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Development and Collaborative Study of Simultaneous Determination Method of Phosphorus-
Containing Amino-Acid-Based Pesticides in Soybeans and Soybean Meal by LC-MS/MS

SAIKI Masakazu®!, ARAYA Hisanori 2 and MIYANOYA Kyo ™
("! Sapporo Regional Center, Food and Agricultural Materials Inspection Center (FAMIC) (Now Hokkaido
District Agriculture Office, Ministry of Agriculture, Forestry and Fisheries of Japan)
*2 Sapporo Regional Center, FAMIC)

We have developed a quantitative determination method of the concentration of phosphorus-
containing amino-acid-based pesticides in soybeans and soybean meal using a liquid-chromatograph
electrospray-ionization tandem mass spectrometer (LC-ESI-MS/MS), and conducted a collaborative
study.

Phosphorus-containing amino-acid-based pesticides in soybeans and soybean meal were extracted
with water and the extract was centrifuged. The supernatant was diluted with acetone and
centrifuged. The supernatant was then purified with two types of SPE columns (Oasis HLB and
Oasis Plus MCX, Waters Co.; Milford, MA, USA). Having derivatized these compounds with
trimethyl orthoacetate, the sample solution was purified with two types of SPE columns (Sep-Pak
Plus NH2 and Silica, Waters Co.), and injected into a LC-MS/MS to determine the concentration of
phosphorus-containing amino acid-based pesticides. LC separation was then carried out on an
ODS column (ZORBAX Eclipse XDB-C18, 2.1 mm i.d. x 150 mm, 5 um, Agilent Technologies
Inc.; Santa Clara, CA, USA) with a gradient of 0.01 v/v % formic acid solution and acetonitrile as
amobile phase. Inthe MS/MS analysis, the positive mode electrospray ionization (ESI+) was used.

Recovery tests were conducted on soybean, kinako (roasted soybean flour) and soybean meal.
Glyphosate (GLYP) and N-acetylglyphosate were intentionally added at the levels of 0.04 and 20
mg/kg, and glufosinate (GLUF), N-acetylglufosinate and 3-(methyl phosphinico) propionic acid
(MPPA) were intentionally added at the levels of 0.05 and 2 mg/kg respectively. The resulting
mean recoveries ranged from 82.3 % to 115 % for GLYP, 84.5 % to 110 % for N-acetylglyphosate,
80.9 % to 111 % for GLUF, 86.0 % to 117 % for N-acetylglufosinate, and 79.1 % to 113 % for MPPA
respectively. The repeatability in the form of the relative standard deviation (RSDy) was less than
18 % for GLYP, less than 15 % for N-acetylglyphosate, less than 12 % for GLUF, less than 18 % for
N-acetylglufosinate, and less than 11 % for MPPA.

A collaborative study was conducted by eight laboratories using two kinds of soybeans, kinako and
three kinds of soybean meal, all of which were added with GLYP, GLUF and MPPA according to
the following specifications: the first soybean was spiked with 0.2 mg/kg of GLYP, and 0.1 mg/kg
of GLUF and MPPA, the second soybean was spiked with 20 mg/kg of GLYP, and 2 mg/kg of GLUF
and MPPA; kinako was spiked with 5 mg/kg of GLYP, and 0.5 mg/kg of GLUF and MPPA; the first
soybean meal was spiked with 1 mg/kg of GLYP, and 0.2 mg/kg of GLUF and MPPA, while the
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second soybean meal was spiked with 12 mg/kg of GLYP, and 1.5 mg/kg of GLUF and MPPA, and
finally the third soybean meal was spiked with 24 mg/kg of GLYP, and 2.5 mg/kg of GLUF and
MPPA. The resulting mean recoveries ranged from 84.9 % to 98.3 % for GLYP, 94.3 % to 105 %
for GLUF and 102 % to 117 % for MPPA. The repeatability and reproducibility in the form of
relative standard deviation (RSD; and RSDg) were less than 13 % and less than 17 % for GLYP, less
than 13 % and less than 23 % for GLUP, less than 20 % and less than 26 % for MPPA respectively.
The HorRat was less than 1.6 for GLYP, less than 1.3 for GLUF, and less than 1.6 for MPPA.

This method was thus validated as useful for inspections of phosphorus-containing amino acid-based
pesticides in soybeans and soybean meal.

Key words: phosphorus-containing amino-acid-based pesticide; glyphosate; glufosinate; 3-(methyl
phosphinico) propanoic acid; N-acetylglyphosate; N-acetylglufosinate; liquid-chromatograph
tandem mass spectrometer (LC-MS/MS); electrospray ionization (ESI); soybean; soybean
meal; collaborative study

F—U—R: GV UTIVBRER,;, JVERY—bF; FAKRYF—b ;3-AFIVEHEAT 4
e A=A = e N?ﬁ%wﬁU$#—h,M7t?w&WT/x~b,m%&n
~ NI T TR T ARV ERGHTH =L ba AT L—A A Ak KE ; KREHD
9 ; e FEEER

1 #

YRS —F (LLF TGLYP] &£ 9. ) (% Monsanto Company CKI[E) 2P L 7= FEEe 2K 4E
BRI DT X ) RSRREAITH Y, HABEARICVEADEELRT X )V BOAKERET 52 L1
L0 RFREEMEZRT. GLYP MBS PRSP TIEN-TEF A7 ) R — MR a5 2
EMmBENTVWS Y

VRT3 —hF (BLF TGLUF) &\ 9. ) IX Hoechst AG (KA ) H3BA%E L7 IE@INMEXIEL
HAMOT I VBABREATHY, WM TINAE I UAKREBERELET S 2 LTk 0 BEEE AR
3. 72, GLUF I, #@m%ﬁ@zﬁ%¢113f%wfx74 a7 Ao (BLF
MPPA] &\ 9. ) , GLUF iittEE G -EHZED T TIEN-TEF LR 2 — MIRE SN
HTENHBLNTND 2,

BALE, BN Ol K OV E
L 7= GLYP [t 8 {x -+ M OF GLUF ffif
5.

GLYP DO EWNIZEIT Bkt ok I HEE 1%, KFE, ZAEKLPN~A 1T 20 mgkg, /NETS
mg/kg, LO9HEAZ LTI mg/kg, 7 A 2T 0.2 mg/kg I NITHE T 120 mg/kg EEDH HIL TN D,
T, BEMKEAREBENC X 2EOFEDEOEILEM L, b b K ORREEAE R (UL
T TWCRS) &W9H. ) TozmgménEb%ﬁXW\é.

GLUF O filkhr o 8 FLYEME Y13, #HE128 Tk GLUF, MPPA % GLUF I[CHE L7=H DK
N-TEFNIT VR F—h% GLUF KA L-ZL00RMELTEDLNTEY, KET 05
mg/kg, /NET02 mgkg XRE I HAZLTO1 mgkg THDH. £7z, EEOAEWE O PRI
il 1%, i ST 0.5mgkg KT WCRS T 0.1 mgkg & EDHHNTWVD

INDHEY TR EBRREROEE T OSHEE LT, fE ﬁ%ﬁm WI#EE S =gy o7
RMBREEOWEIK v~ N 7T 78 o7 DRV ESHTE (LLT TLC-MS/MS] & o . ) I2kD
FIRE TR D710 (LLF TIRERIE) v o, ) BB DHA, KEEROCKEMATIXEHEEICE Eh

il

DU E BT D IEE DNTHED & BAROKFE KB N 222 % MR
Bl fa2REOLIY LA LRGN fGEIHE LTH#EL TW



ROEKRORZIMNTHOE ) o7 I BREEOWEK Y v~ ~ 757 % 07 DRI & 2 FRTIE O BIF &k 0L RIS 3

TV,

WpR 30 AEREICER O, INEEOBE AR A KE LK ORKRERMOTICHERT 200 Z Y%
MREEL72E AT, KREIZOWTIRMHBEAAB L TBY, 77 L0HFEE V34 U TLBOBE
PATZ o Tz, F2, REMMHTICONWTIL, ~ N v 7 ZARICE DA A AR ED =9, [A]
I R 3 i 4 ﬁ%ﬁ%%3@ﬁ%&@aé@%;%ﬁ4b74/(quﬁé%%;$ﬁ4#7
A E0nH. ) KEDLNT-EED AEEZMIZ S 2ol A, WEEEZEHRTHEED
K,ﬁ@ﬁﬂ%mmt ERIFABR A M L, SRt EEES DI O P& &2 RFt LoD T, O3

BT 5.
eFs, BT REUETIE, @iGHEkﬁﬁbﬁ BT UE=UAEERRTEHESINTWD
Z e, GLUF EE# LB A IcimEoHNE Lz, £7/2, N-T®F LT VAR — FKOIN-T

t%w&wﬁvz~ki,%M%MGMT&UGMW®7t%w¢f%D TINTEAED IR TH
Ay LR —OFERIC/ DG, NNTEHFAZ VR — RN N-TEF AT LA X — RT
DN T FREBR 2 FE i, GLYP, GLUF X (X MPPA IZ DWW T HEMTHZ & & LT-.



fREHFZEHE Vol. 46 (2021)

0]
|
HO/ |\/ OH

OH
Glyphosate (GLYP)

N-(phosphonomethyl)glycine

CsHsNOsP MW: 169.1 CAS No.: 1071-83-6

)

/I|3 OH
OH\/\H/

O
3-(methylphosphinico)propionic acid (MPPA)
3-(methylphosphinico)propionic acid
C4HoO4P MW: 152.1 CAS No.: 15090-23-0
ﬁ

P N
OH
OH
@) OH
N-acetylglufosinate

(2RS)-2-acetamido-4-[hydroxy(methyl)phosphinoyl]
butyric acid
C7H14NOsP  MW: 223.2 CAS No.: 73634-73-8
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(2RS)-2-amino-4-[hydroxy(methyl)phosphinoyl]
butyric acid
CsH12NO4P  MW: 181.1  CAS No.: 51276-47-2

o
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N-acetylglyphosate

2-[acetyl(phosphonomethyl)amino]acetic acid
CsH1oNOsP  MW: 211.1 CAS No.: 129660-96-4

Fig. 1  Chemical structures of GLYP, GLUF, MPPA, N-acetylglyphosate and N-acetylglufosinate
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ICE->T 25mL ORET T A AN, KEMX TENML, BITERE CREB 2N T
GLUF ¥k # MR L7z (Z o ImL1%, GLUF & LClmgZ&H) .
4) MPPA FEHEJFHR
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Table 1  Operation conditions of LC-MS/MS

Column ZORBAX Eclipse XDB-C18 (2.1 mm i.d. x 150 mm, 5 pm), Agilent Technologies
Mobile phase 0.01 v/v% formic acid aqueous solution — acetonitorile (93:7) (hold for 12 min)
— 3 min — (5:95) (hold for 10 min)— 6 min — (93:7) (hold for 8 min)

Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)
Mode Positive

Ton source temperature 120 °C

Desolvation gas N, (600 L/h, 400 °C)
Cone gas N2 (50 L/h)
Capillary voltage 3.0kV

Collision gas Ar (0.25 mL/min)

Table 2 MS/MS parameters

Precursor Product ion Cone Collision
Target ion Quantifier  Qualifier voltage energy
(m/z) (m/z) (m/z) V) (eV)
o 102 — 22 17
GLYP derivative 254
— 152 22 17
.. 210 — 26 14
GLUF derivative 252
— 150 26 14
.. 149 — 21 14
MPPA derivative 181
— 93 21 14

I
/oMo SRM 7 v~ b7 T Anb E— 7 FEL O S 25RO TRERZIER L, #BHho
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GLYP & (N-7tEFnA7 VARV — R MhkaETe) , GLUF & (N-7E2EF L7 AR x—hHK
ZEte) KROVMPPA A2 L.

£72, I)OFEERILICL Y GLYP KON N-7 2 F /27 U k¥ — ME GLYP #E K12, GLUF &
O N-TEF NI NAEYF— MI GLUF FEEICENENRD 2 D, N-TEF ATV R
— NI N-TEF VTR v F— N BRI L CRMEIGRER 21T > B oEILE (%) OFHE
%, BEMRHRD - GLYP XX GLUF OJRE (mg/kg) % N-7kBF A7 Y ARV — KT N-T
TFATNRF— FORE (mgkg) IZHBEL, WILEZN-TEFALZ VRS — FXIEN-T
TFALTNVART R — FORE (mgkg) TRLTZOREGEZROALZ EICTLVIToT-.

ks, TEIEOWE% Scheme 1 [Z/R L7z,
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10.0 g of Sample

——added 200 mL of water

— shook for 30 min

— centrifuged at 1500xg for 10 min

—transfered 4 mL of supernatant to 10 mL volumetric flask

—filled up to 10 mL with acetone

— centrifuged at 1500xg for 5 min

Oasis HLB-Oasis Plus MCX joint cartridge (attach Oasis Plus MCX under Oasis HLB)
I—washed with 6 mL of methanol and 12 mL of water

50 mL lant flask
©8ep n S ) Standard solution
——applied 1 mL of sample solution
eluted with 18 mL of water ——1 mL of mixed standard solution

—transfered to 200 mL eggplant flask transfered to 200 mL eggplant flask

Derivatization

—— evaporated under 50 °C and dry with nitrogen gas
——added 1 mL of acetic acid and 4 mL of trimethyl orthoacetate
— plugged air-tightly and heated for 2 h at 100 °C

——cooled to room temperature

——evaporated under 50 °C and dry with nitrogen gas

——added 4 mL of ethyl acetate Standard solution
Sep-Pak Plus NH,-Sep-Pak Plus Silica joint cartridge added 10 mL of 0.01 v/v% formic
(attached Sep-Pak Plus Silica under Sep-Pak Plus NH>) acid solution

——washed with 10 mL of ethyl acetate 10 pg/mL of standard solution

——applied 2 mL of sample solution

——washed with 18 mL of ethyl acetate

50 mL eggplant flask

—eluted with 10 mL of acetone

——removed Sep-Pak Plus NH;

Sep-Pak Plus Silica

——eluted with 10 mL of acetone-water (19:1)

——evaporated under 50 °C and dried with nitrogen gas

——added 1 mL of 0.01 v/v% formic acid solution

LC-MS/MS

Scheme 1 Analytical procedure for GLYP, GLUF, MPPA, N-acetylglyphosate
and N-acetylglufosinate in soybean and soybean meal

2.1.5  IINENERER

2.1.2 @ 2) ~6)® GLYP #E#EJ#K, GLUF HEUEJFHK, MPPA YK, N-7®F L7 U RS — b
EERE KL RNN-T 2 F L7 VR R — MEERRK Z2 K CIEMICAR LRI Az,

KE, B OKEMNTIC GLYP & LT 0.04 %O 20 mg/kg FHY & (B&REHART® T
GLYP & LT 0.4 %1200 ng/mL fH¥% &) , GLUF & LT 0.05 %12 mg/kg fH% & ([d] GLUF &
LT 0.5 %120 ng/mL fH4 &) KO MPPA & LT 0.05 %02 mg/kg fH24 & (7]l MPPA & LT 0.5
OV 20 ng/mL FHY &) , N-7&F N7 UARH— K& LTO0.04 20 mgkg fHYS & ([F GLYP &
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LT032 KN 16ng/mL Y4 &) RON-TEF L7 LRy F— k& LTO0.05 &2 mgkg fA4 &
([ GLUF & LT 0.37 X' 1.5ng/mL FHY &) 1225 X5 ICEZNZENRMLTESEEL, —K
FHE LICRICARIEICHE > TER L, FHEIE K OMR UIEE Z RD 7.

2.2 JL[EEER
221 & OB
GLYP, GLUF Jx ' MPPA 5 L7aW\WZ & Zffsd L7z 2 FEO KRG KO 3 FHO KRG M7
EENZNHBE Ilmm ORAZ V — 235 UM Tl Lz, b ok RO GLYP,
GLUF XL UXMPPA BN ERH L72AWNWZ L 2R L 1 FEOX 2BIc VW T 12g T2/ yiF Lizb
O GRUEHIERIEAR) 45 2 2B ARE L LT 12 82 %R BR= i AT Lz,
222 O
) 7ER=RFU I LC-MS AT EREU EObDEH W, 7R My, 22— K
OFEfe = T VI3 IR R 3K - PCBRBRA I Z N E RS LD b D& Wi, iR K OV IR 135
WMNEZnEREUL LD DR W, A0 MEEE R U A FVITHE 98 %L Lo b o x vy
7o KWLM (JIS K0211 @ 5218 IZEHR SN EEHMiK) XXk 7 v~ N7 7 72V,
2) GLYP 1% %E 5%

GLYP 1E#EN (B L7 A /L AR MBERL, L 98.9 %) 200 mg & [EfEIZ & > T 200 mL D4
B7 7 ACAN, KEMZXTENL, BITERE CTREE AN Z T GLYP #E YRR & i L
72 (ZO#W 1mL 1%, GLYP £ LT 1lmgz&4) .

3) GLUF % 5E

TNVARRX— "7 =7 LEHES, (Dr. Ehrenstorfer GmbH %, H{iE 99.04 %) 100 mg % 1E
MEIZ &> T 100 mL OR&ET 7 A2 AN, KEMX TEPL, FITERE CRIEEZ M%<
GLUF ¥R 2 L7z (Z0i® ImLiX, GLUF & LT lmg Z2&A) .

4) MPPA 4 JFUK

MPPA ¥R (B L7 A L AFOEHSER, M 99.7 %) 100 mg % IEfEIZE > T 100 mL D4
B'7 7 AACAN, KEMATENL, TR E TREE 22 T MPPA B4R 2 8 L
72 (ZO#E 1 mL 1%, MPPA & LT 1mg Z&4) .

5) AR AR R T AR HE R

2), )KL N4 THHHLL 7= GLYP, GLUF } U8 MPPA FHEHER545 20 mL % 200mL D& &7 7
A AN TRA L, FICERETREMNZT, RERIERAEERKZRELZ (Z0]& 1
mL X, GLYP, GLUF }¢T* MPPA & L T4 100 pg =& 4) .

6) GLYP H& ¥k

) THMBEL L7 GLYP EHEJFiE 10 mL % 100 mL O L8 ~7 7 A 32 Ak, FITHERE TKEM

ZC, GLYP ¥R ZHM L7 (Z O 1 mL X, GLYP & LT 100 ug 2 54) .
7) 100 ug/mL GLUF, MPPA &AL

X 4)TH L7z GLUF &Y MPPA A EYERHEA 10 mL 4 100 mL O®R&E~7 7 A 2T A
, FICHERE TAKEZIMZ T, 100 pg/mL GLUF, MPPA BAEMER ZAELL7- (Z D 1 mL
I%, GLUF 2, (O*MPPA & L T4 100 ug 2 & 4) .
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8) 10 pg/mL GLUF, MPPA jE &1 #Eif
7)THEL L7z 100 pg/mL GLUF, MPPA IR GHEERR 10 mL 4 100 mL O & 7 7 X 22 A,
WA R E TARZMZ T, 10 pg/mL GLUF, MPPA {EAHEHERZ MR L7 (Z 0k 1 mL 1%,
GLUF X U'MPPA & LTH& 10 ug #&H) .
9) K& 1 W HEEER
6) CHL L 7= GLYP FZEHERK 2 mL Jx OY 8) Tl L 7= 10 ng/mL GLUF, MPPA JEGZ L 10 mL
Z100mL D287 7 A3 AN, BICHEHRETKEMZ, 1mLPICGLYP & LT2ug, GLUF
MOYMPPA & LTCENEN 1 ng 25 AT 2 RKE 1 BINAERERZFHE L 72
10) K 2 WK
2)THRBL L7~ GLYP FEYE U K& O 7) TR #d L 7= 100 pg/mL GLUF, MPPA JE &5 467 4% 20 mL
Z 100 mL O&&E 7 7 A 3T A, LITHEMRE TKEMZ, 1 mL 12 GLYP & L T 200 pg,
GLUF JxO'MPPA & L CENZEN 20 ug #5092 KE 2 IRINAFEAER 2708 L7-.
11) & 72 IR0 A HEHR
2)THBL U 7= GLYP BEHE UK K O 7) TR#L L 7= 100 pg/mL GLUF, MPPA JE A EYER 4 5 mL
Z 100 mL O&&E~7 7 A2 A, BITERETRKEMZ, 1 mL FIi2 GLYP & LT 50 pg,
GLUF xO'MPPA & L CENZEN Spug #5085 2 X iR EEAERR 2 JH L L 7-.
12)  KEMDT 1 RN R
6) Taidd L7 GLYP f5£¥#% 10 mL & O 8) THi#d L 72 10 pg/mL GLUF, MPPA B 1R YE#K 20
mL % 100mL O&&7 7 A 3T A, BIEMRETKEMZ, ImL FIZ GLYP & LT 10 ug,
GLUF X O'MPPA & L TENEN 2 ug 5 AT 2 RKEMT 1 BONAAEER 2785 L7z,
13)  KEHAT 2 U FHIE R
2)THHE L7~ GLYP FEHEFE 15mL %2 50 mL D287 T A2 2|2 A, BICERE TKREZMNZ
2. ZDK 40 mL KON 7)THEL L 72 100 pg/mL GLUF, MPPA {EAHEYHERE 15 mL % 100 mL &
BT T AIICAN, BICERETAKEMZ, 1 mL FIZ GLYP & LT 120 ug, GLUF KO
MPPA & L CEZNEN 15 ng #EH T 2 KE M 2 IIIAFERER 2 8 L 7.
14)  KEMT 3 WINAE R
2) T L7~ GLYP =% 30 mL % 50 mL D428 7 F X 22 Ak, FITHERE TKEIMNZ
7o, Z O 40 mL O 7)THRBL L 72 100 pg/mL GLUF, MPPA {R&HEH#ERE 25 mL % 100 mL @
BT T AN, FIERETKEZMLZ, 1| mL Fi2 GLYP & LT 240 pg, GLUF K O®
MPPA & L CTENEN 25 g AT D KG9 3 IR UERR 2 B L 7-.
5Ya 1 AR O)~14) %45 2 A, EEIIIE@EM T 2.2.1 OREBAHRE & 08 THRBR=EICE AT L
2. 72k, DOREIZOWTIERBREIZIB W CHEF L 7-.
223 otradEt
221 ORBARE ZIEF RO 2 SETHWZ. KE 112 GLYP & LT 0.2 mg/kg A4 &,
GLUF X TUYMPPA & L TZENZ4 0.1 mg/kg FHY & GREAAFE 10 g ioxt LTRE 1 RINFE %
1 mL ) %, KE 212 GLYP & LT 20 mg/kg fHY &, GLUF X TMPPA & L CTZEIEi2
mg/kg HH% B GRER AR 10 g loxt L CRE 2 IRIMAERER 1 mL ¥ %, 72812 GLYP &
L T 5 mg/kg fHY4 &, GLUF X UYMPPA & L CTZNE 0.5 mg/kg fHY & GRERAZE 10 g l2xf
L CE R AEAER 1 mL W) %, KREMMAT 112 GLYP & L C 1 mg/kg fH24 &, GLUF &
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UNMPPA & L TENLEI 0.2 mg/kg fHY & GURAZEL 10 g loxt LCRE M2 1 BN A MBI
I mL %0 %, KEHMNT 212 GLYP & L C 12 mg/kg fH% &, GLUF X O'MPPA & LTENnZ
1.5 mg/kg FHY & GRBRHEUEE 10 g 123t L CREMNAT 2 IMAERER 1 mL I®MN) %, K=
/9 312 GLYP & LT 24 mg/kg fH% &, GLUF KON MPPA & L CEIZI 2.5 mg/kg 4 &
(BRI EEF 10 g 1ok UL CRE NS 3 BOMMEESER 1| mL RN %, At R BIZRINL
TR L 7=,
224 ERFGIE
21412k -7,
225 #WENIE
SYHHELE, SATREHRIRE (mg/kg) THEL, 4 HTHZMUEHA L CTHOMTE 3 HrE THE S
7.
2.2.6 Sy ISR
BR2FE12A1THLLSF24 12 H28 HET
227 fRMTITIE
FEROMATIX, EEEMICN—F A XEI N FERBICBET 2 FIE 1D D255, FHEIL
F, MR URE (RSD,) K OVEMHEHAMGE (RSDr) #HH L, 547 RSDr 205, EIE
Horwitz =X ¥ % IV T HorRat Z R 7.
2.2.8 =
Ve A = AR, M BN B ARR ST v X — A SEET, — AR R A
HOR BB & & BRE OF e o F —, MSIATBOIE NRMOKPETE B 22t o 2 — Bk 2 4
A, Rt 22—, Flektr¥—, AAHRE 2 —ROEMFESZ— (G 8 RERE)

3 BRERUBER
3.1 rHriLBAgE
3.1.1  REHHiRo A#EbRE oG

YRk 30 FEEORFHIB W T, IWEORG~O@EAZHR LLE 25, it AA®BL, &
TADOHFEEY NEU TUMROEBENTZ -T2 b, BBLONE WiesE I, il
W7 hraEmz, #mLoHT52E CABERET 2 HEERE L.

ZORER, 04~08 FEDOT & b ZMMZTHIHRIZABERE S22, 1~15 5807 %
INZ T ERIZ AR 72 < 720, BT MMUBNFARETH 7. BEDLDOHIETIZ 08 FEDT &
MR CABARESNTODA, IHEE IR 1.5 FEOoKEMZTHD
ZEDD, FREERAFELCERD LS, MBRIC 15 BEOTE N2 d 25 EaR) JF
ERHEY THDLEEZ DN,

ZOHEDO BHEA M ~DORBEHRT 5120, KEOMBIEO ABEREMCSILA W ER
EWRMLIEbO L, ABBREZRICHLEWIEERZIRNM LI OOREL R LTz, = OREE,
Table3 D L3V, HEFREBEEZEML THENCRIZHEIZERD b oTz.
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Table 3  Spiked before/after removal of cloudiness

) ) spike before removal of spike after removal of
Spiked  Concentration of

cloudiness cloudiness
Targets level sample solution 2 2
(mg/kg) (ng/mL) recovery recovery
(%) (%)
GLYP 20 200 99.2 111
GLUF 2 20 117 121
MPPA 2 20 112 105
N-acetylglyphosate 20 160 106 114
N -acetylglufosinate 2 15 119 120
a)n=1

3.1.2 RO O I7EDO KT 3 ~ 05 H O 1
R 30 EEOBRFHIRWT, KT TiconTid, v MY v 27 ZRIC L DA A oAb
D7, [AULENZ Y VEMGRIET A RTA4 VICED DN BEED HIEM A= S ho7-. K&
WA T OO EBEAIITE Y X2V R T2 N rZ2M2bZ I8 BET 5720, MHEE
IZ X BHRHEOBRE L LT, KOO IFENKEM I IZ8E# A FTREN 2 Mt Lz, BIEIGR
B o Lo 0, SOUMERRRIE N A R I A VITED DAL BEE R OWHTREE o B 2 7= L
e EnD, REMOATICOREOMB AFIELZETT 252 & 035N &l L.
3.1.3 WiEWE OB
RE 2K, 20 1 BRAEL RGN T 3R EZHEE LT, 21412 K0 % U723 URHS IR
Z LC-MS/MS IZVEAL, b7 SRM 7 B~ N T AER L&A, WTnoEHZB W
THEEZGT A =7 TGO N7z
7k, BONIZSRM 7 rn~ N7 T AD—fl% Fig. 2 IZ/R LT,
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Fig. 2

of standard and blank sample solutions

(LC-MS/MS conditions are shown in Tables 1 and 2.

30000 - , 3
= 1 J[ ‘l’
5
220000 - J
E
‘210000 -
3
= W‘“
0 T T T 1
0 4 6 8 10
Retention time/min
30000 - , 3
= 1 J[ ‘l’
5
220000 - !
E
‘210000 -
3
0 wﬂtfu ‘
0 4 6 8 10

Retention time/min

Typical selected reaction monitoring (SRM) chromatograms

Arrows indicate the retention times of 1: GLUF

derivative, 2: MPPA derivative and 3: GLYP derivative. The baselines were shifted for display.))

A: Standard solution (0.5 ng/mL each)

B~D: Blank sample solution (B: soybean, C: kinako and D: soybean meal)

314 ~ MU v 7 A ROMER

214 O DED HIZE VAR LERKREEORGHNTOT T 07 REHAKIZ GLYP 8K %
GLYP & L T 20 mg/kg A4 & (e KalEHAT ' © GLYP & L T 200 ng/mL 1% &) , GLUF #%#&
K% GLUF & L C 2mg/kg f124& ([7] GLUF & L T 20 ng/mL fH¥4 &) , MPPA #% & {K% MPPA &
LT 2 mgkg fHY & ([Fl MPPA & LT 20 ng/mL fHY &) ZRNML7e~ bY v 7 AEERIZ OV
T, 2.1.4 O 5> THBE L EFREDOSAAEMEERICH T O — 7 mfEL 2R LI L 2
5, Table 4 D EBV THY, ZALEWITHAB~ N v 7 AT K DREREELZITLHZ L7

HMERRETdH o 7.
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Table 4  Matrix effect study

Concentration of targets Matrix effect® (%)
Targets in matrix standard in samplea) Sovbean Sovbean meal
solution (ng/mL)  (mg/kg) 4 4
GLYP derivative 200 20 101 109
GLUEF derivative 20 2 111 110
MPPA derivative 20 2 95.4 104

n=3
a) Converted from the concentration in matrix standard solution
b) Ratio of peak area of compounds in the presence of matrix to that in the absence

of matrix

3.1.5  UshnmENGGRER

2.1.5 12 K 0 aomEGRER A il L7z, £ OREERIX Table 5 ® 231, GLYP (DWW THEH[EY
R 82.3~115 %, % DR UK ITMXHERERZ~E (RSDy) & LT 18 %LL T, GLUF IZDW T
PIEL T 80.9~111 %, RSD, IE 12 %LLF, MPPA (2 2\ CEHEIILERIL 79.1~113 %, RSD, IX
11 %LLT, N-T2F A7 U RS — MTOW TS RN ERIE 84.5~110 %, RSD X 15 %LL T, N-7
TN T NR Y F— MOV TCOEREIN L 86.0~117 %, RSD, (X 18 %Ll FOKMBEAE L, #*
UYERERIET A RIA VITED BT DR O2)DEE K TS E 0 B EE £ 72 3 B AT 70 ik 5

ThHoTl-.
1) HEFE 70 %20 E 120 %L T

2) PHTHEEE : 22%LL T (IR EE 0.04 mg/kg X 0 0.05 mg/kg) , 14%LLTF (A 2mg/kg) , 10%

LIF ([F 20 mg/kg)
7B, BFOHNTZSRM 7 a~ v 7T AO—fl% Fig. 312" L7z,

Table 5 Recoveries for GLYP, GLUF, MPPA, N-acetylglyphosate and N-acetylglufosinate

Spiked Soybean Kinako Soybean meal
Targets level  recovery ¥ RSD,” recovery * RSD,” recovery * RSD,”
(mgkg) (%) (o) (%) (%) (%) (%)
0.04 115 12 85.6 18 95.7 13
GLYP
20 109 4.1 82.3 4.1 104 4.6
0.05 102 12 102 12 84.8 3.7
GLUF
2 111 9.4 80.9 11 111 8.2
0.05 107 3.7 94.4 10 79.1 11
MPPA
2 111 3.1 90.0 3.7 113 6.0
0.04 110 15 89.0 6.9 93.9 11
N-acetylglyphosate
20 92.6 4.9 84.5 5.4 104 4.4
) 0.05 92.1 9.0 107 17 86.0 18
N -acetylglufosinate
2 111 5.7 88.4 8.1 117 3.3

a) Mean (n =5)
b) Relative standard deviation of repeatability
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Fig. 3  Typical SRM chromatograms of standard and spiked sample solutions
(LC-MS/MS conditions are shown in Tables 1 and 2. Arrows indicate the peaks of 1: GLUF
derivative, 2: MPPA derivative and 3: GLYP derivative. The baselines were shifted for
display.)

