L RoTW0ND. 72, BMOITICEK
WTh, REEOREZABEOREI T, 2 FHBESE T LM EZITo TV LR &
L EDBEREG TN, 2O, HHEE OB L ORI &85 A & o217 - 72
KA R T A 85I GLYP X TONGLUF & LT 1 mg/kg FY B Z2 RN L7I-% —KiFE LziehHc
DT, TRZEN 40 °C, 60 °C K80 °C T2 FERIZME S E7-% 30 pfIE L 2L, =0
BARIEIC > TERE (n=1) #1To7 & A, GLYP OREILHEIL, ZNEI 63 %, 75 %KW
79 % Toh-o7=. 728, R L7 GLUF OEIRIZZENEN 92 %, 95 %% TN 106 % TH
o7, —J5, RREHZOWT 80 °C d/kE AN =BG kistE (REFEMELRL) T 30
MBS AAE L% ERRICER (n = 2) L72H4E, GLYP OFIULERIX 71 %, GLUF O E]IY
L 43 %R T Lz, IREREWIAMESRITEE DS T, BOZEMESEIZ LY BIER
KT 25 Z o 7o ATREME S R S 47

SO EMRET LD, SEAGE (L5 A LEOYT S FRARGEE) &AW,
80 °C T 1~2 WRIIAHE S-S ER LIZ & 25, GLYP-"C,,"N ORIERNEHH A5
LTIl %, $h9 5 BERABAEE T 47 % & KIBIIKT L. 70 °C TH FERICEIROMK T
WAz, FREIERE CE 20, REFOTASABHIE L, JE XIS Ol % FHL5E
LTWDD TRt figsns.

ZDT, MBVEEIZ 60 °Clciz bl b Lz, £/, SEMABAEREZ WP
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TiX, 2 FFHZE S E7256 & 30 SREBERA LIZGA L T 7 U 7 HICHER 2o T
TEND, XU ZMRLERICEE U, TR0 e 5 e E R R N T 2 TR E L T s
ThbikReE SHIHT 2 HEELBRM L.

RIEOHERMEA MR T D720, SEEORA NI A ®ELE2 By, ImINEIGRER (n=1) %53
it L7z

ZOFEFRIT Table 7 DBV THY, WTFROREHTB W THRED 2 WEILR NS iz,
o> 4 FfR L0 BIER AN LR o 72 1 il (BUBE No. E) 13, M7z A BE XK OHAEN O &
W RABAREBER ChH o7, BB L LTINR, M7 L it L7256 oBRIEE fft Lz,

Table 7 Recovery of GLYP in several dry type pet food for dogs by two extraction methods

Extraction Swelled at 60 °C. Without swemng Nutrients (as labelled)
method for 2 h before shaking before shaking
Sample Spiked level GLYP GLYP-"C,,°N GLYP GLYP-"C,,°N  Moisture ~ Crudeprotein  Crude fat

(mg/kg) recovery (%)  recovery (%) recovery (%)  recovery (%) less than (%) more than (%) more than (%)
A 2 86.8 61.7 67.0 88.4 10 20.0 8.0~9.75
B 2 103 722 92.2 78.4 10.5 23.5 8.5
C 2 102 72.6 106 57.7 9.5 22.0 12.0
D 2 95.6 74.9 58.0 82.0 10 21.5 13.0
E 2 80.2 56.2 67.9 62.7 10 28.0 18.0

3) U=y FESOHH

3.7

KpGaENPEmNY =y MUK T, R EZERTL20LERNH Y, Al TE oA AT
IMENRD L. UL, ZEBiW A RO AKMHRIZRET 2023 % <, W5l AT AR
ARECTH o 7o/oh, HOILBENTHME ATV, ELOoHES EBARE2ET 7 XA 2|28
EEGVIRTZE L L. 72720, ZOHFETHRBNAKIZERIZZ b2W2D, 51T L0
(9 2 BT Doy Bl B LT

100 mL O OIREE N T 21T 5 546, 2 MEO Y = v MLIZOW THREBHREUE 10 ¢
£ 20g Ll &R (n=1) LIFSEE, 10 g ®J72 GLYP-Cy, "N OEIEN 10 %Ll Em<, £
7z, BAEOIRE L 72 5 HIRE A~ OO RN Doz, 2D, BEHEREIL 10
g bl vy MEETIE, RIALEVSERERAZ TTLI2UNERH LD, T17 LA
H I CORBHARGREZ NI A /GO0 2F L Lz
5 E W Okt
BT X —iEn O, BRFIEZER Lz, D Tr/u~ /7 A5 ETEREY

FETLOE =27 OFEICONTHE L.

RO Z BB G R BT A Bah 6 18, MM FZ7 0 ®in 2, RAEI FT7 85021,

RAY =y PG 2HE, MY = ME 2 ) , KIECSHE > TO&1T > 2fR, GLYP %0

E

BREGETHE— 7 TR LNT, REEXZEY A SEOREE VICR 5 %S EkRICE

T oEPMEOREEZ 2 LT,

3.8

fcﬁj;s) ?Ef Eﬂf:%*ﬁ}iﬁ;*ﬁﬂj& o< ]\7§AO)—{§|J;E Fig. 4A)¢Zi_\‘ L7-.
NI EIERY
RKARTA8E, BHFIAWLEORAEI F7 481 GLYP, AMPA, GLUF K& O°

J

MPPA & L T4 1 KON 15 mg/kg fRY EZIFMN L 7=3kk, RKAY v PG UKD ERE 86 %L
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F) IZ GLYP, AMPA, GLUF X T*MPPA & L T# 0.5 K ON2.5 mg/kg FHS & (K53 10 %Il B
LT 3.1 XU 16 mg/kg) WA D = v MRS OK3FRRE 80 %LA ) IZ GLYP, AMPA,
GLUF O MPPA & L T4 0.5 X TN 3.5 mg/kg FHY & (K53 10 %IZ#%H LT 2.2 LT 16 mg/kg)
ZUIN L7230 2 O T 5 SRR LIS X 2 el kB & 526 L 7-.

B R L OB B I EHE O L VIR D 2 U MERGRIC IS T B B K O THS EE 0
LD LIZFHi OB EIIUTO LB THS.

ek, HoNEEIRKGH 7 v~ N7 T LD —f% Fig. 4 B)IZx L7z,
1) GLYP GLYP O3 #i#fE %X Table 8 D &0 TH VY, &TOFEL, WINX THEIRE K O

FEIXHEOHEANTH - -

F£72, GLYP-"C,,"N OEIRIL, ©TORE, WX T 40 %ZiBz T-.

Table 8 Results of recovery test (GLYP)

Pet food types Dry type for dogs Dry type for cats
Spiked level Recovery” ¢ RSD,® Recovery”? o RSD,?
(mg/kg) (o)  (mgkg) (%) (o)  (mgkg) (%)
1.0 101 0.064 6.4 102 0.030 29
15 95.3 0.75 5.3 101 0.32 2.1
GLYP-"C,,"N ¥ 70.6 11 91.7 4.6
Pet food types Semi-dry type for dogs
Spiked level Recovery? ¢  RSD,?
(mg/kg) (%) (mgkg) (%)
1.0 101 0.082 8.1
15 101 0.43 2.9
GLYP-"C,,"N ¥ 98.1 4.6
Pet food types Wet type for dogs Wet type for cats
Spiked level Recovery? ¢ RSD,® Recovery”® " RSD,?
(mg/kg) (%) (mgkg) (%) (%) (mgkg) (%)
0.50 88.2 0.032 73 90.8 0.018 3.9
2.5 89.8 0.20 8.9
3.5 98.3 0.089 2.6
GLYP-"C,,"N 9 69.8 12 78.2 10

a) Mean (n=5)

b) Standard deviations

¢) Relative standard deviations of repeatability

d) n=10. 0.5 pgof GLYP-"C,,"°N was added to each 10 g-dry or -semi-dry sample.
0.25 pug of GLYP-"C,," N was added to each 10 g-wet sample.

2) AMPA  AMPA DO 5HrfERlE Table 9 DB THVY, RANT A8, KAy M
mn MO D = > ML OIRRERMX TEINERO BAEE (80 ~ 110 %) % FEI-7-. F7-,
ERIZOHMTREE D RSD BMLOPEMGEHE LV @mHTHY, RAEI N7 4 8o mmiRE
WX K ORHAY = v NGO ERERMX T RSD OFHE (Horwitz (EIEXUZ L D 15 mg/kg
T® PRSD =10.6 %, 2.5 mg/kg TP PRSD=13.9%) %Az T\ 7.

AMPA DOHTE, —#H OB CEREIL E 72 572 & GLYP E RO ZFEB 2R L), K
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a2 TOREBHIE M 27201203, LERMA TR L2 NIEEME S 2 IV TOodrE 2 4
ETOUENDD EZZ DI,

Table 9  Results of recovery test (AMPA)

Pet food types Dry type for dogs Dry type for cats
Spiked level Recovery? ¢ RSD,” Recovery® o¢° RSD,?
(mg/kg) (%) (mgkg) (%) (%) (mgkg) (%)
1.0 58.3 0.072 12 84.2 0.13 15
15 78.8 0.87 7.4 97.8 1.2 8.4
Pet food types Semi-dry type for dogs
Spiked level Recovery” ¢  RSD,?
(mg/kg) (%) (mgkg) (%)
1.0 95.8 0074 7.7
15 110 1.8 11
Pet food types Wet type for dogs Wet type for cats
Spiked level Recovery? ¢ RSD,” Recovery® o¢° RSD,?
(mg/kg) ()  (mghkg) (%) ()  (mghkg) (%)
0.50 72.9 0.039 11 56.1 0.040 14
2.5 70.8 0.381 22
3.5 83.9 0.17 5.9

a) Mean (n=5)
b) Standard deviations

¢) Relative standard deviations of repeatability

3) GLUF  GLUF ORI Table 10 ® L B0 TH Y, & ToORE, UMK TREITZE K
FEEIREOHPENTH - 72,
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Table 10  Results of recovery test (GLUF)
Pet food types Dry type for dogs Dry type for cats
Spiked level Recovery” ¢ RSD,® Recovery®” ¢ RSD,?
(mg/kg) (%)  (mgkg) (%) (%)  (mgkg) (%)
1.0 96.5 0.053 55 88.3 0.020 23
15 96.4 1.5 10 92.2 0.33 2.4
Pet food types Semi-dry type for dogs
Spiked level Recovery” ¢  RSD,?
(mg/kg) (%)  (mgkg) (%)
1.0 102 0.076 7.5
15 100 0.36 2.4
Pet food types Wet type for dogs Wet type for cats
Spiked level Recovery” ¢ ” RSD,® Recovery” o RSD,?
(mg/kg) (%)  (mgkg) (%) (%) (mgkg) (%)
0.50 102 0.030 59 101 0.023 45
2.5 102 0.14 5.5
3.5 106 0.13 3.6
a) Mean (n=5)
b) Standard deviations
¢) Relative standard deviations of repeatability
4) MPPA  MPPA Op#ifERIL Table 11 O B0 TH Y, & TORE, WX TEIILE KO

FEIREDOFMHAN TH - 7.

Table 11 Results of recovery test (MPPA)
Pet food types Dry type for dogs Dry type for cats
Spiked level Recovery” ¢ RSD,® Recovery®” ¢ RSD,?
(mg/kg) (%)  (mgkg) (%) (%)  (mgkg) (%)
1.0 84.0 0.061 73 84.8 0.049 538
15 95.4 0.27 1.9 88.6 0.15 1.1
Pet food types Semi-dry type for dogs
Spiked level Recovery” ¢  RSD,?
(mg/kg) (%)  (mgkg) (%)
1.0 98.2 0.091 93
15 91.8 0.80 5.8
Pet food types Wet type for dogs Wet type for cats
Spiked level Recovery” ¢ ” RSD,® Recovery” o RSD,?
(mg/kg) (%)  (mgkg) (%) (%) (mgkg) (%)
0.50 81.9 0.015 3.7 85.0 0.036 8.5
2.5 88.1 025 11 - - -
3.5 - - - 91.6 0.13 39

a) Mean (n=5)
b) Standard deviations

c) Relative standard deviations of repeatability
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Fig. 4  Selected reaction monitoring chromatograms
(Arrows indicate peaks or retention times of 1) AMPA derivative, ii) GLUF derivative, iii) MPPA derivative,
iv) GLYP derivative and v) GLYP-">C,,"’N derivative, respectively.
Three graphs are drawn in the same scale.)
A) Blank sample of dry type petfood for dogs.
B) Spiked dry type petfood for dogs (Spiked levels were 1 mg/kg for AMPA, GLUF, MPPA and GLYP,
respectively.)
C) Standard solution (5 ng equivalent per milliliter for GLYP, AMPA, GLUF and MPPA, 2.5 ng equivalent
per milliliter for GLYP-"*C,,""N.)

3.9 EERER (FR) KO R
AIEOHERT RS D D BEITEY AR B W TEEEEENRESI N TS DL GLYP
DODHRTHY, ZOMEIX 15 mgkg THD. WE->T, BELTHERRA (FIR) RO HERT,
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RIA BB EEI RTARETENEI 3 mgkg LR RN 1.5 mgkg LA, 7= MG (K
790 %DA) TENEI 1.2 mgkg L F RN 0.8mgkg L FTHD.
BRBRECHH L72 LC-MS/MS TH+4372 SN RGO DIREZHEE L, E@i%ﬁﬁﬁ% b 7
ARBERONEI FTARET 1 mgke, 7=y MEGET 05 mgkg LaE L. YZREEICK
Z WINE GBS X RO Table 8 /05 11 £ TICRE#EoOEEBY THY, GLYP, GLUF &U“
MPPA (22T, WTFNOREHZIBWTHLE—27 ® SN b’ 10 2%, 2o, EHEFE (6) O
10 RS BEEREZBZ T Rhholo,
o T, AEOEERAR (FBR) 1X, GLYP, GLUF KO} MPPA IZ2oW\W<C, K7 A& EOE
S FRIAT 1 mgkg, Vv MULT 05 mgkg & L=, £/, MHBRIL, JoOEMERZE
CHHE 4, F{AE/KYE 0.05 @ Student D -fED 2 1% (= 4.26) 2R/ UI-EEBEL LT, T
fxb%mgﬁﬁﬁ@ 4.26/10 £ LT, THZH 0.4 mgkg % 0.2 mgkg & L7=.
3.10  HL:[EEER
RIEOEM BB E R T 5720, mﬁ@k%b74 Ui, WA R85, RAEIRFT

A8, RAV=y MG KOWEHY = v b Z GLYP, AMPA, GLUF KT MPPA Z#RANIL
7= HEECE 2 vy, 10 aﬁ%ﬁ@f Haﬂﬁ%%ﬁm L7-. aft%ﬁmfﬁi%? :iLJTOD LBV THD.
i) MR TR R RIARBEOREI RTA ZOWTIE, E O TR L - IR

IEERE AT L, FRBR=EIC kb\f#mg%gbﬁiot@%, Y%E#L%mm%buﬁm%@ﬁz (K%
W, % 1 mL) ZoHBMORBICEML TR LE., v v M :omﬂ;’c, 77— RK7nm
Ty —T_—2 MRIC LG ARE A XM L, FRREICBW T EEF &Y o714,
IR R OB AAE LR OKEEHR, 45 0.5 mL) Z o3 #rBi4a o 30 %ﬁﬁ ML TR L 7.
S5 FFHOREHZISOWT, FEHRD 2 AE TRBRAZ FEf L7z, TN ZAORMIEEIT Table 12
DEBYTHS.

Table 12  Spiked levels of GLYP, AMPA, GLUF and MPPA in the collaborative study
expressed relative to original matter

S GLYP AMPA GLUF MPPA
Petfood types Moisture \ spiked level  spiked level  spiked level  spiked level

less than (%) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Dry type for dogs 11 2.0 5.0 5.0
Dry type for cats 12 15 15 2.0 2.0
Semi-dry type for dogs 30 7.0 7.0 2.0 2.0
Wet type for dogs 86 1.0 1.0 2.5 2.5
Wet type for cats 80 3.5 3.5 1.0 1.0

iy ZMRABRE  MHEABARRSON T ¥ — ZEMZEH, SEEEEBFRHAAESS o
Brev & —, wRtERSH BFEET, BAR NSRS R JERT, MSZATE0E N RARK
PEH B Z RN o & — BEE R AR AR, RfLRts 2 —, ety —, R4dEEY
Z—, [AfEhE 2 — R OEMS 2 — (BF 10 HER=) .

iii) A 5 e 10 ] R 239 H 12 H B R 2310 A 14 HE T

iv) fERO®E o RE, REEYTIRE (mgkg) & LTHMET 3 - THEIEL.
F72, GLYP I2OWTIE, & TOREHI OV T GLYP-"C,,' N D[EIIL R THIIEHS O 4 @5 S
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5L E BT, BHEHEHAIRT O GLYP-"Co, N FHEAORE (ng/mL) IOV THBEDT
e ST

v) FEROMYT TUPAC 71 b =—/L NZHEVY, Cochran ME, 1XF4UME 1 1 D Grubbs K& &
X THE 2 (8D Grubbs FRE ATV, LT NEDOEEHE 21T - 72 L TEEEILER, K UK
FE O EHERZE (RSD,) M OV M HIUEE OMxHE %R (RSDr) 2R LEZ. Bonl-
RSDg 7 &, f&IE Horwitz 2% H T HorRat &k 7-.

FEROMEIILU T DO LB THD.

1) GLYP  GLYP D& Hrifl R & O FHRNT RS F X Table 13 oL 30 THY, RAFNT A H
i, MR R A8E, RAEI R A8, RAYV=y MEGRKOHHY = > MGRIZONT,
EHEIEE (%) X2 FI 95.5, 90.6, 94.9, 99.7 & ® 99.8, RSD; (%) IXZNZH 5.4,
7.0, 53, 58 (4.3, RSDy (%) ZZNZEH 8.7, 7.0, 6.9, 8.4 K (N5.5, HorRatlZZhEh
0.60, 0.65, 0.58, 0.53 L0042 THho7o. WIhbBURFERTHT-.

2B, BEETIC GLYP-"CL N ICoWT G 21T o 72, T OfEE (REW) 1, F
BEIE (%) 1 EENEI 709, 84.8, 79.5, 71.6 LT 72.6, RSD, (%) XZhn < 10, 11,
13, 12 XUV 18, RSDy (%) XZE4h 21, 17, 14, 31 k120, HorRat (ZZ#E4L 1.1, 091,
0.78, 1.5 Z1*0.99 TH-7-.

2) AMPA  AMPA /X, HIERBETH 72 1| RBREZRLS O RBRENOLHENRH - 7. KW
FEF M OBERHRMTAE R 1 Table 14 D L B0 TH Y, RHNZ A 85, HH 7 A8, KAt
IRTARE, RAvzy MEGKOWHY = v MFIZOWT, FEEHEIRE (%) 1Z2hE
AU 73.4, 92.1, 89.9, 86.0 K T* 86.1, RSD, (%) (FZ#E4 11, 20, 12, 14 }xT* 18, RSDy
(%) 1XZhZ2n 22, 22, 21, 24 KON 22, HorRat (ZIZNZEH 1.5, 2.0, 1.7, 1.5 KN 1.6 T
bolo. YRBRE CORMEIMGRERAE R & Ffk, RH KT A ®ECREIRENME 72, £z,
MR UG R OV H BB E SO K0 5> Tnieb oo, S HFEURE ORI 7=
LTuwWi=.

3) GLUF  GLUF D& R & O HRAT RS Rl Table 15 0L B0 THY, RHANT A8
i, MR R A8E, RAEI R A8, RAYV=y MEGKOHHY = > MGRIZONT,
EHEILE (%) 1ZZFE 98.6, 104, 112, 932 KT 101, RSD, (%) Xz 11, 10,
6.4, 7.5 X' 15, RSDr (%) 1TZ# 24 15, 13, 9.4, 23 TN 21, HorRat (XZE4L 1.2,
0.94, 0.66, 1.6 XN 1.3 Th oz, [EULHEK OHER UREE OEN Y RBR=E TOMFHER LI D
RCKEWVREINR D -7y, BRFHEEEIETCRETH-T-.

4) MPPA  MPPA IE, MIEARRETH -7 1 RBELZRS 9 RBRENOCHMEDR -T2, K00
SR M ONHEEHRAT A5 1L Table 16 D 2 B0 TH Y, RARNZ AR, WA KNZ 85, KAt
IRTARE, RAV -y MR ROHHY = v MGIZHOWT, FEHEINE (%) 1TEhE
A190.3, 97.2, 98.3, 94.1 X1 96.4, RSD, (%) (ZZNEi 78, 6.2, 6.9, 7.2 x116.2, RSDy
(%) 1ZENZN 11, 8.6, 6.9, 9.4 T} 9.0, HorRat [ZTZHFH 0.83, 0.59, 0.48, 0.67 K
0.56 Th-olz. Wb BARFERTH-T-.
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Table 17

Instruments used in the collaborative study

Lab. No. LC-MS/MS

LC column
(i.d. x length, particle size)

LC: Agilent Technologies 1200

Agilent Technologies

1 MS/MS: Agilent Technologies ZORBAX Eclipse XDB-C18
6410 Triple Quad LC/MS (2.1 mm x 150 mm, 5 pm)
Agilent Technologies
2 Waters Quattro Premier XE ZORBAX Eclipse XDB-C18

(2.1 mm x 150 mm, 5 pm)

LC: Waters Alliance 2695

Agilent Technologies

3 MS/MS: Micromass ZORBAX Eclipse XDB-C18
Quattro micro API (2.1 mm x 150 mm, 5 pm)
Agilent Technologies
4 Waters ACQUITY TQD ZORBAX Eclipse XDB-C18
(2.1 mm x 150 mm, 5 pm)
Agilent Technologies
5 Waters ACQUITY TQD ZORBAX Eclipse XDB-C18
(2.1 mm x 150 mm, 5 pm)
Agilent Technologies
6 Waters ACQUITY TQD ZORBAX Eclipse XDB-C18

(2.1 mm x 150 mm, 5 pm)

LC: Agilent Technologies 1200
7 MS/MS: AB Sciex
API-3200 Q TRAP

Kanto Chemical
Mightysil RP-18 GP
(2.0 mm x 150 mm, 5 pm)

LC: Waters Alliance 2695
8 MS/MS: Waters
Quattro micro

GL Science
Inertsil ODS-3
(2.1 mm x 150 mm, 5 pm)

LC: Agilent Technologies 1100

Agilent Technologies

9 MS/MS: Applied Biosystems ZORBAX Eclipse XDB-C18
API-2000 (2.1 mm x 150 mm, 5 pm)
LC: Agilent Technologies 1200 Agilent Technologies
10 MS/MS: Agilent Technologies ZORBAX Eclipse XDB-C18
6410 Triple Quad LC/MS (2.1 mm x 150 mm, 5 pm)
4 FEO

EoiE NIRRT 5 7 ) A —

vua~ 7T 78T MVEESHTFHI L D FFFE &

Dift R & 17,

NEGU T 2 BRREEEOZE ORI HOWNT,
B CAF TR Ewvn).

) &AL,

LIV By R OB FESE 2 Table 17

AR
LIF

) ZU&RY—RE, RAFT A RSETHBHZ L > TEIREMET 75720, WIEERE L LT

E RN ARERFE G2 MO TOTEZ MIES 2 BERH -T2,

T2, HIEEEHO L0,
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& O HH ORIIZ 60 °C T 2 FEMFEI A K CIE S &2 L E R H - 72,

) ZUARY— b ORI THDET I AFNLRAR L, BBHZ L > TZ U AP — b EFEEEIC
EINCRE R OREED+ 3 TRWEERH Y, KEZEHT HIINEEDEOHERILELEEZ
niz. KXo TREOHHTHEILEMN BRI LT,

3)  ARYEIC L0 IINEERER K LR RER 2 S L7 /E 5%, U AR — b, Z R Rk— KO 3-
%%wa74:zmeﬁV%Kowf,EE,ﬁﬁ%ﬁ,%%ﬁﬁ%ﬁ®ﬁ@%ﬁtbf%
0, L3 ETICOWTARIEDOEH D FRETH > 72

4) ﬁ&_iéﬂj$#~b,7»$V*~F&@&%%w$x74::fmﬁﬁy@®ﬁiwﬁ
(FIR) ROBHENIE, FI7AABEEOEI R/ G2 ZNHREEYT 1 mgkg KO
0.4 mg/kg, V= v MEGHTERZNBEE® T 0.5 mg/kg X 0.2 mg/kg Th - 7-.

o
HRBBICSM L TV 2V MEE AN R ARG v % — ZEERTJERT, 4x[EEs R 30 R
BHEAER Aty Z—, BRGNS BF5ERT, AAN LS PRUFZERTICE T 2 MR
BANICEH OB ZRLET.
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NI
Collaborative Study of Melamine in Feeds by LC-MS/MS

Shinji OSHIMA"
(*Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

(Now Ministry of Agriculture, Forestry and Fisheries of Japan))

1 # B
L OB DO AT 2 U OHEHEMEIZOWTIE, a3—F v 7 A E LT 2.5 mgkg BNERIREH
TWo. EEEWNICBT DB O EEREIL, TIRFELZ RS G (GEREEZETe.) ) 12DV T25
mg/kg &£ 72> TG 2,
T, B F—lZBWT, EFOAT I ok u~ N7 T T8 0T ARV RS
CkBERE "EBRLELE A THLN, BICAHHE, LEREZ AW ERRRE{T-7-0 T,
ZORREWET S,

2 ERAE
2.1 o prERt
TR O R BB A EL A R, SR OBEM LA ZnZ 1 mm O L WA EIHT 5 £ TH
WL, #EREEE L7z, ok, BRBRICHWZ AR T HEE S B OB G HIA % Table 1 IR LT,

Table 1  Composition of the formula feed

Formula feed . Proportion :
Ingredient types Ingredients
type (%)
Grains 61 Corn, Milo, Polished rice
Oil seed meal 22 Soybean meal, Corn gluten meal, Rapeseed meal
Brans 3 Corn gluten feed
For layer ) .
Animal by-products 2 Fish meal
Others 12 Calcium carbonate, Animal fat, Calcium phosphate, Salt,

Paprika extract, Enzyme processed copra meal, Silicic acid,
Feed additives

TNTATECIE N EMOKBE R A EN T v 4 — IR R AR A, Bl OEWKEANE - BARE
IKRE 22 427 PR
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22 EmHIE
2.1 THE L =B BHC DWW TEIRM ST U VE 7 2 71080 2 ST O 21T 7=,
B, AT IVOERMEIL, mgkg AL THDE T 4B EZUEHAL, BT 3 & LTz,

3 BWRERUBER

R HELABIEHC A 7 I LT 04mgkg FHY & (I mL FIZ 4pug 5 H T HEEMERK 0.1 mL
W), Bk OBIEmIICA T2 LT Imgkg S E (1mL U2 10 pg 2 & A3 HEEHER 0.1
mL ) ZEIN L 723k A v, MEEAN B ARG o 2 —EMuE 5T, R EE RSt
WFFERT, B AN ARSI RAFSEET, BAR Y 4 — & — ARt MNLATEE N RROKEE B2
it v — AR 2REE, Filetr¥—, A4 TRty % —, R FE s ¥ —KOFE
]z % —0 9 BREICB W CIFEREBRZ FEhi L7, HROMITIC OV TIE, IUPAC O 1 k22—
S ZHENY, Cochran #7E, ZMAUIE 1 0> Grubbs i & OVWMAUIE 2 18 0> Grubbs MiE 21T\, FH#[E]
IR, MR UKSEE (RSD,) &K OV BLREE (RSDr) Z# 5 L7z, 3 54172 RSDg 2> 5, f&1E Horwitz
A& VT HorRat 23k 7.

Z DR % Table 2 1T78 LTz, pREHETE HBL G B O S EUERIL 97.1 %, £ O UK E KO
EWHBREIXZ N ENHEAHERERZ (RSD, X TN RSDg) & LT 4.2 %K 63 % TH Y, HorRat
1% 0.34 Th o7z, Hk) TIXFEEIEIERIT 97.8 %, & O UG K OV M FBUE £ 1X %2 RSD,
JO'RSDR & LT3.9%&T07.0% T Y, HorRat (X 0.44 TH - 7=. B FL TIXFEHEULER 1T 99.3 %,
Z DR UK E N VBRI B E X2 F 4 RSD, X OVRSDg & LT 4.7 %% (1 6.4 % T v, HorRat
X040 TH o7z,

BEDRED, FRBRECHEALLRKK I v~ N7 T 7% 057 AEUE BSOS % Table 3
R L.
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Table 2  Collaborative study for melamine

Feed types
Lab. No. Formula feed for layer Fish meal Dried skim milk
(mg/kg) (mg/kg) (mg/kg)
1 0.346 0.346 0.851 0.909 0.915 0.830
2 0.366 0.399 0.944 0.955 0.948 1.04
3 0.399 0.405 0.992 0.982 0.987 1.01
4 0.385 0.395 1.05 0.937 1.03 0.926
5 0.362 0.404 0.957 0.980 1.01 1.06
6 0.410 0.432 1.13 1.04 0.998 1.02
7 0.376 0.375 0.905 0.932 1.04 1.01
8 0.398 0.422 1.06 1.05 1.07 1.05
9 0.372 0.401 0.969 0.956 1.01 0.915
Spiked level (mg/kg) 0.4 1.0 1.0
Mean value 2) (mg/kg) 0.389 0.978 0.993
Recovery 3 (%) 97.1 97.8 99.3
RSD,” (%) 4.2 3.9 4.7
RSDy ! (%) 6.3 7.0 6.4
PRSD; @ (%) 18 16 16
HorRat 0.34 0.44 0.40

a) n=18

b) Relative standard deviations of repeatability within laboratory

¢) Relative standard deviations of reproducibility between laboratories

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

modified Horwitz equation
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Table 3  Instruments used in the collaborative study

Lab. No. LC MS/MS . LCcolumn —
(i.d.xlength, particle size)

| Waters Waters MERCK SeQuant ZIC-HILIC
Alliance 2695 Micromass Quattro micro APl (2.1x100 mm, 3.5 pum)

) Agilent Technologies Agilent Technologies MERCK SeQuant ZIC-HILIC
1200 series 6410 Triple Quad LC/MS (2.1x150 mm, 5 pm)

3 Waters Waters MERCK SeQuant ZIC-HILIC
ACQUITY UPLC System ACQUITY TQ Detector (2.1x100 mm, 3.5 pm)

4 Waters Waters MERCK SeQuant ZIC-HILIC
ACQUITY UPLC System ACQUITY TQ Detector (2.1x150 mm, 5 pm)

5 Waters Waters MERCK SeQuant ZIC-HILIC
ACQUITY UPLC System ACQUITY TQ Detector (2.1x150 mm, 5 um)

6 Waters Waters MERCK SeQuant ZIC-HILIC
Alliance 2695 Quattro Premier XE (2.1x150 mm, 5 pm)

. Agilent Technologies Agilent Technologies Agilent Technologies ZORBAX RX-S
1200 series 6410 Triple Quad LC/MS (2.1x150 mm, 5 pm)

2 Waters Waters MERCK SeQuant ZIC-HILIC
ACQUITY UPLC System ACQUITY TQ Detector (2.1x150 mm, 5 pm)

9 Agilent Technologies Applied Biosystems Waters Atlantis HILIC Silica
1200 series API 3000 (2.1x150 mm, 3 pum)

4 FED
FEfF D AT I VORI v~ N7 T 7 X T MRVERGHTEHC X D E BIEOBR UK E &K V=

MBI A MR 5700, BB EHEGEE, fmEkOBEHILEHWT, 9 BREIZBWT,
R Z i L7, ZORE, BT RS SO FEHEILEIL 97.1 %, € OMKR UREE &KW
EWHBREIXZ N ENHEHERERZ (RSD, X TN RSDg) & LT 42 %K 63 % TH Y, HorRat
1% 0.34 Th o7z, Hk) TIXFEEIEIERIT 97.8 %, & O UG K OV M B 132 RSD,
K OYRSDg & LT3.9%&TN7.0%Tdh Y, HorRat 13 0.44 T - 7. LA FL TIL BRI 99.3 %,
Z DR UNEFE K = M B ILZ 24 RSD, XK OVRSDg & LT 4.7 %% 10 6.4% T Y, HorRat
1% 0.40 TH 7=,

#o
ERMBRICBIN L TO 72N T2 RN BARRGHT > & — R JERT, 14 [ Dk ik U A AT
JeFT, HARN DAL R, BARY +— & — AR Sthc k1T 2 BB E S ALICE# O F &
FLET.

X oy
1) KEEA : ﬁﬂ$®%7 YO a~ N7 7 H T AE SN X D ERE, Sk
WFFEHR 1-12 (2011).
2) Eﬂvkﬁé ‘n%,\ - REFREE TR O EDEOREREE] O—HMIEITONT, FL 24
F4 H9 R, 23HZ 6540 5 (2012).
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3) BEMOKERHE - KeRREM SO EEOHITEICONT, K 2044F4 1 H, 19K
%5 14729 %5 (2008).

4) Horwitz, W., Protocol for Design, Conduct and Interpretation of Method - Performance Studies, Pure &
appl. Chem., 67(2), 331-343 (1995).
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Bl LAR—

2 EmEBYRASAH (Vv bRGE) POKSDBRIEED P REREEFT
DI=H DRI HNEER

FE MR, MU R

Nested experiment for Intermediate precision assessment of Determination of Moisture Content
in Wet Pet Foods

Takayuki ISHIBASHI" and Mari TABATA"

(*Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department)

1 # B

EHLENY GO B ARSI BT A D VR 21 4E 6 A 1 HICHiAT S, RESHIED 1
DN THBENEE SN T=WEORTEHEEYHFER RO EZEELHEHET 510725 T,
WELIRE A E B AR DK OEGEN 10 %2 B2 5L 13X, TOBZ 5 EE Yi%kEH
I AR OBENOBRNT Db D& L, B A EREHEE RO KSOEREN 10 %
7272 & E X, TORRT 2 ' 2 SR EREYHGERORICINET 5] 2L eHEIN
7.

ZHiE Y AN, BEROKSD 10 NRRED K7 4 85, @K 25~35 %NREEOEI R A
R, @KGA 70 %L EO U =y MEGIZHBEIND D, TIVE TISE LY A RS O i A 1k
DO(BIF THRAE] Lvo. ) T EN TV B KRS OREIEREL, FIAKROE I RTI A 85I
Y3 5B A A L T2 WEMBGEEDOATHY, vy MUGRICTHSE T2 EBHCEH T&
% FEFINE S TR o 7.

ZIT, EHELIE, HER, BREOR—Z MR EORBTOKSMEEEZSZICL Ty
RS R DKy DREEDORFT EATV, O HFEPSREIEICUE S ey, B U fllE ko R
ERET D0, REESE 9 2 3 OG)D i OBLEIZ L7122 > CTH—REREN T o R E RO
OO PNEREUTOLERBY EHLEOT, TOMELERETS.