A: Standard solution (The concentration is 0.5 ng/mL as GLYP, GLUF and MPPA.)

B: Sample solution of soybean spiked at 0.04 mg/kg of GLYP (the concentration in the sample
solution is about 0.4 ng/mL as GLYP) and 0.05 mg/kg of GLUF and MPPA (the concentration
in the sample solution is about 0.5 ng/mL as GLUF and MPPA).

C: Sample solution of kinako spiked at 0.04 mg/kg of GLYP (the concentration in the sample
solution is about 0.4 ng/mL as GLYP) and 0.05 mg/kg of GLUF and MPPA (the concentration
in the sample solution is about 0.5 ng/mL as GLUF and MPPA).

D: Sample solution of soybean meal spiked at 0.04 mg/kg of GLYP (the concentration in the
sample solution is about 0.4 ng/mL as GLYP) and 0.05 mg/kg of GLUF and MPPA (the
concentration in the sample solution is about 0.5 ng/mL as GLUF and MPPA).

3.1.6 E&E FREORE TR

GLYP #%3E (R D AR N EARE 2 7R L7 #1BH, GLYP & L T 0.3~300 ng/mL O Fufiffir & 72 5 i
JE(RE KRR EIM2TIZ GLYP & LT 0.04 mg/kg fA4 & (H&aBHAT 5 T GLYP & LT 0.4
ng/mL FHYE) KO N-TEFALZ VU ARF—FELT 0.04 mgkg tHY4 & ([F GLYP & LT 0.32
ng/mL FH4 &) ) OBFMENGRBROERITRLTHY (Table 5) , HF o7 E—2 D SN A 10
PLETHH-T=728, GLYP MONN-TEF N7 U ARY— FOEE FRIZKEL KRG MHNT T 0.04
mg/kg & L7z,

GLUF #FE(K K Y MPPA 358K O &R 05 EARYE 2 7R L72§iPH, GLUF &KUY MPPA & L C
0.3~300 ng/mL @ FfFir & 72 2R E (RE KX OKE M A 312 GLUF, MPPA X OY N-7 & F /L7
AR FR—FE L TENREN 0.05 mg/kg tA24 & ([A GLUF & L T 0.5 ng/mL #H2 &, MPPA & L
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T 0.5 ng/mL fH¥% &, GLUF & LT 0.37 ng/mL A% &) ) OFMEIGRBROMERIZEFTHY
(Table 5) , 6N/ E—27 D SN M 10 LA ETH 7272, GLUF, MPPA X (X N-7 & F /L7
VIR F— N OFER FIRIZTRKE K OKEM 29T 0.05 mgkg & L7,

AIEOKRH TIRZHFRT 5720, IRMEINGRBRICEVELNTZE—2 O SN X 3 LR 5RE
RO, EORE, BRETRIZIRELXOPRGM2T T GLYP KO N-TEFALZT Y AP — &
LT 0.01 mg/kg, GLUF, MPPA L ONN-7&F V7L F— k& LT O0.02mgkg Tdh o7z

3.2 JL[AEEAER

B L7c ok O =M BB E A M85 5720, 2212 10 AR ER A Fhe L7z,

GLYP D5 Ri% Table 6 D &30 TH Y, FHENNZRIL 84.9~98.3 %, RSD; I 8.7~13 %, RSDr
I% 14~17 %, HorRat [% 0.76~1.6 TH > 7=.

GLUF O R1% Table 7 © L B0 TH Y, FHEULEIT 94.3~105 %, RSD; (% 6.8~13 %, RSDr
1% 15~23 %, HorRat £ 0.77~1.3 Th o 7=.

MPPA D RIE Table8 D LBV ThH Y, FHEIUNEIT 102~117 %, RSD: % 6.2~20 %, RSDr %
16~26 %, HorRat X 1.1~1.6 TH-7~.

INENRORY E BT, ZUEHRBIETA RTA VICED N EMFHRE O B ZHE

(GLYP D KT 1 I22WTIE 41 %L T, KZ 21OV TIE21 %LLT, &2BIiconTid25 %Ll
T, REMA2T 1IN TIE 32 %L, REMNAT 21220 TIE 22 %L, KREHNH$ 312>
W 20 %L, GLUF O KE 1IZ2WTiX 44 %LA T, KE 212250 T 29 %LL T, &7
DWNTIE 35 %LL T, KEMOAT 11220 TIE 41 %LU T, KEMNAT 21220 TIE 30 %L T, K
AT 31DV TIE 28 %LL T, MPPA D KE 1122V TIiX 44 %LL T, KE 2122V TIE29 %
LR, 72220 TiE 35 %A T, KREHMNT 1220 T 40 %L T, KEHNT 212201 T
1329 %L T, REMAT 32OV TIE 27 %UAT) Ziili7z 3 BAF 2R R 23 F 572, HorRat (2D
WTIE, 1.5 ZEA 5B OPHA SN, RETBHIERNREWI &, KOBRRHZEREL b=
R —H—Z A LT D EEIRNTRD 2L, —RNICHFER O TREZELEIELEN
REL DB LR EORBOD EEZEZ LN,

ZEDT, FRBRE T L7z LC-MS/MS O§fE% % Table 9 128 L7-.
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Table 6  Collaborative study for GLYP

Lab. No. Soybean 1 Soybean 2 Kinako Soybean meal 1 Soybean meal 2 Soybean meal 3
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
1 0.218 0.210 21.6 20.4 5.86 5.54 1.30 1.32 13.8 14.1 29.1 27.5
2 0.144 0.172 15.2 15.5 3.99 4.84 0.936 0.981 10.5 9.93 20.3 21.0
3 0.162 0.172 17.0 15.2 4.08 4.98 0.929 0.933 10.3 10.8 16.0 20.0
4 0.158 0.161 14.4 14.8 4.38 3.63 0.959 0.739 9.84 10.6 20.2 20.7
5 0.219 0.179 15.8 15.7 4.14 5.05 0.675 1.02 13.0 9.53 224 24.9
6 0.161 0.169 18.8 18.9 4.95 4.61 1.06 0.973 12.0 11.2 24.1 24.6
7 0.191 0.202 14.1 16.8 3.67 4.63 0.970 0.877 10.2 9.48 18.5 20.7
8 0.247 0.165 21.1 16.3 5.99 5.21 0.907 1.15 9.49 12.5 18.9 24.6
Spiked level (mg/kg) 0.2 20 5 1 12 24
No. labs ¥ 8 8 8 8 8 8
No. outliers * 0 0 0 0 0 0
Mean value (mg/kg) 0.183 17.0 4.72 0.983 11.1 22.1
Mean recovery (%) 91.6 84.9 94.4 98.3 92.3 92.1
RSD, ? (%) 13 8.7 11 13 11 9.0
RSDr ? (%) 16 15 15 17 14 16
PRSDg 9 (%) 21 10 13 16 11 10
HorRat 0.76 1.4 1.2 1.1 1.3 1.6

a) Number of laboratories retained after the outliers were removed

b) Number of the removed outliers

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

Table 7  Collaborative study for GLUF

Lab. No. Soybean 1 Soybean 2 Kinako Soybean meal 1 Soybean meal 2 Soybean meal 3
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
1 0.107 0.102 2.14 2.09 0.620 0.560 0.215 0.236 1.59 1.68 2.85 2.85
2 0.0908 0.104 1.98 1.98 0.458 0.574 0.212 0.226 1.54 1.56 2.80 2.63
3 0.0781 0.0633 1.78 1.56 0.420 0.461 0.203 0.203 1.62 1.50 1.81 2.13
4 0.0889 0.0833 1.60 1.55 0.482 0.465 0.212 0.173 1.34 1.36 2.42 2.32
5 0.129 0.123 2.07 2.05 0.533 0.643 0.188 0.232 1.91 1.66 2.86 2.80
6 0.0751 0.0705 1.54 1.54 0.402 0.396 0.160 0.156 1.20 1.28 2.15 2.11
7 0.116 0.113 2.10 2.45 0.650 0.572 0.247 0.228 2.02 1.64 3.23 3.37
8 0.104 0.0607 2.29 1.57 0.649 0.538 0.140 0.216 1.18 1.59 2.05 2.61
Spiked level (mg/kg) 0.1 2 0.5 0.2 1.5 2.5
No. labs ¥ 8 8 8 8 8 8
No. outliers ” 0 0 0 0 0 0
Mean value (mg/kg) 0.0943 1.89 0.526 0.203 1.54 2.56
Mean recovery (%) 94.3 94.7 105 101 103 102
RSD, ? (%) 13 11 11 12 10 6.8
RSDg ¢ (%) 23 16 17 16 15 18
PRSDx ? (%) 22 15 18 20 15 14
HorRat 1.0 1.1 0.97 0.77 1.0 1.3

a) Number of laboratories retained after the outliers were removed

b) Number of the removed outliers

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 8 Collaborative study for MPPA
Lab. No. Soybean 1 Soybean 2 Kinako Soybean meal 1 Soybean meal 2 Soybean meal 3
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
1 0.161 0.148 2.20 2.18 0.650 0.596 0.265 0.291 2.09 2.06 3.62 3.44
2 0.0870 0.0880 1.92 1.91 0.465 0.541 0.237 0.268 1.92 1.93 3.22 3.16
3 0.0998 0.0908 1.94 1.45 0.413 0.464 0.114 0.124 2.03 1.65 1.79 2.22
4 0.0878 0.0872 1.37 1.49 0.482 0.410 0.190 0.164 1.31 1.38 2.38 2.16
5 0.159 0.138 2.54 2.64 0.720 0.744 0.272 0.254 2.12 2.00 3.28 3.90
6 0.102 0.158 1.97 2.07 0.490 0.474 0.205 0.191 1.51 1.52 2.47 2.49
7 0.124 0.116 2.15 2.04 0.580 0.190 0.232 0.209 1.78 1.68 2.76 2.82
8 0.118 0.0912 2.55 2.15 0.645 0.596 0.165 0.202 1.52 1.65 2.45 2.63
Spiked level (mg/kg) 0.1 2 0.5 0.2 1.5 2.5
No. labs ¥ 8 8 8 8 8 8
No. outliers ” 0 0 0 0 0 0
Mean value (mg/kg) 0.116 2.04 0.529 0.211 1.76 2.80
Mean recovery (%) 116 102 106 106 117 112
RSD, (%) 15 8.2 20 8.2 6.2 7.4
RSDg ¢ (%) 25 19 26 26 16 22
PRSDx ? (%) 22 14 18 20 15 14
HorRat 1.1 1.3 1.5 1.3 1.1 1.6

a) Number of laboratories retained after the outliers were removed

b) Number of the removed outliers

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

Table 9  Instruments used in the collaborative study
LC colume
Lab.No LC-MS/MS ) ] )
(i.d. xlength, particle size)
1 LC: Nexera X2, Shimadzu ZORBAX Eclipse XDB-C18, Agilent Technologies
MS/MS: LCMS-8040, Shimadzu (2.1 mmx150 mm, 5 pm)
) LC: ACQUITY UPLC, Waters ZORBAX Eclipse XDB-C18, Agilent Technologies
MS/MS: Xevo TQD, Waters (2.1 mmx150 mm, 5 pm)
3 LC: ACQUITY UPLC, Waters ZORBAX Eclipse XDB-C18, Agilent Technologies
MS/MS: ACQUITY TQD, Waters (2.1 mmx150 mm, 5 pm)
4 LC: ACQUITY UPLC, Waters ZORBAX Eclipse XDB-C18, Agilent Technologies
MS/MS: ACQUITY TQD, Waters (2.1 mmx150 mm, 5 pm)
5 LC: Prominence Shimadzu InertSil C18, GL Sciences
MS/MS: LCMS-8060, Shimadzu (2.1 mmx150 mm, 3 pm)
6 LC: Nexera X2, Shimadzu InertSustain C18, GL Sciences
MS/MS: 4000 QTRAP, AB SCIEX (2.1 mmx150 mm, 5 pm)
7 LC: ExionLC AD, AB SCIEX ZORBAX Eclipse XDB-C18, Agilent Technologies
2 LC: ACQUITY UPLC, Waters ZORBAX Eclipse XDB-C18, Agilent Technologies

MS/MS: Quattro premier XE, Waters

(2.1 mmx150 mm, 5 pm)

4 FEOH
KK OKRGIMHTICEE T 5 GLYP, GLUF, MPPA, N-TtF L7 UARY— KK N-7TE&F
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NI NIR Y F— MZOWT, [N#EE I, LC-MS/MS Z W= oiiEslx+ 25 & &b, $t
AR 2 20 L, SR E~DINEH DO AT I HOWTHAI L7- & 24, fiHiEom RS 228 F
THZET, UTORENGEL, NHEHNAARETHDL EEZ L.

1) KE, ERBEORTHENTICONT, KECE-s TR v~ b7 T AIERIVEL I
FAHE—7FRBO LR Tz,

2) AREFLZHENELNDIREHARIZCONWT~ MY v 7 AR A2 L7k %, GLYP, GLUF,
MPPA, N-TEF N7 VEY— R KON N-TEF LI NVRYF— MERAE~ ) v 7 22K DK
EREBELZTTLHZERHETRETH .

3) KHE, EZBMEOKEMANTIC GLYP & LT 0.04 %020 mg/kg f124 &, GLUF & LT 0.05 &
W 2mg/kg tHY &, MPPA & LT 0.05 T2 mg/kg 8% &2 IRINIE N N-7 2 F L7 U R Hh— b
& LT 0.04 20 mgkg Y BER NN-TEF /L TR x— k& LT0.05 K2 mgkg Fl4 &
EUWIML, RIEIHE- TS SOMTON &2 %0 L, BEIRE MR USEZRD =& 24, 2491
WEFBIET A T A4 LNTED BT B E R OWHTREE 0 B ARE 2w 72 3 BAF e i R G 6T,

4) ARED GLYP L ONN-T®F N7 VR — hoOgEE FIRIT 0.04 mg/kg, #HH TR 0.01 mg/kg,
GLUF, MPPA KX (X N-7 & F V7 iRy % — ks OER FIRIZ 0.05 mg/kg, B FIRIX 0.01 mg/kg
Thoi-.

5) KE 12 GLYP & L T 0.2mg/kg fi24 &, GLUF X UYMPPA & L CTZ#Z4 0.1 mg/kg 1% &,
K212 GLYP & L T 20 mg/kg fH¥Y4 &, GLUF X TUXMPPA & L CENZEH 2mgkg tHY &, X7
F3Z GLYP & LT 5 mg/kg fHY &, GLUF & MPPA & L TN TH 0.5 mg/kg FHY &, KTiH
M9 112 GLYP & LT 1 mg/kg tH% &, GLUF TF MPPA & L CZ#E1 0.2 mgkg FHY &, K
FIMAT 2 12 GLYP & LT 12 mg/kg fH% &, GLUF &KUY MPPA & L CENLE4L 1.5 mg/kg FH34
&, KO’ d 312 GLYP & LT 24 mg/kg fH% &, GLUF & MPPA & L CTZENE4L 2.5 mg/kg
MY EZTM LR 2 AT S HBEICB W TARIEICHEWIFERBRZ L L& 25, 241
WeFBIETA T4 VTED BT ER B E O B 2 w72 3 B RERP G o T,

#OH
HEFEFRBRIZZM L TWelnWle P —x vt o = o 2kt —RMEEAN B AR E o #
— AW FERT K O — M A N AR BRI & & BRI ORV T o 2 — 2B D BIRE B LI &R D
BzRLET.
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2 FMEBHAHTOTAFSZANAL/—ILRUVETSL/ oOFEAK O
RIS T LBEBEENNEICLE HDITEDRFEFE

W NIVSIE

Development of Determination Method of Deoxynivalenol and Zearalenone
in Whole-Crop Rice Silage by LC-MS/MS

SUZUKI Chika®

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

This paper presents the results of a validation I have conducted for developing a quantitative
determination method of the concentration of deoxynivalenol (DON) and zearalenone (ZEN) in
whole-crop rice silage (WCRS) using a liquid-chromatograph atmospheric-pressure-chemical-
ionization tandem mass spectrometer (LC-APCI-MS/MS).

DON and ZEN were extracted with acetonitrile-water (21:4), and the extracted solution was
centrifuged. The supernatant (1 mL) was then diluted with acetonitrile-water (21:4) to a volume
of 20 mL. The diluted solution was purified with a SPE column (InertSep VRA-3, GL Sciences
Inc.; Tokyo, Japan), and the purified solution was used for LC-MS/MS determination of ZEN. As
for DON, the purified solution was further purified with graphite carbon to obtain a sample solution.
Sample solutions thus obtained from each process of DON and ZEN were respectively injected into
a LC-MS/MS to determine the concentration of DON and ZEN. LC separation was then carried
out on an ODS column (InertSustain C18, 3.0 mm i.d. x 50 mm, 2 um, GL Sciences Inc.) with a
gradient of 2 mmol/L ammonium acetate aqueous solution and 2 mmol/L ammonium acetate
methanol solution for DON; and 2 mmol/L ammonium acetate aqueous solution and acetonitrile for
ZEN as a mobile phase respectively. In the MS/MS analysis, the negative mode atmospheric
pressure chemical ionization (APCI—) was used.

Recovery tests were conducted on WCRS.  WCRS was added with 0.2 and 4 mg/kg of DON, and
0.04 and 1 mg/kg of ZEN respectively. The resulting mean recoveries ranged from 97.9 % to 107 %,
and the repeatability in the form of the relative standard deviation (RSDy) was less than 3.9 % for
DON, while the mean recoveries ranged from 100 % to 110 %, and RSD; was less than 12 % for
ZEN.

Key words: deoxynivalenol; zearalenone; liquid-chromatograph tandem mass spectrometer (LC-
MS/MS); atmospheric pressure chemical ionization (APCI); whole-crop rice silage

F—U—R:TFFL=RNL )=, BT TV ks~ NI T7 782057 A RVEE
et s REJEAGSFEA A oAb R 58 B A

1 #% &
fEtE AR om X, BREHEm EoEERME & UTMEM T bh, fREEHER (BLF
[WCRSJ &5, ) Z&deEHEME B O ES RPBEmAIZITh TS, 2D —F57T, fEHE
My A Lv—Unb T AFr="1v/— (LLF [DONJ W5, ), BT Z 1L > (LLF [ZENJ
EVIL ) FOPUEIBRHEINTEY D, BHKEANEEEEL L TR 24 FENHIHYE

COMSEATEOE N EMOKEEN B L et o 2 — et 4 —
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B A F L LML T\ D, SR R DITINE S 41TV D DON KUY ZEN %@Uﬁ@%#%/\
HriEFEI LA LA L=V ~OEHANRNETH D Z ENRHERINTEY Y, EROIFYFEER
HEHRETHE, FEFENMBICHELOIEYIRHNLNL TN S.

RO A EWE O FEILUE R OVE L 9280 C, DON IZOoWTIHKT 98 (IZHAHO b
DERLS. ) IHRE SN DE B T4 mgkg WRICE S (KT 289 (FAHOLOEERLS. ) %
<. ) ROREAICKHS SN AR T 1 mgkg, ZENIZOWTIEESMOFEAICHKESNS
B T 1 mg/kg OEFIEVEM AR E STV, FERAYIC E LR A E B AL 4 B85F L TV
DL EERTDEOONNIEETED TELEERS DL EEZLND.

ZOw, FREFEICKREBIE, HRFEREEEICS VTR 29 FEIC—EVEEANRAR
BARAEN W T2 HTE 1O RO 30 BB 10— khR s N B AR RE RS AW T2 o iris WE
%L, EOBAZILYA L —THDDON KN ZEN OEK 7 v~ 75 7 5% 7 ZWVE &S HTEHC

SYHHE D EEN M EYE~ DI O A 2 it L2 1. Z OSHEIC - W T, Jil A %iPH 2 WCRS
Lﬁkﬁékﬁmﬁﬁ%ﬁok®f,%@ﬁ%%ﬁ%?é.
2|2 DON & U ZEN O E % Fig. 1 ITR L7z,

H H H OH O
z o |
: annillOH
(@)
o) é i
: HO
= H
o 0
Deoxynivalenol (DON) Zearalenone (ZEN)
(4S8, 12E)-15,17-dihydroxy-4-methyl-3-
12,13-epoxy-3a,7a,15-
oxabicyclo[12.4.0]octadeca-12,15,17,19-
trihydroxytrichothec-9-en-8-one
tetraene-2,8-dione
CisH2006  MW: 296.32 C18H2205  MW: 318.364
CAS No.: 51481-10-8 CAS No.: 17924-92-4

Fig. 1 Chemical structures of DON and ZEN

2 EBRAE
2.1 &g
WCRS X, 60 °C T 18~24 W¢fHFLMt%, HIZ|NICHRE L CREZ L7, 133 A% HW Tl
L7ZOBHHABE Ilmm DAY U — 2 &4 Lf:*ﬁ;ﬁ%&éﬂﬁ;ﬁ@b, ST HEEE LTz,
22 #O¥K
) 7ER=FIAVEROPAZ =T LC-MS 1l (EET7 AV LAFOMER) , 77774 D
— 7R > 1% Supelclean ENVI-Carb SPE Bulk Packing (Sigma-Aldrich ) , 1 mol/L FEfg7 > € =17
AERIEEmERE s e~ 77 7R (B 7 A4V AREMER) 2 Az, Kix Milli-Q
Advantage (Merck Millipore #) (2 X 0 #E# L 72@Hik (JIS K0211 @ 5218 (ZEF S -l
K) EHWE.
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2) DON FEHER
DON HE#Ef (8 £ 7 A L AFEHSERE, HIEE 100.0 %) 2 mg Z IEfEICE > T 20 mL D& &
T AZARN, TN EMAZTENL, FICERE CRES %% T DON fEHEH
WaERB L (Z0 ImLi%, DON & LTO01lmg%2aH) .
fEHICER L C, DONEHESHE 1 mL % 50 mL D4 & 7 F X 2 |ZIEMICAN, EICERETT
T h=hU—7K (21+4) ZMZ T, 1 mL FIZ DON & LT 2 ng 25 H T HIEHER 2 L
o, ZOEUERD —ERE, K—AKX ) —L—TE r=FU/ (18+1+]) TIEMIZHRL, 1
mL FIZDON & LTENEN 4, 6, 8, 10, 20, 40, 60, 80 KO 100 ng % & A 5 &K= UEHK
A L7z,
3) ZEN HE#ERK
ZEN BEHES, (87 A v AFeMisRed, H0 100.0%) 2mg 2 EfEICE > T20mL OL&EY
FAIZAN, TE =M AEMZTENL, FICERE CRVEE 22 C ZEN fE%¥EK
ZHB L7 (ZO 1mLIiE, ZENELTO0lmgZzah) .
ERICES LT, ZENAEHESHE 1 mL %2 50 mL O & 7 5 X 2 |ZEMICAN, EICE{RETT
T h=hU—/K (21+4) ZMZT, 1 mL FIZ ZEN & LT 2 ug 28 H T HEHER 2R L
o, ZOEWRO—ERE, T h=FU =K (21+4) TEMIZHRL, | mL (2 ZEN &
LTENENO0.1, 0.2, 0.4, 0.6, 0.8, 1, 2, 4, 6, 8 10, 20, 30, 40 L' 50ng &5 HT 5
FAEAEIR & R L7z
23 HEELUOEHE
1) FyRet - ZM-200 Retsch 8 (ABI& 1mm A2 U —>, ffi fFFEHER3K 14000 rpm)
2) IEEIHE: Abvr T A B —SR2DW ¥ A 7 v 78 (i HEHE & 5 %% 300 rpm)
3) ZHEHREN 7 & : InertSep VRA-3 (U HF—N—F&E 6mL) ¥—x/Hh A = 2Hl
4y AT T2 7 4 HF— : 13HPO20AN (FL#& 0.20 pm, EE 13 mm, AU T h T 74 v==F
L) BRSO
5) LC-MS/MS :
LC #B : Nexera X2 SEf/ERTHL
MS #F : LCMS-8040 oy i {2 i il
24 ERFGIE
) fhoH
TR 25.0 g Z B> TS00 mL D3R =A 7 T A3l AN, T R=hFUL—7Kk (21+4)
250 mL &z, 60 ZyME YV IEE CHH L. iK%z 50 mL ok 0 &eE ic A,
1600xg T 5 Rl Ly BEL, EEZE ImL 2 20mL O&E Y 7 A |ZEEICAN-. 287
TFAADERETTE b=FY =k 21+4) ZMZ, BT 2N 23R & LTz,
2) 1T LHER
REHAR 2 e 7 DT AL, PIOOWHEIKR 1 mL 8T/, 10 mL ORBREZ 1 7 LD
TICEE, ZOBOFRMIR 1mL 25%F, LC-MS/MS (2 X% ZEN OHIEICHT 23R E L
72, HIZ, Bl 10 mL ORBREZ S T LD FICE S, ZO%OFHMIE3 mL 251, KRt
TORBHEIR L LTz,
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3) FE
HWEHARREZH SN TD T T 7 74 M —AR2 200 mg # A7z 15 mL O LT = — 712 Af,
1 3R D IRE 72, 1600xg T 5 srfiliE OB L, E¥EARK 2 mL % 10 mL ORBRE IZIEMEICA
N, B@FENTAZE>THELE. K—2%/—1—7% h=hKrU/L (18+1+1) 0.5 mL % IEfE
WA TR EENL, AT T2 7 4 0F—TAiL, LC-MS/MS (2L % DON OHIEIZ
g 2 3BHAER & LTz,
4) LC-MS/MS (2 X 5 HIE
ABHANR, 4% DON AEYEHR K O ZEN FEYERR 5 uL % LC-MS/MS I[ZIEA L, BEIRSISHRH
(LLF TSRMJ W9, ) 7ua~ 7T L%557-. WESRM% Table 1 2 OY Table 2 |[Z/R L 7.
k7 v~ 872 7EICEBV T, DON LT ZEN OIRBER D&% 2, Tablel D B Zi
ZRIABER 1 KO 2 O THIE L.

Table 1  Operation conditions of LC-MS/MS

Column InertSustain C18 (3.0 mm i.d. x 50 mm, 2 um), GL Sciences

Mobile phase 1 (DON) 2 mmol/L ammonium acetate aqueous solution-2 mmol/LL ammonium acetate methanol solution
(19:1) (hold for 1 min) — 9 min — (1:19) (hold for 5.5 min) — 0.1 min
— (19:1) (hold for 4.4 min)

Mobile phase 2 (ZEN) 2 mmol/L. ammonium acetate aqueous solution-acetonitrile (7:3) (hold for 1 min) — 4 min
— (1:19) (hold for 7 min) — 0.1 min — (7:3) (hold for 4.9 min)

Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Atmospheric pressure chemical ionization (APCI)

Mode Negative

Nebulizer gas Air (DON 2.5 L/min, ZEN 4 L/min)

Drying gas N2 (DON 6 L/min, ZEN 5 L/min)

Interface temperature DON 400 °C, ZEN 350 °C

Heat block temperature 200 °C

Desolvation line temperature 250 °C

Collision gas Ar (230 kPa)

Table 2 MS/MS parameters

Precursor Product ion Collision
Target ion Quantifier Qualifier energy
(m/z) (m/z) (m/z) V)
295 265 - 11
DON

355 - 265 15
131 - 29

ZEN 317
- 175 23

5 7t ®
BON7Z SRM 7 e~ h 7 T AL E—ZHBLEAOES I ZRO THREREZER L, EHF O
DON & K N ZEN &4 B H L7-.
B, EEEOMEZE %L Scheme 1 (2R L7-.
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Sample 25.0 g (500 mL Erlenmeyer flask)
added 250 mL of acetonitrile-water (21:4)

shook for 60 min

centrifuged for 5 min at 1600xg
1 mL of supernatant (20 mL volumetric flask)

|—ﬁ]led up to 20 mL with acetonitrile-water (21:4)
InertSep VRA-3

applied sample solution

discarded 0~1 mL fraction

|
Collected 1~2 mL fraction (ZEN) Collected 2~5 mL fraction (DON)

I
ENVI-Carb 200 mg

shook for 1 min

centrifuged for 5 min at 1600xg
2 mL of supernatant (10 mL test tube)

evaporated to dryness with N2 gas
added 0.5 mL of water-methanol-acetonitrile (18:1:1)

—— filtrated through a membrane filter (0.2 pm)
LC-MS/MS LC-MS/MS

Scheme 1 Analytical procedure for DON and ZEN in WCRS

2.5 WhnE R

DON [, DON #E¥#GL (8 L7 A L AROEMZER, #E 100.0 %) 9 mg % IEfEIZH - T 20 mL
DERETZ T AZAN, T =RV LEMXTEIL, FITERE CRIEEZ % T DON &
IMAEAE G 2 L7 (Z0WE 1 mL X, DON & LT 045 mg 2 54) . FEEREZ7 M= F
UL TIEREICAR LA L7z,

ZEN (X, 2.2 ® 2)?D ZEN #E#EFK A 7+ b= b U L CIEMICHR LR L7-.

WCRS IZ2W\W T, DON & LT, F##HHE LT 0.2 &0 4mgkg Y& RKREHARKT T8 &
V180 ng/mL) , ZEN & LT, FMHE LT 0.04 01 mg/kg FH4E ([F 0.4 T 10 ng/mL) (2
D EIICENENIRNE L IEAL, —KiFE LRI 24 ITE->TERL, FHEUER )
MR URSEE 2R 7.