2 EBRAE
2.1 OB
2 O EE IR (R —M& OKSRZRE 89S %L T, MR <& 0.5 % E) &k
O — R UK = 84.0 %, HUBEMIZRE 0.5 %l Ek) ) %, ThEnk&EN 200 ¢ UL E
LR EOREREERE - REL, 77— Kty —TREDER T A—2 MRIZR D
FTHHEALL THWEZ. 2B, gL, Fyv o2 e 7 A IBIANTHBRE L.

T OBNEATEOE N EMOKFE Y B2 2N v 4 — RSN AR A
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22 PIKZE
Hh 7A4Yvt
NA 7a A—s8—+F )L (Celite ) ZfEH L7-.
2y YUATIN
U, Rk (Ff)  (FoEMBETHER) &4 135 °C T 2 RengGzie L, km
Lictk, T —4—HICANER L.
23 EEROIREE
1) EXUERGZEME v SEYEFTR SS-K-300 (H #st it )
HPERERTR, DRMA420DB (%8 #Y)
2y 7— K7ty — M FTEREER MK-KS0
3) WEROA : BEEAEFR AW320
4 FTvhr—4F—: EAay 7fE THROEBEREN 18cm O & D
5) RUVZF Lo 742848 SEERY) =T Ly (IE 80 mm, £ 130 mm, /£ 0.05 mm)
6) #HAARES v A3y MRES GWHE TR, 7 XU iR5E 1-8912-01)
2.4 HIEFE

TAY T 23 g RV ZF LT 4 L ARRBICAN, BONEZHWTELEL £E721%,
105+2 °C T 2 Wefflszd L7z, woiet, Ronz =2 vicLTHL, BA27 U v 7 TIEHTT
V=X —HT 15 iEmg, EA2 0 v 7 EEITLTEIZERICE- . O X ) BOEIC
X, BBERKOCADBBENZEHTRRER CROADOD L ) BIENLET 5% THRE L%, Bl
oo, DO X 9 ORI, RERICEIELZ.

IONTREHD 10 ¢ ZIEMEICE > TROFR Y = F Lo 7 4 Vv 2 E8USIC AN, SO 0% =201
L7c#, OIS FTHRATREE S A VU L Z2REMS 7. IBFITHAEED 72 < KT
WIZRBEDHZ AL, MO D EZRWTEEZE S £, 10542 °C TR LN S, L& EXFEERIC
BEAMESE, MEENEDL T THHEZERLE. £, BRRMYNBICKEEND 2 IREOE AL, T
R T Do T, IRFW A2 RO LI UIE L Tl — o < BT 7.

WIZ, WOOEZBRWTEEZES £4, 1052 °C T 3 B Lz, @gkhic & Cafs
BOHL, Sono&a¥E2 58010, WESEATHEE L THIRICZ2 s 2R 2 R0 st
MPAHH LSS L TTE LRI ARRIC LI, 8k, ooz =>2HfvICLTHL, A7V
T TIDTT U —F—FhT 15 Shikmg, T2 0) v 723 FLTESEERICEY, &
Bt oKy EEHEE L.

7ok, MEEOWE % Scheme 1 1278 L7z,
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Polyethylene film bag (80 mm x 130 mm, 0.05 mm thicknes

——add 2~3 g of diatomite
——dry (105 °C /2 h)
allow to cool to ambient temperature in the desiccators

—— weigh (1)

add 10 g of sample
—— weigh (2)

mix sample and diatomite

(by rubbing from the outside of the bag)
—— expand thinly in the bag

——dry (105 °C /3 h)

allow to cool to ambient temperature in the desiccators (15 min)

——weigh (3)

Calculate

Scheme 1 Analytical procedure for moisture content in wet type pet foods

3 WBRERUBE

YRBEIZBWT, O 1 4725, 2.1 THRE L 2 FBEOREZ VY, 2.4 OO FIEICHE-
THREHC>E 1 B 31, 5 AMSH T 280 i Elz FEhi L7-.

ZORERIT Table | DL B0 THY, RH—METITFEHREMIL 86.14 %, T DOOHHTHE KW
RS B 1L 2 A S MR 2= (RSD, X OV RSDy) & LT 0.0698 %% () 0.0700 % THh-7-. i
SITWTNORAEELEE 9 & 3 OQ)ORX 1| ITHE SN IHMTRE XX RIEE O BEEE (RSD, 1%
Horwitz E1ERUT K 5 PARE M BB E O HE YR 22 (PRSD) LA, RSD; (X PRSD @ 5/4 fi5LA
T) &z LTz, MH—& T, FHREMIL 8339 %, £ OHHMTRE K O HEEIZEN
ZX RSD, LT RSD; & L T 0.0854 %% (X 0.0932 % THY, ZhbixnindFBEEMBEMZLT
AV
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Table 1 Results of nested experiment of determination of moisture content in wet type pet foods

Measured value (%)

tgalfr::zr(;)afy Wet type for dogs Wet type for cats
dayl day?2 day3 day4 days dayl day2 day3 day4 day5s
1 86.18 8612 8612 8616  86.25 83.36 8325 8344 8342 8337
2 86.13 8620 8605 8616  86.23 83.48 8335 8337 8350  83.47
3 86.04  86.11 8611 8612  86.08 83.44 8331 8344 8326  83.43
Mean value” (%) 86.14 83.39

RSDr ” (%) 0.0698 0.0854

RSD;? (%) 0.0700 0.0932

PRSD ¥ (%) 1.08 1.10

a) n=15

b) Relative standard deviations of repeatability within a day

¢) Relative standard deviations of intermediate precision within a single laboratory

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

modified Horwitz equation

X ik
1) BHRKELES - BREEDS  SEWHEER O SBEEICET 2 A4S, FRk 21 44 A 28
H, %1% (2009).
2) MNIATEOE NEMOKFEHBE L 2HEN Yy ¥ —HERE@m . (e AEEOMmEL] Ofl
ENWZDOWT, FR 2149 A 1 H, 21 {HES 1764 & (2009).
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1T FR2BFEHAMOEBAMICEIEIPMEEICONT

KBy B, PR BT, fEE T
AR, m BED, fg EB#E

1 H iy
fRBHR A FE B RS, kL - SRR3R, REI OB 2 % U RN O ILEEEHT K 5 5
Prif € 217y, i R OB E SN O MR B2 X0, P Tofrii22 R L, SISO ER R
HEROEE RO ERICET 5.

2 HBEHAMOAR

A REH g o B R ELA Ak

B ik B

C #AfH S 2 5 U R B AR

D Uk EHH KB T LIy 7 X

3 HABnHAH
3.1 AEBoOFHAEH A Rk 2347 A1 H

3.2 GG PT MRSTAT S N EAROK BE Y & 22 2 Hili 2 o 7 — IR e 22 A
3.3 FAEGIE
(1) ARE

ML=, 1 mm OS5\ 2 @il g2 3 5 FRAE A SR 100 kg # FHWT, BLFO
FIEIZ L 0 B2 RS L 7=,

B ZLCIRALIEZIEDL, TOFND 4 XEEZIRS>TRAL 4% S5 LTRIZRET. 2
DEEEZER | ORAXERICEY 7THBEVIELEE, SXELY —EESTOLD, 1| HH470
#1180 g A0 DFEL 450 {2 FHEL L 7.

TOIRSEATEOE N B AOK B B L R v 4 — IRER R R RAET, B ORBHOKEEWE - BeR
K PE L 42 PR

OMSTATBOR N R MOKE Y B 2 A il v 2 — L v & —

D OMSTATBOR N R MOKE T B e v 2 — iR v s —

OMSTATBOR N BMOKE B i s 4 — AR Y —

B OMSIATEOE NBMOKEEN R L 2 v 4 — e v 4 —

O OMNTATEOE N BMOKFE B Bl v — R v 4 —
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X1 EARKER

m % 1 10 I IV V VI VI
5 6 2 3 9 4 7
6 5 1 9 1 3 4

X H &

KEES 5 3 5 7 1 s
9 8§ 7 6 8 5 2

2) Bk
M L7, 1 mm OS5 W2 il S 72k 100 kg 2 HWT, A BB & FIREO#BRIELAT
VY, 148720 K 180 g AV Rk 450 fE &2 AL L 7=,
(3) C#r
FIEH R O R M 2 BRE L, LEIS U LIZE, £ 2 BT D5 11 BEOFEZ2REO
PLAHEIG CTEIBA LR, A EHE REROBIEZITY, 147204 180 g AV Dkl 450
Az TR L7,

£2 CHHOEHMRUESES

" e e " [ige o e

Ji s 4 %) BB 4 (%)
EovAZL 30 E—hk 7
TAE 10 7p7=himod 6
KRZ 10 £y 3
a—2INT 74— K 10 [REBINLTT N 3
REMNT 10 DABRIINT T L 3
HFITMT 8

(4) D et
FHHTHRERAT LI v 7 2100 kg & L <IRE L2k, AREEREBROBIEEZITD, 148
W=D HK 180 g AV DFEF 450 i Z FHH L 7=,

4 HMETEREERUVERER
(1) mtrEEsEA
A BB - Ky, M ABHE, MR, HERKE, MUK, Ao s, UUVEROHY =
AT YT A
Bkl - - KGy, M7ZAHE, MKy, I RI VLR hFvF s
C#EL- « - 11 FEEOFEI OB A EIE OHEE
D#lEl- - -8, WK NT ZUBET TV
Q) FEhZE PR 23 45 ks o mabHe X 2 o0 E £ EE] (175 X—) 12X 5.
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5 HESMOASYEHEE

A B, BEEIRO D REZENFEND 2 5HEB 25T, Thompson 5 ¢ harmonized protocol”
WCEEDSEYEMMRT A M &fTolc. U X LR ER -7 10 BOPHT T OFEREE 3 12 L
FTo, TOFERNE —ICEE DI, BEMEHRDOIZODFHREZIT TR 2R 4 IR L
7o, ZTOREE, WThoREHZEB W TS, Skt Fy 23 F(9,10,0.05)=3.02 % FlEl-72Z b, A
BEAKES BB W THREMICAERZTIRO N T, HABHIBETHLZ L 2R L.

R(.,

£3 A BRUDAHDOSHTRIE

AFRE AFE Bikk} Bk} Dt Dkt
H-ABg LUK 5y H-ABE LUK 5y il [ii %A
(%) (%) (%) (%) (g/kg) (g/kg)

runl run2 runl run2 runl run2 runl run2 runl run2 runl run2

1 1778 1774 564 566 5639 56.52 20.77 2091 59.45 59.73 6344 64.73
2 1773 1770 5.63 566 5642 56.67 20.74 20.56 59.48 5933 6490 64.29
3 1774 1779 563 565 5633 5645 20.89 20.74 59.52 59.11 6399 63.87
4 17.65 1758 566 567 5634 5659 20.64 20.57 59.05 5946 63.56 63.21
5 1764 1772 565 5.65 56.60 5639 20.59 2093 60.66 6151 6590 64.17
6 17.67 1772 565 567 56.68 5693 20.50 20.70 60.15 5923 62.58 61.53
7 1759 17.77 567 571 5650 56.86 20.83 20.64 59.96 6024 63.61 64.16
8 17.85 17.67 563 567 5658 56.25 2047 20.60 59.72 6050 6239 61.77
9 1775 1758 569 569 5682 56.83 2097 2096 59.73 5939 63.66 63.26
10 17.52 17.59 5.66 567 56.46 56.16 20.76 20.58 58.73 60.13 65.64 62.56




154 fREHRFZEHE Vol. 37 (2012)

x4 A BRUDHMONSYXRE
WAV F HEE SMRo oEtt S/ ®

B4 BLR]
S o V F,
OB 4 0.0821 9  0.0091 1.52
HMizABE St E 0.0602 10 0.0060 —b
ASRE} woE T 0.1423 19
A 0.0056 9  0.0006 2.08
FLK 53 E 0.0030 10 0.0003 —
T 0.0086 19
A 0.5445 9  0.0605 2.00
H-AHE E 0.3030 10 0.0303 —
e T 0.8475 19
Btk A 0.3107 9  0.0345 2.18
FLIK 5y E 0.1583 10 0.0158 —
T 0.4690 19
A 5.5143 9 06127 2.59
i E 2.3693 10 0.2369 —
e T 7.8836 19
Dtk A 16.8938 9 1.8771 2.26
G E 8.3034 10 0.8303 —
T 25.1971 19

a) o DfEIX Horwitz DR O RO T-IEHERZETH Y, S =WT‘§)5,
b) —IEHLE D43 By BT Tor kb Fy < F(9,10,0.05)=3.02 DEAITE N DFHE TR 72

6 SHEHER=E
() #% 258
o6 fABEAfR- 164
FR RN BIfR - 16
By A B R %5 -+ 31
A FEEEES 47
(2) BRI B E
A FE}--257
B #k}---247
C #kt---137
D 7Bk 111

7 DB ERERVERER
1 5
BREIOSHHEITE 5 OBV THY, EARNTTAEH 1~16 DL BY ThDH. FOfiF
Wik RIIE£ 6~8 DERBY THD. Ik, MITITKROEBVITSTZ.
N DFRNTIE, RO EBYV AR MEICEVITo72. K 112X Y NIQR (FEAEPN /3 (7 s
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P —normalised inter quartile range — IR HERZE) Z RO 7%, 212XV, FHHEARD

z-A T HRDT-.
NIQR:(C_a) ............... :T:tl
1.349
a: B OfHE
c: FUSALOMHE

T, REELEZAOND -2 a7 OfEd 3 L EOSHrEEZ TR L%, FHED 95

Z—X37:(x_b) ............ itz
NIQR
x @ BREBRE O R
b W
%fETEIX 2 kD 7=,
2) # &

AENE, 11 BEEOREEZEGHM L2 EHZ W T, A L7zEE OB & EREGHIG O HE

xR L7z, T OMREIEER I K10 IZR L.
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x5 oWEKE (1)

ARUE
ot K7 HELAE R FLHRRE X7y TTTER T SCCEFAHT - -0 973§ SLLC 7 ART 7E4)
Fet ObE No. -score Sy e b i . SrHriE . SrpE o oTE b ohriE ) SyHrfiE . SrHT A .
(%) 0. z-score, (%) No. z -scoref (%) No. z-score! (%) No. z-score! (%) No. z-score (%) No. z -score; (%) No. z -score PN No. z-score; i o No. z-score
2y 1253 1 -103 1821 3 o055 430 2 000 338 3 o098 548 1 -126 1.043 2 o031 0.631 1 2362 472 3 069
3 13.05 1 o076 17.58 4 212 415 1 -112 332 3 01 559 1 -039 0984 2 -097 0.678 1 -0.14
4 1288 1 017 18.09 4 o004 408 2 164 328 3 067 571 1 o055 1.042 2 029 0.674 1 -044
6 1229 1 -1386 1828 1 034 441 1 o082 268 2 -Ll6 564 1 000 0.997 2 -068 0.670 1 -0.73 518 3 123
7 11.82 1 349 17.88 2 -084 428 1 014 268 2 -Ll6 583 1 150 1.006 2 -049 0683 1 o022
8 1317 1 117 18.13 4 o021 4.06 2 179 538 1 -206 0990 2 -084
10 1285 1 o006 18.13 4 o021 4.17 2 097 321 2 o4 564 1 o000 1.099 1 154 0.664 1 -L18
11 13.06 1 o079 18.18 3 o042 4.11 2 14 362 2 171 575 1 o087 1.061 3 o070 0.686 2 044
12 1387 1 359 18.02 2 -025 4.02 1 -2.09 207 2 -3.03 577 1 103 0986 2 -092 0.685 1 036
13 1272 1 038 18.17 2 038 469 1 29 581 1 134
14 1289 1 o020 18.14 3 025 561 1 -023
15 1270 1 -044 1784 1 -101 507 1 452
16 1229 1 -186 1865 1 242 420 1 074 518 1 2365
181 13.09 1 o089 18.18 4 o042 419 1 -082 561 1 -023
19¢ 1292 1 o031 1771 4 157 338 2 68 6.15 1 404 1233 3 446} 0.664 2 -L18
19 19.12 3 241
208 12,68 1 -0s1 18.05 4 012 438 1 059 529 1 27
21 1295 1 o4 17.52 2 237 434 1 02 3.09 2 009 541 1 -18 0.674 1 -044
221 12,63 1 -0.69 1633 2 143 474 1 114
23 1275 1 027 18.13 1 o021 521 2 341
24 1288 1 017 18.15 4 o029 441 1 o082 564 1 000
25 1256 1 -093 1826 2 076 421 2 067 570 1 o047 1.010 2 -040f 0.666 1 -1.03
26 1290 1 o024 18.13 4 o021 428 2 014 333 3 o082 559 1 -039 1.001 2 -0.60 0.686 1 044
27 1287 1 o013 17.92 4 067 463 1 247 328 2 o067 563 1 -0.07 1.020 2 018 0.700 1 147 459 3 1»3
28 1270 1 044 1822 4 059 427 1 022 268 2 -L16 572 1 o6 1.000 2 -0.62 0.660 1 -147
29 13.04 1 om2 1788 4 034 445 1 112 344 2 116 575 1 o087 1.070 2 090 069 1 o7
31 1278 1 -017 17.69 4 -165 463 1 247 391 2 260 568 1 031 1.014 2 -031 0.674 1 -044
32 1289 1 020 1797 4 -046 411 1 -142 317 3 033 551 1 -103 0992 2 079 0682 1 014 500 1 -027
33 1324 1 141 18.06 4 -0.08 460 1 224 323 2 o052 574 1 01w 1.045 2 036 0695 1 110
34 1292 1 031 18.11 4 o012 431 2 o007 331 3 076 565 1 o007 1.045 1 036 0.673 1 -051 48.6 3 -0.10
35 1289 1 o020 1835 3 114 421 2 067 331 3 076 554 1 -0m 1.069 1 os8 0.683 1 o022 579 2 266
36 1302 1 o065 18.09 4 o004 438 2 059 333 3 o082 564 1 o000 0997 1 -068 0.678 1 -014
44 1303 1 o069 1799 4 -038 431 1 o007 551 1 -Lo3
46 1203 1 276 18.19 4 o046 437 1 o052 535 1 230
48 13.01 1 o062 18.08 1 0.0 427 1 022 555 1 -om
50 1303 1 o069 18.17 4 o038 432 1 o014 560 1 -031 0982 2 -101 0.674 1 -044 46.6 3 094
51 1298 1 o051 1821 1 o055 406 2 -1.79 294 3 036 548 1 -126 1.196 2 3658 0.660 1 -147 49.7 3 035
52 935 1 -1203 1798 4 -042
53 1285 1 0.06 18.12 4 o016 425 2 037 316 2 030 570 1 0.47 1.075 2 Lot 0.658 1 -L62
541 1331 1 166 1828 3 o084 548 1 -1.26
58t 1277 1 -020 1548 1 -1Lo4 428 1 014 343 1 113 521 1 341 0.774 3 =sssi 0528 2 -3
59 12.67 1 055 505 1 468 1.529 2 1093f 0993 2 2313
63 1339 1 19 19.82 1 139 9.87 1 3356
64 18.15 3 029 421 2 067 352 3 14
65 1272 1 038 1797 4 046 429 1 007 286 2 -061 560 1 -031 0995 2 073 0.681 1 007 50.0 1 -027
66 12.81 3 -0.06 18.04 3 016 544 2 158
69 1295 1 o4 1821 3 o055 425 2 037 320 2 o042 578 1 11 1.090 2 134 0.651 1 214 50.6 1 -00s
70 1298 1 os1 1791 4 072 436 2 o044 329 3 om0 538 1 -206 0994 3 075 0.673 1 -051 50.1 1 -024
71 1209 1 255 18.10 2 008
721 1280 1 -0.10 18.14 4 o025 411 2 -14 554 1 079 49.9 1 -031
73 1284 1 o003 17.65 2 -182 433 1 o022 329 2 070 552 1 -09s 1.093 2 140 0.681 1 007 513 1 o020
74 1287 1 o013 1788 4 034 441 1 o082 303 2 -009 563 1 -007 0982 2 -101 0682 1 014
76 1252 1 -107 18.09 4 o004 426 2 -029 314 3 024 581 1 134 1.017 2 025 0.679 1 -007 470 3 077
77 1224 1 204 1797 2 046 448 1 134 578 1 11 0948 2 -175 0.668 1 -088 470 1 -139
78 1261 1 -076 1823 4 o063 412 2 134 335 2 o088 561 1 -023 1.251 1 486 0.662 1 -1.33 498 3 039
80 1274 1 -031 1785 1 -097 430 1 o000 3.14 2 o024 582 1 14 0946 2 -180 0.679 1 -007 493 3 o018
81 13.10 1 o093 1783 1 -Lo06 433 1 o022 2.83 2 070 559 1 -039 0.998 2 -0.66 0.682 1 o014
82 1239 1 -132 1841 2 140 427 1 022 319 3 039 564 1 o000 1.053 2 o053 0.667 1 -096
83 1257 1 -089 17.49 4 250 4.16 2 -L04 3.18 3 036 566 1 ois 1.014 2 -031 0.678 1 -014
84 1353 1 24 17.88 4 -084 459 1 217 3.83 3 236 646 1 650 1.015 2 -0.29 0.677 1 -022
85 1382 1 342 17.60 4 203 412 2 134 339 3 101 512 1 412
86 1228 1 -1.90 17.60 4 203 403 1 20 427 3 370 576 1 095 1.096 2 1478 0.722 1 310
87 1292 1 0.31 17.57 4 216 435 1 037 332 3 0m 587 1 1.82 1.081 2 1.14 0.674 1 -044
97 1282 1 -003 18.18 4 042 421 2 067 345 3 L19 560 1 -031 0977 2 -112 0.687 1 0.51
98 582 1 142 1.055 2 057 0.626 1 39 528 4 165
991 1298 1 os1 18.27 3 080 565 1 007 1.052 2 os1 0.684 1 02 46.6 3 094
101 505 1 -0.09
102 1316 1 114 18.11 3 o012 318 4 036 547 1 134 1.015 2 -029 0.681 1 007 505 1 -0.09
103 1292 1 o031 1823 4 o0& 438 2 059 316 3 030 577 1 103 1.044 2 033 0.682 1 o014
105 12.83 1 000 18.08 3 0.0 428 1 014 3.3 1 021 575 1 087 0.996_ 1 _-070 0.685 1 036 53.8 1 113
106 1252 1 -107 18.61 4 225 422 2 059 321 2 o4 579 1 119 0.909 2 261 0.668 1 -088 477 3 048
107 1314 1 107 17.88 4 084 433 1 o022 292 2 042 560 1 -031 0981 2 -103 0.681 1 007 512 1 ol6 478 3 043
108 1352 1 238 17.92 4 067 450 2 149 574 1 07 467 2 -1.50
109f 1255 1 -09% 18.03 2 021 438 1 059 3.06 3 o000 575 1 087 0993 2 0774 0.695 1 110 453 1 202
110 1312 1 100 18.04 3 016 421 1 -067 3.04 4 -006 562 1 -01s 0989 2 -0s86 0.685 1 036
111 13.02 1 065 18.01 4 -029 446 2 119 302 3 -012 573 1 on 1.053 3 o0s3 0.692 1 o088 46.8 3 -085
112 1296 1 o044 1837 2 123 432 1 o014 286 2 -061 561 1 -023 1.051 2 o049 0697 1 125
113 1.035 2 o014 0683 1 o022
114 1263 1 -0.69 1820 3 050 4.19 2 08 258 2 147 584 1 1s8 1.049 2 o044 0.683 1 o022 483 3 023
115 1311 1 o096 18.03 2 -021 430 1 o000 299 2 021 575 1 o087
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x5

DHTRAR (2)

AREL

SE KRS - RIES RIHTE 7S TR T SRR - Ta i e SLLC N AFTS T
e obE N SIHTAE SIHTAE SIHTfE SyHTAE SyHTAE SIHTAE SIHTAE SyHTfE

(%) 0. z-score] (%) No. z-score] (%) No. z-score| (%) No. z-score| (%) No. z-score (%) No. z-score] (%) No. z-score| € ‘J/)No_z-score €O H)No_z-score
116 1798 1 -042 422 1 059 344 2 116 571 1 oss 1.027 2 -0.03 0.651 1 214
117 1261 1 -076 1739 1 29 406 1 -179 263 2 -131 570 1 0.47 1.025 2 -007 0.697 1 1.25
118 1340 1 197 1793 4 063 436 1 o044 3.05 2 -003 569 1 039 0979 2 -1o8f 0.680 1 000
119 1278 1 -017 18.08 3 0.00 439 1 o067 572 1 0.63 1.055 2 o057 576 2 254
120 1275 1 -027 1791 2 -072 529 1 141 277 1 -088 588 1 1.90 1.195 2 363 0.678 1 -014
122 1291 1 o027 1775 4 -140 433 1 o022 323 3 052 553 1 -087 0979 2 -108 0.669 1 -081 53.1 2 o087 483 3 023
122 1790 3 -076
123 1282 1 -0.03 18.07 2 -0.04 419 1 082 3.02 2 012 518 1 365
123 18.15 3 029
125 1.057 1 _o062f 0.678 1 -014
126 12.60 0.79
1278 12.68 051 17.85 4 097 442 2 089 327 3 o064 563 1 -0.07 1.026 2 -00sf 0.685 1 036
127 18.15 3 029
128 1283 1 000 18.10 2 o008 560 1 -031
130 13.11 1 0% 1799 3 -038 426 1 029 3.07 1 003 547 1 134 0.996 2 -070f 0.689 1 066
131 13.14 1 107 17.80 4 -118 435 1 037 301 2 -0i1s 557 1 -055 0.997 2 -068 0.688 1 059 520 1 o046
132 1289 1 020 1824 4 o067 433 1 o022 584 1 158 1.005 2 -0s1 0.687 1 o051
133 1280 1 -0.10 18.06 4 -0.08 442 1 o089 324 1 o055 570 1 o4 0994 2 075 0.677 1 -022
133 1834 3 110
134 1314 1 107 1790 3 -076 420 2 074 2.85 3 064 572 1 063 1.018 2 -0.2 0.693 1 09
135 1257 1 -089 1841 1 140 4.17 1 -097 3.05 2 -003 559 1 -039 1.014 2 -031 0.690 1 073
137 1287 1 o013 18.06 3 -0.08 453 1 112 3.00 2 018 556 1 -063 1.003 2 -055 0.690 1 073 49.0 3 006
137 18.12 4 o016 1.058 1 o064
138 1254 1 -L00 1795 2 -055 512 1 412
139 1285 1 o006 17.88 4 -084 420 1 -074 325 1 os8 538 1 -206 0.999 2 064 0.650 1 -221
1408 13.03 1 069 1834 3 110 433 1 o022 326 3 o6l 553 1 -087 1.062 2 o073i 0.666 1 -1.03 493 3 o018
141 13.04 1 o072 1822 3 059 431 1 007 3.00 2 -018 564 1 000
142y 1279 1 013 17.68 4 -1.69 428 2 014 354 3 147 570 1 o047 1.098 2 151 0.680 1 0.0
143 1776 4 -13s
143 1831 3 097
144 12.78 0.17 18.07 4 -0.04 425 2 037 353 3 144 562 1 -01s 1.156 2 278 0.649 1 229
145 12.90 024 17.86 1 093 439 1 o067 2,60 2 -141 561 1 -0 1.070 2 09 0.674 1 -044
145 18.12 4 o016 282 1 013
145 18.13 3 o021
146 1221 1 214 556 1 180
147 1220 1 217 1850 1 178 337 1 69 6.13 1 388 0.646 1 251
148 18.15 3 029 421 2 067 352 3 141
149 1273 1 034 18.15 4 o029 414 2 119 565 1 007 1.038 1 020 0672 1 059
150 1280 1 -010 1835 1 114 425 1 -037 290 2 -049 558 1 -047 1.000 2 -062 0683 1 o022
150 19.09 3 429
151 1298 3 os1 1795 3 055 547 2 -1.34
152 1825 3 om2
153 1292 1 o031 1717 1 336 415 1 -L12 3.06 2 o000 582 1 14
154 1243 1 -138 17.89 4 -080 446 2 119 323 3 o032 556 1 -063 1.007 1 -046 0.671 1 -0.66
155 1280 1 -0.10 18.15 4 o029 425 1 -037 3.18 3 036 564 1 o000 0995 1 -073 0.681 1 o007 465 1 -1s8
157 18.81 3 310
159 1301 1 o062 1825 3 om2 442 1 089 346 3 122 537 1 214 0990 2 -084 0.661 1 -140
160 1267 1 -055 18.04 4 -016 438 1 059 261 2 137 567 1 o023 1.010 2 -040 0.676 1 -029
161 1832 3 101
163 1260 1 -079 527 1 -293 1.075 2 101
164 1259 1 -08 1825 3 o072 421 1 -067 300 2 -018 563 1 -007 1.014 1 -031 0.673 1 -0s1 46.5 1 -1s8
1668  13.64 2 280 18.12 3 016 421 2 067 355 3 150 563 1 -0.07 1.015 2 0298 0.696 1 118 452 1 206
167; 1264 1 065 18.28 3 os4 420 2 074 342 3 10 579 1 L1 1.095 2 145y 0.670 1 -073
168 1271 1 -041 564 1 210
170 1318 1 121 1797 1 -046 437 1 052 292 2 04 543 1 -166 1.008 2 044 0.683 1 02
172 13.07 1 o083 18.02 4 025 415 2 112 324 3 o0ss 556 1 -0.63 1.018 2 -022 0.683 1 02
173 1314 1 107 17.98 4 -042 429 1 007 265 2 -125 567 1 ox 1.017 2 -02s 0.682 1 o014
176 13.03 1 069 1685 2 522 419 1 -08 386 2 245 563 1 -0.07
177 1274 1 -031 18.03 2 021 481 2 382 301 1 -01s 563 1 -007 0.672 1 -059
178 1288 1 017 18.04 2 0.6 438 1 059 294 2 036 5.62 1 015 1.030 2 003 0.665 1 -LIo 537 4 2m
181 1298 1 os1 1775 4 -140 420 1 074 283 2 070 626 1 491 1390 1 789f 0.650 1 -221
1828 13.03 1 069 17.62 4 -195 532 1 2%
183 1264 1 -065 18.07 4 -0.04 405 2 -187 302 3 -012 573 1 on 1.110 1 178 0.690 1 073 448 3 -1.69
184 13.04 1 o072 1775 4 -140 431 1 007 293 3 039 570 1 o047 1.003 2 -0s5 0693 1 09
185 1274 1 -031 1822 3 059 443 1 097 267 2 -119 572 1 06 0987 1 -0901i 0.674 1 -044 473 3 064
186 1320 1 127 17.99 4 -038 420 1 -074 292 2 -042 549 1 -119 1.041 2 o027 0.672 1 -059 463 3 -1.06
187 1315 1 110 17.61 4 -19 443 2 097 3.05 2 -003 553 1 -087 L1211 202 0.682 1 o014 521 1 o050
188 1297 1 o048 1794 3 -059 450 1 149 326 2 o6l 573 1 on 1.082 2 116 0.644 1 266 512 3 0%
189 1281 1 -0.06 1791 4 -072 431 2 o007 580 1 126 1.056 2 0.0 0.698 1 133 530 2 o83
190 1269 1 -048 1847 4 165 342 2 110 549 1 -L19
191 1324 1 14 1779 4 123 4.15 2 -L12 554 1 -0m 0.987 2 -0% 0.689 1 066 500 1 -027 473 3 064
192 1240 3 148 18.12 4 o016 398 2 239 311 3 o1s 421 2 -11.34 0.800 3 49 0.710 2 221 457 3 131
192
193 1314 1 o7 1829 4 o089 429 1 -0.07 533 1 245
194y 1287 1 o013 17.83 3 -1.06 426 1 029 546 1 -142 1.022 3 -0a4f 0713 2 24
195 1249 1 117 22.06 3 1691 405 2 -187 552 1 -09s 0.662 2 -133
196; 1225 1 200 17.52 1 237 412 1 134 414 1 331 567 1 o0 1.640 1 7096
197t 1305 1 076 18.07 1 -0.04 439 1 o067 554 1 0719 1.440 1 5617
198 1352 1 238 17.80 4 -118 453 1 112 271 2 -107 570 1 o047
199 1313 1 103 17.60 2 -2.03 416 1 -104 287 1 -0s8 551 1 -1.03 1.059 1 o066 0.699 1 140
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x5 oWEKE (3)