728, W R FEHZ R LT DON & LT 04 %19 mg/kg fH% &, ZEN & LT 0.08 X
2 mg/kg Y EIZRD K HITITV, JRMPIRE~OHEIL, JEWh R OREW T 0K EREEY
60 %X 10%EEL T, JFY OKOGEHRE60%) FRE=REY OKOEHE10%) FHRE
/225 DRITE VIT-72. £72 DON & LT 9 mgkg YN ERIMLZEA, KR BHAR TR E
DREROREEE (100 ng/mL) 2B2 570, K—A% /) —L—=7T% r=1FU/L (18+1+1)
T3EAR LIE LTz,

3 HMRRUEE

3.1 WiEWE O RE

WCRS 2 iz Hvy, RIEICL VAR L= AR Z LC-MS/MS IZIEA L, S 54172 SRM 7
0v N T LAEHRLEGER, TEZTA -2 3o holz.
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DON
A B
600 - \l/ 180
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el el
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— 300 A -
2 2 80
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C C
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= £
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0 T T 1 O
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C D
600 A DON 180
160
500 A \l/
140
] ]
g 400 4 ‘€ 120
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el el
© s 100
— 300 A ~
2 2 80
7] [7]
C C
2 200 A 2 60
£ £
40
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e A NAe N SANAN e~ 20
O L] T 1 O
5 5.5 6 6.5
Retention time / min
Fig. 2

in standard and blank sample solutions

(LC-MS/MS conditions are shown in Tables 1 and 2.
of mycotoxins.)
A: Standard solution (8 ng/mL as DON)
B: Standard solution (0.4 ng/mL as ZEN)
C: Sample solution of DON from WCRS (blank)
D: Sample solution of ZEN from WCRS (blank)

32 <~ hYU w7 AR OMHE

2.4 @O 1)-3)I7 &

VI L7- WCRS D7 T > 7
BHAW T T 80ng/mL Y &) ZIRML7E~

ZEN
4.5 5 5.5 6
Retention time / min
1 ZEN
N
4.5 5 5.5 6

NU w7 AFEAERR, 2.4 D 1)~2)IC

Retention time / min

Typical selected reaction monitoring (SRM) chromatograms of DON and ZEN

Arrows indicate the retention times

AEHAWRIZ DON & LT 4 mg/kg FHY & (A&
2RV L 72 WCRS

o

DT Z v ABHERIZ ZEN & LT 2 mg/kg FHY & ([F 10 ng/mL fH4 &) 2RI LIE~ R v 7

ARERERR T D

W, 2.2 O )RR 3

> TR L 7ZFHEEOR O BEERICRTT 5 — 27 m
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2R LZEZ A, Table2 DEBYVTHY, E0VEITHAE~ N v 7 RTLDKRERE
BrzibbsZ Ea{HIERRETH T

Table 2  Matrix effect study

Concentration of mycotoxins Matrix effect” (%)
Mycotoxins i trix st : a)
7 in matrix standard in sample” WCRS 1 WCRS 2
solution (ng/mL) (mg/kg air-dry basis)
DON 80 4 102 97.1
ZEN 10 2 106 111

n=3
a) Converted from the concentration in matrix standard solution

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

3.3 IRIENRGAER
2.5 1KV EINENEER 2 e L7z, & ORERIX Table 3 ® &Y, DON (22 TIX )[R
R 97.9~107 %, € DOMIR UKEEIIMHERERZ2E (RSD) & LT39%LLF, ZENIZOWTIXFY
B 100~110 %, RSDy X & LT 12 %LL F OIS B Ay, SRk R 3R 3 ORBRIED %
YIEHERBIETA RT7A4 2 (LR TZYMHMBIETA RTIA4 ] L), ) CEDLNTEEELD
OHMTHEED BIEME (B 70 %LL 1120 %EL T, FSEE : 0.04 mg/kg Tl 22 %LA T, 0.2 mgkg T
13220 %LLF, 1mgkg TiX 16 %LL T, 4mg/kg TIX 13 %L F) Zilil-+TRIEFREETH - 7=,
7B, BN SRM 7 a~ 7T AO—fl% Fig3 2R L.

Table 3 Recoveries for DON and ZEN

Spiked level WCRS 1 WCRS 2
Mycotoxin (mgkgasfed Rec overyb) RSD,” Recove ryb) RSD,®
basis)” (%) (%) (%) (%)
0.2 105 3.9 107 1.8
DON
4 97.9 2.8 98.0 2.6
0.04 100 12 107 9.9
ZEN
1 108 2.7 110 4.2

a) The mycotoxins were spiked to air-dried WCRS samples one night prior
to extraction. The spiked levels were 0.4 and 9 mg/kg as air-dry basis
for DON and 0.08 and 2 mg/kg as air-dry basis for ZEN respectively.
The levels of mycotoxins as fed basis were calculated with following
equation on the assumption that the moisture content of WCRS samples
was 60 % as fed basis and 10 % as air-dry basis.

The levels of mycotoxins as fed basis (moisture 60 %)
= the levels of mycotoxins as air-dry basis (moisture 10 %) / 2.25
b) Mean (n = 5)

c¢) Relative standard deviation of repeatability
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Fig. 3  Typical SRM chromatograms of DON and ZEN in standard and spiked sample solutions
(LC-MS/MS conditions are shown in Tables 1 and 2. Arrows indicate the peaks of mycotoxin.)
A: Standard solution (60 ng/mL of DON (0.3 ng as injection amount))
B: Standard solution (10 ng/mL of ZEN (0.05 ng as injection amount))
C: Sample solution of WCRS (spiked at 1.3 mg/kg as fed basis of DON (0.3 ng as injection amount))
D: Sample solution of WCRS (spiked at 1 mg/kg as fed basis of ZEN (0.05 ng as injection amount))

34 EERTREOHH TR

PRI ELAR M 2 R L 72 #PH, DON (2B W TIE 4~100 ng/mL O Figflir & 72 5% (WCRS
R T 0.4 mg/kg tHY & (R&REHAKRTIRE 8 ng/mL tHY &) , ZEN IZBWTiE 0.1~50
ng/mL @ FIAHIT & 72 2 2 (WCRS EEZH T 0.08 mg/kg A1 Y4 & (& aEHE T £ 0.4 ng/mL
FEY &) ) OBMENGRBROERIIRGTHY, HBohio—27 0 SN 2 10 L ETho7o7
», DON KT ZEN OE & FIROEE X WCRS OB TENEI 0.4 T 0.08 mgkg & L
7o, ZOEEIE, DON KT ZEN @ WCRS FOEHEMEME (DON (225 CTlddx b IKVE) o &
WA (2 mg/kg) ICxLTERZEN 1/5 LN 125 TH Y, ZUMEMBIETA K74 102
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ED SN BEME GEHEEO 1/5 LLF) ZHiz LTV,

ARIEOK FIRZ MR T D720, WNMEIGRBRICL VGO —27 O SN WS 3 Lir bRk
RO, TOREE, B TRIXEFZS < DON 0.1 mg/kg, ZEN 0.04 mg/kg TH Y, REEIZZ
UYEMERRIE A R A4 VCED b AR E (AM¥EO 1/10 LIF) &z LT

4 FEOH
WCRS H ® DON }¢ T8N ZEN (22 C, Rl & £, LC-MS/MS % F 72 50 AT 5 O fial k43 A7 A~

DODUWHFH DO FFICONWTHFLIZEZ A, LLTFOREME L.

1) ABFTHNZ WCRSIZHOWT, KEIZHE-TELNEZ a~ 7T A0, EBE2HTLHE
— 7RO oo T,

2) AREFEIZHENEOLNTZREHRRIZOWT~ b v 7 AR AR L72/ES, DON KUY ZEN (3
Bt~ b w7 AL D REREEEZZITHZ LR HERERTH > 7.

3) WCRSIZ, DON & L THEMIBF LT 0.2 LN 4mgkg A4S &, ZEN & L CTHMHE L T0.04 &
O 1 mg/kg Y RAZIRIMN L, AREICHES TS AOHMTONT &2 FE M L, FUE R ORGR UG E % KD
ol A, BUMEMBIETA RTA4 VIZED IV B EE K ODHTHE O B ZE 2 5 72 9 B i 72 &
ERFohni-.
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3 BRE#MIATOLOTXIEBOREKI O NI S I3 T LBEEBESHE
(2K DAHTEDRFE

HH OBRET, KRS EET?, @ g
Development of Determination Method of Cyanuric Acid in Dried Skim Milk by LC-MS/MS

NUMATA Ayumi”!, OSHIMA Shinji"? and TAKAHASHI Yuichi™
(*! Fertilizer and Feed Inspection Department, Food and Agricultural Materials Inspection Center (FAMIC)
(Now Animal Quarantine Service, Ministry of Agriculture, Forestry and Fisheries of Japan),
*2 Fertilizer and Feed Inspection Department, FAMIC)

We have studied a quantitative determination method of the cyanuric acid concentration in dried
skim milk using a liquid-chromatograph electrospray-ionization tandem mass spectrometer (LC-
ESI-MS/MS).

Having added water to a sample, it was sonicated. Then, cyanuric acid in the sample was extracted
with acetonitrile, and the extracted solution was centrifuged. The supernatant (2 mL) was then
diluted with acetonitrile-water (1:1) to a volume of 10 mL. The diluted solution was applied to
strong anion exchange mini-column (Oasis MAX, Waters Co.; Milford, MA, USA), which was then
rinsed with ammonia water (5:23) and acetonitrile. The purified solution was subsequently
injected into a LC-MS/MS to determine the concentration of cyanuric acid.

LC separation was then carried out on a hydrophilic interaction chromatography column (SeQuant
ZIC-HILIC, 2.1 mm i.d. x 150 mm, 5 um, Merck Millipore Inc.; Burlington, MA, USA) with a
gradient of acetonitrile-10 mmol/L ammonium acetate solution (19:1) and 10 mmol/L ammonium
acetate dissolved in acetonitrile-water (1:1) as a mobile phase. In the MS/MS analysis, the
negative mode electrospray ionization (ESI—) was used.

Recovery tests were conducted on two kinds of dried skim milk. Cyanuric acid was intentionally
added at the levels of 0.5 mg/kg and 2.5 mg/kg to samples respectively. The resulting mean
recoveries ranged from 89.3 % to 108 %. The repeatability in the form of the relative standard
deviation (RSD;) was less than 9.6 %.

In order to verify whether this method can be applied to feeds other than dried skim milk, recovery
tests were conducted on two kinds of formula feed, soybean meal and fish meal. Cyanuric acid was
intentionally added at the levels of 0.5 mg/kg and 2.5 mg/kg to samples respectively. The resulting
mean recoveries ranged from 89.9 % to 99.0 %. The RSD; was less than 16 %.

Key words: cyanuric acid; liquid-chromatograph tandem mass spectrometer (LC-MS/MS);
electrospray ionization (ESI); dried skim milk
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THEHAINTWD V. T XVBECEEEEM TH L AT I 0%, B CTAFRES THY, =
FIRTHEZLEALTHDD, BRFEICHRMESh, ANToAiBEER&EZmED 55kl & LTH
WONTZFEFNH -T2 V. T XVEE A T 2 0%, EMTER LA OAM RN K
WS, FRFICEIRILESE, BARARELFERTOIR/METER T2 2 EARBIN TS D, 2007 FFI
KENZEBWT, A7 I VBEELEMITHEREINTZXy F7— REBILEA X ERxaZBITHER
BIEFIN KB A L, P EICBWTE, A7 2 VBB AEWRAREICRBASHEZISIE
RS ALNRIR & B 2 AN REOBEAFZOHENRESINLTND 2. HRIZEBWT, &5
JLAE 8 H 6 AT CHIEI O A EWE 58 LU K OVE FLILYE I3 SE S, JRFEZBR R (Fk
kL ZETe. ) HOATI VR T XN (Y7 X)) & U CEBEAHEEN 2.5 mgkeg &
BREINT., WEROEREE IS 2 2 A 6 HLLHEHAINTNDER, 7 XERIZOWNT
X, FOSWENERIS IR NN EH SN TN EnD, SITEOHN NAKE > TND.
IOk, Wk 30 FEICEARLIE, KERLEELF (FDA) NOHRINTWDHIKEKEZ v~
N7TZ 72T ARVERSHTEE (LU TLC-MS/MS) W 9. ) I X D00 V&R, faehdho
T XIVERD LC-MS/MS IZ X D ik BIR L2 9. O, BRI OV T, ko 24 R)
£ 3 ORBIEDOZEAWRRIETA FT A4 (LUF TREEERIETA FTAL ] Lo, ) ITED
DIIEPHMTREE 272 SR VFER & 720, FT-NIEHETH 2 ZREFRNMIBICREER S 7 X (LLF
(o7 XOVEE-BCs) End . ) OEIELERVFERTH -7

Z T, GMuTEEICEERESIX, BIEBRILTO LT XVEOOIEDKBIZOWTHRE 21T 72
DN, BT BZEOKRFHNIBWT, VT XVEEE T XOVEE-BC OEINR N TS SRR L 2o 7.
COZEEFARRTHNITEHID 2 WBRTHDLZ b, 4El, SRICFEEICH L NIEREE
HL, BIXMEXONIEOKBERFLIZDOT, 2OMBEARET S, £7-, WBE LESHIENBIE
MALLSOREHZ B W T HEAFRETH 20T L72D T, Ay THETS.

BB T XVEBEOHEIENXE % Fig. 1 IR LTz

)OH\

W \\N
rm/J\\N OH
1,3,5-triazinane-2,4,6-trione

C3H3sN3Os  MW: 129.075 CAS No.: 108-80-5
Fig. 1 Chemical structure of cyanuric acid
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BT HECEEE LTz,
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AAI =2 ROEMIAHTH 7.
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=

A2 EIFEY L=V TER N T RL
WAEMFL 4 DS H 1817 AV WEXH

B, MEHz WA OB S %A % Table 1 ITRLT-.

Table 1  Compositions of the formula feeds
Formula feed Ingredient types Proportion Ingredients
types (%)
For layers Grains 55 Corn, rice, wheat
Oil seed meal 26 Soybean meal, corn germ meal, rapeseed meal, corn gluten meal,
sesame meal, linseed meal
Brans Rice bran, corn gluten feed
Animal by-products Fish meal
Others 14 Calcium carbonate, animal fat, corn steep liquor, calcium phosphate,
salt, paprika extract, silicate anhydride,
fructo-oligo saccharide syrup, rapeseed oil foots, feed additives
For starting chicks Grains 61 Corn, milo
Oil seed meal 30 Soybean meal
Animal by-products Fish meal, swine and poultry by-product meal
Brans Defatted rice bran, wheat bran, corn gluten feed
Others Calcium phosphate, calcium carbonate, salt, isomalto-oligo saccharide syrup,
animal fat, alfalfa meal, feed additives
For suckling pigs Animal by-products 46 Dried skim milk, dried whey, fish meal, plasma protein, casein
Grains 30 Bread crumb, soy by extruder, wheat flour
Oil seed meal 3 Fermented soybean meal, concentrated soy protein
Brans Defatted rice bran
Others 20 Glucose, lactose, animal fat, medium chain fatty acid calcium,
salt, lactic acid bacterium, sucrose, cellulose, citric acid, lactic acid, tartrate,
malic acid, wood fiber, silicate anhydride, fructo-oligo saccharide syrup,
montmorillonite, lactic acid bacteria culture, yeast extract, licorice extract,
stevia, yeast, shellac, dry yearst cell wall, calcium carbonate,
calcium phosphate, vegetable oil, chocolate, feed additives
For breeding pigs Grains 64 Corn, milo
Oil seed meal 20 Soybean meal, rapeseed meal, corn germ meal
Brans 10 Wheat bran, corn gluten feed, defatted rice bran
Others 6 Extracted green tea meal, calcium carbonate, calcium phosphate, salt,
montmorillonite, yeast, corn steep liquor, confectionery meal, feed additives
For yellowtail fishes  Animal by-products 53 Fish meal, shrimp meal
Grains 15 Starch, flour
Brans 6 Lysine fermented lees meal, glutamic acid fermented lees meal
Others 26 Fish oil, vegetable oil, yeast, calcium phosphate, garlic powder,
seaweed powder, marigold extract, cacao bean husk, feed additives
For carps Animal by-products 33 Fish meal
Grains 31 Wheat bran, sesame, heat treated soybean meal, dextrin
Brans 18 Defatted rice bran
Oil seed meal 11 Soybean meal
Others 7 Calcium phosphate, fish oil, vegetable oil, calcium carbonate, feed additives
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22 &I
1) 7 =KMUMILC-MSH, 7TrE=7KIZFHK (EEDTHE28%) , XHITLC-MSH (EH
BOYE 99 %) , 1 mol/L BT v &= v AWIRITEEEL 7 v~ N7 7 HE A0z (W
HE 7 AV ATEHEKED) | /KiE Milli-Q Integral 5 (Merck Millipore ) 2 X 0 k585 L 7= #8
flizk (JISKO0211 @ 5218 |[Z/EF S iz #ffik) ZHuvie.
2) VT XIVERFEVE R
T XVIEFEAES, (ChromaDex, Inc 8, HiE 99.2%) 10mg % EfEICE > T 20mL D&Y
T AN, KEMZTENL, BITERE TRKEMZ T T XVERIEHERR 2 {8 L 7=
(ZDWE 1mL %, 7 XAME LT500ug 2a4) .
3) T XOVEE-BCs WAEE R
T XOVEE-BC EEVESL (BRMIGE TR, MR 1°C3 97.7 %) 5 mg & EfEICE S T 20 mL D4
B7 7 AZAN, KEMATHENL, BITERE TKEMZ T 7 XVEE-PCs WAEHEFRIK
ZRELL (O 1mL L, 7 XAEE-BCs & LT250 g 28 H) .
4) RERIERH Y7 XVEBIEHETR
ERICEE LT, &7 XV YERUE L OV 7 XL EE-13Cs PIFE YE Rk & 0 5 I AL B L 7= 1%,
FNENO—TFEEEZFHB -7 =L (1424) TEMIZHIRL, 1 mL FIZT T X EEE
LT 25, 5 10, 25, 50, 75, 100, 125, 150, 175 %X 200 ng Z2&H L, oY T X LHE-
BCy LT I10ng 25 H T D5 MERIERT > 7 XOVERIEER 208 Uz (HRFRED) |
5) T XOVEE-BCs WAEHENR
FBERIZEE LT, 7 XVEE-C; NWIZHERIR Z B85 IEAE L=, —E&% /K CTEMIZAHR
L, I1mLHIZY T XVEE-BC & LCapg 50T 2WNIEERZRE Lz (HRFHE) .
6) WHEK A 7 h=KFYU/L—10 mmol/L EFEET » & =7 AIEHK (19+1)
7)) WHEK B 1l mol/L HEfET » E=U AWK 10 mL IC 7 h=FUL—/K (1+1) 2z T1
L&L7z.
23 HEROEGE
1) BEWEEE  MCS-6 7 XU VIRGE
2) HREYF AP — : POLYTRON PT20SK KINEMATICA fl
3) JRIEEMEA A RBIRI =T L (LT [R=8F 4] Lo, ) : Oasis MAX (ETA
FE 150 mg, U W —/"—% & 6mL, Kift 60 um)  Waters f
4) AT F 7 4V H— : 13HPO4SAN (FL£2 045 pm, EE 13 mm, AUV F F 7 74 nxT
L) TR AT
5) LC-MS/MS :
LC #[ : Nexera X2 SEfU/EpTil
MS # : LCMS-8040 & it B/ iy
24 EEFE
D o
ST 1 g & IEMEIC &> T 50 mL O 3 O UREAE I AdL, K 10mL 20 % 7214, 15 47 [H]
A ALEE L7, Zo@EOMEEEICT7TE h=F) /L 10 mL 2%, B2 T XLEE-13C; PIZ
R 250 uL 2 EFEICMZ 2%, STV FA P —T | s ERETHE LA, HEE



36 fREHFZEHE Vol. 46 (2021)

1600xg T 10 /il DBt L, EEAE2 mL %2 10 mL O2ET 7 A3 ZIEMIC AN, &%
TIAADERETTE =MV L—K (1+1) ZIx, 77 L0IHT 23R E LT,
2) 1T LALER
R=hTLETER=FUASML KOYT =T K (5423) SmL CHAEKRPEE L=, REHA
W2mLZH L0 UOT E=TK (5423) 3mL 2 AN =47 LM TR L%, &’
HAFTTARIO ESICET L E Tl SER. &61L, 7UvE=7K (5423) 5mL 23 =
TACMAZTCHRESEEZE, 72 h=hJJL S5mL 23 =h 7 ACMATEEZHH ST
(WEHIE 1~2 mL/min B2 L 225 X5 IR~ =K —/V REHEH L7z, LUTFHEEE )
10 mL OHRHBRELZ I =N T LOTICESE, ¥E—7TEr=r)v (1+24) 2 mL %I =
T 7 AZEFEICMZ T T XINVBEREESE L%, 2Rt sk,
WHEE AT T 07 4 VA —TAHil L, LC-MS/MS IZ X B HlE I3 23BHAIR & L=,
3) LC-MS/MS (T X % lE
AUBHE IR B OV i B ARAE RN © 7 XOVERIEYERR4S 5 uL % LC-MS/MS ITVEA L, ZBIRBUG R
M (LLF ISRMJ &5, ) 7ma~ N7 T L5257, ESRMZ Table2 KO3 2R LTz,

Table 2  Operation conditions of LC-MS/MS
Column SeQuant ZIC-HILIC (2.1 mm i.d. x 150 mm, 5 pm), Merck Millipore
Mobile phase Solution A — solution B (19:1) (hold for 8 min) — 2 min —
(2:3) (hold for 10 min) — 2 min — (19:1) (hold for 5 min)
Solution A: 10 mmol/L ammonium acetate-acetonitrile (1:19)

Solution B: 1 mmol/LL ammonium acetate solution (10 mL) was
filled up to 1 L with acetonitrile-water (1:1)

Flow rate 0.3 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)
Mode Negative

Nebulizer gas N2 (3 L/min)

Drying gas N2 (15 L/min)

Interface temperature 350 °C

Heat block temperature 300 °C

Desolvation line temperature 250 °C

Table 3 MS/MS parameters

Precursor Product ion Collision
Target ion Quantifier Qualifier energy
(m/z) (m/z) (m/z) (V)
L 42 - 17
Cyanuric acid 128
- 85 10
s 43 - 16
Cyanuric acid- “Cs 131

- 87 11
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4 it
HEONTZSRM 7 < T T ALY T XNVEBE NS T XVER-BC; O ¥ — 7 HfE & KD TH
BRI I D BREREZER L, REPoO 7 X ViELZHFHE L.
R, EEEOMZ % Scheme 1 1277 L7,

Sample 1.0 g (50 mL centrifuge tube)
added 10 mL of water, treated by ultrasonic for 15 min, and added 10 mL of acetonitrile
added 250 pL of cyanuric acid internal standard solution (4 pg/mL)

homogenized for 1 min
— centrifuged for 10 min at 1600xg
2 mL of supernatant (10 mL volumetric flask)
|—ﬁ]led up to 10 mL with acetonitrile-water (1:1)
Oasis MAX (150 mg)
washed with 5 mL of acetonitrile
—— washed with 5 mL of 28 v/v% ammonia water (5:23)
applied 3 mL of 28 v/v% ammonia water (5:23) and 2 mL of sample solution

——washed with 5 mL of ammonia water-water (5:23)
—— washed with 5 mL of acetonitrile

—placed a receiver (10 mL stoppered test tube)
eluted with 2 mL of formic acid-acetonitrile (1:24)
— filtrated through a membrane filter (0.45 um)
LC-MS/MS

Scheme 1 Analytical procedure for cyanuric acid in feed

2.5 H T DB ORKETE
ARIENZHE > THIHH 21TV, DA BEE O EEARK 1, 2 X 04mL % 10mL O &7 7 A 2 |ZIE
el AT, > 7 XVEE (2.5 mg/kg FHY &, R&EREHAEK T T 12.5, 25 KT 50 ng/mL) KO}
T XVEE-BC (1 mg/kg FHY &, RS, 10 KON 25 ng/mL FHY &) %, REHAKRE I =17
LZEM LTz, BIZT7 =7 K (5423) SmL #I=" 7 AZMA M sE7%, 7k b=
UV SmL #I =7 ACMxCeEERESEE. £/, ALE2ET7 7 2 a0iWARE
=T AZAM LR, TER=bF U A5mL, TUE=7T/K (5423) SmLODJATI =47 AIZ
A CTHEBRICTHE S . 20k, RECEWVEIEL, LC-MS/MS THIE L=k, i &k
IZE0 T XV IO T XVEE-BCs DEMREEZ RO . 72k, BURETEAREO T 7 v 7|
ZELIIWTEH L.
26 WIEMEOBRG THWEERTIE
24 ITH-> TH LN E—Z IZHEY— REL > TV D0 HERT 2729, LC-MS/MS HIlES
HOIBHTLIRRT TV FEUTOEBYVERETHZ LICLVHEREZI T, ok, IR
sa~ N7 T TEHOBPESRMELSNL 2.4 1IT0E- T
J - F i TSK gel Amide-80 (9% 2.1 mm, £ & 150 mm, Kifg 3 um)  # —fl
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G

it

)

Bt W 10 mmol/L BT =V LK —7 2 b=1KU L (19+1) (8 min fRFF) —
2min — (2+3) (10 min &%) — 2min — (19+1) (5 min f%FF)
& : 0.3 mL/min
7 LHEIREE 40 °C

2.7 USHNIEI R R
22D 2DV T X)VERFEUERR & B E IR ALER U 7= t%, K CIEMEICAR LIRINZ AV,

v
At
EIE)S

TXNEEE LT, 05 KU 2.5 mg/kg Y& (BERBHEIKR T TS5 LU 25ng/mL) (2725 &9
IZENENIRMNEZE L IRAE L, —&KHE L7CRICRIEICIE > TRINEIGUR 2 £ L, 7
KR OHE URE 2RO 72, ok, BINRIIEREOT 7o 722 LW THEIB L

3 HRRUEBE

3.1 U7 XOVPREEE R O R AL PR

£
XV
77
7 X
S

B ORFHZB W T, RERIERAEEREZ LC-MS/MS THIE LZBIZ Y 7 XV E RNV T
fe-BC; O — 27 OBBENET L, BRPAR LY, EEVRERG N7, £IZ T,
ASOWAENFEDITZ T2, M E SR ER AR MERR 2 FR 3 2 il & 7 XV IR R HE R & OV
JUBR-BCy WARHEFR 2 SR Lo & 2 A, Y EEMNGEI N2, LRI EIE
T R TN D

3.2 ESKHYEAF O T XVEE DS HTIE D KE
1) BT LE O

i

BT B DR R O R GE

BFTCEE O R ERFTSICHE L 7 DB OBRFHIB W T, Y7 XVEEE v
T XIE-BC; OEINRNTEHET A5 L o7, ZOZLEFARTHENITEZ Y 22 WH
L THY, LC-MS/MS D/XT A —Z —gRELEM OB & 5 & falk o Hr EERGT &4
WEA LV R ATz,

WM FHZRAET 5720, 2.5 ICX 0 BSFeFE L [F—OBIER A2 H W CHEMRGT & E
M L7z, 723, PWEEMEILETIEY 7 XVEE-BC IR D 7 XAVBOEIENRHES N D720,
A A A FEHFICE D2 AT OEIEOR FTEZHEE LS5 W & it &EfIEIC LY >~
T ZIVEE R OV T XOVER-BC; ORI Z R D T2, T OFEFIL Table 4 D B0, ¥ 7T X)LVEE
& VT ZOVER-BCy ORI BB D bie o To. BFITTAEE OR RO B EESE S
T, JRKZEHANREE IR E 2o Ted, RPUEBINLZ L, £, LC-MS/MS D/37
A—H—REICHHBEIIRD N2l &0 h, BEEHOLEL B & Lo oir#fE,
PEFEFEIZONWTHRITEEND OEFIIITOTICUEORG A ED L Z L L Lz, 22,
MBI OBTNIIEIE A — T —D AT F 2 RT LY LC-MS/MS @O MS EDWEE 24T - T
5. BT, LC-MS TOME LT L=, ¥ 7 XVER-BC; O ¥ — 7 RiE Y — 27 L&
v, EENPNETH T,
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Table 4  Effects of dilution factor of supernatant and washing mini column on recoveries for
cyanuric acid and cyanuric acid-"3Cs

. . Dilution fact 3 (o
Order of washing solution flow HHon factor Rebfovery (%) T
of supernatant  Cyanuric acid”  Cyanuric acid-"Cs
Acetonitrile 2.5 46.5 44.4
— 5 79.8 78.4
Ammonia water-water (5:23) 10 757 71.0
Ammonia water-water (5:23) 2.5 36.7 34.4
- 5 66.2 63.6
Acetonitrile 10 75.4 73.9

a) Mean (n = 2)

b) Absolute calibration curve method

i 17 DAELO BEEIE O fR Y

REHRIRARBE DO I =07 AOWHEICHOVWTIE, SMTEEORETIEITE =1V,
TUE=TAK (5423) DIETITH 2 & & LR, BT LMAEHZRICHE O3 EHATRIC B %
DRONTZZ &, £, TUVE=TKOEHFREIZILVIEHIED pH N E DV, LC-MS/MS T
L DMEMICEENHDL Z ENBEINDZ D, TEFDIEELZT =Tk (5423) ,
TER=MINMZEELETDHZ LIZONTRFEZITS 2.

BRTEE ST R R DB E AT 2512k o7 VIR KON T XVEE-13C; DAY
FhROTZ. Table 4 OFER G, BOLTEER O BB E 10 S54RI HETH RIFRH
RThotend, BELTHEE FRMAYIRE (0.5 mgke HY&E, RERBHEKRT T 2.5
ng/mL) ZHELRFICELNDIE—2 O SN N 10 R L7202 ENBEE&ESINZT-0, §
BRI CTEET DL L. ZTOREE Table 5 DBV THY, TrE=7T/kK (5423) ,
T h=bF U AOIETHES LZGETIE, 57 L0BBICELNZRENARICABA R LR
T, VT XK T XVEE-BC; ORINEITTE b= YL, TUE=TK (5423) O
E Tl Lz kL RABRICBARERTH-oT-. Lo T, RBRKARRD I =h T LDU
W7 o'=7K (5423) , 7B h=RUADIETITH > Z & L L1,

Table 5 Effects of washing mini column on recoveries for cyanuric acid and cyanuric acid-'3Cs

a)
o Recovery (%)
) ) Dilution factor of - -
Order of washing solution flow uton factor-o Cyanuric acid-

supernatant  Cyanyric acid” B3 b
3
Acetonitrile — Ammonia water-water (5:23) 5 75.8 81.8
Ammonia water-water (5:23) — Acetonitrile 5 87.2 89.2

a) Mean (n = 2)

b) Absolute calibration curve method

2) WiEWE OKE
MRS 3 MR Z Y, 24 12K R (277 L7 XOVEE-BC; WE¥ER IR, ) L
72 EHATR Z LC-MS/MS ICTEAL, 6N SRM 7~ NI L xMR L., TOME, &



40

fREHIFZEHE Vol. 46 (2021)

T T XVER &R CARFRRERTIC B — 2 358D 53 (0.13~0.27 mg/kg) , EEA A2 L MRA A

VO HLIERER EFAETH T, T2 T, 26 WS THT LRI TV =2y MRUEEEFL

THREIToT2 L 2 A, VT AXNBOERMBIZKEREVRRNSTZENE, YF%E—27 X

VT AN THD EHBL, WTHOREHIBWTH U T XABOEREEZGT 5 E— 271338
SIipinotz. F£i2, VT XVEE-BCIZOWTIREFHICE— 27 1ZRB O b ho 7.
2k, BONZSRM 7 n~ N7 T AO—fl% Fig. 2 IZ/R LT,

A 18000 - v B 18000 -
@ 15000 - » 15000 A
S 12000 - S 12000 -
£ 9000 A g 9000 v
E 6000 4 cyanuric acid 128> 42 E_ 6000 A w
5 3000 + cyanuric acid-13C, 131>43 é 3000 + 131>43
= 0 1 € 0 1
-3000 ' . . . . . -3000 — ———
3 35 4 45 5 55 6 3 35 4 45 5 55 6
Retention time,/ min Retention time / min
C 18000 A D 15000 |
» 15000 A » 15000 A
€ 12000 A S 12000 -
£ 9000 - v T 9000 4 v
o U A N 5T - TS -Sioch I AN £
C
g 3008 131> 43 g o 131>43
-3000 —r———————
-3000 — T T T T 3 35 4 45 5 55 6

3)

3 35 4 45 5 55 6

Retention time,/ min Retention time,/ min

Fig. 2  Typical Selected Reaction Monitoring (SRM) chromatograms of cyanuric acid and
cyanuric acid-'3Cs in standard and sample solutions
(LC-MS/MS conditions are shown in Tables 2 and 3. Arrows indicate the retention times
of cyanuric acid and cyanuric acid-'>Cs.)
A: Standard solution (10 ng/mL: 0.05 ng as cyanuric acid)
B~D: Sample solutions (dried skim milk)

VNI EIEN

ARG FL 2 BRIRIZDWTC, 2.7 IR 0 BNENERER 2 FEhi L7-. £ DOfEFRIL Table 6 D L ¥
0, VT XVEEO YR IT 89.3~108 %, £ DR UK XM E#ERF 2 (RSDy) & LT
9.6 %L FORMFENG BTz, Fiz, V7T XVEE-BC; OB BRI 50.4~76.7 % ThHh 72, 2
WHIE, ZUMEMBIETA T A ICED DN EE R OIHMTREO BAEME (BE : 70 %LL
£ 120 %L, PWEEHEDBENNE @ 40 %LLE, FEE 177 %L T (RINRE 0.5 mg/kg) XX
13.9%LLF (SHINEREE - 2.5 mg/kg) ) &I HiETH - 7.