ARUE
ot K5y HELAE R FLHRRE X7y TTTER T SCCEFAHT - -0 973§ SLLC 7 ART 7E4)
w5 SYTE No. z -score; AT No. z-score] AT No. z-score} STHTIE No. z-score! ST No. z-score SYBTA No. z -score| ST No. z -score! i No. z -score! ST No. z-score
(%) (%) (%) (%) T (%) T (%) (%) (ehiE/n) (ehii/0)
200 1209 1 255 18.56 1 203 456 1 194 258 1 -147 555 1 -om
201 11.63 1 415 17.88 1 -084 426 1 -029 251 2 -168 585 1 166 0.773 1 =58f 0.632 1 354
202 1296 1 044 558 2 047
203 1229 1 -186 546 1 -4
207 1270 1 -044 1771 1 157 426 1 -029 234 2 220 574 1 01w 1.030 2 003 0.689 1 0.6 525 1 065 500 4 048
208 13.08 1 o086 18.17 4 o038 427 1 022 299 1 021 564 1 o000 0970 2 -127 0.689 1 066
209 1278 1 -0a7 17.68 4 -Le9 4.11 2 14 3,60 2 165 577 1 103 1.039 2 o022 0.660 1 -147
210 1283 1 000 1829 4 o089 438 1 059 276 2 091 560 1 -031 1.030 2 o003 0.690 1 o073
211 944 1 -11.72 1833 2 106 431 1 o007 337 2 095 557 1 055 1.015 2 -0.29 0.731 1 376
212 1320 1 127 17.69 2 -Le65 4.18 1 -08 361 1 Le8 570 1 o4 1.027 2 -0.03 0.677 1 -022
213 1286 1 o010 1773 4 148 433 1 o022 265 2 125 563 1 -0.07 0876 2 333 0.685 1 036
231 1252 1 -ro7 1826 4 o076 419 1 -08 244 2 -19 574 1 o1 1.163 2 293 0.653 1 -199 48.1 3 -031
232 1305 1 o076 18.19 4 o046 473 1 322 314 1 o024 568 1 o031 L1121 182 0.655 1 -184
233 1328 1 1.55 17.84 3 -101 429 1 -007 310 2 on2 555 1 -om
234y 1279 1 013 1824 4 o067 425 1 037 324 2 o0ss 565 1 007 1.039 2 o022y 0682 1 o014
235 13.17 1 117 18.00 2 -033 434 1 02 300 2 -018 575 1 0.87 1.020 2 -018 0.679 1 -007
236 1255 1 -096 18.05 4 -012 439 1 o067 297 1 -027 550 1 -L1 1.041 1 0.27 0.687 1 0.51
237 1280 1 -0.10 1835 2 114 444 1 104 279 2 082 561 1 -0 1.060 1 o068 0.672 1 -059
238 1353 1 242 18.06 3 -0.08 570 1 o047
239 1299 1 055 1822 4 059 420 1 074 3.00 2 018 555 1 o7 1.067 2 084 0.669 1 -081 49.7 3 035
240 1272 1 038 1828 2 o084 477 1 352 573 1 on
241 13.03 1 069 1795 1 055 420 1 074 3.00 1 015 575 1 087 1.058 2 o064 0.683 1 02
242 1204 1 27 412 1 -1.34 278 2 085 562 1 -01s 1.045 2 036 0.687 1 o051
243 1247 1 -124 17.90 4 -076 425 1 037 322 1 o049 567 1 ox 1244 1 47208 0.640 1 -295 529 2 o080
244 1139 1 498 1773 4 -148 440 2 o074
245 1412 1 446 19.11 2 437 10.03 1 4294 365 2 180 519 1 357
246 1333 1 1712 18.03 4 -021 404 2 -1.94 327 4 o064 574 1 07 1.080 1 112§ 0.684 1 02 474 3 060
247 1274 1 -031 17.89 4 -080 4.68 1 284 552 1 -09s 1.013 2 -033 0.680 1 0.00
248 1275 1 027 1831 2 097 435 1 037 258 2 -147 568 1 031 1.032 1 o007 0.678 1 -0.14 541 1 124 554 4 273
249 1289 1 020 1679 4 548 4.60 1 224 3.04 1 -006 572 1 063 1.000 2 -0.62 0.685 1 036
250 489 1 -068
251 1263 1 -0.69 393 2 a2m 298 2 024 531 1 -261
252 1253 1 -103 584 1 1s8
253 1289 1 o020 1792 4  -0.67 4.16 2 -104 316 1 o030 573 1 on L1122 182 0.685 1 036 514 3 106
254 1266 1 -0s8 18.10 3 o008 425 2 037 3.05 1 -003 572 1 o063 0974 2 1191 0.603 1 -569 50.8 3 081
255 1278 1 -0a7 17.81 4 -114 455 1 187 307 1 o003 560 1 -031 1.081 2 114 0.676 1 -029 515 3 Lo
255 1798 3 -042
256 1274 1 -031 17.81 4 -114 415 1 -L12 3.10 2 o012 566 1 ois
2577 1296 1 o044 18.05 2 012 446 1 119 245 2 187 572 1 o6 0.999 3 064 0.689 1 066
258 13.10 1 0.93 274 2 098 574 1 0.79 525 1 065
259 13.06 1 0.79 18.08 4  0.00 417 1 -097 561 1 -023
260 13.00 1 o058 17.92 4 067 438 1 059 330 3 0w 571 1 o055 1131 2 22 0705 1 184
261 1285 1 006 18.10 3 o0.08 421 1 067 296 2 030 562 1 -01s 0.988 1 -088 0.686 1 044 533 1 094
262 1253 1 -1.03 18.02 3 025 434 1 02 324 2 o0ss 565 1 007 1.083 2 119 0.668 1 -0.88 498 2 035
263 1287 1 o3 18.00 4 -033 428 1 014 291 2 045 560 1 -031 0978 1 -L10 0.629 1 2376 519 1 o4
264 1277 1 -020 18.05 3 012 413 2 127 570 1 o047
266 1215 1 235 1775 4 -140 408 2 -6+ 280 2 -079 569 1 03
267 1263 1 -069 1834 2 110 488 1 434 550 1 -1
268 1246 1 -127 1734 4 314 448 1 134 350 3 134 519 1 357
269 1261 1 -076 18.33 4 1.06 425 1 037 277 2 088 572 1 06 1.077 2 105 0.668 1 088
270 1264 1 -065 1791 4 072 422 1 -059 299 1 -021 573 1 on
271 1289 1 020 18.09 3 004 437 1 o052 284 2 -067 569 1 039 1.050 2 o046 0643 1 27
272 1281 1 -006 441 1 o082 286 2 -061 581 1 134 0989 2 -0s86 0.666 1 -1.03 46.7 1 -150
276 1257 1 -089 18.04 4 016 453 1 1712 299 2 -021 566 1 o5 1.067 2 034 0.655 1 -184
281 1280 1 -0.10 1820 1 o050 436 1 044 3.00 2 018 563 1 -007 1.070 1 090 0.685 1 036
284 1227 1 -193 1723 2 36l 430 1 o000 376 2 214 560 1 -031 0966 2 -136 0.643 1 27
290 1286 1 o010 1779 2 -123 450 1 149 267 2 -L19 559 1 -039 1.132 2 226 0.675 1 -036 509 1 o005 502 4 os6
290
293 1351 1 235 17.77 4 131 391 2 29 331 3 076 549 1 -1 1.037 2 o018 0.669 1 -081
301 1320 1 127 18.17 4 038 442 2 089 3.60 3 165 565 1 o007 1.040 2 025 0.690 1 073 47.8 3 043
302 1256 1 -093 1828 4 o84 455 1 187 279 1 -082 559 1 -039 1.041 2 o027 0.699 1 140
303 1298 1 o051 17.87 2 -089 456 1 194 574 1 o1 1.090 2 134 0.720 1 295
304 1289 1 020 18.38 3 127 425 2 037 2,63 2 -131 565 1 007 1.030 2 003 0.680 1 000
305 1218 1 224 17.66 4 -1.78 484 1 404 565 1 007
3068 1298 1 os1 18.12 2 016 417 1 097 358 2 159 574 1 01 0970 1 -1277 0.710 1 221 524 1 o6l
3077 1262 1 -0m2 1836 3 118 429 1 007 560 1 -031 1.021 2 016} 0.687 1 o051
308 1266 1 -058 1779 4 -1z 422 2 059 3.05 1 -003 558 1 -047 0.901 2 278 0.680 1 0.0
3097 11.88 1 328 18.53 3 191 435 1 037 569 1 039
310
311 1271 1 041 18.31 2 097 439 1 o067 295 2 033 5.63 1 007 1.055 1 0s57f  0.677 1 -022
312 1268 1 -051 18.08 1 0.0 433 1 o022 579 1 119 1.033 2 009 0.682 1 014 522 3 140
313 1258 1 -086 17.82 2 -110 434 1 029 531 1 261
314 13.05 1 076 18.13 3 o2t 441 1 o082 264 2 -128 562 1 -01s 1.038 2 o020 0.699 1 140
315 1297 1 o048 18.07 2 -0.04 559 1 966 235 2 217 525 1 3.0
316 1317 1 117 1823 4 o063 574 1 01 487 1 076
317 1279 1 -0a3 1828 3 034 435 2 037 341 2 107 564 1 000 1.059 2 o066 0711 1 229 47.1 1 -135
318 11.54 1 446 18.16 3 033 438 1 059 392 1 263 569 1 039 2095 1 2329 0.646 1 251
319 1274 1 -031 1821 3 o055 424 2 044 279 2 -082 563 1 -007 1.007 2 -046 0.708 1 206
320 1278 1 017 18.02 4 025 471 1 307 298 2 024 556 1 -063 1.011 2 -038 0.687 1 o051 495 3 o027
321 1315 1 110 1790 2 -076 432 1 o014 317 2 033 563 1 -007 1.003 2 -055 0.674 1 -044
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x5 SHAKIE (4)

AtEL
BN K73 LIYMEL Fail i ikt RS TR T G R S (i 2))
wS 2 No. z-score o No. z-score SR No. z-score AR No. z-score 2 No. z-score e No. z-score o No. z-score SR No. z-score TR No. z-score
) . (%) : (%) ) (%) ) (%) ) (%) ) (%) ) (gnfii/0) (gUnfii/)
322 1276 1 -024 1779 4 -1z 436 1 044 574 1 o079
323 13.01 1 o062 18.05 4 012 405 2 -187 313 3 o2l 556 1 -0.63 1.054 2 o055 0.688 1 059
323 18.12 3 o016
324 1291 1 o027 1790 2 -076 421 2 -067 580 1 126 1127 2 215 0.637 1 2347
325 1251 1 -L10 1840 3 135 433 1 o022 265 2 -12s 555 1 -0m 1.010 2 -040 0.660 1 -147 476 1 -117
326 13.07 1 o083 1822 3 059 624 1 476 48.6 2 -080
327 1330 1 1e2 18.08 4 0.0 437 1 o052 560 1 -031 1155 2 276 0.659 1 -1s5 526 1 oe8
328 13.06 1 o079 1799 2 -038 473 1 322 3.07 2 o003 572 1 o063 1.023 2 -012 0.683 1 o022
329 1227 1 -193 1822 2 03 417 2 097 277 4 -088 571 1 o055 1.180 1 330 0.680 1 000 529 1 os0
3300 1279 1 -0a3 1820 3 050 431 2 007 3.16 2 030 576 1 095 1.083 2 1197  0.684 1 02 49.1 2 -06l
331 13.15 1 110 18.12 2 o016 453 1 112 3.00 2 -018 570 1 o047
332 1279 1 013 18.18 4 o042 446 1 119 214 2 28 565 1 007 1.070 2 09 0.647 1 243 56.6 1 217
333 1264 1 -065 1820 1 o050 437 1 052 227 2 24 570 1 o047 0.989 2 -086 0.685 1 036 505 4 069
334 1273 1 -034 1824 3 067 423 1 032 3.00 2 015 549 1 -119 1.040 2 o025 0.660 1 -147 551 1 16l
335 1297 1 o048 18.62 2 229 437 1 o032 559 1 -039
336 1268 1 -0s1 18.10 4 o008 430 1 000 330 2 07 533 1 245
337 1259 1 -083 18.19 3 046 434 1 02 280 2 -079 568 1 031 1.010 2 -040 0.677 1 -022
338 18.15 3 029 421 2 067 352 3 14
339 1375 2 318 1840 4 135 426 1 -029 349 3 131 541 1 182 1.233 1 446 0.670 1 -073 506 3 o073
3401 1289 1 020 1830 4 0% 446 1 119 330 3 o0m 574 1 071 1.015 2 -029% 0.675 1 -036
341 1248 1 -121 18.13 3 o021 427 1 022 2,60 2 -4l 545 1 -1s0 0.820 2 455f 0560 1 887 487 3 -0.06
342 1264 1 -065 1827 3 080 426 2 -029 3.02 2 012 581 1 134 0971 2 -125 0.697 1 125 504 1 -013
3431 1276 1 024 17.80 4 -118 449 1 14 319 2 039 560 1 -031 0983 2 0991 0722 1 310 498 1 -03s
3441 1317 1 17 17.86 4 -093 452 2 164 351 2 137 557 1 -055 1.039 1 022§ 0.684 1 029
345 1298 1 o051 18.08 2 000 429 1 -007 341 3 107 564 1 000 1.030 2 003 0.678 1 -0.14
346 1213 1 24 510 1 -428 1.004 1 -0s3 0.680 1  0.00
347 502 1 -020
348 1287 1 o013 18.07 4 -0.04 440 1 o074 303 1 -009 555 1 -om 1.007 2 -046 0.670 1 -0.73
349 1321 1 131 18.17 3 o038 439 2 o067 263 2 -131 569 1 039 1.022 2 -0.14 0.660 1 -147 542 1 128
350 1276 1 -0.24 1845 3 157 426 2 029 572 1 063 1.055 2 o0s7 0.680 1 0.0 514 2 024
352f 12,64 1 065 1863 2 233 455 1 187 347 2 125 566 1 015 1.030 2 o003} 0703 1 L7
3841 1262 1 072 17.68 3  -1.69 419 1 08 275 2 095 573 1 o7
L z-scoreDMIE Tz AT Lz b DI, #HEN3L LD SO THS.
2 0 B ONo ML, APHEEZRT. MSELTOLEY Tho.
K5y ML= A AV ARG HLAE MUK Sy AN T A U
No. btk No.Hifiik  Nopfikis  No.wbinis  NoBihk  No. WK No. ik
eps 1 R s 1 T S Bk, A B TV =
aAhmmEs 2 PBEE o e 2 s 2 Z o R
3 Zof 3 WRbELS 3 T Ml 3 BB HTHE 3 Zoff

4 FE TR 4 Zofh

5 Zoff

VAPV RN
No. /3 #rH7ik
1 G E ek
Tn—A =y
va ik

3 LCiE

2

4RLFT A
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x5 DWEKE (5)

Balkt DatER
ot K5y HEHE HKZy HRITA TEETEY | TR FEURES TS
FeBt ObE No. -score SyHriE ) SyHrfiE . SR o oTiE b ohriE ) SyHrfiE . PoRIN(Y .
(%) 0. z -score| (%) No. z-score (%) No. z -score] (g/ ko) No. z-score] (g/]\‘/) No. z-score| (g/kg) No. z-score (g/kg) No. z-score} (g/kg) No. z-score
2 994 1 -09 5723 3 o4 2089 1 063 5477 1 -266 5723 1 -081
3 1041 1 113 5571 4 7 2089 1 063
4 1028 1 o054 57.00 4 o008 2083 1 ol 59.84 1 000f 6334 1 o071
6 984 1 -14s 5647 1 -067 2099 1 142 1.66 2 044 11.8 1 o021 60.17 1 o017 6095 1 o1l 143 1 -om
7 960 1 -253 56.05 2 -1.28 2087 1 047 1.60 2 -0.14 6025 1 o021 6325 1 069
8 997 1 -086 56.55 4 -056 20.80 1 007
10 1026 1 o045 5735 4 o3 2083 1 oi1s
11 984 1 -145 57.07 3 o8 2094 1 103
12 10.69 1 240 56.71 2 -033 21.04 1 18 1.53 2 -084 61.75 1 100f 5944 1 -026
13 9.88 1 -126 56.59 2 -050 2091 1 079
14 10.17 1 o004 58.88 3 280 20.84 1 023
15 10.00 1 -072 56.51 1 -062 2046 1 277
16 10.12 1 -018 56.97 1 o004 2067 1 -Ln
18 1045 1 131 5646 4 0.6 2077 1 -031
19¢ 1012 1 -0a8 5632 4 089 2055 1 206 5272 2 313} 6047 2 000
19 5874 3 260
208 1018 1 0.09 57.00 4 o008 20.80 1 007
21 1034 1 o381 56.69 2 -036 2069 1 -09s
22 10.10 1 -027 5136 2 807 18.97 1 -1460
23 10.16 1 0.00 5528 1 240 20.65 2 -126
24 1031 1 o068 56.78 4 -023 20.81 1 o0.00
25 9.86 1 -136 56.76 2 -026 2092 1 o087
26 1022 1 o027 56.93 4 -o001 2085 1 031
27 10.13 1 -013 5645 4 070 2078 1 -023 58.66 1 -061 6527 1 120
28 1003 1 -058 56.98 4 005 2088 1 055
29 10.08 1 -036 56.28 4 095 2074 1 -055 60.17 1 017 5833 1 -054
31 10.16 1 0.0 5578 4 167 2075 1 -047
32 10.13 1 -0a13 56.74 4 -028 21.07 1 206 5987 1 o001
33 1050 1 154 56.51 4 062 20.80 1 -007 59.65 1 -009% 6203 1 038
34 1020 1 o018 57.14 4 028 2090 1 o071 147 1 -014
35 1005 1 -049 5792 3 14 2082 1 o007
36 1041 1 113 56.77 4 -024 20.81 1 0.00
44 1026 1 o045 56.74 4 028 20.81 1 000
46 1026 1 o045 56.61 4 -047 2067 1 -1
48 1023 1 o031 56.95 1 o001 20.82 1 007
50 1034 1 o081 5725 4 044 2087 1 o047 6545 1 294
51 995 1 -095 57.14 1 o028 2074 1 055
52 9.11 1 4716 56.08 4 -124
53 1020 1 o018 57.00 4 o008 20.80 1 007
54 1023 1 031 57.99 3 151 2078 1 023
58 10.06 1 -04s 57.80 1 124 2038 1 341 0.83 3 184 59.96 2 006f 6326 2 069
59 932 1 380 2044 1 293 022 1 -1393 5884 1 -032 59.81 1 -016
63 1067 1 231 56.17 1 -1 2045 1 285
64 5787 3 134
65 10.14 1 -009 56.93 4 -001 2071 1 -079 60.60 1 039 6569 1 130 136 1 -1.70
66 1034 3 o381 5775 3 w7 2066 2 -L19
69 1021 1 o022 5773 3 114 2087 1 047
70 1023 1 o031 56.89 4 -007 2068 1 -1.03
71 9.06 1 498 5642 2 075
72 993 1 -104 57.04 4 o014 20.82 1 007
73 1020 1 o0a8 56.58 2 -052 2070 1 -087 58.09 1 -091 60.50 1 0.0 152 1 o056
74 1025 1 040 56.60 4 -049 20.84 1 023
76 10.06 1 -045 56.73 4 030 2085 1 031
77 1002 1 -0.63 56.45 2 070 2082 1 007
78 1009 1 -031 5778 4 121 2049 1 -2s3 142 1 -085
80 1028 1 o054 5597 1 -140 2062 1 -150 1.65 2 034 134 1 107 6124 1 o073 6191 1 035 147 1 -014
81 1039 1 104 5648 1 -0.66 20.81 1 000 228 1 664 5890 1 -049% 5501 1 -137
82 984 1 -145 5776 2 118 20.88 1 055 1.85 1 234 58.87 1 -0s50% 5571 1 -L19
83 10.09 1 -031 5575 4 m 20.81 1 000 1.61 2 -004 59.15 1 -036f 5818 1 -057
84 1059 1 194 56.17 4 -1 21.81 1 793 6030 1 024}  67.04 1 164
85 1094 1 353 5537 4 227 2071 1 079
86 973 1 -194 5541 4 221 2097 1 126
87 10.19 1 0.13 5554 4 20 2105 1 1.90
97 1027 1 049 56.75 4 027 2086 1 039 176 2 144 60.93 1 0s57% 6403 1 os8
98 2447 1 2904 1.65 1 034 5805 1 093} 6120 1 017 160 1 170
991 1018 1 0.09 56.97 3 o004 2074 1 055 29.57 1 -ss8% 31.66 1 123 148 1 o000
101 99 1 -080 61.74 1 09 6448 1 100 140 1 -113
102 1032 1 o072 57.13 3 o027 2068 1 -1.03 1.60 1 -014 57.67 1 -113 50.60 1 247
103 1029 1 o058 57.15 4 030 2097 1 126 1.63 1 o014 113 1 -00s 59.78 1 -003 5756 1 0713
105 1025 1 040 5732 3 o054 20.85 1 031
106 1034 1 o381 5697 4 o004 2104 1 182 153 1 o7
107 1034 1 os1 57.01 4 o010 20.77 1 -031 1.61 2 -0.04 5954 1 -01s 6059 1 o002 149 1 o014
108 1058 1 19 56.51 4 -0.62 2079 1 -o1s 1.60 2 -0.14 59.02 1 -043F 48.64 1 297
109 10.06 1 -045 56.38 2 081 2090 1 o7 6155 1 o089
110 1039 1 104 5729 3 050 2076 1 -039 1.60 2 -0.14 6131 1 o077 6201 1 o038
111 1029 1 os8 57.19 4 036 2074 1 -0s55 1.57 2 044 112 1 -010 60.02 1 009 6270 1 o055 146 1 -028
112 1029 1 os8 5697 2 o004 2067 1 -1l 214 1 524 60.57 1 038 60.86 1 009
113 6190 1 108 62.08 1 o040
114 10.10 1 -027 5755 3 o8 2098 1 134 1.54 2 -074 105 1 -048 61.09 1 o065 62.18 1 o042 135 1 -184
115 1036 1 09 56.85 2 013 2098 1 134
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x5 SHEE (6)

B _ PR
o KT H7ZAHE FIK 7S T RITR TTETEY IS TS T
B orHTiE N SIHTAE SIHTAE SyHTfE SR SIHTAE SIHTAE SIHTfiE
(%) 0. z-score] (%) No. z-score| (%) No. z -score| (g/}“V) No. z-score| (g/#\/) No. z-score] (g/kg) No. z-score| (g/kg) No. z-score| (g/kg) No. z-score
116
117 998 1 -081 5485 1 302f 2073 1 -063 1.54 2 074 5745 1 -125 5625 1 -106
118 1057 1 18 56.62 4 -046 2077 1 -031 1.58 2 -034 57.06 1 -145 5161 1 222
119 1029 1 os8 5776 3 L8 20.67 1 -L1 61.90 1 108 5878 1 -042
1208 10.14 1 -009 5799 2 sl 2065 1 -126 1.52 2 -094 59.88 1 o002f 59.08 1 -03s
122 1021 1 o022 56.76 4 -0.26 2067 1 -u11 140 1 140 6090 1 o055 5941 1 -026 145 1 -042
122 5783 3 128
123 1021 1 o022 57.13 2 o027 2042 1 3.0
123 5755 3 os8
125 6049 2 034 62.54 2 o051
126§ 10.10 1 027 62.03 1 114f 6191 1 035 152 1 o056
127 9.60 1 253 57.18 4 o034 2098 1 134 6049 1 034 6093 1 o1l 148 1 o000
127 57.63 3 0%
128 10.15 1 -0.04 5695 2 o001 2085 1 031
130 1037 1 095 57.09 3 o021 2063 1 -142 1.55 2 -064 60.97 1 059f 6279 1 057
131 1032 1 om2 56.77 4 024 2061 1 -1s8 1.57 1 -044 60.09 1 o013 61.85 1 034
132 1023 1 031 5713 4 o027 2090 1 om 1.70 1 o084 122 1 o043 5850 1 -070 5595 1 -113
133 10.08 1 -036 56.63 4 -044 21.00 1 150 1.57 2 -044 114 1 o000 5872 1 -0s8 5405 1 -Lel
133 5748 3 om
134 1034 1 0381 57.50 3 o081 20.87 1 047
135 10.07 1 -040 56.73 1 -030 2076 1 -039 1.69 2 o074 60.97 1 0593 5970 1 -0a9
137 1023 1 o031 57.19 4 o036 2088 1 o0ss 1.60 2 -0.14 163 1 264 60.67 1 043 68.12 1 191 137 1 -156
137
138 992 1 -108 57.06 2 o017 2084 1 023
139
140 1039 1 1.04 56.73 3 030 2082 1 o007 1.56 2 -0s4 109 1 -026 6097 1 0.59 5742 1 076 149 1 o014
141 1031 1 o068 57.84 3 130 20.88 1 o055
142y 1012 1 018 56.65 4 -041 2077 1 -031 145 2 -Le4 5560 1 2223 4883 1 292
143 56.63 4 044
143 5797 3 149
1441 10.15 1 -004 57.84 4 130 2078 1 -023 0.35 3 -12.64 5829 1 -081 5741 1 077
145 1026 1 o045 56.73 1 -030 2082 1 007 177 1 154 61.79 1 102f 6576 1 132
145 56.85 4 -013
145 5721 3 039
146 8.14 1 =915 5844 1 -073 61.05 1 o014 13.5 1 -1.84
147 1003 1 -058 5575 1 1712 2052 1 230
148
149 1000 1 -072 56.80 4 -020 20.88 1 055 86 1 -1s1
150 1020 1 o018 57.86 1 133 2070 1 -087 1.64 1 024 5396 1 -3.08% 6440 1 098
150 5822 3 185
151 1042 3 117 58.02 3 156 2069 2 -095
152 5830 3 1%
153 1024 1 036 5584 1 -1 20.81 1 0.00
154 975 1 -185 5640 4 07 2064 1 -134
155 10.15 1 -0.04 56.99 4 o007 20.80 1 -007
157 5777 3 120
159 1034 1 o081 57.67 3 105 2062 1 -150 5728 1 -134 5570 1 -120 146 1 -028
160 998 1 -081 56.24 4 -101 20.85 1 031
161 5736 3 o060
163 1009 1 -031 2080 1 -007 55.04 1 251 5476 1 -143
164 10.14 1 -009 57.08 3 020 2087 1 047
166} 10.63 2 213 5724 3 o4 2059 1 174
167;  10.01 1 -068 5748 4 om 2098 1 134
168 1003 1 -058 105 1 -048 5993 1 004 64.18 1 092 155 1 099
170 1053 1 167 5596 1 -141 20.81 1 o0.00 1.60 2 -014 6041 1 029 5899 1 -037
172 1035 1 0386 56.97 4 o004 2079 1 -o1s
173 1039 1 104 5729 3 o050 2075 1 -047 1.69 2 o074
176
177 9.54 1 2381 5505 2 27 2091 1 o079
178 10.17 1 004 56.88 2 008 2075 1 047 1.62 2 004 113 1 005 5845 1 072 62.81 1 058 144 1 056
181 1026 1 045 55.62 4 -190 1845 1 -1872
182
183 978 1 -1712 57.02 4 o 20,67 1 111 138 1 -142
184 1043 1 122 56.41 4 076 2098 1 134
185 996 1 -09 5730 3 os2 2062 1 -150
186 1037 1 095 56.77 4 024 2052 1 -230 1.74 2 124 13.1 1 o091 59.55 1 -015 56.76 1 093 147 1 -014
187 1042 1 117 5574 4 173 2076 1 -039
188 1029 1 os8 56.99 3 o007 2075 1 047 99 1 -0s80} 5510 1 248} 5275 1 -194
189 10.18 1 009 5647 4 -0.67 2075 1 -047
190 10.06 1 -04s 56.27 4 -0.9 20.84 1 023
191 1028 1 o054 56.14 4 -L15 2089 1 063 147 2 -144 151 1 o4
192 981 3 -1s8 5540 4 222 20.02 2 -626 135 1 -184
192 56.82 4 017
193 1053 1 1e7 5738 4 063 2071 1 -079
194; 1011 1 -022 5793 3 14 2087 1 047 082 3 794 3249 2 4358 3617 2 609
195
196 971 1 204 5446 1 381 2071 1 -079
197t 1032 1 o7 57.10 1 o023 2068 1 -103
198 1057 1 185 56.86 4 -o11 2094 1 103
199




162 fREHRFZEHE Vol. 37 (2012)

x5 oWEKE (7)

Balkt DatER
v K7x HELoEE FLIKTY HRFITR TEETEY 7 TR FEURES TS
FeBt ObE No. -score SyHriE ) SyHrfiE . SR o oTiE b ohriE ) SyHrfiE . PoRIN(Y .
(%) 0. z-score; (%) No. z -score; (%) No. z-score; ) No. z-score (g/12) No. z-score; (e/ke) 0. z-score; (a/ke) 0. z-score; (e/ke) No. z-score
200 995 1 -095 5649 1 -065 2051 1 238
201
202 1025 1 040 2049 2 253
203 986 1 -136 20.82 1 007
207 1009 1 -031 5546 1 -214 2093 1 095 1.64 2 024 108 1 -032 61.64 1 094 61.84 1 033 153 1 o7
208 1034 1 o381 56.54 4 057 2090 1 o7
209 986 1 -136 5647 4 067 20.88 1 055
210 10.17 1 o004 57.17 4 o033 2099 1 142
211 7.66 1 -1133 57.57 2 091 20.79 1 __-01s
212 1034 1 o381 5644 2 -om 2095 1 1n
213 1021 1 o022 57.01 4 o010 2086 1 039 56.96 1 -1s1 66.13 1 141
231 981 1 -1s8 57.88 4 135 21.03 1 174 6294 1 162} 67.02 1 163
232
233 1026 1 o04s 56.70 3 034 2064 1 -134
234 10.13 1 -013 56.93 4 001 2078 1 -023 1.71 1 0.94 5785 1 -104 6596 1 137
235 1037 1 0.95 5691 2 -0.04 2090 1 o7 1.73 1 114 5853 1 068 5980 1 -017
236;  10.10 1 -027 5642 4 075 20.81 1 0.00
237
238 1043 1 122 5802 3 156 2086 1 039
239 893 1 557 5743 4 070 2140 1 468 224 2 624 59.12 1 -037%  66.62 1 153
240 999 1 -077 56.52 2 -0.60 2079 1 -o1s 1.67 2 o054
241 1022 1 o027 56.98 1 005 2089 1 063 1.73 1 114 59.05 1 -041 5985 1 -01s
242 9.57 1 -267 2079 1 015
243 982 1 -154 56.64 4 -043 2092 1 o087 153 1 omn
244 947 1 312 5561 4 -192
245 11.08 1 417 5893 2 287 2075 1 -047
246 1028 1 o054 56.59 4 -0s0 2088 1 055 16.1 1 253
247 10.14 1 -009 56.57 4 053 2090 1 om 1.75 1 134 114 1 o000
248 10.19 1 o013 5732 2 o054 2091 1 07 1.61 2 -004 113 1 -00s 6147 1 o085 61.10 1 o015 153 1 omn
249 10.15 1 -0.04 46.72 4 -1478 20.82 1 007 143 2 -184 102 1 -0.64 5632 1 -184 5548 1 -125
250 11.8 1 o021 5930 1 -028} 5702 1 -084 156 1 113
251 10.06 1 -04s 20.81 1 000
252 16.7 1 285
253 1024 1 o036 56.72 4 031 2088 1 o055 39 1 404
254 998 1 -081 5823 3 186 20.69 1 095 93 1 -113 145 1 -042
255 10.17 1 o004 56.37 4 082 2089 1 063 123 1 o048 60.18 1 o017 61.02 1 o013 148 1 000
255 5730 3 o0s2
256 10.14 1 -009 56.50 4 -063 2093 1 095 94 1 -107
2573 10.16 1 0.00 56.60 2 049 20.60 1 -1.66 128 3 334 193 1 426§ 60.61 2 040f 5831 2 -054
258 1044 1 126 2093 1 095 124 1 053 5991 1 003 60.02 1 -0l11 149 1 o014
2591 1028 1 o054 56.82 4 017 2072 1 -om
260 1041 1 113 56.51 4 062 2083 1 o1
261 1009 1 -031 5765 3 102 2086 1 039
262 990 1 -117 5783 3 128 2075 1 -047
263 1021 1 o022 56.63 4 044 2072 1 -om
264 1028 1 o054 5802 3 156 2087 1 047
266 10.01 1 -068 56.68 4 -037 2053 1 222
267 987 1 -131 56.77 2 -024 2088 1 055 1.64 2 o024
268 9.87 1 -131 5526 4 243 2098 1 134
269 991 1 -1.13 5742 4 069 2093 1 095 5831 1 -0.80 58.02 1 -061 152 1 056
270 10.10 1 -027 56.53 4 059 20.85 1 031
271 1027 1 o049 57.67 3 105 20.89 1 063 4925 1 5558 5627 1 -1.05 143 1 -0m
272 1030 1 063 2098 1 134 1.67 1 o054 143 1 136 61.12 1 o067 5582 1 -117 155 1 09
276 10.12 1 -018 56.75 4 -027 2072 1 -om 4875 1 s82i 5350 1 175
281 10.10 1 -027 56.85 1 -013 2089 1 063
284 9.66 1 226 5549 2 20 2074 1 055
290 10.12 1 -0a8 57.12 2 o2 21.00 1 150 1.64 2 o024 11.8 1 o021 6125 1 o074 6599 1 138 150 1 o028
290 173 1 114
293 1069 1 240 56.67 4 -039 2069 1 -095
301 1047 1 140 56.62 4  -046 20.80 1 -007
302 999 1 -077 5727 4 o4 2096 1 119
303 1020 1 o8 56.28 2 -095 21.02 1 166 5875 1 -057% 5814 1 -058
304 996 1 -09 57.65 3 1.02 2071 1 -079 5840 1 -07s 70.50 1 251 134 1 -198
305 1038 1 099 56.62 4 -046 20.60 1 -1.66
306 9.70 1 208 56.80 2 -020 2072 1 -0m 60.83 1 0.51 5781 1 -067 151 1 o042
307 9.67 1 222 57.65 3 1.02 2101 1 1.58
308 997 1 -086 56.78 4 -023 20.88 1 055 63.61 1 197% 6223 1 043
309 929 1 394 5792 3 14 2084 1 o023
310 276 1 814
311 1003 1 -058 5743 2 070 20.81 1 0.00
312 994 1 -09 5705 1 oi1s 20.88 1 055 60.27 1 022
313 9.80 1 -1.63 56.77 2 -024 2052 1 230
314 1035 1 086 5770 3 109 2086 1 039 5923 1 -032 6223 1 o043
315 10.08 1 -036 5732 2 os4 2077 1 -031
316 1020 1 o018 57.84 4 130 2064 1 -134
317 1030 1 063 5748 3 om 2083 1 ol 59.13 1 -037% 60.73 1 006 153 1 on
318 879 1 w621 3346 1 -33.9 20.81 1 0.00
319 1009 1 -031 58.13 3 1712 2082 1 007 5822 1 -085 5562 1 -122 142 1 -085
320 996 1 -09 56.67 4 -039 2070 1 -087 2.03 2 414 57.82 1 -106¢8 5979 1 -0a7
321 1025 1 o040 56.79 2 -021 2086 1 039 5973 1 -005 5869 1 -045
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x5

DHTRR (8)

Bt B DREF
ES Kor M7= A RE MUK 53 BRIV L = hFEvE Eil B JEUMET TV
N ST b ST SpTi Sy bt Sy b b

No. z-score No. z-score No. z-score No. z-score No. z-score No. z-score No. z-score No. z-score
(%) (%) (%) (g/hv) (g/ k) (g/kg) (g/kg) (g/kg)
322 1017 1 00 5669 4 ©036] 2084 1 02
23 1029 1 058 5750 4 081 2080 1 007 169 2 oM
323 5773 3 14
3240 1016 1 000 5584 2 9] 2109 | 222 5830 1 080 5930 1 02
325 981 1 L8, 5785 3131|2067 1 -l 5937 1 024 6750 1 175
326 1019 1 013 5764 3 101] 2102 | 166
327 1045 1 31 5759 4 094 2057 | 190 6375 1 205
328 1023 1 031 5707 2 oa8| 2079 1 015
329 976 1 181 5786 2 13| 2083 1 015 3880 1 04| 3790 1 S71, (52 | 056
330, 1005 1 04 5748 3 078|071 | 0P 58.55 1 067 5641 1 102
B 959 1 25 5702 2 036 2075 1 44
320 1027 1 049 5704 4 028] 2087 1 047
3331002 1 06 s812 1 170] 2071 1 O 162 2 004 (1.0 1 021} 6057 1 038 6197 1 03| 136 1 -L70
334 997 1 086 5751 3 082 2068 1 -0 6l.04 1 082 737 1 17
335 1019 1 013 5660 2 -049] 2082 1 007
336] 1003 1 05 5703 4 053] 2057 1 190
337 1004 1 054 5807 3 16| 2070 1 087
338 5787 3 134
339 1059 2 194 5688 4 008] 2097 | 126 148 1 000
340, 992 1 -los| 5735 4 0590 2100 ] 150
LY Y T T N BT S S T P o S e [T R BT SR 139777
420 993 1 104 §781 3125|2086 1 039
343 1008 1 03 5603 4 13| 2086 1 03 084 1 274 6120 1 071 6215 1 o0 151 1 04
344 1035 1 086 5632 4 089 2090 1 071 64 1 26
345 1020 1 058 5700 2 008] 2070 1 087
46| 949 1 203 2099 1 421 159 2 024 @03 1 172 e4g8 1 110
347 105 1 048] 6128 1 075 6240 1 048, 147 | 014
48] 1019 1 013 5692 4 002] 2102 1 166
49| 1041 1 U3 5785 3 131] 2086 1 039
3500 1005 1 949 5767 3105|2084 1 02
352 01 1 98T sees 2 oad| o084 1 023 13 1 i TTd 103 Telsr 1 1035635 1 03
384 1026 1 045 5779 3 122] 2088 1 05
1 z-scoreDMIZ FHRZAF LIz DiE, HxHERA EDO LD THS.
W2 #EEONoMIL, LA RT. MSEUTFO LB Th
K5 Rt LR 5 HRIY A Thxvxry M 6
No. 7387 )5 15 No. 738 F ik No. 7 #r b i No. 43 #7 J5 ik No. ¥ F ik No. 73 #r b ik No. 7 #r ik
T R v SRR VS S R TS | Lok USRS BTG L B
2 AR 2 B o 2 i % ik 2z o 2 ot 2z ot
3 2o 3 b 3 2ol
4 B8 T
s zof