7B, 5N SRM 7 u~ 7T L0 —fFl% Fig. 3 12k LT-.
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Table 6 Recoveries for cyanuric acid

Dried skim milk 1 Dried skim milk 2
Spiked level R 7 rsD” R 9 RrsDY
(me/ke) ecovery A ecovery A
(%) (%) (%) (%)
0.5 108 9.0 107 9.6
2.5 89.3 2.2 100 4.8

a) Mean (n = 5)

b) Relative standard deviation of repeatability

A 32000 4 ‘ B 32000 4
L, 27000 - 27000 A ¢
4] 1%}
£ 22000 - T 22000 -
S5 17000 1 o 17000 A
S 12000 - S 12000 -
>
£ 7000 - Z 7000 -
= f=
§ 2000 1 £ 2000 -
€ -3000 T T T T T J £ -3000 T r T T T 1
3 35 4 45 5 55 6 3 35 4 45 5 55 6
Retention time /' min Retention time,/ min

Fig. 3  Typical SRM chromatograms of cyanuric acid in standard and spiked sample solutions
(LC-MS/MS conditions are shown in Tables 2 and 3. Arrows indicate the peaks of cyanuric acid.)
A: Standard solution (25 ng/mL: 0.125 ng as cyanuric acid)
B: Sample solution of dried skim milk (spiked at 2.5 mg/kg of cyanuric acid (as 25 ng/mL in

sample solution))

3.3 BiIEBFLEAS DR~ D ALK O kR Ed
FE BRI DWW TR — D HHE TR TE D LI T 5720, REBPBIEHILLS O
AHEHZBWTHEHATREN E 9 2y, LT OB 21TV iR L7z,
1) WiEME OB
ARG ER 2 RIE (ST 5 BRALOREEER) , WAERGEE 2 ik (FAHTKE
B M OHEKEF ), BRMAEAEE 2 BE (SVEFEALCZVWERM) , ROl»d
2RI, B2 IR, A4 IV 2 RRIE, T eI 2RBRIEEMV, 3.2 R EDE OB
MEIToO. TOME, 2T T XNVBERURFERFICE—7 2RO b (0.04~0.54
mg/kg) , EEmA A L HERA A OB & RS T%ok ZTIZT, 260> THT A
&U?7/I/F*#%WELT%E%ﬁOtk A, TDE ’k%ﬁﬁwﬁﬁﬂok:
Eob, Y JIET T XNVEETH D LWL, w#h@ﬁﬂ BWTHYT XD E
BT 5 =230 ootz £2, VT XIVER-BC IOV TR I E— 27 1%
N Y A WA IR
kB, HoNm SRM 7 u~ 7T AD—fl% Fig. 4 IR LT,
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A v B
37000 1 37000 +
£ 32000 - = 32000
S 27000 A 5 27000 1
S 22000 1 £ 22000 1
$ e
k=) G 1
@ 12000 A cyanuric acid 128 >42 é 7000 4 _~_128~>42
g 7000 A ———e 1= 131>43
S 000 Jcvanuricacid-13C, 131>43 = ;ggg T
-3000 . . ; : . i 3 35 a4 as s 55
3 35 4 4.5 5 5.5 : : :
Retention time / min Retention time,/“min
C D
37000 A 37000
o 32000 - o 32000 -
S 27000 1 'S 27000
& 22000 1 S 22000
g 17000 - ¢ g 17000 4
Z 12000 A = |
% 000 | A~ 128>42 2 fggg 128> 42
S 5} ] —_— N
£ 2000 - 131>43 £ 5000 - 131> 43
-3000 ' ' ' ' ' -3000 . . . . .
3 35 4 45 5 55 3 35 4 45 5 55
Retention time/'min Retention time /' min
E 37000 o F 37000 -
w 32000 - © 32000 -
Fi| 2
27000 S 27000 A
> .
S 22000 - S 22000 A
< 17000 A i X 17000 4 v
£ 12000 A 128>42 G 12000 A
@ >
§ 7000 - _ g 7000 A _N\_128~42
= 2000 - 131 > 43 £ 2000 A4 131 > 43
-3000 ; : ; . . -3000 . . ; : )
3 35 4 45 5 55 35 4 45 5 55
Retention time,/min Retention time,/min
G H
37000 - 37000 -
2 32000 - £ 32000 -
S 27000 A g 27000 -
£ 22000 1 £ 22000 - ¢
} 17000 A ¢ E’ 17000 4
G 12000 - > 2 |
g o | N\ 128~42 2 15888 128> 42
- +— 9
£ 2000 - 131~>43 S 5000 A 131> 43
-3000 T T T T 1 -3000 : : : T ,
3 3.5 4 4.5 5 5.5 3 3.5 4 4.5 5 5.5
Retention time,/ min Retention time/ min
Fig. 4  Typical SRM chromatograms of cyanuric acid and cyanuric acid-'3Cs in standard and

sample solutions
(LC-MS/MS conditions are shown in Tables 2 and 3.

cyanuric acid and cyanuric acid-'>C3)

Arrows indicate the retention times of

A: Standard solution (10 ng/mL: 0.05 ng as cyanuric acid)

B~H: Blank sample solutions (B: formula feed for layers, C: formula feed for breeding pigs,

D: formula feed for carps, E: soybean meal, F: fish meal, G: squid meal, H: shrimp meal)
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2)  WINEIGRER
fl Gkl (RBEER KOSV EERA) , REM»TEROABKBIZOWT, 2.7 X viRm
HUERER 2 Sl L7z, ZORERIT Table 7 O &Y, 7 XOVEED IR IL 89.9~99.0 %,
RSD: 1E 16 %LL FORAEMF DLz, F£72, ¥ 7 XUVER-PCs O X ENLHEIL 72.0~79.4% TH -
. INBE, ZUMEMRBIENA RTA ICED BN EE R OOHMTHEEO B (B .
70 %A F 120 %LA T, WAEMEDENNER : 40 %LL B, KEE 0 17.7 %L T (RN EE @ 0.5 mg/kg)
XIE 13.9 %A T GRINEE : 2.5 mgkg) ) ZM-THEBETH-
2k, BONZSRM 7 a~ N7 T AO—fl% Fig. 5 IZR LT,

Table 7  Recoveries for cyanuric acid

Formula feed for

Spiked level Formula feed for layers yellowtail fish Soybean meal Fish meal
(mgkg)  Recovery” RSD,” Recovery” RSD,” Recovery” RSD,” Recovery” RSD,”
(%) (%) (%) (%) (%) (%) (%) (%)
0.5 99.0 7.2 93.3 2.5 89.9 5.8 98.1 16
2.5 98.9 1.7 95.3 1.0 94.4 1.0 96.2 2.5

a) Mean (n = 5)
b) Relative standard deviation of repeatability

A 57000 - ¢ B 57000 -
47000 4 @ 47000 A ¢
%] c—
T 37000 4 S 37000 -
S o
2 27000 A 5 27000 -
T =
= 17000 - 2 17000 A
= %)
%) C
g 7000 - & 7000
+ C
£ -3000 T T T T T 1 — -3000 T T T T T 1
3 35 4 45 5 55 6 3 35 4 45 5 55 6
Retention time,” min Retention time ~ min

Fig. 5 Typical SRM chromatograms of cyanuric acid in standard and spiked sample solutions
(LC-MS/MS conditions are shown in Tables 2 and 3. Arrows indicate the peaks of cyanuric acid.)
A: Standard solution (25 ng/mL: 0.125 ng as cyanuric acid)
B: Sample solution of fish meal (spiked at 2.5 mg/kg of cyanuric acid (as 25 ng/mL in sample

solution)

3.4 JEE FREORH TROBE
T XIVERO R EAR DS EARME A R LT-#iF, & 2.5~200 ng/mL O FafliT & e HEE GUEHR
T 0.5 mgkg FHY & (FERBHRRTIRE 5 ng/mL FHY &) ) ORMENGGEE DR RIZEGFTH
D (Table6 X O7) , HONTZE—7DOSNIN 0L ETH o722, RKIEOVT XVERD E &
TEROREEITFAEI T 05mgkg & Lz, ZOREE, fEH O T XVEROFEHEE 2.5 mg/kg 12
LTS5 ThHY, ZUEHERIETA RTAVICED LT BEEME GEHEMEICX LT 1/5 BLT)
ol NG AY
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AKEOKBE FIRZMHERT 5720, IMENGEERICE DS —27 D SN N3 EERD
2R, ZOE, M TRIZEEB T T 02 mgkg TH Y, RIS Y MEMHRETA KT
A NTED DI BAEME (RIS LT /10 BLF) &= L Tu-.

4 FEOH
AR SLARICE A/ T 52 7 XVERIZ OV T, LC-MS/MS % FW 7253 B 1% O LBy e e~ oD I

DARERE Lz, 512, BB ORE CARIENSEA AR Lz, I =87 A0k

EOFTEEICHRRN LEZIERE L IZHO, 7o'=7T/K (5423) , 7B r=F UV L DJEICEFE L,

UTORENGLNT.

1) BifERFL 3 Mk, HBARGEE 2 ik (ST 5 BRHLOREEEMH) , KSR 2 fik
(FAMFHRERA L OCEKEETH) , ERAREGEE 2 BE (SVEFRHAEKTIVERK
) REMT 2 K, B2 BE, A7 I 2/KE, == 2BREIZHONT, RIEIZ
o THRLNTEZa~ N7 AL, EEEZGITHIE—7FRBOLNRN-T.

2) WBifERFl, EEEE (RBFEERALRRSVEERM) , ROWhTROERICS 7 Xvige L
T 0.5 KW 2.5 mgkg fHEEZIRML, ARIEITHE- T 5 mOMTONT 2 505 L, BIER & OVER L
FEEZROT-E A, ZUMHERIETA RTA4 TED LI EE K OGHTRE O B A % W 7=
TRIARERIE L.

3) ARIEOTT XVEEOE R FIRIT 0.5 mg/keg, B TIRIZ0.15mgkg Tho7o. BELERE TR
F O TRRIZ, ZUMMERIENA R4 e b BAEEEHZ LTV,

X W
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4 MMERUVEGBYRAGAHMTIOMREKR HFIVL SBRRERVUOKEBROFER
BTSATEENMEICL SR - ERRERSITEDHERE

OriE AR, Bk SEA T

Development of Rapid Simultaneous Determination Method of Arsenic, Cadmium, Lead and
Mercury in Feed and Pet Food by ICP-MS

ITOU Saori"! and HAYASHI Natsuki
("! Fertilizer and Feed inspection Department, Food and Agricultural Materials Inspection Center (FAMIC)
(Now Food Labeling Monitoring Department, FAMIC),
*2 Fertilizer and Feed inspection Department, FAMIC)
We have developed a rapid simultaneous quantitative determination method of the concentration of

arsenic, cadmium, lead and mercury in feed and pet food using an inductively-coupled-plasma mass
spectrometer (ICP-MS).

Having added 5 mL of nitric acid, 2 mL of hydrogen peroxide and 0.4 mL of gold solution to samples,
they were processed by a microwave digestion system. Having further added rhodium and rhenium
as internal standard to the digested samples, arsenic, cadmium, lead and mercury were respectively
quantified by ICP-MS.

Recovery tests were conducted on grass hay (alfalfa hay). The resulting mean recoveries ranged
from 104 % to 107 % for arsenic, 95.7 % to 96.5 % for cadmium, 84.9 % to 91.6 % for lead, and
82.5 % to 89.6 % for mercury. The repeatability in the form of the relative standard deviations
(RSDy) was less than 5.8 % for arsenic, less than 5.3 % for cadmium, less than 12 % for lead, and
less than 1.8 % for mercury.

Key words: arsenic; cadmium; lead; mercury; inductively-coupled-plasma mass spectrometer (ICP-
MS); feed; pet food

XF—U— R ftFE; W RITL ;& KR, FEME T T XA~EESWE ; AR ZociE)
o A i gt

1 #& B

fakh Rk OB A PO EESRSE (I FI v A, KB, SBEOME) 2o T, fidkt
D EWE OFREELE N OVE B UE DI QN Z Hedih ) R O Ly B E I T 285 22k N
Table 1 D LBV EKEHENREDHNLTWND.
HEEESBEOSIIEE LTL, BBOKE OKEOMEZRLS. ) 0%, BRICK DEMET
VY, KERIZOWTIHE ST RAL K ERINEREE IZ L W BE, 7RI v A, SR CEBFEIZ OV TR %
R K 0 BIE T D S IEDSER AT R UE D R OVE BrEh ) RS O RAEE Y (LT [PF AL
EVIL ) ISR TS, 2R OOoHER, ATLEICHMZE L, JESTHE T LISl
1T MENH D T2 D REMEICRIT 5.

IR, RAREFEOSE TIE, ~A 7 vl faEE 2 Wi LB R [ o mifk, FERE 77

TUOMSEATBOE N RMOKE B 2 A v —IEEEFZ SR AT, B R
2 OMSIAT BUE N EEMROK PETH B il v 2 — NREREL 2 A



46 fREHFZEHRE Vol. 46(2021)

A E&oHF (LLF TICP-MS) W) . ) X 2Z RS IRFEALENL TS, £2 T,
WRR304F BRI M S 1, JEEFERBREY K PAOAC Official Method 2015.019% JEICHEEE RS D
ICP-MSIZ X B0k #B% LY, SRcFEEICHRN OIX, ZOSEIc—8EE 2 M, fEto—
(B ERTEE) KOEiEhW A —5 (K7 4 %) (Cxhd 5 %S4 PEOMGE % F e L7zb.
A ENE, BRI EN L 7B IR O MERICI T, ATE K OB AT B 1 (2 UL oD 45 4T 1
(LAF TEIRb AT EHEL ) S ). ) 0B o ERMEICEHENRD Sh-fbblicon T, %
DJFRKSEA % FEh L, Fio, SFICFEEICHRGT L2 a00miEc 20T, BRI FEM L T 720 s
O—H8 (FHE) R OEgERAGE O 8 (Vv —F—%) XTI UMERELLZOT, £
OMEERET H.

Table 1 Advisory levels of arsenic, cadmium, lead and mercury
Maximum levels (feed: mg/kg , pet food: pg/g)

Feed types - -
Arsenic Cadmium Lead Mercury

Formula feed 2 0.8 2 0.2
Grass hay (except for

rice stra\z)( ’ 2 ! 3 04
Rice straw 7 1 3 0.4
Fish meal 15 3 7 1
Meat and bone meal 7 3 7 1

Pet foods 15 1 3 —

2 EERGE

2.1 OB

1) fRBE & OV BrEh el

Bl Gkt (FLHAFERER) |, BHRE (TAT7 7 VT 7 HEROT LA 7T AFE) O
ok, TNENERE | mm DR 7V — 22558 Lo 1| SUImm 2 THtkL, o
ARk E Lz, ZmBRAEROZM GRS v —%— (h— KX A7) X, AROEETIEH
RN TCHoTolodd, XS HTEE L%, M3 THAL, BBE | mm OFF 4 @i L
boESNAREE Lz, I 320 o AR E LTHW .

¥, MFENZHW-E AR % Table 2 12, ZLi@h¥ k% Table 3 (2R L7-.

Table 2  Compositions of the formula feed

. Proportion .
Formula feed types Ingredient types %) Ingredients
For dairy cattle Grains 61 Heat-treated corn, barley, corn, extrudered soybeans
Oil seed meal 14 Soybean meal
Brans 8 Wheat bran, corn ghiten feed, soybean hull
Others 17 Cotton seed, alfalfa meal, soybean curd residue,

molasses, salt, calcium carbonate, feed additives
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Table 3  Ingredients list of pet foods used in this study
Pet food types Ingredients

Dried jerky for dogs  Chicken breast tender, preservative (potassium sorbate), antioxidants (sodium nitrite),
(hard type) color former (sodium nitrite)

Milk protein, animal fat, dried skim milk, vegetable fat, egg yolk powder, milk
oligosaccharide, dried yeast, pH adjuster, emulsifier, taurine, L-arginine, L-cystine, DHA,

Milk powder for cats  vitamins (V. A, V. D, V. E, V. By, V. By, pantothenic acid, niacin, V. Bg, folic acid,
carotene, biotin, V. Bi2, V. C, choline), minerals (Ca, P, K, Na, Cl, Mg, Fe, Cu, Mn, Zn, I,
Se), nucleotide, flavour (milk cream)

y

2) FAPAS ik}
The Food and Environment Research Agency T F {8 L TU» %, Food Analysis Performance
Assessment Scheme (LA [FAPAS] &\ 9. ) @ Proficiency test 07353 @341 FH#lE T07353
(Metallic contaminants in Animal Feed) % ff/H L 7-.
22 BO#

1) Hifg K OREE2 1L Ultrapur-100 (BIH b5 8) 2 HvWio. mER bk sE & O'WERE 1E Ultrapur (B
fLZR) 2RV, L AT A VRRIIFOLRS (B L7 AV AFOEMERE) 2 vz, Ki
Milli-Q Integral 5 (Merck Millipore ) (2 J0 0 8 U 7oAk (JISK0211 @ 5218 I[ZEF S A7z
R & VT,

2) ABUELE (10 pg/mL L-3 AT A 5 A M — WERE — e — 7K (5+6+10+179) )

L-Y A7 A U1 mg % 100 mL OEFHTF =2 —7 1A, K% 70 mL Mz 7o, ZiuZHEme
2.5mL, FEfg 3 mL K OEER 5 mL 20 A, BT E TREMA THREE 2 TR L.
3) PEAEE
W3, 7 EIvL, 6, KR, L=ULh, vy A ROeORREREIL, Table 4 (2R LT
fifaed, HkoboE M.

Table 4  Standards used in this study

Guaranteed value

Heavy metals and others (ug/mL) Manufacturers Specification
Arsenic standard solution 99.4,99.6 Fujifilm Wako Pure Chemical JCSS
Cadmium standard solution 99.3 Fujifilm Wako Pure Chemical JCSS
Lead standard solution 99.4 Fujifilm Wako Pure Chemical JCSS
Mercury standard solution ~ 100.3 Fujifilm Wako Pure Chemical JCSS
Rhenium standard solution 1003 ACROS ORGANICS for atomic absorption

spectrochemical analysis

. . . for atomic absorption
Rhodium standard solution 1002 Kanto Chemical . .
spectrochemical analysis

. . for atomic absorption
Gold standard solution 1004 Kanto Chemical i )
spectrochemical analysis

4) EABEEIRAGEMERK
ME, BRI UL, MR OUKEBEREFIRS 750 pL 2 15 mL OERHA T =2 — 7 I EMHIC AN
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TIRAL, BICERE CHREELZ N CTESBSREGEERRZFAK L (20 1 mL I,
FHERFLLTENENSpg & 5H) .
5) REWNIELER
L=U L ke Yy MERERES 75 uL % 15 mL OEXHT 2 —7IC AR TRAL, B
AR E CTHE (1+419) 2 M CIRAWIEERK AR L2 (Z0# 1 mL 1%, FWNEEL LT
TNENSpg #5HA) . S OIZIRAWNEERIK 300 uL & 1S mL OEEHTF 2 — 712 A, I
MRETHEE (1+19) 22 TRAWEERZ#HE L. (208 1 mL X, FWEELLTER
F100ng 5 FH) .
6) IR
GAEYEIFIR 1.5 mL % 15 mL OERMF 2 —7IC AN, EiE CHEE (1+19) 2z TEE
WaERKLZ (Z0W ImLiX, &L LTI100pug 254) .
7)) EHEeRFIRAITEER
BEeRERAIEERRK, BAENEEREOCSEKRO—E&E% 15mL OEFHT 2 —7IZ A
TRAL, FICEHRE CHREEZINZ CTEMICHARL, | mL PICKERESFL LT 0.05,
0.8, 2, 6 %110 ng, FWEAEL LT 1 ng WITA&L LT20ng 2EHT5EEBERAE
Uik 2 L L7z
FRFICESBFRAEEREZMATICFERICEREL, SNEEL LT Ing K& L LT
200 ng & AT HIE 0 ng/mL O FEABSIRAEEER A R L7z,
WET HFRI21E, Labcon F o — 7 ICHG B ERAEERE B LT,
23 WELUEGRR
1) Frterk -
g 1 (A (FLBAEE M) )
ZM 200 Retsch 8 (HBIX 1mm 227 U —>, [EHEH 14000 rpm)
itk 2 (e R O & 1)
SM 100 Retsch B! (APIE 1mm 227 U —>, BEIEEE ((E4F) 1430 rpm)
ik 3 (BB e )
GM 200 Retsch # ([a[#5%% 10000 rpm)
2) mESRAS
Anton Paar 8 J [ E SRS © T
Milestone $ 5 £S5 iR A% : TF
3) ~A T a ot
Anton Paar #l~ A 7 v &4y fR2EE : Multiwave 3000  Anton Paar H
Milestone #~ A 7 o iz 53 fi# 241 : ETHOS PLUS-HS Milestone %
4 Fa—7
ERMAF 2—7 : DigiTUBEs 15mL, 50mL % TV 100mL AY 7m L SCPSCIENCE #
Labcon fdF = — 7 : Centrifuge Tubes with screw caps 15mL AR YU 7m L > Labcon fl
Thermo 5 = — 7 : Sample vials 50mL 7R YU 7’2 E°L > Thermo Fisher Scientific
5) ICP-MS :
F— Y77 —E . ASX-560 Teledyne Technologies i

N

o2 TFM %% 100 mL  Anton Paar 3
SRR % HPV-100 Milestone

<



fALkE K O BTEh M SR P O, U R T L, SR OUKEROME - 25058 [FIREIHTIE O B % 49

FESES T T A~ EBEOWEHES - iCAPRQ ICP-MS  Thermo Fisher Scientific f
6) Wb : PTFE WA U7 v{b=—F L Saint-Gobain
24 ERFIE
) fhoH
HTEEE 0.5 g & IEMEIZ B > C Anton Paar 5 573 fE 25 25 1% Milestone Y &5 & /7 fE R 2RI A
AU, BEEE S mL, iWEE(b/KFE 2 mL K OEIEIK 0.4 mL 201 %, @23 & F - 7-1% Anton Paar
<A 7 v R E XX Milestone e~ 1 7 v Il /) fif 25 (& % F N C Table 5 X (3 Table 6 D47
7 77 Mo ToHfE L7z (Anton Paar i~ o 7 m R dE@E 2 0 L5 ﬁ% L 72 B DIR
%, £9140~200°C) . fmtk, R E 15SmL OERHAF 2 — 71K TB LIAKL, FIZERH
F a2 — T OIEMETKEMZ, 1700xg TS5 o0 EE L. EEAHK 3.75 mL & QYRS NIZ
HHZ 0.5 mL % 50 mL ODEXHTF 2 — 7 ICEMIC AN, FRENEZ ERHT 2 —7 OFEHRET
%, ICP-MS |2 & 2 JIEICH3 2 3 EHR R & L7z,
[FIREIZ 3R 2 W2 W TR — OBEZR ATV, ZZRBRIEIRZ R L7z,
HIET BT, Thermo flF = — 7 |ZEEHATR K NVZERBRISTIR 218 L T-.

Table 5  Opereation condition of Anton Paar’s microwave digestion

Wattage Time
Process .

W) (min)
Step 1 (Heating) 0 — 1400 10
Step 2 (Fixed electric power) 1400 40
Step 3 (Cooling) 0 30

Table 6 Opereation condition of Milestone’s microwave digestion

Temperature Time
Process . .

O (min)
Step 1 (Heating) 0— 200 10
Step 2 (Fixed electric power) 200 40
Step 3 (Cooling) 30 30

2) ICP-MS 2 X % HlE
REHA R, X BEEBREIRAIERER M NERBRERZ ICP-MS [ZE AL, £E=F—AF T
B AAF oy MRS, BIESM% Table 7 (2~ L7z,

Table 7  Operation conditions of ICP-MS

Nebulizer gas Ar (1.08 L/min)

Plasma gas Ar (14.0 L/min)

Auxiliary gas Ar (0.80 L/min)

Collision gas He (4.34 L/min)

High-frequency output 1550 W

Monitor ion 5 As, Med, pb, 21 103Rh ¥Re
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3) it &
BonlAFT Iy MEPOHBERL O FI T LT T AT, SARUKBIZIL=7 AT
WAEYERIE L, BB ORE, 7RI UL, ShRUOKEBELZEM L.
ZERBREIRICONWT, EOER/FOLNIZSL AT AL ALV,
¥, EREIEOWEA Scheme 1 TR LTz,

Sample 0.5 g (100 mL high pressure degradation container)
——added 5 mL of nitric acid and 2 mL of hydrogen peroxide
——added 0.4 mL of Au solution
Microwave digestion
I—washed with water
15 mL volumetric tube
—filled up to 15 mL with water
— centrifuged for 5 min at 1700xg
——added 3.75 mL of supernatant
50 mL volumetric tube
——added 0.5 mL of mixed internal standard (Re, Rh)
— filled up to 50 mL with hydrochloric acid-acetic acid-nitric acid-water (5:6:10:179)
containing 10 pg/mL L-cysteine acid

ICP-MS
Scheme 1 Analytical procedure for arsenic, cadmium, lead and mercury in feed and pet food

2.5 FARMIHTREMEEICB T AMb LN KU ASHHEO R T IE
ST EEOHRF THWERD D 5.0g 2 100mL ® k—/L B — —IZ A, fkoirRuEs 4
T L 121 128> TR L L7z, ZAUCHERE 10 mL 2 OVK 20 mL 212 72t%, 165 °C IZERE L
7oAy 7L — K ETSHMMBA L. B Lo a, Wolt AMBESD, Ky h 7L
— hNOBREIEEE 10 °C LS 7%, HOMEA L. ZoEEZEVIEL, REHRENAZEHT DR
FEEMER LIz, REHNAEA R LIEE LY & 10 °CERVIREZMBVEE & L, @ OInEGEE
(205 °C) & DN D LI MBRER 2 RD TME L, HBoNZHEHAKRT O N K 7 A &%
BRI EAEITEVIE Lz, F70, WAlc X220 LR 2 MiEd 5729, PTFE ® oA
T RENAIRIC D BN T2, Rl—OBIEZITV, SENATR D520 9 5 IR & i~ 7z
72k, RSB Z A WSICE — OBRIEZITV, Z2RBRIAKR 2R L. 22 BRIRIEIC OV T,
EOERGONTGE TR EZ LS E, RBHERT O NI v LAE&LFRMT L.
26 ~A U RS R E O BT
oAkt (JLAHFfER) KOV FAPAS k%, 2.4 @ 1) @ Table 5 & X Table 6 Dy fig 7 v 7
TLZEO AL, TO®K 24D 2RV IS, HEHARTOESRERZME LT
ks, FFRHCREZ AW RV TH—OBIEZITY, ZRBIEEE2 AL 72, ZRhBERcov
T, EOEIELNTZHEIT™ELELIE, REARFTOESBEEELH T L7z
2.7 WINIEGER
2.2 D 4)D A B R AR ME TR & A RS IE CEfEIC AR LI AWz,
TNT VT 7 R R OE R E AR (BEMEEREY y—F%— (=2 AT RH) RO
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vz R ) oW T, KEERSEEZ TN ENREMNE IIRAL, —KEFE LIZRBRICARIEICH
S THIMNENLGRER 2 Fhi L, FAEE K OOR U 2R 7o
%¥, FRFICESBELZIRMLRWCH—-OBIELZITY, 77 7EREZME L, BUIGETSA
REtO 7 Z7 7 fEEZELSIWTRME L.
2.8 @R RAS TR O Y O W
Bk VIS, 8B 5 mL, EER{EAKFE 2 mL K OVEVANR 0.4 mL % S ESRE RIS AN, 2.4
D 1) O Tables DR v 77 NEEHA L TMEAL, TOk, 2.4 D 2)KO3) 1T/, REHATK
HToOESREFELZIE L

3 BRRUEBR
3.1 AR EEIERICBIT A OO N K U LAGHEDOKRE

BRTTAE I I L 7o @I O ERIC B W T, RIER ORI T B ICE Wb bR o s K
RULDEEMAERDIZE Z A, HIFE20.211 mgkg, %E0.175 mgkg £ 72-728. Fab bl
AMEAENZEHBLLT WD, SR T EEETIRER (205 °C LLE) KO ARVIRE
(185 °C) TLOMEATE lednole. 2D, HRA+HERD, ERMEIZENELTL B X
YA

—MEIZ, ROSIREEZ10°C T2 & BUNEREIT DI D728, HEORMABIEL D, £
D=, MBGEEZ T CHOMBEMAEITTZ LICk Y, @FE MBS L[ CBE THRE %
RTHZENAREICARD EEZDND. T2 TSI, =T HIEE L0 HARWIRE T
BRI AL X 2 L2 kY, MboFON FI vV LAZEHIETICERT DI ek, AV
7RG HIX185 °C TZEM L7729, 175 °C TA0mRIMEA L= &L 2 A, B I U A0 EEEIX
0.107 mg/kg &720, FRITFEE LY LIRVEE e o7, F7, ZUHIEE L Tilazinx=n,
FARICZZ L= Z L, I & D0 MBI EO L BICIZES o 7.

32 AU m SRS E O MR

BRICAEE OREHIAE A L CuN 7z Anton Paar i~ o 7w Il /0 i3 181X, RS2 ) TRE
LTS, ARFHERTE 5~ 4 7 n o REEORBEZ LT 720, DSR2 R E THOE
T& % Milestone B~ o 7 v /3 AL 2 ARGHIE A TE W2 /Et L.