J U T VTV
No. 43 #7 )5 1%
1 LCi%

2 oA



] -

fREHRFZEHE Vol. 37 (2012)

50
45
40
35
30
25
20

45
40
35
30

164

Traozret - Trory Enctiza
oT'eT [olon oIzt
ik ik
00'6T S _H 06'€ S 0071
@ o~
06'8T Al o~ _H 08 Al 08T'T
N 3 N
08'8T ] .l\_w _H oLe ] —~ 09T'T
= Z
oL8T (1111 09°€ .l\_w _H orT'T
=
0981 A _ 0S'€ [1[]]=} 0zTT
0S'8T ov'e A 00Tt
Hm L ~
or'sT S5 og'e 080T
R 5
0e'8T oze 35 090'T
oz'st +& or'e ovo'T
~ \n _ ~ = _ ~
3
orst X N 00e X .Vxﬂ _ ozor X
00'8T @ _ 062 R [ 000'T
06LT m_ﬁ 08 @ _ 0860
081 il ot % _ 0960
orst N 092 SE= _H 0v6°0
| \) o
0921 nnnT 052 He 0260
o051 He _H ove D 0060
<
oLt _H 0£'Z 0880
N X
oe'LT ! _H ozt 0980
ozt o'z 0v8°0
0Tl 0T WHOVE0
o

35
30
25
20
15
10

5
35
30
25
20
15
10

5

0

u[ZZ3 07
)

u =307
1)

o
3

TRO6ET Trosy THSTY
08'€T SLY _ otT'9
0L€ET oLy S09
09T s9v 009
05°€T 09y S6'
ov'er sy 2 06’
0EET 9 0osv S8'S

it*
it*s

mic
0T'€T A Sty ”A\ _ 08's
oTeT ~ ov'y - _ se's
00'€T Hm sev 35 _ or's
0621 »_m oe _m 7 7 7 59
3 _ < = _ [
ozt 8 = _ sty & +< _ 095 &
P R
. oz 555
oret R @ _
09T @ ST o056
p- ._.H_M
o052t oty sv's
| SN i _
| ovzr D_M_ _ sov m _H or's
et _H 0oy He se's
ozet ~ _H S6'E 0&'s
™
orzt Bd _H 06'€ st's
00zt sg'€ oz's
| osTr 08’ .
W06TT _ wovog'e wpsT's
© w 2o w 9o v g w o S w 9 w9 w9 w g w o
g 8 8 & 8 4 8 8 £ 8 4 8 ¥ 8 1 8

5

3D

m|Z=
Xk

X6 HILTILODHERE (A

2307

ulZ
EI 3| 14)

FIRD DRGSR (A

X5



165

LR aHTEEICONT

L

N\

e 23 4E LT

[ Tr019
[ 009
[ 0'6S
[ 0'8s
0'LS

0'9s

5

0'ss

30

=

ovs

0'€s

0TS
| 015 Dy
| 0os & ;
| oev M

| o8y
| o
| ooy
o'sy

ovy

DEESHE mic o/MATves mZ

X8 SN/ AU RIILD

0Er
ozy
[ns4

| wvoty

16

14
12

10 7

~ o

T06L0
08L°0

7—5

oLLo

3MD

0920

>

0sL'0

17

EvE))

orLo

0€L0

ozLo

0tTL0

000

0690

0890 X

090

099°0

0s9°0

|

09’0
0€9°0
0z9'0
019’0
0090
0650

30650

70

60

50

40

30

20

10
0

) VDGR (A

X7

RVE)

SIRER (A

[
m
=
| _
[
[
[
[
il
_WU
_
__
[ ]
W

TYI0TT9
08'6S
05'6S

0T'6S

06'8S
09'8s
0€'8S
00'8S
oL'Ls
ov'LS
oT'LS
0895 %
0595
0T'9s
06'SS
09'SS
0€'SS
00'SS
oL'vS
or'vs
oT'vs

WNOT'YS

Trozit

oT'TT

00TT
06'0T
080T

osot

09°0T
0501
ovot
0£°0T
00t
orors
00'0T
06'6

08’6

0L'6

09'6
056
or'e
0€'6
0z'6

WN0T6

nZz3 n7—%

ujZ=3 DT

RVEY

H-ABBEOSEEE B

X 10

RVEY

X9 KoDHHEEE B

TrsTT
otz
S0z
002
S6'T
06T

_H g1

08'T

SLT

oLt

S9T

(g/bv)

091

SST

0s'T

18

16

14

12

10

SPT
_H (A
SET
0€'T

- STT

0zt

STT

HOpST'T

. Trase1e

0€'TT
STTT
(a4
STTZ

oT'TZ

_H SOTT

00TT

S6°0C

060Z

S80T

(%)

0807

SL0T

00t

S9°0Z

0907

S5°0T

0s'0T

Sv'oT

(U404

el ][]

SE0T

W¥SE0T

45

40

35

30

25

20

15

10

5
[

3DT—4

EvE))

njz=

uzZ=3 07

EvE))

D LDSHEE (B

-
~
-~

H12 Hk

FIRDDIHRGE (B

11



fREHRFZEHE Vol. 37 (2012)

166

TY400'0L
00'69
00'89
00'£9
00'99
00's9
0079

00'€9

nllN=

0029

0019

0009

(g/kg)

00'6S

00'8S

00'LS

25

20

15

10

009s

00'SS

00'vS

00°€S

] ]

00'Zs
00'TS
000S

0005

0

)
(g/t)

12

10

njZ=3 D74

ECS))

njZ=3 D74

SR HEEE (D

14

RVEY

13 I hFIFODNTEEE B

THTeT
8L1
ST

(421

(g/ke)

14

12

10

18

16

14

12

TY405'9L
00'5L
0S'€L
00'zL
050,
00'69
05'L9
00'99
05'v9
00'€9
0S'T9

0009

(g/kg)

05'8S
00'LS
0S'SS
00'vs
0s'ts
00'TS
05'6%
00'8¥
059

B¥OS'9Y

wZ=z3n7F—4

wZ=z3n7F—4

ECS))

16 JIVEEESVTILD

15 ERERDSHTAGE D

RVEY

SHTRAE (D



Rk 23 RO HEFEEHT L B o iriE E I oW T 167

£6 ARHOBITER

X 4yl Nz MizAB"E RGN ks RLUK 53
(%) (%) (%) (%) (%)
T—5 243 250 218 180 239
| H B 12.83 18.08 430 3.06 5.64
TR R 11.96 17.37 3.90 2.08 5.26
R 13.70 18.79 470 4.04 6.02
5 A E 12.83 18.06 430 3.08 5.63
95%(EHEIXH  12.79~12.86 18.03~18.08  4.28~4.32 3.03~3.13 5.62~5.65
X 2 BT D% SL (& Fsybres) ™ SL (Lc&)
(%) (%) (g(Iy k) (g(Aty k)
T =5 178 180 50 40
| H B 1.029 0.680 50.8 48.9
TR R 0.891 0.639 42.7 41.7
R 1.166 0.721 58.8 56.0
5 VA E 1.031 0.678 51.1 49.1
95%E/IXM  1.024~1.038 0.676~0.680 50.2~51.9 48.4~49.8

HE 1 Kol oHETREDH 727 —FPoEHLERBRTHY, Ko 21EXKS 1 TR
L7z z-A2AaT7 O EN 3L EDOT — 2 2B L CHEB LR TH 5.
2 z-AAT OREXHEN 3 DEFMETH 5.
3 SL (EBEOHE) X, YV ~A v F M) DLAOEESITEAN 70— VT v
a VIEEEFHLEMETHD.
4 SL (LC%) 1%, WV /~A v T RITADLCIERONRA AT v 28 LT

ERTHD.
=7 BRMOEHMER
K it Koy H7-ABE FLK 5y JIRIT A ThFTF
(%) (%) (%) (g/ b)) (g/ b))
T2 234 240 229 60 37
| r L fif 10.16 56.94 20.81 1.62 11.40
TIRES Sl 9.50 54.87 20.43 1.31 5.80
BREE S 10.82 59.01 21.19 1.92 17.00
) S 10.15 56.98 20.80 1.63 11.70
95%(EHEX M 10.12~10.18  56.89~57.06  20.79~20.82 1.61~1.65 11.0~12.4

E 1 K1 OBEEFREOH T-T =20 bEHLEHBRETHY, Ko213KS 1 TEHL
72 z- A a7 OHSHEN 3L EDOTFT =2 2R CRIB LSRR TH D,
2 z-AT OMEKHEN 3 OERMETH 5.
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&8 DHAMOEMKER

gy ) G J T URET T
(g/kg) (g/kg) (g/kg)
T — 2% 101 96 47
. i 59.84 60.49 14.8
RS Y 54.12 48.53 12.7
e PR S 65.56 72.44 16.9
5 I 59.79 60.24 14.7
95%[SHEIXT  59.41~60.17  59.37~61.10 14.5~14.8

HE 1 K1 0BETREOHT2T— 40 bHE B LERERERTHY, K
A2 1EKA 1 TEH L z-2 27 Ol s 3 UL EoF — & Z R4k
LTRHELEBRETHS.

2 z-AaAT OHEIHEN 3 DERMETH 5.

£9  FEHBRHKR

Foom g eUEE iﬁ - m§ E—
(%) - T (%)
28 ' L\ F

& L A Z L 30 136 1 0 137 0 100
7 A F 10 17 86 17 120 17 88
PN F 10 17 81 15 113 24 82
a— T NTFrT74—K 10 0 14 8 22 115 16
X & M » 710 2 100 28 130 7 95
» F WM o T 8 0 51 34 85 52 62
[ A e 7 7 82 26 115 22 84
VA R = Wi I/ PN 6 6 99 23 128 9 93
f ¥ 3 1 16 105 122 15 89
a3 I Ry BN 3 0 7 80 87 50 64
VARSIV T N 3 1 80 86 51 63
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x£10 ESLELOUSMREEHREShEREM

B4 2& ta be it
TNT 7T 7 I—)b 1 4 6 11
ZIFE 0 4 3 7
& ik 0 0 6 6
DT AR 0 1 2 3
TR > 7 g 0 0 2 2
S AN 1 2 2 5
ok 0 3 0 3
a— T )T I —)b 0o 2 7 9
=i kR 0 8 22 30
TN 9 35 16 60
INFEWRY 0 2 1 3
Koan 0 32 27 59
B 7T Ul 0 1 0 1
o 0 0 32 32
Ay V== 7~y 0 0 1 1
ks Ak 0 0 2 2
BA474 b 0 11 22 33
FFI—L 0 1 12 13
B 0 0 5 5
B — L d 0 2 3 5
7z —I— 0 1 2 3
BNERES 1 20 8 29
R—=rFFI—1 0 0 1 1
AI=—7 44— K 0 2 0 2
~A{ 1 14 2 17
F M 0 4 2 6
HRES VNS 0 1 0 1
2 Lilidd 0 4 3 7
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8 ¥F & &

(1) AREE (P92 FRJHELA k)
1 XK 4

243 EOT—=FOWERDH Y, v ANZAMEIZLD -2 a7 OfttEN 3 LLEO b DT 11
tECholz. TNHDOT —F ZRWTFEEMEIL 12.83 %, 95 %EHEXMIL 12.79~12.86 % T
HoT.

BB, SN FEZT LI RN MECLD 222 a7 2 KRD, TOMHSEN I U EOF—2%
BRONTHENT L7CRERIZLL T D LB Th o7z,

R EHEIC K DB TIE, 238 DT — & (-2 a7 OfaxHE? 3 UL Lo b D% 10 1)
DVRE S AL, EONEME, RS A OCHEMEERAIZENZ 12.82 %, 0.29 %KD 2.2
% CThH o7,

KOMEREHER LR TIE, 2 fFoT —2 8" MESh, ZOVEE, HEERFEELOH
SR 21T Z 2 13.70 %, 0.08 %X TN 0.6 % T - 7=,

ZOMDIE (NIRIZEDHESR) IZXD7 =203 @i Sni.

2) H7-ABHE

250 DT —Z OWMERHY, B NNR MEIZLD -2 a7 OfExHERN 3 LLEOH DL 13
tFCholz. TNHDOT — X ZRWTFEEMEIL 18.06 %, 95 %[FHEX ML 18.03~18.08 % T
HoT.

ek, STHEZEICaNRA NMEIZE D -2 aT ERD, TOMIMEN I L EOT— %%
BRONTHENT L7CRERIZLL T D LB Th o7z,

FAEH Y BT 2L YE « RS EE R IUIEIC L DR TlX, 27 0T — % (z-A2 a7 OHaxHER 3
UEDH DL 3 ) NE S, £ OVEE, FEHEEZEKL OCHMEERZT T 18.06
%, 031 %K 1.7%ThH-o7z.

FAEH Y BT 2R YE « R U BRI L DR TIX, 45 0T — % (z-A a7 OHaxHEN 3
UEDL DL 4 1F) NRE S, £ OVHE, EHEEZEKL OCHMEER AT T 18.07
%, 0.25%K TN 1.4%ThH-o7z.

ARy HT ELE « RBEIEIC K ARBR T, 67107 —% (-2 a7 OffikHEN 3L LD b D
XS ) BEE S, FOVHE, R E K O R ER 221X 2 24 18.16 %, 0.14 %
F 0.8 % Tho7-.

HEV O 2 LB, 111 HFoTF—4% (A3 7 OMMER 3 Lot old 1
) DG S, EONHE, AR K OFE X MR 221X 2 240 17.98 %, 0.22 %MK Y
1.2%THo7=.

3) CHNENS
28 hOT =2 OHENR DY, B NRRAMEIZELD 22227 OMHEN 3 LEO B DI 12
HECTholz. TNHDOT —F ZFRWVTEEIMEIL 430 %, 95 %EFEX ML 4.28~4.32 % TH -
7.
B, S HEZ LI ARNA MEIZLD 2223 T 2RD, FOMIHMEN 3L EOT— 4 %
BRONTHENT L7RERIZLL T D LB Th o7z,
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R EHEIC K DB TIE, 151 0T — % (-2 a7 OfaxHE” 3 UL Lo b ik 12 1)
DA S, OV, AR ZE L CHAMEERZ TN TN 433 %, 0.12 %M1V 2.9 %
ThHol-.

HE AR L2 T, 671407 —% (-2 a7 OfaxtEny 3 LLEo & o1k 2 14)
DVRE S A, OV, AR CHAMEERZ TN TN 4.22 %, 0.13 %MV 3.1 %
ThHoT-.

4) HHAAE

180 fF DT — % OMENRH Y, BNRAMEIZLD z-A a7 OfextE? 3 L ED L 0T 3 1
Tholo. TNHDOT —F ZROTEIMEIL 3.08 %, 95 %[E XL 3.03~3.13 % TH - 7.

B, S FEZLICaRNRA MEICE D z-2aT7 2R, ZOMSEN 3 EOT—4%%
BRONTHENT L7RERIZLL T D LB Tho Tz,

By HT ELE - FEEIC K ARBR T, 26F0T — % (-2 a7 OffikHEN 3L EDOH D
X3 S, FOYRME, FEERZE & OFH R 21X E N 3.03 %, 0.18 %%
N6.0% THoT=.

AR AT ELYE - AIIEIC K AR TIX, 103 fFoT — 2 B3flE S, TORHE, EER
72 M OFHAMEER Z X ENZEI 297 %, 035 %KD 11.8% Th-7-.

HE AR LR T, 47807 —% (-2 a7 OfxtEn 3 LLEo b oid 1 14)
DVRE S A, OV, AR ZE L OCHAMEER AT Z T 3.30 %, 0.19 %M T 5.9 %
ThHol-.

Z DM D FE (BEVIHT TIEZRVHERHERNE SR 2 W2 HiE) Ik 57 — 208 4
HaIhi.

5) HIKSy

239 DT —Z OWENRHY, BANR NMEIZLD z-A a7 OMHEN 3 LEDO DI 20
tECholz. TNHDOT —F ZFRWTEEMEIL 5.63 %, 95 %EFEX ML 5.62~5.65 % TH -
7.