Fl okl (LAZREIE ) KO FAPAS EHZ DWT, 26 ICEVWEHEEBS 2 EE L. T 0Ok
H1X Table 8 ® LBV, Anton Paar i~ 1 7 o /3 fifdE & T L7 A & Milestone fl~ 1 7 1
W fRIEE T LT SE L DORIT, WTINbERMEICKEREITIRON R N1, 2D,
A% DR T Milestone i~ o 7 v Rl E 2 DT H MBI 2w EE L BT,
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Table 8 Comparison between microwave digestion systems

Arsenic Cadmium Lead Mercury
Sample types Manufacturers Quantitative Quantitative Quantitative Quantitative
value value value value
(mg/kg) (mg/kg) (mg/kg) (mg/kg)
Formula feed Anton Paar 0.023 0.038 0.025 ND
for dairy cattle Milestone 0.012 0.036 0.031 ND
Anton Paar 0.297 0.203 2.111 0.024
FAPAS
Milestone 0.316 0.209 2.142 0.028
FAPAS assigned value 0.321 0.204 2.176 0.036
Quantitative value upper value 0.443 0.287 2.795 0.051
(mg/kg) in the range
2=<z=<2 lower value 0.199 0.121 1.556 0.020

ND: Not detected

n=1

3.3 BIRMEOMER

BT EMEIR I L BEERENRIEENTZ 7 LA V7T AFEIZHOWNT, KRIETEV oL,
REHCR O EMEN KBS BEOERICKIETHEORMEL EM L. Z ORI Table 9
LBV THoT.

LS S OR 3AE R OV B AT R E TR S 7. 20D O BAEIE, ARk & ko i L1
LETENRBO DNTR, BT EEEICLV GO EREIIEE FTRRHOE CHo7=. F
7=, FE O EEE TR TH-72H FI T ARKREIC L VBB SR, KBRS ER
TBRA M DE T > 7z,

LEDOFERICOWT, E& FRRBOMIZIELSENHDZLE2EBET DL, AEICLVED
N EREESTHGEOBRIGREO LD EEZEX b, ERICEET L X REFITRL, RKlEDO
BIRMEICHEIZ W EE b,
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Table 9  Quantitative results of klein grass hay of this method
and analytical standards method of feeds

Arsenic Cadmium Lead Mercury
Sample types Analytical methods Quantitative Quantitative Quantitative Quantitative
value value value value
(mg/kg) (mg/kg) (mg/kg) (mg/kg)
This method 0.137 (0.039) 0.173 ND
Grass hay Analytical standard
Klein grass ha nalytica’ standards 0.079 a) a) a)
( gr y) method of feeds (0.079) ND (0.427) ND
(Lfgg‘;f(ilu;fﬁ;ca“‘m 0.04 0.04 0.04 0.04
This method Limit of d g.
mit of detection
0.02 0.02 0.02 0.02
(LOD) (mg/kg)
Ana]ytical standards LOQ (mg/kg) 0.2 0.10 0.5 0.03
method for feeds LOD (mg/kg) 0.05 0.03 0.2 0.01

ND: Not detected
(): less than the limit of quantification
Except where noted: Mean (n = 3)

ayn=1

3.4 EsAnmEI R

TNT 7T 7 R R OVEE R (BEM Yy —F%— (=2 AT RH) KO
7 G ) AV, 2712 X0 dnmEaRER & £ e L 7-.

TIT VT 7 RLEOFERIX, Table 10 ® & BV, MFEIT OV TITFEHEULE 104~107 %, £
DGR UK FE T A= #E R 2% (RSDy) & LT 5.8 %LA T, # KU A2 TR EHEIILR
95.7~96.5 %, RSD; (% 5.3 %LLT, OV TITFHEIUTR 84.9~91.6 %, RSD: I 12 %LL T, KR
[ZOWTIE AT R 82.5~89.6 %, RSD; 1 1.8 %LL T OREIE DAL, ik iLuERF 3 @
RE O Z L MEMRBIETA T4 (BUF TYMHRERIET A RT742) Lnd.) ITEDLI
72 1) kO2) OBEROGHTREO BEE LA BRIRERTH 7.

1) BEE 70 %LL E 120 %LU T

2) KEHE 22 %L T (WRINEE 0.04 mg/kg) , 18 %LL T ([A 0.4 mg/kg) , 16 %L T ([A 1

mg/kg) , 14 %LL T (A 3 mg/kg)

TEREAGEE (BEMTERY v —%— (hN— KA 7 RA) KO ILvy BHH) ) ORI,
FMERE Y ¥ —F%— (N—R¥ AT RKA) OEETFRMIZOTRMEINGRERIZIB W T, #EFEIZOW
TITRET & 722 0 PF AL 11 ERBIEO R Y MEMRE (BLT TPF AL o2 S MR ik
EWVDL ) WKWEDOLNEEEOBEEAZHE ST, IO VWTHEERMEOELYENKREL, B
EROBHTREE O BIEEEZW - S hotz. iz, I s Off) ©EEEMEY O FIMENGE
BICB VT, RS EEILE 20 BEO B2 S 0o 7.
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Table 10  Recoveries for arsenic, cadmium, lead and mercury

Arsenic Cadmium
Natural Spiked N b) Natural Spiked 2 b)
Sample types o Recovery” RSD: . Recovery” RSD:
contamination  level contamination  level
(mgkg)  (mgkg) (%) (%0) (mgkg)  (mgkg) (%) (%0)
0.026 0.04 107 5.8 0.059 0.04 95.7 53
Alfalfa hay
0.040 7 104 1.4 0.056 1 96.5 0.7
Lead Mercury
Natural Spiked 9 b) Natural Spiked 2 b)
Sample types o Recovery RSD; o Recovery RSD;
contamination  level contamination  level
(mgkg)  (mgkg) (%) (%) (mgkg)  (mgkg) (%) (%)
0.031 0.04 91.6 12 ND 0.04 82.5 1.8
Alfalfa hay
0.020 3 84.9 1.6 ND 0.4 89.6 1.6

ND: Not detected
a) 100 x (mean of quantitative values of the five samples — natural contamination) / spiked level

b) Relative standard deviation of repeatability

3.5 EEDMABICERE L ESRS ORI OMER

34 OEBY, BEmAEE GEMEREY vy —F%— (h—RZATRH) KO Iy O
) ) 2OV THINENNEER 2 26 L7223, PF ML O RS MEMAERIEIZED DL/ B K OF
ITHEEE O BAEME 2 i 72 S e o 7z

ZORRD—2L LT, BIEDRRMNODERRBEDEHICL DNy 7 770 RMED 5
MEZ BN, 22T, 28 ITEWSEESES (16 R) Oy 7 770 MEZRIEL, IR
J£ 0 ng/mL X TF 0.05 ng/mL OEBJRFIRAEREKOA A I MEL I LT, ZDORERIT
Table 11 ® & BV, BT, 0.05 ng/mL OIFEAERKR (E= FR (0.04 mg/kg) YD 1/2) KV
LRERAA VI MEERTEEDMBGRNGEL. 202 0D, BEROIHMTRHED
ARG & 72 S 22 o T2 JRIKNE, @ESMRAGICEBLEBESRE OB ThI B2 bR

£, TOMOFNE LT, HREEICLT NSl ENBx LN, HRARBKO SV EE
YRR IIRAR RN Y A B9 <, TS K VINBGEEEIC 27 AT 528, WInEIGREREE D
~ A 7 a S REEICBIT A HEESRARROT =F —BEN 140~200 °C ThHo7l=72d, 45fE
R4y ORBNAEL, EREICIESSENHELEZ L.

Mo T, RIEIZBIFHMEITLEDO TN TIE, EIESMASRT OEREITHE M OEFE % I
WTERNED, BROA LT F U AFEOKBRLETHL EEZ LN
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Table 11 Comparison of ion count values between instrument blank from microwave digestion
vessels and mixed standard solutions

Ion count value of each Ton count value of 0.05
Heavy . .. Ion count value of 0 ng/mL .
microwave digestion ) 1) ng/mL mixed standard
metals and 2 mixed standard solution )
others vessels solution
(cps) (cps) (cps)
Arsenic 57 ~ 77 93 381
Cadmium 12 ~ 55 18 1553
Lead 2581 ~ 27021 2288 13812
Mercury 78 ~ 497 138 1972
ayn=1

b) Mean (n = 2)

4 FEOH

R EYEIEIC BT A b ol FI U LGHEDOHE & LT, fbb & Kbk, BTEH
E0 HIERNEE CRFFMEA LA, BoNTERMIIAMTFEE LY bERWMEE eo7. &
7o, ZRPRBEIE & LA AN AT, [AERICZEE L2 & D, AL X 2 0MBIEOSBIZITE
B oTz.

Fio, FREKOEHBMAFANCE ENI2AFESBEOERICONT, Fik 30 FEICHFEL,
BRICEEC A A2 X 72 ICP-MS % F 722 0 R A IR 53 M 15 O B BE 53 AT L X O PR R AR 15
~OWHEHDFFICONWTHRF LIZEZ A, UTORERELNTZ.

1) BRMTEEICHNZ D LITRRD~ A 7 vl fRIEEIZHOWT, RiE~O5E A O F & % et
Lz Z A, @R EEL LN

2) VLA VTTRAGEIZONT, RELZIVRAFTOFECREORLHM LIEHER, SEGRE
FEpE ST, KETHLNULERMBEIZSIAROERIGRDO S D EE X LI, KRiEDER
PEICHIEIZ 2 W & E 2 BTz,

3) TIT7NT 7 HEIZOWTEESBELZRNML, RIEH-S TS5 mO0MTOZ2FERK L, B
KL O UIEEZRDT-E 25, ZUMMBIETA BT 4 VIZED b B E K OPHTREE O
Bl 27 3 BAF S RS oz, 7o, SmdmAfE (EMEEBEY Yy —F— (h— K%
ATRA) RO Iy GER) ) ICoOWTHESBELZIRML, REICHE> TS mfHMTHo %
FhE L, BEULREOEE LEEZRDIZEZ A, PF REEOZYMHERIEICED DNTEE K
OBHTHE O B EZT - S 2o T

4 EIESREIBON Y7 7T REE ICP-MS Z AW THIE LR, MgV TEnA 4
AUy MEEZRTEMVELE LT, £, DRERIBRIERET LI LICXY, vA 7 v N
THBGREIC LTI NAEL TV EEZ LN, DREROA LT F 2V AFEOLENLET
bHHEEBEZ LN,
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5 SO Ts TOILDOFEERI ORI T2 T LBEENHEIC
& DA HTED BN R U HEHER
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Additional Consideration and Collaborative Study of Determination Method of Fipronil
in Feed by LC-MS/MS

TAKEDA Zenya™', KURASHIMA Chinami*?, SHIRAI Sae"!, NAZUKA Eiichi*' and MAKINO Daisaku ">
(*? Nagoya Regional Center, Food and Agricultural Materials Inspection Center (FAMIC), *? Nagoya
Regional Center, FAMIC (Now Food Safety and Consumer Affairs Bureau, Ministry of Agriculture, Forestry
and Fisheries of Japan), ** Fukuoka Regional Center, FAMIC)

We have studied a quantitative determination method of the concentration of fipronil in feed using
a liquid-chromatograph electrospray-ionization tandem mass spectrometer (LC-ESI-MS/MS), and
conducted a collaborative study.

Having added water to a sample, fipronil was extracted with acetonitrile, and the extracted solution
was filtered. The filtrate was then purified with liquid-liquid extraction and SPE column (InertSep
GC/PSA, GL Sciences Inc.; Tokyo, Japan), and injected into a LC-MS/MS to determine the
concentration of fipronil. LC separation was then carried out on an ODS column (Capcell Pak C18
MG 1II, 2.0 mm i.d. x 150 mm, 3 pm, Osaka Soda Co. Ltd.; Osaka, Japan) with a gradient of 2
mmol/L ammonium acetate aqueous solution and 2 mmol/L ammonium acetate methanol solution
as a mobile phase. In the MS/MS analysis, the negative mode electrospray ionization (ESI-) was
used.

As documented in the previous report, it was clarified that the recovery of fipronil in rice straw can
be improved by the use of NaOH solution (0.5 w/v%) instead of phosphate buffer in liquid-liquid
partition. In this report, we investigated whether the method of using NaOH solution can be
applied to feeds other than rice straw. However, we concluded that the method was not applicable
to feeds other than rice straw due to operational problems or low recovery of fipronil.

A collaborative study was conducted by ten laboratories using formula feed for layers, formula feed
for beef cattle, wheat, alfalfa hay, rice straw and whole-crop rice silage (WCRS). Those materials
were added with fipronil according to the following specifications: 0.01 mg/kg for formula feed for
layers, 0.0016 mg/kg for formula feed for beef cattle, 0.002 mg/kg for wheat, 0.18 mg/kg for alfalfa
hay, 0.25 mg/kg for rice straw, and 0.25 mg/kg for WCRS. The resulting mean recoveries ranged
from 68.8 % to 82.4 %. The repeatability and reproducibility in the form of relative standard
deviation (RSD; and RSDg) were less than 8.2 % and less than 9.9 % respectively. The HorRat
was less than 0.45.

This method was thus validated as useful for inspections of fipronil in feed.

Key words: fipronil; liquid-chromatograph tandem mass spectrometer (LC-MS/MS); electrospray
ionization (ESI); feed; collaborative study

TOMSIATEGE N MKW R R et o 2 — R 4 —
2OMSIATEOE NEMWOKEW R Z it 2 - EE 2 —, Bl BWOKERHEE - Z2R
B OMSIATBUE N EMOKEIH B R S v 4 — Rk v 2 —



58 fREHFZEHE Vol. 46 (2021)

XF—U—R: T4 Tu=mn ks a~ V5720 T AREEGHE ; L7 fr AT
L—oA A ALIE ; EEE 5 SEFERBR

1 % £l

T4 m= ML, T VBT Y LROFBAITHY, BRI L CHRREEMH 2 HES S
ZEWEVEBRERERT EE A DN TS D FAETIE 1996 FICH) Bl 2GR I v, =
EMSEITARE OB RETH D, WA TITKE, A=A V7, a—a vy K0T VT EEICE
WT, EO9HAZL, LeMnh, KERVREEORYIT NI, REFIIEENHD Y. HD
EofttpoEaEME E LT, Ak, KE, NEKRRT A ET 0002 mgkg, £2HAHZLT
0.02 mg/kg, ~-A 2T 0.01 mg/kg, Fiii> 5 T 0.2 mgkg, FRREEMEL (LLF TWCRS] Lwvwo. )
TO0.1 mgkg EIEFHEIZLVED LTINS 9,

AR D7 ¢ T = L OGHTEE, SRR ZBW TR~ N7 T T ERERSHTEHNC X
LHFONENNE SN TEY, TR FRIZ0.0Imgkg THDH. SEE, fAETFO7 4 Fo=10
REBOLERTONTZZ &b O, BRI L THo 0 S 2R OOIMEDORENREE L S
.

IRET, BRMEIEAN B AR SBRENSE L oME PRI, RO T 0 7 a = Lok
sua~ 777807 MREESHE (LLF TLC-MS/MS] &0 9. ) 12 X DTk OfEHY T &
WEAONFHO R B EZRFTLIZE Z A, b bIZBWTHIEMEWMEA AR bl Y. 207,
KB OIFRD D ORHIEIZ OV TEZR DBE 21TV, WIKZBOEIZHWD 0.5 mol/L U o Ptk
HWORDVIZ, 0.5 wiv% Kb N U LEKRE MWD Z & CTEIENSET S Z L2 60
Lz 9.

AlEl, IR ELREIZ 0.5 wiv% JKEE(ET N U U LESIRE FV 2 HIEIZ DWW TR DS D BT
LA TELI AR L. 72, ZHETO05 mol/L U U EEREEKRO pH fAEICHW D RIEE (1
mol/L ¥ 3% 1 mol/L KE{bF b U 7 A & LTWaD, ARITEE K ZMALT 2352 F T
pH ST R&E T 57, 0.5mol/L U U EEFEMEIR O pH #EEIL [V U@ (1+10) XX 1 mol/L K
itV o) #AWDHZ &L L, YEBEEROPEIEDOERIZL D7 4 T m = LD HER~D
BN L 2R Lz, S50, @Bk 2 Ao 3E RS A I L, Rk AT R YE A~ DI
DA[RERF LD T, TOMEEZHETD.

BT 4 T = L OREEREEZLLTO Fig. 1 IR Lz,
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2.1
2.1.1

B

V.
e \\)4

F NH,
cl

0]

Fipronil
5-amino-1-(2,6-dichloro-4-a,a,a,-trifluoro-4-p-tolyl)-4-
trifluoromethylsulfinylpyrazole-3-carbonitrile
C12H4Cl2FeNsOS  MW: 437.1  CAS No.: 120068-37-3

Fig. 1 Chemical structure of fipronil

2 EERAE
BT
E S B B AEE, IR, E9LATZ LEOERE (Y7 7 v 7 7 i) 1%, TRENE
T 1lmmDAY Y — 2 ZE LTBiscmiL, otk s L7z, WCRS 1L, 60 °C T 10

Wp IR 0%, SIS PNICERE L CREL L7z, RRICHREL, S HREE L.

728, MEHZHWEE AL OB S E A % Table 1 IR L7,

Table 1 Compositions of the formula feed

Formula feed type Ingredient type PI‘Op((;"[)lOIl Ingredients
o
For layers Grains 61 Corn
Brans 1 Rice bran
Oil seed meal 22 Soybean meal, corn gluten meal, rapeseed meal
Animal by-products 6 Swine and poultry by-product meal, fish meal, feather meal
Others 10 Calcium carbonate, animal fat, calcium phosphate, salt,

oyster shell, feed additives

2.1.2

1)

A

TER=FU, TEFAKRONFY GRS - PCB B Z Wz, A% —id
LC-MS H (L7 A v AFepiskiy) 2w, b MU oa, EEE, KoY oL,
KEEIET R Y U A, WiEET U UL (HEK) , Ve, UVBAKEZAY U AKRDY K
TV T LTRERRAE W2, 1 mol/L BEfEY E=U AERITEERKRIE 7 v~ 77 7 H

(BL7 ANV AFEMERE) 2 Hv/-. KiZ LC-MS Ho#EHiAK (17 A v AFEHisk i
IRBE B L) X Milli-Q Advantage (Merck Millipore 8) (2 % v k58 L 728 #tizk (JIS K0211
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D 5218 I[ZEFR I NI HIAK) 2RV,
2) 0.5mol/L V »EfE@E R (pH 7.0)
UUgKFEZAY 75527 g kO UEEZKFEHV T L3302 g 528D, KK 500 mL (2%
L, UrBg (1+410) 3XiX 1 mol/L KER{L A V 7 LR %2 AW T pH % 7.0 \ICFRIE L=, K&
ZTCIL & L7
3) T4 7 e = VEERER
74 7 r = VRS (BT A L AROEHEER, MEE 99.4 %) 20 mg Z IEfEIC & > T 100 mL
DEETTAICAN, TR AZMATEHENL, BICERE CREEEZNZ T7 0 o=
HEEFIEZFAB L (ZOoR ImLix, 74 70=1,1LT02mgaaH) .
FEHICELT, 74 7= VRO —E&Z A X/ — /L TIEMIZHRL, 1 mL HIiZ7
4 Fr=)LELTERERN 0.1, 02, 04, 06, 08, 1, 2, 4, 6, 8 10, 20, 40, 60, 80 }
W 100ng & H T 5B EEHERZ TR L 7.
2,13 HEEKOEGE
1) ¥tk .
e 1 (BAEEE, hEEOE S AT L)
ZM-200 Retsch # (HB#E 1mm 27 UV —, ffi FHFF[A#55 18000 rpm)
R 2 (AR, fab H OV WCRS A)
SM-100 Retsch 8 (HEI& 1mm 22 U —>, [EEEH (4K 1690 rpm)
2) IEEIHE: Ly 2 —H—SR2W XA T v 78 (AR S 9 % 300 rpm)
3 V9754 M=K/ 2F LTV TIVN-TRENAL YN DTNV EEE I = T A
(UUF T2=8F 4] &5, ) :InertSep GC/PSA (500 mg/500 mg) ¥ —T/LH A = il
4) AT T 7 404 — : DISMIC-25HP (fL£% 0.20 um, [EA£E 25 mm, B/KM PTFE) HVEJEAK
il
5) LC-MS/MS :
LC ¥} : ACQUITY UPLC System Waters
MS #f : ACQUITY TQ Detector Waters #
214 EEHIE
) fhoH
SATEEE 10.0 g R, Fib b KON WCRS (£5.0g) &> T200mL O =fA 77 2=
IZAAL, K 1SmL 2%, 30 0MEFER, FIZ27E =KV 100mL 2%, 30 53HHE D &
FCHHLEZ. 200mL O2E7 7 Aa%27 7 —KIOTICEE, MHEE2 A (SFEB) T
gl A L7ctz, D=7 7 2aROVEIZIERT 2 h=F U /L 50mL THEL, RERIZK
FlAB LT, IR T AaDERETT A= ) VEMZTZ. ZOKR20mL %, KK
FIZ 7 D3RR & L7z,
2) RIS
AEHEIK 20 mL 2 & 522 ColifkT MU 7 4 10 g KTV 0.5 mol/L U etz iR (pH 7.0) 20
mL (FEd 5 IIKE LT B U w7 AR (0.5 w/v%) 20 mL) % A#L7= 100 mL O 53R ~HZ 1E
Wz, 10 5V IEE-#FHEL, Y= Vg (L&) % 100 mL ® =477 X 2T
AN, T bh=FUAVEEZBEEOMEET Y v A (MEK) THAKL, 100 mL O3 T 7
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ZalZAHH (5F B) TAHMBLEY%, RO=AT7 7 AazBRVEOT® =Y L THEL,
iRz DA EE L TAHREGDETZ. A% 40 °C L FOKIBTIZ L A EHET 2 E TH
JEMEME L7oth, BEIAEE S THELEZ., ~FV 2 2mL 22 CTEEMERNL, 7T A
U A3 2 BUBHA TR & L 7=,

3) T LALER
R=hTL%TE R 10mL K OANFH 2 10mL CHERES LZ. SEHAKREZ I =5 7 Al
AL, WREAFETAFO BilZiET 2 E THRI N Lo, BBHEIK D AN > Tz 100 mL D72
TIB7 I Aaz~FH 2 5mL T-OC2 BUEHL, WKEZIEKI =07 512z, RERICHT
SH. S0mL ORI I A% I =T LDOFICEE, ~FHhor—7kKr (4+1) 15mL
EI=ANTAIMAT 747 a= ViR SE72. WK% 40 °C LT OKIBTIE & A EHLIH
T 5 F CHWIERM Lok, ERTAEES THE L. AX /—)b 1| mL (HEE, bbbk
O'WCRS IZH > TIX 10mL) ZIEFEICINX TEREM EENLTIR, AT 707402 —ThH
L, LC-MS/MS I X HHEICHT 253 BHAR & LTz

4) LC-MS/MS (2 X 2 HIE
RENATR KR O 7 4 78 = VEEYER A 5 uL % LC-MS/MS ([ZIEA L, BRSH T (SRM)
ru~ N7 T L&, WESM% Table2 KOV 3 ITR LTz,

Table 2  Operation conditions of LC-MS/MS

Column Capcell Pak C18 MGII (2.0 mm i.d. x 150 mm, 3 um), Osaka soda

Mobile phase 2 mmol/L ammonium acetate aqueous solution- 2 mmol/L ammonium acetate
methanol solution (7:3) (hold for 0.2 min) — 12.5 min — (5:95) (hold for 2.5 min)
— (hold for 0.2 min) — 12.5 min — (5:95) (hold for 2.5 min) — 2 min — (7:3)
(hold for 12 min)

Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)
Mode Negative

Ion source temperature 120 °C

Desolvation gas N> (700 L/h, 350 °C)

Cone gas N2 (50 L/h)

Collision gas Ar (0.25 mL/min)

Capillary voltage 2.5kV

Table 3 MS/MS parameters

Precursor Product ion Cone Collision
Target ion Quantifier Qualifier voltage energy
(m/z) (m/z) (m/z) V) (eV)
Fipronil 435 Sl — = D

— 250 25 30




62 fREHFZEHE Vol. 46 (2021)

4 F "
BoHN7Z SRM 7 a~ h 7 74067 HBEONE S 2RO THREMRZER L, e O
T4 7= VEFREHELE.
B, EEIEOHEE % Scheme 1 (TR L7z,

Sample 10.0 g (5.0 g for grass hay, rice straw and whole-crop rice silage (WCRS) (200 mL erlenmeyer flask))
added 15 mL of water and allowed to stand for 30 min

added 100 mL of acetonitrile and shook for 30 min

—filtered through filter paper (No. 5B of JIS P3801) under reduced pressure

washed with 50 mL of acetonitrile

—filled up to 200 mL with acetonitrile

Transfered 20 mL of sample solution to a 100 mL separating funnel

added 10 g of sodium chloride and 20 mL of 0.5 mol/L phosphate buffer (pH 7.0)

(20 mL of NaOH solution (0.5 w/v%) for rice straw)

shook for 10 min and allowed to stand for a while

—discarded the water layer and transfered the acetonitrile layer to a 100 mL erlenmeyer flask

added some amount of sodium sulfate and dehydrated the acetonitrile layer
—filtrated through filter paper (No. 5B of JIS P3801) to a 100 mL eggplant flask
washed the erlenmeyer flask with acetonitrile and filtrated to the eggplant flask
evaporated to dryness under 40 °C

——dissolved in 2 mL of hexane

GC/PSA column (500 mg/500 mg)

prewashed with 10 mL of acetone and 10 mL of hexane

applied sample solution and let it flow out

washed the eggplant flask with 5 mL of hexane and eluted (twice)

set a reciever (50 mL eggplant flask)

eluted with 15 mL of hexane-acetone (4:1)

evaporated to dryness under 40 °C

—dissolved in 1 mL of methanol (10 mL for grass hay, rice straw and WCRS)
—filtrated through hydrophilic PTFE membrane filter (pore size: 0.2 um)
LC-MS/MS

Scheme 1 Analytical procedure for fipronil

2.1.5  @nENREER

212D DT 4 T a = VERFRE A X ) — )V TIEMEICAR LRI V7.

747 =/Lt LT WCRS (ZJFWHIZHE LT 0.004 L0011 mg/kg FH4 & (Ri&RUEHA R+
TZENZEN 05 KON 125 ng/mL FHY &) IZR25 X2 ICZNENHWMLTELSIBEL, —HEFEL
T2 214 OFgO L OERIEIZHE > TER L, FHEILER K OWE LK E 2RO 7.

2k, WINEREZREHCH LT 7 o 7 r =L LT 0.01 X 0.25 mg/kg FASE L5 X9
ATV, EHPIRE~OBEX, FEWh R ORI OKSERREE 60 %L 10 % & EEL T,
8 UK E AR 60 %) HRE=E&Y OK3EAH®E 10 %) TIRE, 225 ORI L V7o

2.1.6  0.5mol/L U #EE K (pH 7.0) DOFRENEDET D%
0.5 mol/L U v g % (pH 7.0) OFHELEICHSWT, pHIHEICH W SR AL 1 mol/L ¥R X
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I 1 mol/L KE&{bF hVU T &) 208 TU R (1+410) 3% 1 mol/L KEE{EA Y v L) IZEE LT
HBIZOWTHRHEITo7Z. 74 7= LORBRAEREAFRE L RE I LA LiIcEnE
1 0.01 mg/kg AR B (REHEHAK T T 10 ng/mL) , /NI 0.002 mg/kg M2 & (7] 2 ng/mL)
W ONZHZAE (T V7 77 7 H28) 12 0.2 mg/kg FHS & ([A] 10 ng/mL) 12725 X2 lcEnEh
W% LIREL, —HWEB L%, 214 © DITWE- THIH L, &ikoRIC it 2 RBHATE %
7. B ORI DWW T, 1 mol/L 2 X% 1 mol/L KEE{k7F U 7 AIZK Y pH %%
L7 0.5mol/L V U FEFRER & ONY g (1+10) 0% 1 mol/L KL U 7 A2 LY pH ZFH% L
72 0.5mol/L V »EEREEIR 2 WV CTZENZH 2.1.4 O 2)NZHEWVIRIE L &2 FEhifi L=, T DO%ITAL
> TEREL, FHEUEE RO

2.2 JL[EEAER
221 & OB
T AT VBREE L TN RWD & a2 R LR E AR A R, WAIRE A RS R
N, WHE (T T 7 VT 7R KOO LEZENZENEME lmm DR 7 Y — 2355 L
To R TR L7z, F 72, WCRS % 60°C T 10 RFffdzlgts, HICENICHE L CREL L7214,
FARICH L7z, 26l oW T, WRAEEE HELA &R, RIS RS R OV E IR
12g ¥+, TATZ77 L7 7iE, fbb&k R WCRS I 6g T2/ nif Lizbd GUEH4 IZIEH
) &2 REREBAREE ULCE 12 B2 =E IS L.
¥, BRI AW A E R G AR X OW A A IEE F B G B OB 555 % Table 4 1278
L7,

Table 4 Compositions of the formula feed used in a collaborative study

Formula feed types  Ingredient types Prorzf))/rt)ion Ingredients
0
For layers Grains 62 Corn, rice, bread crumbs
Brans 3 Rice bran, wheat bran
Oil seed meal 20 Soybean meal, corn gluten meal, rapeseed meal
Animal by-products 3 Fish meal, swine meat and born meal
Others 12 Vegetable oil, calcium carbonate, salt, calcium phosphate,

feed additives

For beef cattle Grains 50 Corn, barley
Brans 32 Rice bran, wheat bran, barley bran
Oil seed meal 13 Soybean meal, rapeseed meal
Others 5 Alfalfa meal, beer yeast, molasses, sea weeds meal,

calcium carbonate, salt, feed additives

222 WK
) 7ER=bFU, TEFABRONFH IEERE - PCBHRBA TN EFAEUL EO LD
AW, A% 77— LC-MS X I ERFEL LoD E W=, k- MU oA, K
it R oA, VUAKFZE_ ) oL, VB IKENY DL EOFHEST MU oA (HEK)
IR T N E RIS EO b D& H W, 1 mol/L BT v &= AdE#ikik 7 o~
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NI 7RI N EREU EOL O &AW, Kid@EHMA (JIS KO211 @ 5218 [ZEFE I iz
BAiAK) XEX@EmEiRE s a~ N7 7 7 HERWZ
2) 74 v = VREYERR
747 a = VRS (BT A L AROCHIEEER, M 99.4 %) 20 mg Z IEfEIC & > T 100 mL
ODEETIAIAN, T M ZMATENL, BIERE CRBEEZMZTC7 4 7=
ERERE AR L (20 1ImLE, 74 70=1,LT02mgaah) .
3) T g 7 a = VR ER M OV B AR A AR A Y IO
7 478 = VEERERE 10 mL & 200 mL Q&R T 7 A I AN, BITERETAY ) — Lk
MZT, ImLHIC7 4 7= LT I0pg 2 a5 HT D7 4 7 1 = /VEEHERR K O S #R VR R
PR 2 R L 7.
4) AR E RS BRI AR YE IR
DT L7Z7 4 7o = )VEEURER 2mL % 200mL DR E 7 T A 22 A, BITEBRETAH
J—NEMZ, 1mL P74 Fr=,Le LT 100 ng Z&A T 5 K56 E FHECA SRR
e 2 L L7z,
5)  WHAIEE RS SIS0 AZ e
NTHB L7 4 7o = EEF 2mL % 100mL D27 T 23T AN, FICEBRETAHX
)=V EMZTEZLONSLE 5216 mL % 200 mL D& T T A2 A, EHBRETAX ) —)L
Mz, 1mLHIZT 4 Fr=& LT long & A7 2 RWHAFIEE HELA SDEHAIN R R 2
TR 7=,
6) /NN AR MERR
NTHM L7 4 7o = VEHEE 2mL % 100mL O2E 7 7 A3l A, FIHERE TAHX
)= NVEMZTZLONE X 5220 mL % 200 mL D287 T A2 A, EHRETAKY ) —)L
ZMZ, ImLPIZ7 4 7a=LE L T20ng 2EAT 2/NERMAEAERZFHEL 7=
7 FE (TVT VT 7 ED) RN R
NTHB L7 4 70 = VYRR 18 mL & 200 mL D& T T 2 2|2 AL, BT E TA
) —)vEMZ, 1mLHIZ7 7 a=,LLLTI00ng #EHTHEHRE (TLVT7 7 VT 7ig
) WSONTIAR AR 2 FR R L 7
8) i bW AR IR
NTHB L7 4 70 = VEEHERR 25 mL % 200 mL D& T 7 A 3|2 A L, FBITEEE TR
H ) —)VZMZ, ImLHICT7 4 Fa=/L & LT 1250ng & H 3 D Rab & N TS #ei % 5l
L7,
9)  WCRS %N AR HEHK
NTHM U727 4 70 = VSRR 25 mL % 200 mL D27 7 A 2|2 A, HITHERE TR
) —NEMZ, 1mLHIZ7 s 7a=/Lt LT I1250 ng =& H 7T 5 WCRS RN AIEER 2 1
w7z,
O EMIER SRR Z 1 A, 4)~9E%K 2 A&, BEEIIIEEMT 2.2.1 ORBRARE & O
THRBREICHAM Lz, 2k, DNORIEIZOWTITARBR=E T THER L.
223 optralEt
221 ORBAREZIEHTO 2 SARETHWE., 74 7= LT, WBHT A GE
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12 0.01 mg/kg FRY & GRBRHFE 10 g (23t LU CRkiEfd & H B A fEHR I AAE HERE 1 mL #S00)
Z, PAHAFIEERE AT 0.0016 mg/kg 24 & GRBRAE 10 g 1ok L CAAFIEE HELAS
fA MR N A EHERE 1 mL ¥R %, /NZEIZ 0.002 mg/kg AHY4 & GRBRFARE 10 g okt L T/RER
IMAAEAENR | mL RN %, #4E (77 707 728 (12 0.18 mg/kg FHY & GRERHARE 5 ¢
Zxf L CREACER. (7 v 7 7 v 7 7 WD) IRINIARYERR 1 mL A0 %, Fiad 512 0.25 mg/kg F7 24
& GRER RS gloxt LChed B IR AR 1 mL i) %, WCRSIZ 0.25mg/kg % & (G
B FHREL 5 g 1o L C WCRS RN REYERE 1 mL RN %, Z#ArBIsaoRi BN L Ciisl L /-
224 ERFGIE
21412k -7,
225 WEFIE
S, SATREHRIRE (ug/kg) TERLU, 4HHZME LA L THME 3N E Tl &8
7.
2.2.6 Sy HT ISR
BH2FE12HIBEPLEF3IFE1THSHET
227 Rk
RO, EERICAN—F A RSN EFERBRICE T 5 FNE 'O 1DE £ %2, Cochran fi
i, single Grubbs & & & U paired Grubbs f & Z 1TV, AU O A M 2 iR L 7o b TR RN,
Mok UFSEE (RSDy) K O=ERMIHEBURE (RSDr) ZHM L, 1554172 RSDr 25D, fEIE Horwitz X
12)% v C HorRat Z R 6> 7=.
2.2.8 R =E
Vet A o ARRA S, M ENE ARSI R L BREOR e ¥ —, —RWE
ENBARRE MR EREREAT, —&MEEAN B RBES Ot v 2 —ZBERT, 74— R T
RS HFTEAT, TNLATEOE N EMWOKPEE B Z 2 E i o % — REEV L 2R AE, RfLigt o ¥
—, [iflEtErZ—, AATEREY X —KOFE#MEEZ— (G 10 REBR=E)

3 BRRUBER

3.1 EIRET

3.1.1 FabD HITDWTRISE L=k oG & LIS O ik~ o3 F o v 75
REF D ARG BT DU T M & fgad L 72 0I5 T, I BERF I 2 0.5 mol/L U iR
FEEE (pH 7.0) % 0.5 wiv%/KIE{b T MU U A RIRICEE T2 Z LIC L0 RIFRHR %5, =
2T, U UBBRRETE CRERME LN TR B U OEEHZ W T Y, fib b Ok
DS T E D IRETZAT o 123, WK Bl O HAEIZ B W TERUBHIK DR PEDS B30, IR 53 Bl
7T DAVEEENREE L o722 b D, TRTCOEEHCRO L OHEEZEH T2 2 & idmE Y
TiHenweEEZBxohniz., LrLaRs, boNEFREE D WCRS 12OV TIEEHE O f51E
NENRDZERLSHINARERTHY, 74 7= VOEEEHITIE—7 SR~ Y v 7 2|
LB LRDONR -T2 END, S HICIINENLEERZ FhE L CRibd b Ok o O
AR ERATHI L L.

3.1.2 BnIElGERER
21512 LD IRIMNENGERER %2 6 L7-. ZOFEFIL Table S O &Y, FE#H 0.11 mg/kg DU
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REIZHBWTIE, FHEIERIT 75.6 %, £ O UK EEITE A EER 2 (RSDy) & LT 5.5 %L
TORGEDNE B, BRI T EHERIZR 3 DR Y MEMERIETA RTA4 29 (LLF TSRk s
ARIAV] L. ) TEDONTEEEROIMTREO BAEE (B 70 %L E 120 %LU T,
FERE © 21 %LLF) &= TREERERTH-. LirL, JFEHT 0.004 mgkg ODTRMIEREIZB W
T, FHEINFE60.6% THY, HEMEH-T I LIXTE oo/, ZOZ M D, WCRSIZ
oSG2 EATS 2 LIS TRV EEZ L.

7k, BOoNZSRM 7~ N7 7 ADO—fl% Fig. 2 IZ/R LT,

Table 5 Recoveries for fipronil

Spiked level Recoveryb) RSD;C)
Sample . )
(mg/kg as fed basis) (%) (%)
0.004 60.6 4.9
WCRS
0.11 75.6 5.5

a) Fipronil was spiked to air-dried WCRS samples one night prior to
extraction. The spiked levels were 0.01 and 0.25 mg/kg as air-dry basis for
fipronil. The levels of fipronil as fed basis were calculated with following
equation on the assumption that the moisture content of WCRS samples was
60 % as fed basis and 10 % as air-dry basis.

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

c¢) Relative standard deviation of repeatability

A 500000 - ! B so0000 - !
450000 - 450000 -
400000 - 400000 -
& 350000 - £ 350000 1
‘E 300000 S 300000 -
5 250000 S 250000 -
S 200000 200000 -
E 150000 g 150000
2 100000 A S 100000 -
£ 50000 - £ 50000 A
0 0
-50000 . . . . , , -50000 , . . . . ,
11 115 12 125 13 135 14 11 115 12 125 13 135 14
Retention time / min Retention time / min

Fig. 2  Typical selected reaction monitoring chromatograms of fipronil in standard and spiked
sample solutions
(LC-MS/MS conditions are shown in Table 2 and 3. Arrows indicate the peaks of fipronil.)
A: Standard solution (10 ng/mL: 0.05 ng as fipronil)
B: Sample solution of WCRS (spiked at 0.11 mg/kg of fipronil (as 12.5 ng/mL in the sample

solution))

3.1.3 0.5mol/L U v EREME#K (pH 7.0) DFffED R E
U VIR O FRE DB AR T 5720 2.1.6 I0E> THIMENRBRZ i L7-. T Ok
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FlX Table 6 D& BV, ZYMMBIETA RTA4 VICEDONZEED BIEME (EE . 70 %L E
120 %LLF) Zi7z L TWeZ &Eh, RIEIZBWTE 0.5 mol/L U IR R (pH 7.0) @ pH
FHEILY VB (1410) XU 1 moVL KER (b # U v A EMERT 52 & & LT,

Table 6  Effect of composition of phosphate buffer to the recovery of fipronil

Spiked level Rec overya) (%)
Sample
(mg/kg) HCLNaOH  Hs;PO., KOH
Formula feed for layers 0.01 89.7 88.9
Corn 0.01 85.7 89.3
Wheat 0.002 79.8 74.7
Alfalfa hay 0.2 85.1 88.4

a) Mean (n = 2)

3.2 JL[AEER

B L7c ok O =M BB E A M5 5720, 2212 k0 AR A FhE L7z,

fil 1% Table 7-1 & (X Table 7-2 D & B Y Th o 7=, FREEH T HE SR, WM EE RS A
B, NE, BHE (VT s T 7w HELE) R B &Y WCRS IZDOWT, SERHEINET 82.4,
75.0, 77.6, 71.3, 69.6 K} 68.8 %, RSD: % 6.2, 8.2, 7.0, 3.5, 3.0 %X 5.5 %, RSDg IZ 9.0,
9.9, 8.3, 4.1, 9.3 21" 8.0 %, HorRat |% 0.41, 0.45, 0.38, 0.19, 044 X (X038 TH YV, ZH4
MERRIET A BT A VZED DAV BRI BB E O HEEME (R E AR, WHAEEE HE
AR, NEKRORT VT 707 7 FEEIZOWTIE 44 %LU T, fib 5 KON WCRS IZOW T 42 %
LLF) Z§fi7- LT/, HorRat IZOWTIE, T _XTORET 0.5 % FEl-70y, SHrEAED g
i ChreHEBEI LN,

SEDOD, FRBR=ETHEA L7 LC-MS/MS OF§fi% % Table 8 (277 L7z,
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Table 7-1  Collaborative study for fipronil (1)

Feed types
Lab. No. Formula feed for layers Formula feed for beef cattle Wheat
(mg/kg) (mg/kg) (mg/kg)
1 0.00957 0.00783 0.00116 0.00115 0.00144 0.00149
2 0.00733 0.00819 0.00116 0.00114 0.00145 0.00149
3 0.00901 0.00841 0.00123 0.00133 0.00170 0.00161
4 0.00782 0.00786 0.00137 0.00128 0.00156 0.00152
5 0.00754 0.00752 0.00118 0.00124 0.00130 0.00167
6 0.00782 0.00748 0.00119 0.00106 0.00158 0.00137
7 0.00897 0.00885 0.00124 0.000946 0.00168 0.00188
8 0.00729 0.00758 0.00108 0.00106 0.00150 0.00149
9 0.00887 0.00924 0.00122 0.00147 0.00160 0.00165
10 0.00920 0.00833 0.00127 0.00121 0.00155 0.00151
Spiked level (mg/kg) 0.01 0.0016 0.002
No. labs * 10 10 10
No. outliers ” 0 0 0
Mean value (mg/kg) 0.00824 0.00120 0.00155
Mean recovery (%) 82.4 75.0 77.6
RSD: ? (%) 6.2 8.2 7.0
RSDk (%) 9.0 9.9 8.3
PRSDk © (%) 22 2 2
HorRat 0.41 0.45 0.38

a) Number of laboratories retained after the outliers were removed

b) Number of the removed outliers

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 7-2  Collaborative study for fipronil (2)

Lab. No. Alfalfa hay Rice straw WCRS
(mg/kg) (mg/kg) (mg/kg)
1 0.129 0.123 0.158 0.158 0.172 0.175
2 0.130 0.135 0.167 0.164 0.169 0.163
3 0.136 0.130 0.172 0.170 0.160 0.174
4 0.148" 0.143" 0.199 0.182 0.184 0.182
5 0.125 0.127 0.150 0.163 0.167 0.154
6 0.122 0.132 0.198 0.199 0.183 0.182
7 0.125 0.117 0.162 0.162 0.176 0.146
8 0.134 0.129 0.161 0.167 0.160 0.148
9 0.152" 0.155Y 0.193 0.196 0.195 0.187
10 0.133 0.127 0.182 0.178 0.189 0.173
Spiked level (mg/kg) 0.18 0.25 0.25
No. labs ” 8 10 10
No. outliers © 2 0 0
Mean value (mg/kg) 0.128 0.174 0.172
Mean recovery (%) 71.3 69.6 68.8
RSD: ' (%) 35 3.0 55
RSDk © (%) 4.1 9.3 8.0
PRSDk " (%) 2 21 21
HorRat 0.19 0.44 0.38

a) Data excluded by paired Grubbs test

b) Number of laboratories retained after the outliers were removed

¢) Number of the removed outliers

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 8 Instruments used in the collaborative study

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

| LC: ACQUITY UPLC, Waters Capcell Pak C18 MG II, OSAKA SODA
MS/MS: Quattro premier XE, Waters (2.0 mmx150 mm, 3 pm)

5 LC: Nexera X2, Shimadzu Atlantis T3, Waters
MS/MS: LCMS-8040, Shimadzu (2.1 mmx150 mm, 3 pm)

3 LC: ACQUITY UPLC, Waters Capcell Pak C18 MG II, OSAKA SODA
MS/MS: Xevo TQD, Waters (2.0 mmx150 mm, 3 pm)

4 LC: ACQUITY UPLC, Waters Capcell Pak C18 MG II, OSAKA SODA
MS/MS: ACQUITY TQD, Waters (2.0 mmx150 mm, 3 pm)

5 LC: ACQUITY UPLC, Waters Capcell Pak C18 MG II, OSAKA SODA
MS/MS: ACQUITY TQD, Waters (2.0 mmx150 mm, 3 pm)

6 LC: Nexera X2, Shimadzu InertSustain C18, GL Sciences
MS/MS: QTRAP 4000, AB SCIEX (2.1 mmx*150 mm, 3 pm)

7 LC: LCMS-8060, Shimadzu Inertsil ODS-3, GL Sciences
MS/MS: LCMS-8060, Shimadzu (2.1 mmx150 mm, 3 pm)

2 LC: Alliance €2695, Waters Capcell Pak C18 MG II, OSAKA SODA
MS/MS: Quattro Premier, Waters (2.0 mmx150 mm, 3 pm)

9 LC: ExionLC AD, AB SCIEX Capcell Pak C18 MG 11, OSAKA SODA

LC: 1260 Infinity II, Agilent Technologies
10 MS/MS: 6470 Triple Quadrupole LC/MS,
Agilent Technologies

Capcell Pak C18 MG 11, OSAKA SODA
(2.0 mmx150 mm, 3 um)

4 FE&OH
AR PR T D57 4 7 a =120 T, LC-MS/MS #HW ek z ity 2 & & b, 3LHE

ARER A T L, SR AT R HEAS DU O AT EFIZ DO W TRF L7z & :5,uT®ﬁ%m%6m,Mﬁ

NA[ETH D EEZ LN,

1) WCRS IZJFEHHICHE LT 4 7=/l L LT 0.004 LT 0.11 mgkg Y EZTML, KED
Faio & OONTIEITHES T 5 ST O 20 L, B L OMGR UEEZRD7-E 25, 0.004
mg/kg FHY EOTMEE BN TI R Y EMRBIET A R T4 VIZE D HAVIZ B O BAEHE 4 i /2
T lixTE ol

2) 0.5 mol/L V »FEfEMiR (pH 7.0) OFHENEIZ LD 7 4 7 v =)L OEIE~DOFEEDF TIZO
THER LIz 25, BIE~OBEBIIRD LN oTz.

3) 747 m=1E LT, WHAIEEHESEEZ 0.0016 mg/kg fH%4 &, /NEIZ 0.002 mg/kg FH4
B, MHE (77 707 7HLED) (2 0.18 mg/kg FHY &, fid 51T 0.25 mg/kg #1324 &, WCRS (Z
0.25 mg/kg FAY EA RN L7230k &2 AV T 10 BBREICB W TRIBICHE WL R A4 FEhi L 7= &
5, BUVEMERRIET A RT A4 NED DAV E M BB E O BIEEE A2 W72 3 BARBRIED
iz,
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6 MHhLRUWAKFOE FOXFSAYXRHY—ILDBRAEKIOT LT ST
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B ORMEY, LIF HERET, MR BRI

Collaborative Study of Determination Method of Hydroxyisoxazol
in Rice Straw and Paddy Rice for Feed by LC-MS

MAKINO Daisaku*!, DOI Yugo*? and TASHIMA Maho™!
(*! Fukuoka Regional Center, Food and Agricultural Materials Inspection Center (FAMIC), *? Fukuoka
Regional Center, FAMIC (Now Fertilizer and Feed Inspection Department, FAMIC))

We have conducted a collaborative study for validating a determination method of hydroxyisoxazol
in rice straw and paddy rice for feed using a liquid-chromatograph electrospray-ionization mass
spectrometer (LC-ESI-MS).

Having added water to a sample, hydroxyisoxazol was extracted with acetone, and the extracted
solution was filtered. The filtrate was then purified with liquid-liquid extraction, and the purified
solution was injected into a LC-MS to determine the concentration of hydroxyisoxazol. LC
separation was then carried out on a polymer column (MSpak GF-310 4D, 4.6 mm i.d. x 150 mm, 5
pm from Showa Denko Inc.; Tokyo, Japan) using 0.1 v/v% formic acid solution-methanol (6:4) as
a mobile phase. In the MS analysis, the positive mode electrospray ionization (ESI+) was used.

A collaborative study was conducted by eight laboratories using rice straw and paddy rice, all of
which were added with hydroxyisoxazol according to the following specifications: 0.5, 1 and 1.5
mg/kg for rice straw; 0.1, 0.25 and 1 mg/kg for paddy rice. The resulting mean recoveries ranged
from 68.8 % to 78.5 %. The repeatability and reproducibility in the form of relative standard
deviation (RSD; and RSDg) were less than 6.3 % and less than 13 % respectively. The HorRat was
less than 0.60.

This method was thus validated as useful for inspections of hydroxyisoxazol in rice straw and paddy
rice for feed.

Key words: hydroxyisoxazol; liquid-chromatograph mass spectrometer (LC-MS); electrospray
ionization (ESI); rice straw; paddy rice; collaborative study
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HHHT 1 mgkg, FEKHT 0.5 mg/kg & OB BEFLENE 1 C 0.1 mg/kg DEFPREMENRE SN T
53,

EReXo Y Xh Yy —nopiike LTk, BAEZBEBRMRRES L CRREERY Uil
eI A rsa<x 777, TAVAVEBA F ARESBHE T A7 e~ N7 T7ROHTA 7 v~ b
7T 7GRN ERCDHE YIREDLNTWD. Fio, BREEE OHEHKICER D IEESHT LI
W7 a~ b7 7 7E&ESHE (BLF TLC-MSI & 9. ) 20D HEIREDLENTNDS. —
7, EER O Ra XA Y X9 — O g HEIC DWW TIER T R QI sh T 67,
INTIEDOMENLN BB LT > TN 5.

Z 2T, ERL29 FITRE OIX, PR 21 R OB EWEE T ERB L FE TN T
MEEN B AR ST % =203 Lotk P2 AW, b b K UMK A X I BH— R =
NOZUERREZ I L, ZTOMBEERE VL2 ATHDLN, HICAhRE, @k s vt
FBR % 2 L, SR EE~DONEO AT G2 REF LD T, ZOMELHETS.

SEIZe Fax oA 30y — L oi#E% Fig.l (R~ L7,
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5-Methylisoxazol-3-ol
C4HsNO2 MW: 99.1 CAS No.: 10004-44-1

Fig. 1 Chemical structure of hydroxyisoxazol
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FTONGTF Lcb o GUEHAIZHEIR) £ 24 (Wb b | MEICHOWTIT 448) 23 BJHRE L
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22 &I
) 7bhy, P2FAZ—=TNAVREONFTH U IEEEK - PCB R T ER%U Eo b
DEMPNW. A% =X LC-MS AXIZZ N ERIEL Eob oz vz, FBITREZ v~
N TRANIZINERELU EOLDEA W, LT MY A, R, RN A, R
kBT b Y U ATRIERR UL N ERIEL o b 0 &2 iz, Kid#sik (JIS Ko211 @
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mg Z5A) .
3) B REFI oY FP ) — L fERE
b Raxyva Yy — UERERR 10 mL 2 100 mL O 2 &7 7 2 22 A, HEICERE T
KuEMAT, e FarXifYFd Yy — UEERAZRELZ. (20K 1 mL 1%, & Fe¥s
AVFH Y=L TS0ug2E6H) .
4) BB ROT R Y IR
HTHB LI FrFi oA Y FY Y — L FERERK 10 mL Z 500 mL OER7 T X3l Ah, &
IR E TREZMZ T, MERERIEERKREZFHL L. (ZO® 1mL X, E Re¥ a4V
Xy —nELTlugxaf) .
5) Fwb b 1 RINFAZHERR 1
HTMH L P A Y FH Y —/FEHER 10 mL Z 100 mL D&Y 7 23l Ah, B
KSR E CTAREZMZ, ImLfice RaXxs A4 YEh Yy — L LTs5ugz2ahFT5Mmbb 1k
DS HERE 1 A& R L7,
6) FEi o 1 IRINAREHERR 2
JHTMR Lz FrFv A Y FF Y — R EER 20 mL % 100 mL OR&E 7 7 X3l Af, H
ICHEERETKEMZ, ImLPICE Fasi A YFH Yy — L LTCloug 2B+ 5Mbb 1k
DR FAAEHERR 2 2 AR L 7.
7)) FRb D 2 IR
JHTMH Lz FrFv A Y FH Y —FEEERK 30 mL Z# 100 mL OREY 7 23l Ah, ®
IR E CREMZ, ImLHFICE Faxs A YEx Yy — L LTI1Sug 2 &80T b b 2k
I AR R A R L 7.
8) BUK 1 ¥SAN R ERR
JHTMH L P A Y FH Y — R 2mL Z 100mL D&Y 7 XA 22 A, EIiZ
mAE CAREMZ, 1mLPice Fafxi g Yy — L LTIl ug 2 aa8 1T 5K 1 A
IEAER A L L 7.
9) KUK 2 USHN A R
HTHH LI FrFd A Y FHY Y — AERER SmL Z 100mL D& 7 23T AN, HiZ
EMETAKZMZ, 1mL Pt Raixi A YXH Y — Lt LT25 ug 2&A T 28K 2 I[N
FAEER 2 AL L 7.
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0.5 mg/kg FHY & GRERFFE 10 g i3t L CRab b 1 IRMAERER 1 1 mL RN %, bbb 11
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BN , Wb 1 (1 mgkg FHYETM) , bbb 2, K1, K2 XK 3 IZONT, P
[ RIE 69.9, 68.8, 69.2, 78.5, 78.3 KX 77.9 %, RSD, % 4.4, 3.9, 4.0, 6.1, 52 X 6.3 %,
RSDr 1% 9.6, 7.9, 9.6, 13, 9.0 XX 9.9 %, HorRat |% 0.51, 0.47, 0.60, 0.60, 0.44 KX 0.60 T
o7, BT EERIR 3 ORBRIEO Y VEMRIET A RT 4 (LLTF T4 VEMRIET A KT A
YEWwH ) IWEDONZEMBIEEO HIEE (oo 1 (0.5mgkg Y &R (220 TIE
38%LLT, fb 5 1 (1 mgkg Y EIRM) I2OWTIX34 %L, b b 212250 T 32 %L T,
FIK 112DV THE 44 %LL T, UK 2 1220V TIEL 40 %LL T, BK 31220 TIE 34 %LAF) A9
BRIk R 035 6472, HorRat IZDWTIE, 0.5 Z# T2 ON RGN, RSN FIESEICH
UL e 7.

ZZEOD, FRMETHEHA L7z LC-MS (RIEZ7 v~ ~7 7 7% 07 AEESHTEHE LC-MS
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Table 1-1  Collaborative study for hydroxyisoxazol (1)
Lab. No. Rice straw 1 Rice straw 1 Rice straw 2
(mg/kg) (mg/kg) (mg/kg)
1 0.382 0.362 0.712 0.722 1.10 1.12
2 0.420 0.367 0.723 0.735 1.04 1.13
3 0.321 0.331 0.734 0.704 0.988 1.03
4 0.369 0.356 0.714 0.721 1.01 1.03
5 0.315 0.301 0.681 0.620 0.997 0.886
6 0.367 0.366 0.726 0.751 1.08 1.09
7 0.360 0.358 0.581 0.660 1.20 1.15
8 0.301 0.314 0.616 0.614 0.902 0.860
Spiked level (mg/kg) 0.5 1
No. labs * 8 8
No. outliers ” 0 0
Mean value (mg/kg) 0.349 0.688
Mean recovery (%) 69.9 68.8 69.2
RSD: ? (%) 4.4 3.9
RSDr ¥ (%) 9.6 7.9
PRSDk ? (%) 19 17 16
HorRat 0.51 0.47

b) Number of the removed outliers

from the modified Horwitz equation

a) Number of laboratories retained after the outliers were removed

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
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Table 1-2  Collaborative study for hydroxyisoxazol (2)
Paddy rice 1 Paddy rice 2 Paddy rice 3
Lab. No.
(mg/kg) (mg/kg) (mg/kg)
1 0.0815 0.0826 0.215  0.208 0.782 0.807
2 0.0822 0.0730 0.220 0.194 0.882 0.906
3 0.0895 0.102 0.172  0.178 0.836 0.675
4 0.0930 0.0856 0.210 0.226 0.778 0.688
5 0.0735 0.0665 0.176 ~ 0.175 0.711 0.737
6 0.0720 0.0719 0.189  0.191 0.772 0.772
7 0.0699 0.0720 0.201  0.197 0.877 0.851
8 0.0681 0.0720 0.177  0.202 0.675 0.719
Spiked level (mg/kg) 0.1 0.25
No. labs ¥ 8 8
No. outliers ” 0 0
Mean value (mg/kg) 0.0785 0.196 0.779
Mean recovery (%) 78.5 78.3 77.9
RSD: (%) 6.1 52
RSDr ¥ (%) 13 9.0
PRSDr ? (%) 22 20 17
HorRat 0.60 0.44

a) Number of laboratories retained after the outliers were removed

b) Number of the removed outliers

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 2  Instruments used in the collaborative study

Lab.No LC-MS

LC: Prominence, Shimadzu
MS: LCMS-2010EV, Shimadzu
LC: ACQUITY UPLC, Waters

2 MS: ACQUITY TQD, Waters
LC: Prominence, Shimadzu

3 MS: LCMS-2010EV, Shimadzu
LC: ACQUITY UPLC, Waters

4 MS: Quattro premier XE, Waters
LC: Prominence, Shimadzu

> MS: LCMS-2010EV, Shimadzu
LC: Nexera X2, Shimadzu

6 MS: LCMS-8040, Shimadzu
LC: Prominence, Shimadzu

! MS: LCMS-8060, Shimadzu

g LC: ExionLC AD, SCIEX

MS: TRIPLE QUAD 6500+, SCIEX

5 F&®H
OO R OMKICERET I FeXx v A Y XY — o0 T, bbbl Refxvof VEhy
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ZH 0.1, 025 KO0 1 mg/kg MY ®mAZ RN L 723082 H VT 8 SIBRE I B W TARIEICIEV LR FER
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7 ANLEYyTOREIOT IS IEBENPHHIZE D 0MEDERAEHE
EAT7A—2HY A L—ITh KT AN Z U HRESR

B R AR, s 2T
Validation Study on Application of Cartap Determination Method by LC-MS to Ear-Corn Silage

SEKIGUCHI Yoshihiro™! and ITABASHI Aoi"
("! Kobe Regional Center, Food and Agricultural Materials Inspection Center (FAMIC)
(Now Nagoya Regional Center, FAMIC), *?> Kobe Regional Center, FAMIC

(Now Fertilizer and Feed Inspection Department))

We have made a validation study on application of a cartap determination method which had been
validated for corn and grass hay, to ear-corn silage (ECS). The method, which uses a liquid
chromatograph-electrospray ionization-mass spectrometer (LC-ESI-MS), has been listed in the Feed
Analysis Standard of Japan.

Cartap in ECS was extracted with hydrochloric acid (1:100) containing 1 w/v% L-cysteine
hydrochloride monohydrate, and cartap was hydrolyzed to nereistoxin with nickel (IT) chloride and
ammonia. The sample solution was purified with Chem Elut (Volume: 50 mL) (Agilent Technologies
Inc.; Santa Clara, CA, USA) and injected into a LC-MS to determine the concentration of cartap.
The LC separation was then carried out on an ODS column (ZORBAX Eclipse XDB-C18, 2.1 mm
i.d. x 150 mm, 3.5 pm, Agilent Technologies Inc.) with 1 v/v% heptafluorobutyric acid solution-
methanol (4:1) as a mobile phase. In the MS analysis, the positive mode electrospray ionization
(ESI+) was used.

Whereas a recovery test was conducted on ECS where cartap was added with 175 pg/kg, the
resulting mean recovery was low (28.3 %). Since low recovery results were similarly obtained for
corn as well, the cause unfolding test for this was performed using corn. The test result indicated
that the main causes of the low recovery rate might have been evaporation/dryness of hexane
solution and ionization inhibition at mass spectrometry. Therefore, a further recovery test for corn
was conducted with the application of different evaporation pressures, but no improvement was
observed in the recoveries.

Key words: cartap; nereistoxin; liquid-chromatograph mass spectrometer (LC-MS); electrospray
ionization (ESI); ear-corn silage; corn

F—U—FR:INZ T X TA R MRy JiKI n~ 7T THESHE, =L 7 b
RATL—AF ML AT a—v P A=V EH5BAZ L

1 #& ]

INE L, RAESTERBEBELERTIA AL U2 —NMeaW e T8 BHTHY,
EN T 1967 FiICHEIEEEGE SN TWD D BRNICB T D fRE b o Ll oy v 7,
RUANE T EINVE T EREIBAELTZLORONTF AT I T hEINE v T EHEREICHBE LY
DO¥FN) 1%, ZAAFE, KFE, INE, LH2HLAHZ L, A BKOTAET 0.2 mgkg I ITHET

OSTATEOE NBMOKEEBE R e 2 — i Ee o2 —, Bl AEERE X —
2OMSTATEBUE N BMOKEEEE 22t o2 —mFte o 2 —, 8l BRI S RAE
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0.7 mg/kg & ED HILTND 2.

ANEy TOGNERE, 7TorE'=THEMEZMETTMAKGBRST LTINSy TH2RTA A b
XFUUNCEW LR, SIS Y DT ATHERL, ke~ N7 T 7EESHEH (LLT
[LC-MSJ &5, ) WKW EETHHIE (LLF Ty Tkl Lo, ) BT
IR STV D.