B, S FEZLICaRNR MEICE D z-2aT 2R, ZOMMMEN 3 EOT—4%
BRONTHRENT L7RERIZLL T D LB Th o7z,

AR HT I LR TIE, 234 0T — % (z-RA 27 OiffakHE? 3 L ED b O1% 18 4)
DR S, OV, R &K AR ERZ T2 TN 5.63 %, 0.12 %X T 2.1 %
ThHoT-.

ZOMDIFE ONETTIE K ORI 23 ko i BL v & 70 2 051k, BBV @E I L2 HE
B) WX T2 s RGN,

6) WU LA
178 DT =2 OMERHY, NN MEIZLD -2 a7 Ot iy 3 LLEDOH DL 15
HThotz. TNHLOT—X ZERWTEHEI 1.031 %, 95 %FHEXM T 1.024~1.038 % T
HoT.
BB, M FEZT LI RNA MECLD -2 a7 2K, TOMHSEN I U EOF—2 %
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BRONTHENT L7CRERIZLL T D LB Th o7z,

BB T IEHE « a2 U T =y MEICK AR TIE, 3407 —4 (-2 27 Offaxt
R 3 LLED S DX 3 ) Bl IS4, TOREME, BEERZELROHSEERZ T ZEN
1.064 %, 0.075 %% N 7.0% T 7=,

Ry M B« TR R IC X DRBRTIE, 136 0T — % (z-A a7 OHEREL 3
UEDH DL 8 fF) e S, £ OVHE, AL OCHMEER AT T 1.026
%, 0.041 %} N4.0%ThH -7z,

ZOMDHE ICPIZ X HHE, FL— MEEEE) X7 —2 N8 &S,

uy v

180 thOT =2 OHENRHY, BN MEIZED -2 a7 OfftxHE? 3 LEOL DX 14
ECholz. TNHDOT —F ZFRWTEEMEIL 0.678 %, 95 %EHEXMIL 0.676~0.680 % T
HoT.

BB, SN FEZTLICa RN MECLD -2 a7 KD, TOMHSEN I U EOF—2%
BRONTHENT L7RERIZLL T D LB Th o7z,

BB T MBI L DR TIL, 130T —% (-2 a7 OMHEN 3 L ED b O1X 12 14)
DS S A, £ OE, R O IERER AT Z N ZH 0.678 %, 0.014 %KL 2.1
% CThH o7,

ZOMDIFE (ICPIZ XK DHE, €V 7T U HEWNMEIESE) ITX D57 =20 7 H#RES
ni-.

) VU /~AT T U UL

SEIORBRTIEY Y /~A T M) U AR OB N2, TOEEZELIICZ
Lo Tk, BHEOMEN7a—A( vV x7 v a ik 2Bl LC ROV A
T oA L DRBRE TENELDZ ENBZLN, W ZST THERFLE.

BEHANE O 70— Y7 a5 BRTIE, 50 FoT—20RENRH L, n
NRAMEIZE D 22237 OMIHEN 3 LLED L OId otz T OFE¥MEIE 51.1 g(ff)/ b
>, 95 %S FEXH A 50.2~51.9 g(F1ffi)/ b > TH - 7=.

LC IERONRA T v A2 X DRBRTIE, 40 thOTF =X O@ERH Y, n AR MEICK
L z- AT OMKHEN 3 LLEDO Do T2, £ OV 49.1 (i) k>, 95 %I54E
X [H 1% 48.4~49.8 g(Jiffi)/ k> ThH o 7.

B, S FEZLICaRNR MEICE D z-2aT 2R, FOMMEN 3 EOT—4%%
BRONTHENT L7RERIZLL T D LB Tho Tz,

BEOHTIEIC L ARBRCIX, 40 hoT7 —2 B3WE S, ZOWFEIMHE, EHERFZE L O
R ZILZ NN 50.8 g(JIf)/ b >y 2.9 g(Fiffi) b v R TY5.7 % Th - 7=,

Ta—A vVl va il ARBRTIE, 10 tfoT—2nHiESh, TOWEYHE, 1E
HEff 72 S OVFE M EE HE(R 22 1L Z L2 40 52.0 g(Jifii)/ k>, 3.7 gy o BV 7.1 % Th o7,

AR AT EEYE - LC{BIC L 23BRCIE, 34 fhoF7 — 2 BN@b Sh, 2O VM, EERFE
N O RHE HER 221X E 2 48.5 (1) k>, 1.9 g(Jili)/ b TR 3.9 % ThH -7z

FAEL T LY - SAFT v B AL DRBRTIE, 6 hoT—2nHiE S, OV,
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PR A 75 Mo OVFH PR YR 722 12 2 24 52.1 g(Jifli)/ b, 2.2 gl R V43 % Tho
7z

(2) B#EE (Fak)
1 XK 4

234 OT—=FOWERDHY, AN MEIZLD -2 a7 OfftHEN 3 UL EO DX 12
thThote. TNOEDOT —F RO FEHEIT 10.15 %, 95 %IEHEXEIE 10.12~10.18 % T
HoT.

B, S HFEZLICaRNRA MEICE D z-2aT7 2R, ZOMSEN 3 EOT—4% %
BRONTHENT L7CRERIZLL T D LB Th o7z,

R M EHEIC X DB TIE, 229D T — & (-2 a7 OfaxHE? 3 UL Lo b 1% 12 1)
DVRE S AL, FOFEME, RS R OCHEERAIZZ N 10.15 %, 022 %Kk 2.1
% CThH o7,

KOMEREHER LR TIE, 2 fFoTF —2 N5 Sh, ZOVEEE, HEERFEZELOH
SRR 21T F 2 10.61 %, 0.028 %% 1Y 0.30 % TH - 7=

ZOMDIE (NIRIZEDHESR) IZXED7 =203 @G Sni.

2) H7-ABHE

200 DT —Z OHERDH Y, B NRA MEIZE D 22237 OMERHED 3 L EDO L O 5 {4
Tholo. TNHDOT —F ZROTEHMEIL 56.98 %, 95 %EHEXMIX 56.89~57.06 % T
STz

ek, STHEZEICa NRA NMEIZE D -2 aT ERD, TOMIMEN I L EOT— 4%
BRONTHENT L7CRERIZLL T D LB Th o7z,

FAEH Y BT 2L YE « RS EE R X DB TlX, 26 0T — 4% (z-A2 a7 OHaxHEA 3
UEDHDIE 1 ) NE S, £OVEE, EEREZELOHMEER AT Z N 56.48
%, 0.90 %% TN 1.6%ThH-7z.

FAEH Y BT 2L YE « R U BRI IUIEIC L DR T, 2 T —% (z-A2 a7 OHaxHEN 3
UEDH DL 4 F) NIE S, £ OVHE, IEHEEZEKL OCHMEERZIT TN T 56.87
%, 0.46 %K% T 0.80 % T - 7=.

FARF AT UE - RBEVEIC K2R T, 63 tho T — X BNlE &, T OYHE, R
72 M O AR R 221X 2 24 57.66 %, 0.42 %K TV 0.70 % Th - 7-.

HEV 2 H L72RBRCIiE, 109 DT —% (-RAa 7 OMsHE? 3 LEDOHDIX 6
) DG S, T ONHE, AR M OFE X MR 221X 2 L2 4L 56.76 %, 0.46 %M Y
0.80 % T 7=,
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3) KKy

29 DT —FOHRENRDH Y, v MEIZED -2 37 OMERHED 3 L ED L O 8 {4
Tholo. TNHDOT —F ZROTEHIMEIX 20.80 %, 95 %EHEXMIX 20.79~20.82 % TH
STz

B, N TETEICe RA MNECKD 22227 2R, TOMMEN 3L EOT—2 %
BRDNTHEAT L7 RIZLL T O LB Tho .

AT I L A RBRCTIE, 224 FOT — % (-2 a7 Ol 3 LLED L 01E 9 1)
DA S, T OV, AR ZE & CHAHEER AT T 2081 %, 0.12 %K T 0.60
% Thoiz.

ZOMDIFE ONEH 15K OWEE SRy T e & 70 5 575, BB AT 2EE IS K 2 JE
) K BT —H 0 5SS ST,

4 HRITA

60 DT —Z ODHENRH Y, BRA MECLD 222237 OEEHENR 3 LLEDO S DX 10 1
Tholz. ZTNHDOT—XERWTEMEIZ 1.63 g/ b, 95 %EEXMIX 1.61~1.65 g/ k>
ThHoT-.

BB, HMHEZ LT ANR MEICED 222 a7 &R, ZOMHSEN3IULEDT—4 %
BRONTHENT L7CRERIZLL T D LB Th o7z,

FRLEH YT L HE - RIERRIIEIC L AR TIE, 19D T — % (=R a7 OH#aHED 3 LLED
bHOIE 4 1) NRE S, ZOVEE, RERENOHEMEERZZ AT 1.70 g/ -,
0.07g/ F > D 42%Th o7z,

FAEF AT I AE - I SIEIC X R TIL, 37T —% (-2 a7 O ER 3 L Eo b0
2R S, EONE, EHERZER OCHMEERZTENZEN 1.60 g/ k), 0.07
g h o ED45% ThoT.

ZOMDIE (ICP I K HME) IZXEDT7 =20 4 @G EShi-.

5) =h¥FIF
3T HEOT =2 OHREDDHY, BN MEICLD -2 a7 OfRHEN 3 LLEO S OIX 3 4
Tholo. TNHLDOT —F ZRWIZEHMIX 11.7 g/ b, 95 %EEXMIE 11.0~12.4 g/ k>~
ThHoT-.
B, DHTTEZT R TEE T ERE (LC ) ICL2BRTh oz, ZOEHEREKL D
FAAMERER 2T Z N TN 2.1 g/ b RN 18.0 % TH > 7=

(3) DB (IFHMTFHKBERHT LI v T X)
1) 4
101 thOT =2 OHENRH Y, B NA MEIZK D -2 27 OfsxHE» 3 UL ED b D% 7 4
Tholz. TNHDOT—F EBRWTEHEIT 59.79 g/kg, 95 %IEFEKX ML 59.41~60.17 g/kg
ThHol-.
B, N TETEICe RA MNECKD 22227 2R, TOMMEN I EOT—2 %
BRONTHENT L7RERIZLL T D LB Th o7z,
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BRI AT I L DB TIX, 96 hDT —% (z-A a7 Ol 3 L ED & D1d 5 )
RS S, FOWE, EERZER MR ERZILE N Z 0 59.77 g/kg, 1.89 gkg KT
32%CTHolz.

ZOMOIFE (ICP I K HWERE) ICLHT—20 5 s s,

2) #

96 thOF —Z OHENH Y, B NAMEICZED z-AaT7 O Ess 3 bbb ok 3 1
Tholz. TNHDOT—Z EZBRWTEHEIT 60.24 g/kg, 95 %IEFEKX ML 59.37~61.10 g/kg
ThHoT-.

BE, S HEZ LI N MEICE D -2 a7 2R, ZOHSHEN 3 U LEoF—4% %
BRDNTHEAT L7 RIZLL T O LB Tho 7.

BRI ATHRMEIC L DB TIE, 90T —% (z-A a7 OffaxHEn 3 UL ED & 01d 2 1)
DA S, ORI, R &K AR ER 2T 220 60.20 g/ikg, 4.32 glkg KT
72%ToH o7,

ZOMOIFE (ICP I X HWESE) ICLHT—20 5 s sk,

3) JZUMET LTIV
47 OT—=2ORED DY, BNNR MNMEIZLD -2 27 OfHEN 3 LLEDO L DX ed
ST TOVHEIT 14.7 gikg, 95 %IEMEXEIL 14.5~14.8 g/kg TH - 7=
RE, ST FIEII T S CERI T EEE (LC 1R) ICL 2B CThoT-. T OEERF ALY
FAXIEHE R 221X 2 N 0.65 glkg M (V4.4 % ThH - 7=

(4) CFBF (8 MR
i E

1 O A SN FE ORI & ZOREFEOHEEZITH) 2L & Lz, 137 BRELDY
WMENHY, BE L 11 FEEOMIC 28 FFEHO FEAHE ST,

BLA LIZFEHZOWT, 5 8AZ2 L (BAHEIG 30%) T, 137 3 B= (BRHE 100 %)
DHEWERDHY, TONRITELE (15 % E, UTRL) L o®E LRBREN 136, F&
(5 %L E~15 %A, LATFREIL) L LIcRBR=EN 1 Tho 7z,

TAE BAHEH 10 %) TiX, 120 A= (BRHEHE 88 %) No@RENH Y, TOWNFTIX
Za Ll LR BREN 17, FEEHE LoRBRERN 86, L& (1 %Ll E~5 %Ki, LT
FL) EMELE-RBREN1T THoT-.

KZE (BEHFE 10 %) TiE, 113 & B=E (BRIEE -2 %) »OLWENH Y, TONRITL
HERELLEHRBREN 17, FEREWE LICHREN 81, LELEHELLEHBREN 15 Tho
7.

a—2 I NT U7 40— K (BEAEE 10%) Tk, 228 BR=E (BRHE16%) »oHENH
D, TONRIFTHFERERE LERBREN 14, VEERELERBREN S THoTz.

REMPAT (FEFA 10 %) TIE, 130 RBR=E (BRHE 95 %) 2olENHY, TON
RITZEERE L-RBREN 2, PELEHE LRABREN 100, D& EHE LZRHBREN 28
ThHol-.
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HEIZHAT EAHEE 8 %) TIE, 85 ER= (MHFE 62 %) NoWENHY, TOW
FRITHREEHRE L2RBREN S, VEERELEZEBREN34 Tho Tz,

E— hL7 (BAEHEIE 7 %) T, 11583BE (RIEHE-L %) No@mEnHY, TOW
RIxZEEME LIEREBRER 7, FEEHRE LZHABREN 82, bELHME LIHBREDN 26
ThHoT-.

ik d (BAEIE 6 %) TiX, 1283 B=E (RIHFE I3 %) NoWERHY, TON
RIEZEEME LR BRER 6, PEEME LRBREN 99, DELHE LR BR=EN 23
Tho7-.

ar (BEHE 3 %) TiE, 1223 RE (BRI 89 %) NoWmERHY, ZONFITILE
EHELTRBREN 1, RS LERBREN 16, VEEHE LHRBREN 105 Tho7-.

REETI VT A (BLEEIA 3 %) TiE, 87 RBA=E (BRH=E 64 %) »o@mERnHY, T
WIRIZH EE WG LR BREN 7, PRELEHME LEZRREN 80 ThoT-.

DALY N (BAEIS 3 %) TiE, 86 RBR=E (MHEK 63 %) NoMENHY, =
DONFRITZ EE WA LIoRBREN 1, FEEME LoRER 5, V&L fds LeABRERN
80 Th-o7-.

Mo THH L2 DIZHONTIE, IERRBEL, 60 RBRENORENDH -T2, RNT,
Kwaphs 59 RBRE, B4 T A4 b33 R=E, RIEN R2AREDOIETEZIHEINT.

X MK

1) Michael Thompson, Roger Wood: The international harmonized protocol for the proficiency testing of
(chemical) analytical laboratories , Pure Appl. Chem., 65(9), 2123-2144 (1993).
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(8%)
YRk 2 3EE SRS ORI X % 5 E i EH

1. B B

fA R AR SR . fRE - SRR R R M EEEI % 2 kS fal B o el EHT X D
IINTEEE 24TV, O M OB E HIF ORI E2 0 | R TOMazE 240 U, RS o E
7R ELE R N EE O EKICET S,

2. HLEREEIORNE
AFE-- 9 5 F Rk B A A B
B &L My
C aloph- - 8 7 F Dk OB} o S sk
DR IFHHTFHEERH T LI v 7 X

3. o - EEEHAE
AFEE - - 2Ky, M ABE, BN, HEHE. MK, I DA VROV Y <A
DRl VRN
Balkt - - - Ko MEZAHE, MK, P RITARO= R oF s
Cilkl - « « 1 1HEEOFE OB A SIS OHEE
Dkl - - -8, WL UBET TV

4. SHyHr - B EEAE

(1) Bt - EEHEE, TEEH T ESE]  (ERR 20 424 A 1 BAHT 19 THZ 5 14729 =
BEMOKEEAHEE - BREREBEM) CEDDLHELN [HY ) ~A T M) U AEER SV
IR U AEGREEOEETVE] (TR OEEHRINY O R Bk S 2B+ 28 50—
HEWET 2ATEOMITICONT) (BFI56349 A 5 HfHT 53 & B 2173 5. 53 /KIRHE
464 S EMOKPEA S E R & OKPET R EEA @A) ORIF) ICTHEIRL T 7230,
BB, BEETITONEEZRAMN L ET,
T, BN FIEOREC, SRRSO —FlZid L E Lz,

(2) ER3WCRLEGH - \EHBED O L, FRBREBICBWCEMAREREA (2HHE T2<
THH) ZHOWVWTHT - WEELITV, EL T EIN,

(3) BV /=42 F RYTAILDNT, K7 v~ 87T 712K 5 EEEROAY N E
BIBCE DM NARERRBR=EIL, 25 TlC, oMaFEE+2 L2 BEVLET,

(4) BREI O F X F L O0HIZB T 5 ERIL, SEEMLIZbDOZMHA LTI ZIV,
CYREAEYE TR ISR LT E &N, )

(5) ZHTalEHIMm B E SRS L, T 2BRICIEFIRICE L TR L T EE 0,

(6) BEEOFE BFIZITHEZAABEICBT D7V Z— Uik R OBBEE) Tofr LizEAiE. <
NENDT —FZ2@HEL TIIEIN,
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5. MR E KR Ot

(1) #|EE, SR TEREOIL@REHT X 2 0 ERuE RS &) ok X v . S Xz
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