I, BEABERN EOESNREROBHO—2E L TATa—rvH AL —y (EH5HAZL
DT, KON L7 A L—0 LR TECS) &5, ) OAEFEROFIHRHEE S
TWHEZATHD. LINLEBRNG, ISy ToiElE, ECSIZBIT L% SRR INTED
T, ANE T OREEERPEETCERVRRICSD. T, WX vy T oHED ECS ~0i
MO GE R Lz THEZRET S,

BECHINE v T ROXTA ANV OENE% Fig. 1 IR LT

\N//

HZNTS\)\/STNHZ - HCI

O O
Cartap hydrochloride

S,S’-2-dimethylaminotrimethylene bis (thiocarbamate) hydrochloride
C7H16CIN302S2 MW: 273.8 CAS No.: 15263-52-2

Nereistoxin oxalate
N,N-dimethyldithiolan-4-amine;oxalic acid

CsH11NS2:C2H204  MW: 239.3  CAS No.: 1631-52-3

Fig. 1  Chemical structures of cartap hydrochloride and nereistoxin oxalate

2 EBRAE
2.1 OB
ECS Oy HrHEEHE, RO EBVFR L. 5 AZ Lo (R 21 KEIcA7 )Y
—UERBEEFEL TRy T 47 IV 1 THIBTL, REDIE-TZERORE LT HICkBiehn
2 cm A & 72D KO ITIT I A THIMT L7z, Ml L7-fRE 5 A% 1| SORITIND THEM LT
%, 2O0BEHARIY T, "X a—L—T—FHV TR LEE#%, 28 °C T 36 H I
L, ECS & L7z. ECS % 60 °C T 6 f[#z/t%, WICHENICHE L CRE L%, A
ET1ImmORZ V=V EEEFE LIy T 47 I 2 THEL, SrAREE LTz,
REMREDOJRRFEHIZHNZE S b AZ L (FFEDH) X, ECSITHWEZE 9 b AZ L &I1FH]
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DHLOEH, BEE Ilmm ORA 7 U — 0 2355 Lot Tt L, ot HElek e L7z,
22 &I

1) 72RO 3G R - PCB RBHE W=, A% —1iX LC-MS H (&

T A AT AW L-v AT A VIR KR, b= 7 (1D

(oK) , e, 7o EF=T/K (HEEDFE28~30 %) KOTZF L7 U a— Xl HKEF
WA -, Kk, LC-MS | (8Lt 7 4 L 2ftHidisl) % Milli-Q Element A-10
(Merck Millipore ) |2 & 0 FG8 L 72 #8#fizk  (JIS KO211 O 5218 (2 S 7z idffik) %
Ay

2) T HTIVA 0 EEERTA IR

T E T A aiEEER (R b, Ton-Pair Reagent for LC-MS (9 0.5 mol/L &%) ) 10

mL Z/KIZENLTIL & LTz,
3) RTAARNFTUAEUER

2TAARF VU L I (BL7 AV AR, sRa R, M 98 %) 64.1
mg  EfEICES>T100mL OEET 7 AT AN, A¥ ) —NVEMZTHENL, LITEHREET
FVEBEZIMA TR T A A M F v UEEREZFHE L7 (Z0 1 mL X, RTIAA K&
LT04mg 2aH) .

FEAICEBLT, 274 AV UEREFKR SmL 2 100mL O &7 7 A 2 (ZIEMIC AN, ®
ICHERRE CAZ )= Z Mz, ImLFUCERTA AT L T20ug 2 a0 T HiA R L
o, ZOWRD—FERENTZ TNV O BBEER— A%/ —/ (4+1) TIEMIZAHARL, 1 mLH
WA TA AT ELTERERN 2, 25, 50, 100, 150 TN 200 ng Z & AT 5 K ALY 2
TR 7=,

AEP~DOWIZ Y T > TIE, RT7A4 A MV UERFEEZ A2 ) — )V CIEMRICHRL, #8
~IRntE, K<BEA L.

4y ANH v TIEERERHK

ANE y TS (8 L7 A Vv AFneilisesd, 7Ry 3B, ME 98%) 25mg %
EREICE > TSOmML OE®ET 7 A IIAN, AX /= VEMXTHENL, FITERE CRIES
EMZCHNE oy TEERIERZFHE L. (ZOR ImLiE, IAFZy7ELT05mgaEH) .

B ~OIRINZIX, Iy TIEEREKEZ A2 ) — )V TCEMIZHER L2 D E2 AV

5) L
ERFRRIZ, L-V AT A UHEfRE— K 10 g 28R (1+100) IENLTIL & L7z,
6) Hib=v 7 VKK
b=y (1) (MK) 2gZ&KIZEMLTI00mL & L7z,
23 HEEMOEGE
)y AyTq4r 730
T 47 01 SM-100 Retsch & ([al#z3% (f1£RK) 1430 rpm)
AT 47 I02: SM-2000 Retsch ® (BB E 1 mm A2V —, [ (fEER) 835 rpm)
2) ¥y - ZM-200 Retsch # (HB#E 1mm 227 U —, fffFE#E3 14000 rpm)
3) #RE HH : MW-DRV B AN TR (A RER % 300 rpm)
4) %A Y v+ F A Chem Elut (50 mL £/+F7/H) Agilent Technologies
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5) LC-MS :
LC #B : Prominence &S ERTHL
MS {5 : LCMS-2010EV &b 7t 5 {2 iy i
24 EEFE
1) fhoH
SIHTEEE 10.0 g 5> T 200 mL O 42 =4 7 7 2 2T A, B 100 mL Z0%, 30
Sy IR VIR CHiHY L7z, fhHR %2 50 mL o i O R E IZAAL, 650xg T 5 43 [ O 4y B
L, EEAUE 20 mL % 200 mL O3 =4 7 7 2 BRI AL, T VK fEcf3 2%
ABHERIR & LTz,
2) T vT U INKG fiE
ABHATR L= ALK 2 mL K OVT U E=T /K5 mL Mz 7% 15 5 RIE Y RE, &
WE T aX T A ARV ANMKGIEL, T DI 530 & LTz,
3) T LA
MENRR E LA Y O 2T JC AN 10 5 E L=, 300 mL ORI T 7 Aa%h
TADTICEE, BEHRRDOA> TN =7 T A3z ~FH 2 10mL $> T3 RPEHFL, ¥k
WRENER A T DM AT, WWEPFETAFO EMICET S ETHRRTSETRIA A X
VEBHESE, FICAXY 2 120 mL 24 T AL TRERICEH S§72%, BWHiRcT & b
VT LY a— (49+1) 0.5 mL ZMNZ 72, W E 37 °C LT OKE T 2 mL £
THRUEREME L-%, ET ETHBE L. ~NT X 7V AafEBRIER— A%/ —)L (4+1) 4
mL Z EFEICMZ TEREMEZENL, 5000xg T 5 oilm Lo L, E#EAEE LC-MS 12X 5
HE 3 2 3EHAR & LT,
4) LC-MS |2 X 2HIE
BRI R O T A4 A B F v UM 2 uL 2 LC-MS IZIEA L, @#IRA Aol (LLF
[SIM] EWH. ) Zua~v 7T 2% WESM% Table 1 IZ/R L7T-.

Table 1  Operation conditions of LC-MS

Column ZORBAX Eclipse XDB-C18 (2.1 mm i.d. x 150 mm, 3.5 um), Agilent Technologies
Mobile phase 1 v/v% heptafluorobutyric acid solution-methanol (4:1)
Flow rate 0.2 mL/min
Column temperature 40 °C
Tonization Electrospray ionization (ESI)
Mode Positive
Nebulizer gas Nz (1.5 L/min)
Drying gas N2 (10 L/min)
Heat block temperature 200 °C
CDL temperature 250 °C
Monitor ion m/z 150
5

HEohniz SIM 7~ b7 7 AL E—7SBS THBEEZRD THREREERL, BETD
FTAAMFVUEBZRBL, ZHIC183 ZFECCRETOI VY v TEEHE LT,
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7k, EEIEOWE % Scheme 1 [Z/R L7z,

Sample 10.0 g (200 mL Erlenmeyer flask)

——added 100 mL of hydrochloric acid (1:100) containing 1 w/v% L-cysteine hydrochloride monohydrate
— shook for 30 min

— centrifuged for 5 min at 650xg

transfered 20 mL of supernatant to 200 mL Erlenmeyer flask

Alkali hydrolysis

——added 2 mL of 2 w/v% nickel chloride (II)

——added 5 mL of 28 v/v% ammonia water

— shook for 15 min

Chem Elut (Volume: 50 mL)

—applied sample solution and allowed to stand for 10 min

— placed receiver (300 mL of eggplant-shaped flask)

—— washed 200 mL of Erlenmeyer flask with 10 mL of hexane (3 times)

— eluted with 120 mL of hexane

——added 0.5 mL of acetone-diethylene glycol (49:1)

Evaporateed to 2 mL under 37 °C and allowed to stand for dryness
|fadded 4 mL of 1 v/v% heptafluorobutyric acid solution-methanol (4:1)

LC-MS

(Cartap is quantified as nereistoxin. Concentration of cartap = Concentration of nereistoxin x 1.83.)

Scheme 1 Analytical procedure for cartap

2.5 TlEmEE
ECSIZDWTC, WAH v FaFEWHE LT 175 ngkg Y E (HEKRABHAKRT TXTI A4 A b F
&L TS55ng/ml) IZR25 X 9ICRIMEEICIEAL, —HHELZRIZ24 IS TEREL
SESICIIVESY 0N STABY I Y: R oY
2B, I REZ BN L ThLH v 7L LT 200 pgkg MBI/ D X 24TV, FEHH
RE~OHEL, FHROREZEDTOKRGEAREL 30 %4 T 20 %EMELT, FY OkoE
HE30%) FRE=EZY OKDEHRE20%) FTRE 1.14 DXLV ITo72.
EIBLAZLIZHONWT Y, HLX vy T 200 pgkg MY E (BERBHART TRTI A4 A FXv
&L T55ng/mL) IZRDX2ICHRMEEICESGL, —HFELICKRIZ24 1> TERL, F
PIIal I 5 B OV UG % SR & 7=
2.6 KRB RO K 585
IKENROJFKRTEA 21T 5 72, FroRBREZME v Z— & KR THEM L 7-
1) HEHERR DL DR
EIBAZLICARTA ATV MR % 400 pg/kg FHY & (¥ v 7L LT 732 ngkg
FIY B, REREHRIET TR IA A RF e LT 200 ng/mL) 12725 X 5 ICHIN#E L <REA
L, 241Zft>CER L.
2) HHEAEOMERR
WO Z TN ENFAEL, 24 K-> TERLZ. 2B, INVF Y TROEEXT A A b
XU UDOEME, TNTFI 2.2 D 3) KO 4)DOREUHER & 7=
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) LI9BAZLICANE YT % 200 pgkg Y& (REHABHERTFTTCRIA A MR e L
TS55ng/mL) IZ25 X2z L<IEAEL, 24 12> TR L2 0.

i) £9HAZ L 20g TS 200mL Z3RML, 24 10> CHBLZL D,

iii) i) DO Ly BER O EEARE 20 mL 12, B H v 7% 200 pg/kg FHM4 & ([F] 55 ng/mL) (273
LZEICHME%ECIEAL, 241> THBLEL D,

iv) WO T B VNMKGIRIEIZ, FTA AT EBDNE 7L LT 200 ugkg Y& ([F]
55ng/mL) 12725 K5It L<IEE L, 24 1> THB LZH 0.

v) DT A YT LT AN DEHIRIZ, FTAARNT U ANVE YT E LT 200 pgkg
Y& (A 55 ng/mL) 12725 X5 I2iRNE L<EAL, 24 1> TR L D.

vi) i) TIHEL L Z3EHAIRIC, R TA A RFT U E2BAZ v 7L LT 200 pgkg FHY & (A 55
ng/mL) 2725 X5l L <IBE L D.

AREIZBNTE, E2bAZ LiIdM Ty Z—L 3Bl bL0ZEHV, LC-MS 1FfFt s ¥ —
CREERE, DKy THEREFIR, 2 TA A XV UEEERIE LN LC-MS OF T AXFE—DH O
i LAY

2.7 RN ERAE O R

EDHAT L 20 g ITHIHIREE 200 mL Z I L T 24 129> TH T LLERE TITo72%, =7
AARARNXT U EHNE T E LT 200 pgkeg Y B (REREHART TRTIA A RFT LT
55 ng/mL) WML, X<|EE L%, EJI5M4% 250 hPa, 280 hPa & Y290 hPa ¢ 3 i 0 CTlE/E
BEAREEITV, 24 120> CERLTZ.

3 BRRUEBR
3.1 PlEMRES
25180 PIHMET 21T o 72, T OREEIL Table2 ® L350, EHEILRD 28.3 % & KW BT
Thoto., FHECMENRLW»ZEERT 20, BICRYMHERENA TS EIBLAZ LIS
ONWTHRBREIToT2E 2 A, 344 %EAFITEWEIETH - 7=

Table 2  Results of preliminary test

Spiked level (as cartap) Recoverya)

Sample

P (ng/kg) (%)
ECS 200” 28.3
Maize 200 34.4

a) Mean (n = 2)
b) Spiked level as air-dried basis

3.2 ARENN RO JFK 58
BEIC BN R SN TNDE I BAZ L THREINETH -7 b, RETH D ECS
DFEKTIEZe L, PFHEHEZRRZ L EEZ 200D, £9AZ LEHAWT 2.6 IZHEWREK
KR EToT-. RREFAOERICEL D LONEMHERT L2720, KB THEBKORBREZIT- 7.
FOFERIL Table3 D E B THoT=.
TR B A5 BT R OV R BHATR IR L 72 3 B IC IR A R E IR TFT L TWD Z &b, BER
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fig - FL[E B OR KL OA A AL EMRE RO ERJRN EE 2 btz £, HHESEENaT
WZANE sy THREIM UGS THECEEMELS R EHRNRBO b2 &b, iR ORE~
DRFEDHELEZ L.

T A A NF T EREFR 2 S EORINETC B L7235 A &, 7 v U K fERic 1 v #
w TIEWERE RN UIZGE00 7 DL AR 7 A4 A MV UBEERZ IR LTI GE & 2 ik L
TEIXERL -T2 2 EN D, 3.1 OFRICHWTZ IV Z v TERERIZ T EEF OHIX 72 v
LoOLEZ LN

KB THRBROERNGEONT-Z LD, REIEOJRRIL, HBREHAOER TIERNI &
NEAIT T,

Table 3  Cause unfolding results of low recovery

Spiked level Recovery (%)
Stage of spike Standard solution as cartap Kobe regional b
(ng/kg equivalent) center” Headquarters
Before adding extraction solution Nereistoxin 732 57.8 57.6
Before adding extraction solution Cartap 200 44.1 50.1
Before alkali hydrolysis Cartap 200 50.1 55.4
Before Chem Elut treatment Nereistoxin 200 57.2 48.8
Before evaporation Nereistoxin 200 59.4 55.0
Final sample solution Nereistoxin 200 77.9 64.3
Not spiked — — ND? ND”
a) Mean (n = 2)
byn=1

¢) Not detected

3.3 BUERMEERAE O MR
2 ITHBWT, BERM - EOBEBEOBEMEENEDJRE D —2E LTEZ LN &h
B, 2.7 ZHEVy, WERMEANC AR 7 A A X 2RI UIESREOMEREZITo7. BiEETO
FREHITIRE S AE 2 37 °C LAF 280 hPaY CHEHE L 7= Z & 25, JEEI1E 35 °C T /1% 280 hPa D1l
(2 250 hPa W OMZ 290 hPa D 3 8V Z R L7c. Z DOfERIL Table 4 D L BV, WIERAMREDFE )
2282 THIEMER T 50 % L AREINEOEE ThH o 7.

Table 4  Recoveries at various pressure conditions of evaporation

Pressure condition Recovery”
(hPa) (%)
250 55.8
280 56.8
290 52.8
n=1

a) 55 pg/kg equivalent of nereistoxin was

spiked after Chem Elut treatment.
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ECSIZFRE T2 A NH » FIZONT, FR T EHEIC L 5 FIEOHEH O AT SIZ W TRE L7z &
A, UTOfRMERGELN, ERENEOLEDORFNNMLETHDL Z N ghol.
1) ECS IZoWT, Flifaate L TIRMEIGRBR AT & 24, 283 % KEIREDOFE R NS
Niz. &9 bAZ LICOWT G ARRITIRENEORE R85 bz,
2) LOBAZLEMWERRENZIT o il R, BUERM - #2E R OB KL LY LC-MS JIE RO
A XA EFERFR L LTEZ L.
3) EOLAZLEHVWTH T ABERZIZETA A NS U BIRINL, BTSSR % MR LIz is 3,
J£77% 280 hPa 7> % 250 hPa X 1% 290 hPa (A H L CTH, BUEOBEITRD bR o 7.

X [}

1) AMZEEESBRIKEMMES  HL Y v FEREFNE, SFITE 6 H(2016).

2) BARAEDS SRR O BRI OBy BRI T 285, BMASIET H 24 B, BHRESE
35 5 (1976).

3) BMKEENEE - ZeRE®A G EEDOHIEIZOWT, FaL 20444 H 1 H, 19 HZ
%5 14729 5 (2008).

4) MENENBARREGONTE 2 — Rk 17 FEEEOAFWEFREEEREFLETLEE (&
PriEoBI%)  fWEHOREFEWEFEOSHIEDRIE, 3-134 (20006).
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1 FAHFOEEMEEDE=-FVIJEDOHRIZODVNT (fSHM2EE)

Monitoring Results of Undesirable Substances in Feeds (in the Fiscal Year 2020)

e f ke iR R E 2 — R
f R 8 AE 5 A

1 B g

MSTATBOE N EMOK EWN B Z 22— (LLF TFAMIC) &5 . ) Tix, k% oA
WRK L2 > T, BESGEY (ZES0ONW, L, ToMoRHAICHINDEEY TAORESZ 2
ROBENNHDLHD) PEEIN, XIIFEEIIHENELDZ LITLY SEDOEFENLE S
NoDZEEBIET 2 RHNG, BHKEENEBEED WD [BREORZEMEICET 26 FEWE
DY —_A TR« F=F Y U TFREREE ] FICESE, EFETEDOLN TV L EREEOHEE
W DE=2 ) o 7R OEEEENRES N TOWARVWEEYESEDEHEERETET -0V —
RATGUA (LT 2=V 7% L), ) 2FEELTWD. SR, SEEOE=XY
TEHEORRERD ELHTOTHRET S.

2 A o

2.1 E=XV U 7HEORGFEE
BR2E4 AN A ETOMIC, BMHOKESR (M5 REJR%E) 2 EEOZ 2O
RE OB OBGEICET 268 D (BUF TERFZ 2% ). ) 8 56 ZOBEICKSE, ¥
BV A vicxt LTy AR 2 5 L 72BN Lz fkl, FAMIC Bkl 2maR, gt
Z— ittt a—, HBEEE—, ERLEZ—ROEN Y 2=, Bl ZaEE 57 &
OBUEICIESE, BRER T, EIRAGE LY, WIEY 1 2 5ioxh U ARA % FEii L 72 B
(ZERE L 72 A BHE I NS — X T v R W T2 2 - R G S 2 5 T B TR U 7 BRE
Exfg L L.
T=H YT EORRE LR R OSSR EE IR LE

22 EF=HF YU T EDORGRSY
FRHE RIES 3 & 1 HOMEICESE, kL OEEHRINY O B Sl 2485 2
(LLF TR B SEES] &), ) IZBWT, et o EMESORSHE (LIT A8
W] EWo. ) BDEDLNTWD. £, RO EWEORTILER OFHIENE N2,
FRH R O F EWE S ORI EE R OVE R (DL MHEEEREESE] Lo, ) BREDHLR
TW5., FREHCH T HE=F U o VELERAT T, ZhbORE[EOM, FEORER, #E
O FERELHRT S L L b0, BRSO SEFE%, HHINTWAFEREIC G BE L
TUTOEBYEE L.
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1) AEWHE
i 2O (24 p57)
7 OEEEEENEDOLNTHDI LD (4 55)

LD B AT LIFEIRA fEHI RS R EE T EHEEENAEO 6N TNDT 77 M
VUB, BT TV /Y, TAHEXTV=AL A KT E=V Y (B, By XU By OFRF.
UTHEUT. ) x5 e L.

A4 TUSNODOEE (20 £5Y)
FRBHAI T B HE DIC T ENHE SN TV DL T OO 20 By 2 xt% & Li-.
PO 777 8% By, Gi, Gy, ATV~ MU AF Y, HT-2 h¥ ¥y, T2 b%
VU, xA VT =F—n, TV UX, 3-TREFATAXFT =L — L,
15- T2 FILFFEFL =L /) —), =L J)—)L, PFTERFL AL —
NV, TAEFT=ANL =3I av R, AT RFVUA YR =2, e
TI7T )=, BT TT =N, BT TT Y, a-BT T L — VKR B-ET
Vv /=)
i EERBR% (455)
FEHAEEBENAED LN TND I RI UL, KR, SR OCOFERE2HRLE LT
i I (122 A5y)
T OBAREBEERED LN TNDHD

RO BIRE L TRIERE 1 O 1 OIZESEE[ENED DN TVWDLRIE 61 Do HO

B EGE L.

A TUSDRREE

BRI W RHE I FIENHE SN TV D BED S H O 89 iy Zxtg & Lz,

2) BSE RAEP IR D RSy
i Bmmki-ABHE

R B EE D INERS 1 O 2 ITHE SN FELE R LT S8, Bk A B8 X

BRI AREE R E T 2B OISR R-AREE IR E LT,
i AREMEAMY

AT AR S E S RIRE 1 O S OWITHE S NT-BEmE &2 x5 L Lz
3) WEMAEY (PLrEeEXT)

B VR A B BE S OVBLIR R B A2 )b 5 & L 7z
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1 EZRYITFEEFEELEEBMRURE

H B B0k K
TESY RO R HEWE BSERADLICEORI
‘R ABE
ik W pUB WOR MK g BUSA  PCR i o
| B W
3 S Bk A B A R 2 2 1 1 1
% B B R 5 B R 20 16 9 10 3
7u A 7 —EE A LA AR 5 5 1 1
7 uA T —EE % B A AR 6 6 2 1
EIL TR E A B AR 7 7 1 5 3
TR B R Bl A AR 6 5 2 3 3
PRI & B & Akt 11 11 7 5 7
Tl K 1 B B A R et 1 1 1 1
i i B i & AR 7 7 1 1
AT —YH 2 2 2 2 2
B4y 2 2 A 6 5 1 1 5 5 5 3
f'f LA A E A B G R 16 13 3 7 16 13 13 7
fr DTN A T L I !
B AR E B A R 19 14 5 9 16 15 15 5
PR 2 5 i Y B A R 5 5 1 3 3 3
il 2 i) 5 FH B g Rk 1 1 1 1 1 1
AT —VH 8 7 1 5 6 4 4 1
F it 7K PE B ) H 33 33
KE - &IH2bAHZ L _FRAGE 1 1 1 1 1 1 1
BT A BB IR G Rk 1 1 1 1
AN REN T S b 1 1 1 1 1
W2 W A i 2 2 2 2 1
LS D IR A i R 28 3 1 2 28 28 28 5
/s it 189 112 67 58 80 74 74 46
T A I IVHL (w401) 3 3 3
INE 1 1 1
e NER 1 1 1
S 4 4 2
EobAZL 34 34 34
4N Es 43 43 41
KRB 1 1 1
K 2 2 2
Kl g 3 2 3 1
A=V INT T 4 — R 15 15 11
T MR 1 1 1
2 Lxomnt 1 1 1
5 KUk 4 4 4
JH LOLAILYAFTI—RIS LAY Y274 (DDGS) 22 22 16
BN S 23 23 20
AI=—7 44— K 7 7 3
& 12 12 10
N it 91 90 72 1




Rt OEEMEEDOET=F Y v TEHOFERIZOWT (5512 FJE) 91
®1 EZRIVUIVEEERLEAMRUAS (HBE)
IH H 3 ook
TSV ST ROREH HEWE BSERADLICEORI
k- A RE
FE #H ﬁfjg PO EER R gamgs EPISA f’CR Iﬁg 47;{?5
| W W
JNHE IR B A3 1 1 1
W A= AT I 11 11 6
M a—rvrri—n 8 8 3
@ PNGR PR 27 27 25 1
gﬂ) A e¥ i NN 8 8 8
g =AM 1 1
oL 2 2 2
h B 58 57 46 1
A 77 PR R 1 1 1 1
FxrI— 18 18 18 18 14
%@b BT & 1 1 1 1 1
B 32 6 32 32 32 22
T FERARER (K—sFFrI—) 20 1 20 20 12
fj]r Wi (R—2 I—n) 2 2 2 2
Tz —3I— 9 9 9 9 2
4N s 83 7 61 83 83 53
fig & 1 1 1
F—=>~A 2 2 2
L JvA T TR 1 1 1
bjﬁf A= T T A 4 3 4
=
FET— 1 1 1
4N it 9 8 9
VTR i 1 1 1
Bz, 58 1 R A i B 1 1 1 1
F v 1 1
[EARAEE Y] 1 1 1 1
7 A—raATI—N 2 2 1
D Rk I RE 1 1 1 1
g i v i 44 “
INAF oy T 2 2 1
E— kLS 9 9 6
LS 1 1 1
/h B 63 16 10 3 3 3 44
& s 536 318 82 236 144 160 160 44 101
23 BTV T HES

1) A EDE KO O o F e
AUBHE, SPEFERAER M VLY, R, RE LK.
DDA INFR D WA N LY, I,
SIATRUEHE, SEH AT EEYESS 2 WOMEIC LV R L.

L9 b AT LRUMKE, kb
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2) Bk A B S O HEEE
B, BRI EEYESS 16 T 1 SioMEIC LY, BRI, HELOHRE L.
3)  ARYEMERH D Gy AT R
FLAETM A T akBR ik DO REHRBUT RIS HERL L 72k 0 ik Dlc K v gRELL 7=
PG 2 AT Z v 7 a— U —HO L OS5 EZBRT, N7V 77— (FEN
300mL) ZHWT Ny FO B, HEHEOTEHO 3 EHHTLEMMEREAZRIL, Znbxik

ALTHREE LT

2.4 BRI
) AFEWE
i O

FREE AT FEVERR S BICHLE S FikIC K 0 FEhe L7z
i HEE%
FAEH T FEVED 4 B85 1 EICHLE S HIEIC L 0 Sl L 7-.
i K
FAEL T FEVESR 6 TICHLE Sz Fiklo kv FEhi L7z,
i~iil OFRBRSFIEOE R TR, B R & ORI R AT S I S hTn b,
2) fAkt~O B K- A S ORATER
UTO3IEEIFHLTERM L. 2k, BRAEROMERIL, FE2xtg L 5RO A
DEARNTAHR 2 FBEAE DO EFIE (F) (LT NEAMERHETFIE i, ) ICEIE,
AR HE L.
i PAMSEREE
fAR oy HT I HESS 19 B2 1.1 LRE®EBI RO 1.2 BEMEBIRAEZICH LaEE ik Ok, B
B (AEHHEEAS OFELZHRE L. BEHEOMELZX 1ITRLE.
ii ELISA iR
FRBL S M ZEERS 17 A5 2 /i 1.1 OG)THE S = HIEIC kv FhEi L7z,
iii PCR #AB&
FHEORAGENT, SR AMER 16 EE 28 LI ICHE SR FiEC LY, 1FLEwHh
K DNA KGR AOF A MR LTz, A%, FX0 I—0%, WEHE KO AfGE
X, FREHHTEEVESS 16 B 2 i 1.2 ICHE SN HIEICL Y, KT 5 8k DNA % xh4
WWRAOFREAZHER L. ok, LRBENFEEE LTl SUIIRADTREMED & 5 3 0EHT,
BBy AT FEHESE 16 BEE 2 i 1.1 MREICHE S HiEIc kY, LB EREQIE AT 72
%, bRlaBEd I L7z,
3) AREMERHY
A EE SRRB 1 OS5 D (1) OTITHESNFIEICE 0 £ L.
4) B LEXRT
FREE Sy HT FE RS 18 B 1 ICHLE Sz FiEic L v FEhi L 7=,



TR OREMEEFEDOE=2 Y THEOFRIZONT (FH 2 FE) 93

R
—— 1 mmiffd 55\ il
—— 1 g2 OrH &
b 3 e
— LLESEE IR SR aedL L A
— B ANDEIRED
—— #2053 Rl R E
5l
—— 7as)V A (R ) S5 BEL T2 Bl Rk U 2 AR (SFREA) TAE
—— AR A LIS
—— S LS A 100 mLOM—/L B — I —I2B
TV A AL
5 % /KER{L T N7 AERIK20 mLA NN % 5
— 3057 [H A&
KB
|—7J<%7JIJ%LT%%;E§?&, A ERRE OKEERI/2 5 E THRYIKT)
DEAS BT

ST BEEL (5 2850~1001%)
FARPEREE (55£20~304%)

1 HAHPORENFOBRMREEHE

3 % R
3.1 HEDE
AEMEDOE=F Y TEORFHRICONT, AnEEEECEEEEEFOFECLY TE
AVHLD £ &7,
1) »MOFH
BoiR &Rl 112 A, HUREIEE 206 RIZOWT, IBEEEFERENEDO LN TNWDLIT 77 ¥
Y B, BTV, THEXVEANAL MK RTE=UD 4 Ry DE=X Y T RO
—_A T A, WIS EEEERED LN TWVRWVWNRED 20 KoDO—_A4 7 A%
Ffi L7z, HEEEEEDED LN TND 4RO RER 2-1 12, HEEEEENED LI
TV 20 R DOFERER 22 IR LIz, ERPVFEIZONVTOREIE, UTFTOEEY ThH
27z,
i 777 %2 B
FliR Akl 89 A 11 S D &4 (B 12 %) , &RMEIE 0.005 mg/kg, S
b OOFE (LU FREAER) 1X 0.001 mgkg TV, FEELUEM (FLA4H 0.01 mgkg) K
OVEHILHER (B oM, 7 a4 7—mi#iA, 138 AL ONELY +4H 1T 0.01 mg/kg,
LA OERAFEHE 0.02 mg/kg. ) A DD ehoT-.
oA LM RT4ENOBE I (BIEER 12 %) , &KEIX 0.0008 mgkg, F-HIHE
1% 0.0006 mg/kg TH v, FHILHEME (0.02mgkg) ZHZ 5L D707z,
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i ProLrsv
BRIk 89 st 87 minbi &k (iR 98 %) , I KMEIX 0.35 mg/kg, FHIMHEIZ
0.056 mg/kg TH Y, BHEMEME (FEKLOCEEALICKHE SN LR EGEET 0.5 mg/kg) %8
25D,
R O B EE ST ED bR TV ARV, &9 652 L 34 AT 31 mrbmitsh
(B 91 %) , R KREIE 0.28 mg/kg, FHEIT 0.077 mgkg ThHh-o72. £HHAHZ LD
TRIEMO —H TEEREOENLONH Y, DDGS O FE¥EIX 0.45 mgkg (R KfE 1.1
mg/kg) KN —2 7T v I — L OFEIfEI 0.86 mg/kg (B KAH 3.0 mg/kg) Th - 7z.
iii TAF=AL ) —L
FUIR G kL 89 it 82 bRt &k (B=R 92 %) , R AMEIX 0.82 mg/kg, FEIMHEIZ
031 mg/kg TH Y, FHILMEM (KT 758 (FAMOLOERL. ) ITHE S AR A
BHI 3 mgkg, & (KT 28% (FAHOLOERLS. ) 2R<. ) KORXACHKE S
A EEHT 1 mg/kg) 22 HDIE N7z,
HRETE O B EESITED SN THVRWA, 96520 34 fAf26 80 6BEiEh
(B 76 %) , HAMEIX 0.93 mg/kg, FHEIL 044 mg/kg ThHho7=. &HHAZ LOML
BIEEY) DO —ETIXEREEOEWLONRHY, a—2 7T 7 40— ROFEEEIX 2.4 mg/kg
(F KME 4.6 mg/kg) , DDGS O FEHIfE T 2.7 mg/kg (B KME 5.3 mglkg) KNa—2 F T
I — L OFEMEIL 0.28 mg/kg (B KfE 0.81 mg/kg) Th o 7z.
v 7E=L
BB AR 78 s 77 MBS (=R 99 %) , RARMEIT 3.1 mgkg, FHIMEIT
0.48 mg/kg ThH YV, HFIEHEE (ZEXROPHEZAIHE I N HBEAEIEHET 4 mgke) ZHZ
b DN,
BRI OB E S 1T ED DTV ARV, 5852 L 3458033 Anbitish
(R 97 %) , HAKMEIE 2.1 mg/kg, FEIMEIL0.73 mgkg THho7z. LHHAZ LOMTL
RIEDO —HMTIREREBEOEH WL DORH Y, a—r 7T I —LOFEHEIT 1.1 mg/kg
(& K1ME 3.1 mg/kg) Th o7z,

T



FET DA ENEEDE= 5 ) v I HEOFERICONT (B2 ) 95
%21 BEEEEENTEDOLNTVEINVEDE=F YV ITRUHS—RAL S RADER
775 hRTUB (B FER? 0.0003 mgkg) 75 L v (B FIRY 0.0003 mgke)
E=H Y TED FE i/ PR Stk SbHfrEnzb o =gt -~ PREY i Ry (e YD)
xt R FLUEAY 5%1 R M R EHE FEUEH 54;& - B oK SEHE
(mg/kg) (%) (mgkg)  (mg/kg) (mg/kg) (%) (mg/kg)  (mgkg)

Eﬂ({i;}; i;;;%?m #5 0.01 13 30» 0.003 0.001
ﬁfgi%ﬁ; SR E 0.01 12 1 8 0.0003 0.0003 0.5 85 84 99 0.35 0.056
w%ﬁgﬁjﬁ@m{}ﬁﬁ]ﬂ) F 0.02 60 7 12 0.005 0.002
Z D D IR F i B — 4 0 0 — 4 3 75 0.10 0.068
B V& £ il Bk /N 89 11 12 0.005 0.001 89 87 98 0.35 0.056
LoabAZ L & 0.02 34 4 12 0.0008 0.0006 — 34 31 91 0.28 0.077
INE — 1 0 0 - 1 1 100 0.025 0.025
Ny — 1 0 0 — 1 0 0
KW — 4 0 0 — 4 3 75 0.001 0.001
~ A — 3 0 0 — 3 3 100 1.4 0.47
REH - -
Ko — —
P2V /N — 2 0 0 — 2 2 100 0.030 0.016
A= INTF T 4 — R - — 15 15 100 0.35 0.16
HEFE DT — —
L Xx5iiad — —
KK — _
DDGS — 22 4 18 0.001 0.0007 — 2 2 100 1.1 0.45
ST E — 23 0 0 — 23 18 78 0.021 0.005
RARI=—74—F - -
F B — —
JICHE K 3 29 - -
a—V T — L — — 11 11 100 3.0 0.86
a—r Yy AI—)L — —
KE N9 — 27 1 4 0.0003 0.0003 — 27 27 100 0.009 0.003
Ay e ¥ b/ — —
LT - —
T T AR — —
Fx v YA - —
a—r a7 I—) — -
IRAF Ty — —
v— rL7 — —
e - _

woE 206 20 10 232 220 95

1) 4T HEIRGEFREIOBBEIILL T L BY

777 MRV By

TT7TIL /v FEKROFEE LM
2) BEEORBRIENH DT HONTIE, BB FIRAZZH#K L.

M4 OoM, TeA T —IEERIEA,

(E AL R B QNE AL -
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K21 BERAEBEFENEDOLNMTVAINNEBEREZZ I VI RUS—RASVADHER #HE)

FAR =L = (B TR 0003 mgke) Z7E=vr (B TR 0.0006 mgkg)
T=2 ) TED W SR EnELD wEmo Shi s b O
1t b e T TR Rkl R B LT TR RO e
(mgkg) ™ (%) (mgkg)  (mg/kg) (mghkeg) (%) (mg/kg)  (mgkg)

(777 b*F B DH)
Bl &k (RLA )
Fi 1R & i

(A TR 3 35 32 91 0.82 0.37 4 75 74 99 3.1 0.49
5 YEL A i B
ﬁ%i&;ﬂﬁjz{@ﬁﬂﬁﬁﬁlﬂ) ! 50 46 92 0.73 028
Z D D IR i B — 4 4 100 0.31 0.18 — 3 3 100 0.29 0.11
B V& £ il Bk /N 89 82 92 0.82 0.31 78 77 99 3.1 0.48
L9 AZL — 34 26 76 0.93 0.44 — 34 33 97 2.1 0.73
INE - 1 1 100 0.076 0.076 -
N Ry - 1 0 0 —
ER) — 4 2 50 0.081 0.069 —
~An - 3 1 33 0.099 0.099 —
REIL — 1 1 100 0.026 0.026 —
K — 2 1 50 0.003 0.003 —
P2V RN — —
A=V INTF T 4 — R — 15 15 100 4.6 2.4 — 15 15 100 0.25 0.076
MEBE T - 1 1 100 0.23 0.23 —
L X ond — 1 1 100 0.003 0.003 —
KK — 4 3 75 0.021 0.016 —
DDGS — 2 2 100 53 2.7 -
BN 3 — 23 2 96 0.50 0.20 —
AI=—T7 4 —F - 7 7 100 2.0 0.92 -
T — 12 10 83 0.13 0.061 —
JIBE N EA F 30 A — 1 1 100 0.011 0.011 -
a— I NTF = — 11 10 91 0.81 0.28 — 11 11 100 3.1 1.1
a—y V¥ AI—L - 8 7 88 1.1 0.57 -
NGRS — 27 3 11 0.10 0.046 —
A ¥l bR - 8 3 38 0.017 0.010 —
R Lihnd — 2 1 50 0.009 0.009 —
T T AR — 1 1 100 0.19 0.19 —
E R S — 1 1 100 0.009 0.009 —
a—ra7I— — 2 2 100 0.010 0.009 —
SNA T ST — 2 0 0 —
S A 4 — 9 3 33 0.011 0.007 —
(ES — 1 1 100 0.008 0.008 —

woE 293 228 78 138 136 99

1) YT 2ERAEEIOREIZLLTO LB
THEX=AL = KT8 (FAMHObOEERS. ) H
TE=VV EZEROFEE A

2) BEEORBRIENH DT ONTIE, BB FIRAZH#K L.



SR DA EMEEDT =5 ) o VEOFERITONT (41 2 ) 97
22 [EEEBEEHLAEDOLNTOVELAUEFEDY—RAFTUADER
. 5 L Shibo
posdgoaougy BB T e ol v
(%) (mg/kg)  (mg/kg)

777 XU UB 0.0003 206 0 0
77T XL UG 0.0003 206 1 0.5 0.0005 0.0005
T7T7REFT UG 0.0003 206 0 0
2FY v N AF 0.0003 185 67 36 0.004 0.0008
HT-2 h %30 0.002 214 55 26 0.060 0.016
T2 k¥ 0.002 293 69 24 0.059 0.008
RF VT =F— 0.002 293 8 3 0.007 0.003
THL ) X 0.003 293 4 1 0.017 0.009
3T RFATAFL =L ) —)L 0.006 214 25 12 0.084 0.037
15- T8 FNTAF =1 ) —)b 0.006 214 135 63 1.2 0.14
=L = 0.002 243 67 28 0.71 0.048
ST RFVALIAR ) — L 0.002 214 6 3 0.007 0.004
FAX =N )3T Ay R 0.002 214 167 78 1.0 0.11
F7 T RETUA 0.0003 89 23 26 0.007 0.001
AVEYS 0.002 89 15 17 0.052 0.011
-7 55— 0.002 195 1 1 0.004 0.004
B-ET T7F ) —) 0.002 195 0 0
Y755 v 0.002 195 23 12 0.037 0.009
a-BT7T I —)L 0.003 195 17 9 0.022 0.008
B-ET TV ) — 0.003 195 35 18 0.054 0.010

T ORBRIEN B DOV TIE, R HFORE FREZTE L.

2) HERS%

FUIR AR CRADKPEEM M 2 <) 34 5, i
K O GE/K BEENV Y FBL A fRLEE 33 RUC W T, BHERENTEDO 6N TWLERSE 4 oD
i RO, LT

TRV T ROY—_A T A& F L.

DEBY THoI.
i WKIUA

K EEEN M 2 B < BCIR G B BE 34 s 15

Z DR RER 3 IR L.

=)

IS

B8 N, S (R OWER) 7R

L S (B 44 %) , RKAME

0.29 mg/kg, F¥IEIL 0.12 mg/kg TH Y, FEIELHEE (0.8 mgkg) Z#Hx 5L DIEen->7z.
HEPESE 6 S 1 S DR E R (MR 17 %) , ZOfEIX 0.05 mgkg TH v, BHIEL
HEfE (1 mg/kg) ZHZ TV Tz,
B E R CIX, AT 33 AT 32 A b S (R 97 %), RORMEIE 2.3
mg/kg, “FHIMEIX 0.94 mg/kg TH - 7-.
HEMEE Bmgkg) ZHZ 50T R0,

P=A T e UTEM L2 #AKEE Y B S 8RN CIE 33

KB 1.1 mg/kg, FHIMEIX 0.49 mg/kg T -7z,

RER 1 0o EBHSh o,

WFERG,

R bR S,

IS

e

B

=]

HY
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i KER

BHEKETY M 2 5 < BIRAHTE 34 5 12 Ao Sh (Bt 35 %) , AT
0.06 mg/kg, FHIfEIT 0.02 mgkg TH VY, EHEEE (0.2 mgkg) 22 HDOEFIRNoT.

WM 8 SR 1 bRt (X 13 %) , T OfEIE 0.02 mgkg TH Y, BHE
YEfE (0.4 mg/kg) R TWieno T,

SRR T, A T 33 AR 31 A DB E R (MR 94 %) , R REIE 0.51
mg/kg, “FEIMEIX 0.16 mg/kg Tho7-. WER | ArbIdBH IS Rho7z. Wb EH
M (1 mgkg) B2 5bDEenoT-.

=g T AL L TEN L7 BHKEBY B SR TIX 33 8 32 bR Eh

(B 97 %) , AMEIE 0.34 mg/kg, “FHIMEIL 0.13 mg/kg Th - 7=.

iii &

FHEKEE Y % bk < BUR SRR 34 b 4 8 bR S (HFE 12%) , BAKMEIT 1S
mg/kg, FHMEIL 0.6 mgkeg TH Y, BTHEMEE 2mgke) ZHZ D507,

HHES 6 S L A bRE S BMEE17T%) , TOEIZ 09 mgkg THY, EHIELHE
fE 3mgkg) ZHx TWihoT.

A EMEEEE T, 33 A 20 8 b S (MR 61 %) , KRMHEIX 1.1 mg/kg,
SEYIEIL 0.6 mg/kg Th o7z, WEM 1 ANGIEFMHINRNo7z. WThd, FEEEM

(Tmgkg) X2 5 HDIERMNoT2.

P—=_A TR L UTHEN Lo EBRHKFEEY ARG EDEETIX 33 A8 15 Aot

(MR 45 %) , FOKMEIE 1.2 mg/kg, F¥IMEIT 0.4 mg/kg Th - 7=,

iv O

FHOKPEENY A 2 B < BLIRA SR 34 5 18 bt s Rl 53 %) , xKMEIZ

0.83 mg/kg, FHIMHEIL 0.24 mgkg TH o7z, OO 2R EHESE 5 5 2 AbRH S h
(B 40%) , EAMEIT 0.57 mg/kg, I 033 mgkg TH-o72. Wb E B MM
(2mg/kg) X Db DI oT.

a1 80 51E 3.0 mg/kg Rt S, BEEMEE (7mgke) ZHTWehoiz.

A E AR T, ST 33 AAaTHhoMmE I, RKRMEIX 16 mgke, FHEIT 4.4
mg/kg Tholo. WEM 1 S idmbsnrolz. EHILHEME (AKX 15 mgkg, AE
L 7Tmgkg) ZHIXTZHLOREMTI A (16 mgkg) H-o7o.

P—=_g TR e UTCEN L - EBRKEEY AR SR TIX 33 AAaANbRE S, &
KIEIX 5.3 mg/kg, FHIEIL 2.7 mg/kg ThH 7.



RO EYWEEDT =K Y TEOFERITONT (502 4£E) 99
%3 EERFEDE_FVIRUHS—RASURDER
texyy o . S bR S b O
53 (mg/kg) (%) (mg/kg) (mg/kg)
0.8 BoiR &kl (EEAKER A 25 <) 34 15 44 0.29 0.12
1 R POR 6 1 17 0.05 0.05
. oy 33 32 97 2.3 0.94
BRI A 3 0.03
SEe) 1 0 0
— FRHH/K PEENY) L & Bk 33 33 100 1.1 0.49
i) ) 107 81 76 2.3 0.59
0.2  EURARIE GERUKEI &I <) 34 12 35 0.06 0.02
0.4 WHOR%E 8 1 13 0.02 0.02
kR | K 33 31 94 0.51 0.16 0.01
SkEw) 1 0 0
— FRHH K EE B FA LA Rl R 33 32 97 0.34 0.13
i Gl 109 76 70 0.51 0.12
2 BliR Ak GERKEE A % <) 34 4 12 1.5 0.6
3 Wz PR 6 17 0.9 0.9
" ; =¥l 33 20 61 1.1 0.6 02
A 1 0 0
— T /K E T F LA k) 33 15 45 1.2 0.4
i E 107 40 37 1.5 0.5
) BLiR & ek (K EENM) A 2 k<) 34 18 53 0.83 0.24
WIREE (Fib & %R <) 5 2 40 0.57 0.33
7 b b 1 100 3.0 3.0
OFE 15 ok 33 33 100 16 4.4 0.05
7 AE 1 0 0
— T /K EE T FBL A b 33 33 100 5.3 2.7
#a 7t 107 87 81 16 2.8
3) B K

A TR

VRO —RA T RS E LT

Ak 58 L, HUREDER 169 5K OVHZACRESE 9 1l

ZONT, %A%$1ﬁﬁw%hfw
%R 33 iy K OV A FEUEE 2N E D H AL TV W 23K 89 iy D FF 122 ik

BEEEENTED LN TN 8 S DR RAFE 5 IR LT,
BEEEEZBEB LI bDIE o7,

Ll

H R 235

EIOBLAZL, E2LAZ LOMLIEIEY R X5t £ 2.0

Motz FEROMEIILLTOLEEY THoT-.

i Zua)leJRAAF )L

BAHREEMBNRTEDOLNLTVDLEIBLAZLEDO~A 1 (B 37 &
s biimEnenotz
T2, AHEEENTED LN TV WEE 198 4

eSO . E N

IOWNWTE=4

BAEEENED LN TWD 33 s @fk%%% 40

CHEY R ERO R

ICOWTE=XY 7

ST END 20 89 3 AH (BHE 15%, &AME 0.08 mgkg) Zivi-.

[ZOWNWTH—_A T A% FEE Lok R,
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ii BEUIRAAFIL

BREEEPREDOLNLTNDHEI LA LEDYA 2 (G 37 &) IZOoOWTE=FV T
ZHEN LIRS, EObAZ LIE34AF S St (B 15%, & KMHE0.30 mg/kg)
<A X3 AR AL (BMHEE33 %, 033 mgke) SN, ASEEEEZBZS
DI o7z,

T, BHEREENED SN TORWEE 198 S OWNWTH—a T v 2 & Ei L 7= R,
7T EMPBRBE S FONFRIE, BEIRAEE 55 A 5 8 (BRHEE 9 %, &KME 0.048
mgkg) , I—2TINT T 4 — KR 11 S22 5 (BHEE 18 %, i KME 0.064 mgkg) TH o
7.

iii ~7FA4

BHREEENREDLNTNDEIBLAZL, vA B LOHE (G 45 5) oW TE=X
Vo 7% %EUERER, WEMSIFIRHESN o7, E2HAZ LT 34 S 1 A6
M =R 3 %, 0.66 mg/kg) , ¥4 72X 3 i 1 Aot (BHEE 33 %, 0.55 mg/kg)
SN, AOEEELBX DO ko7

F7o, AHEEENETD SN TOARWETE 190 JSI2HOWTH —_o T 2 &£ U745 5%,
18 mrbiisni. £oWERIE, BIESEE 55 mf 7 8 (BHEE 13 %, f&KME 0.18
mg/kg) , ST F 20 AF 6 5 (BRHFE30%, HAE0.15mgkg) , =2— 7T 7 41— R
11 A5 3 A (MR 27 %, KME 0.062 mg/kg) , 2—2 7T I —/6 8928 (BH
# 33 %, i KME 0.040 mg/kg) ThHho7-.

v ZOfoO/ ST R
© BH
E7x M) (E9BAZ LAYV A 1)
@ HEE
Ay TFuaFtT7r fbb) , A% 7V e (fbb) , 7zairvlrszx fbb)
ARy (ffbs) KON TF 4 A2 v (FEV—)
@ oo FEk
rsua)lbVRA (a—rardJ3I—)) , YTz /) arS— (E—=rsVT) , VT
INE T2 CkR) , T hTaFY—)u (= LY ) Tus Xy b (B—h
V) RO at = ()
@ EIRA R
TNUEARNIUERR TR AN N7 == haF 4w
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K4 BEODEZAVIVIRUHS—RASUADER (BHEEBAEOHONTULDES)
g g HAY " b Ehizbo o
TR A A F EEZAGAEY omww PR T TRk mAm vRE R
(mg/kg) (%) (mgkg) (mgkg) (mgkg)
y-BHC (U 7 ) BIRATE (8- 57 6. IR 0.05 31 0 0
Bl &k (%) 0.4 24 0 0
Mo 0.4 8 0 0 0.005
FEVEME O 7o A ) — 173 0 0
it — 236 0 0
BHC B VR & B k) 0.005 55 0 0
’«*5(% \ 0.02 8 0 0 0.005
FEMEAE O 7 fi B — 173 0 0
it — 236 0 0
DDT B VR & B k) 0.1 55 0 0
o 0.1 8 0 0 0.02
FEAEAE O 7o R} — 173 0 0 ’
Gl — 236 0 0
7 hTTv EH9bA5ZL 0.2 34 0 0
~A 0.02 3 0 0
W B 15 8 0 0 0.02
FEVEAE 0D 72 ERB) — 190 0 0
it — 235 0 0
75— EH9bAZL 0.02 34 0 0
~ A u 0.05 3 0 0
e 0.05 8 0 0 0.02
FEVEME O 7o ) — 191 0 0
it — 236 0 0
T RY RO B 1 A B ) 0.02 55 0 0
F Ry v i 0.02 8 0 0 0.02
FEVEME O 7o A ) — 173 0 0 :
it — 236 0 0
AV T =R A EHbAZL 0.02 34 0 0
FEVEME O 7o A ) — 202 0 0 0.02
7t — 236 0 0
T F A Mo 20 8 0 0
FEAHENE o 72 R B — 228 0 0 0.02
it — 236 0 0
Tz Ky B VR & k) 0.01 55 0 0
N 0.01 8 0 0 0.0l
FEAHENE D 72 A Bk — 173 0 0 :
it — 236 0 0
saLey kA EH9bA5ZL 0.1 34 0 0
~A " 0.75 3 0 0
W B 13 8 0 0 0.01
FEAEAE O 7o R — 190 2 1 0.059 0.045
it — 235 2 1 0.059 0.045
JaAEYRAATFL LI B AL 7 34 0 0
~A 10 3 0 0 0.0
FEEME D 72 AR — 198 3 2 0.080 0.062 '
it — 235 3 1 0.080 0.062
JaANT Bk A EH5HAZL 0.05 34 0 0
FEHEAE O 7o R — 201 0 0 0.02
it — 235 0 0
snanra 7y h EHbAZL 0.05 34 0 0
FEVEE O 7o A ) — 201 0 0 0.02
it — 235 0 0
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£4 BEODEZANVIRUS—ARASURDER (BASEEBEINEHON TS, HE)
ToxYLrED E=s YL IED ﬁgﬁ S0 DORIMERELD Bt

<t EL Rk 4y st G ztop) =X Sk OB B RRME FHE TR
(mg/kg) (%)  (mgkg) (mgkg) (mgkg)
sy —h EI3HAZL 0.02 34 0 0
FEEME O 72 AR — 202 0 0 0.02
it — 236 0 0
o h v EobAZ L 0.04 34 0 0
<A a 0.2 3 0 0
g 0.6 8 0 0 0.02
FEHENE D 72 AR — 190 0 0
it — 235 0 0
VA bxT— | EHbAZL 1 34 0 0
~ A 0.2 3 0 0
Mo 2 8 0 0 0.02
FEVEME O 7o A ) — 190 0 0
it — 235 0 0
ATV EobAZ L 0.02 34 0 0
~Afn 0.1 3 0 0
Hrin 10 8 0 0 0.02
FEAEAE O 7o R} — 190 0 0
il — 235 0 0
THNEARI R EH5HAZL 1 34 0 0 0.03
[N = AN ~Afn 1 3 0 0 0.03
o 5 8 0 0 0.045
FEVEAE 0D 70 B — 190 1 0.5 0.037 0.037 0.03
it — 235 1 0.4 0.037 0.037
F LT R A EH9bAZL 0.01 34 0 0
~An 0.05 3 0 0
e 1 8 0 0 0.005
FEYEME O 72 AR — 190 0 0
it — 235 0 0
RTF A EoHvAHZ L 0.3 34 0 0
~ A 0.08 3 0 0
o 5 8 0 0 0.02
FEHENE D 72 AR — 190 0 0
it — 235 0 0
EYUIFRAAFIL EovAHZ L 1 34 5 15 0.30 0.15
~ A 1 3 1 33 0.33 0.33 0.02
FEAEAE O 7o R} — 198 7 4 0.064 0.044 ’
il — 235 13 6 0.33 0.11
747 = EHBLAHZL 0.02 34 0 0
7‘/1’ = \ 0.01 3 0 0 0.003
FEMEAE D 7 fi B — 199 0 0
Gl — 236 0 0
TJz=hkunFFr EovAZ L 1 34 0 0
~Afn 1 3 0 0
g 10 8 0 0 0.02
FEAEAE O 7o R} — 190 1 0.5 0.030 0.030
it — 235 1 0.4 0.030 0.030
Zxr hxT—Fh EHbAZL 0.4 34 0 0
~ A u 0.4 3 0 0 0.02
FEEME O 72 AR — 198 0 0 '
it — 235 0 0
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R4 BEOEZZV VIRV ARASVADKRE (BFEEEATOHLATLSHES, &)

t=py g0 w=syvLoso AR e L oRUEREED M
4k e B g RHCEORKE RO
(mg/kg) (%)  (mgkg) (mgkg) (mgkg)
A N Rl AR (8 - 595 M) 0.5 14 0 0
Bl iR A gk (BH) 4 17 0 0
EoRA AR (F5EH) 8 24 0 0
0.02
B 13 8 0 0
FEHEAE O 72 R — 173 0 0
it — 236 0 0
TZxr7uXhl 20 8 0 0
FEVEME O 7o A ) — 228 0 0 0.02
it — 236 0 0
~TH T a v B VR & Bkt 0.02 55 0 0
Mo 0.02 8 0 0 0.02
FEVEME O 7o A ) — 173 0 0 :
it — 236 0 0
A A RY v EHbLAHZL 2 34 0 0
~A 2 3 0 0
i 55 8 0 0 0.02
FEAEAE O 7o R} — 190 0 0
il — 235 0 0
NRUT 4 AKY EobAZ L 0.2 34 0 0
~An 0.1 3 0 0
Hr i 15 8 1 13 0.22 0.22 0.02
FEAEAE O 7o R — 190 0 0
it — 235 1 0.4 0.22 0.22
BFAA Y b EHBAZL 0.05 34 0 0
~ A u 0.05 3 0 0
e 40 8 0 0 0.02
FEVEME O 7o A ) — 190 0 0
it — 235 0 0
AL —h EHBAZL 0.05 34 0 0
~ A 0.05 3 0 0
o 1.5 8 0 0 0.02
FEVEME O 7o A Bk — 190 0 0
it — 235 0 0
~IF A+ EobAHZ L 2 34 1 3 0.66 0.66
~A 2 3 1 33 0.55 0.55
Hrin 135 8 0 0 0.02
FEAEAE O 7o R} — 190 18 9 0.18 0.077
2t — 235 20 9 0.66 0.13
AFHEF A EH9bAHZL 0.1 34 0 0
~ A 0.2 3 0 0
i 12 8 0 0 0.02
FEAEAE O 7o R} — 190 0 0
it — 235 0 0
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3.2 fARt~OEH KT A BES OIR AR
EANCHRIE I N2 32 REAOZOMOBMEERRZAAE 2 &, TIZFF I —/L 18 A
KT = —3—)b 9 oW, B E, ELISA 3B & O PCR Bk % 52hE L 7= /5%, 4
HEZAAEDORANIRO LN ho72. 728, PCRARBIZBNWTTFF I — 11N LKT 9
sk DNA 23R S 47223, ELISA RBRICB W CH— k0 bl k- A BERN Rt Sz
MoleZ b, RBAMRHEFIRCESEFHREABEORANIFRD b &G H
ELT. WEH (K—7 =) 2 SEOEHES Wﬁﬁzoﬁuowf ELISA #B& &% U8 PCR

RER A E LR, FHREABEOEANIRD SN ol TNOLOREEZER 7T KUFE 8
IZox L7z,

K7 BYHRR-ABBEDOE=ZS I VIJOKRE (AHNE)

SR B B ELISAG R PCR# R wa

BRE, BRE kA AY <9 5 @ kDNA  HIE

HEE B BEE KB R BEER HB R BRHEE B

R S (%) RE B (%) R B (%) R
ok 32 0 0 32 0 0 32 0 0 0
fanEIT Ly 1 0 0 1 0 0 1 0 0 0
A T P i s 1 0 0 1 0 0 1 0 0 0
) 34 0 0 34 0 0 34 0 0 0

x8 FYHERLABHEDEZLYLVIOKER (FXUI—IL, AEHMH)

AR B EE ELISAF B PCRA B
B, BRE SHR-AAE X9 5 B H SKDNA

MR mH R WB Ml REE KRB M B
RE REC (%) AE REC (%) AE BB (%)

oooooa}?%ﬁgg
$EEE | A Op

FXLI— 18 0 0 18 0 0 18 1 6
7z —I— 9 0 0 9 0 0 0 0
WER (K—27 —) 0 0 0 0
FEHE G A E 20 0 0 20 0 0

it 27 0 0 49 0 0 49 1 2

EANCTREINEDFERARAER 5 5, AAFEEREASER 16 &, WAAIEE AR
AR 16 4, FEAEE AR SR 1R, WAZEAR SR 3 8, PEEX T — O ARG &R
6 A, _FERRAEE (KZ, £95bAZ L) 1R, FEEWREEE 15 Zoto4fHiREEE 10
REPZEOMOERAT ORA ﬁﬂ(@%fﬁﬂ%aﬁ%®>2ﬁ IZoWT, BEMEBIEE,
ELISA 5Bk & OY PCR aBR 2 FE i L 725K, FHRICABREDORANITRO biLkhoTz. Ziuh

DFEREZLIITRLT-.

A SRR AR 19 SR OB BERESE 3 S OWT, BEMEHE E, ELISA B KL O
PCRFABRIC L D HRIZA BEDOIRBAMERZ Ei LI2FER, WINofE»G HIRAITRD b1
ol TNHLORRER 10T LT,



106 fREHIFZE S Vol. 46 (2020)

R BYHXRFABENEZSZY VI/OKE (BNEEFRAANSE)

SRR B E ELISABR PCRA B wna
iRE, RE kT A AT EL I KDNA X O DI EDNA  CHIE
M BRIE R R BRIE RBORH RIME RBR M RIEE s
S SR (%) ¥ AR (%) RNk A% (%) M MK (%) A
S i o 5
4B Rk B A Rk 5 0 0 5 0 0 5 0 0 0
LA A B B B A Ak 16 0 0 13 0 0 13 0 0 0
P A IR E LA sk 16 0 0 15 0 0 15 0 0 0
PR 2 g i & i sk 3 0 0 3 0 0 3 0 0 0
FlF 6 E A R 1 0 0 1 0 0 1 0 0 0
BB AT — ¥ B AR 6 0 0 4 0 0 4 0 0 0
KZE - L D65 L MIREEH 1 0 0 1 0 0 1 0 0 0
T W A5 R Rk 1 0 0 1 0 0 1 0 0 0
FER LA o IR A fi B 10 0 0 10 0 0 10 0 0 0
/INEF 59 0 0 53 0 0 53 0 0 0 0 0 0
Z Db > B HE A T R
(BB R % Gt o)
T4y a Y a7V R 1 0 0 1 0 0 1 0 0 0
Z O D RA A B 1 0 0 1 0 0 1 0 0 0
/NEE 2 0 0 2 0 0 2 0 0 0
& 61 0 0 55 0 0 53 0 0 2 0 0 0
£10 EMAF-ABEDE=ZL2Y) VI DHER (WAGFHSE)
SR B ELISAGKBR PCRiA R wa
g, BRE Sk E K35 @ kpDNA  HIE
HEr B BRHE MR oBE REER BB Rt BRME BRd
B Rk (%) s R (%) R S (%) J='e
F R A e
T AU HEEE 9 0 0 9 0 0 9 0 0 0
rhEE A RS E 3 0 0 3 0 0 3 0 0 0
A X7 2 0 0 2 0 0 2 0 0 0
A 1 0 0 1 0 0 1 0 0 0
B 1 0 0 1 0 0 1 0 0 0
7T A 1 0 0 1 0 0 1 0 0 0
TN T 1 0 0 1 0 0 1 0 0 0
7TV 1 0 0 1 0 0 1 0 0 0
INEE 19 0 0 19 0 0 19 0 0 0
[ERSATRE Y]
T A Y IERE 1 0 0 1 0 0 1 0 0 0
ERRE FH B R
7 AU I ERE 1 0 0 1 0 0 1 0 0 0
B VR I R ) B
e [ 1 0 0 1 0 0 1
INEE 3 0 0 3 0 0 3
&3t 22 0 0 22 0 0 22

3.3 REMEARHEY
fEE & U CHIAT, diE LTV 2 @M (e ur v Mg, [ A, RS IR
44 FIZHONWT, REMERMOGHEEZNE LR, NEERMM ORI HEEZBZ 550
X hote. EORREER IR L.
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X1 FEETHYOE=ZI L ITOHKR

FT=XZ Y TD . . e KAHE Y E
At St %5y FAS WS e %) %
B M I 0.15 %L T 44 0.118 0.029

34 YrExXT
E N CHE S L7z BAREDEE 55 S R OEIR G B 46 s OWTE = Y o 7 2 Eln LI2fs R,
HAREE R OFURGEEI E L L THL Y LEXR T I3 SN o7, 7ok, BAREECIX, BIE
EOBRHRIT 1.1 %, BixFEEORERIT 0 % ThH-o7m. BURAEFE T, BIEEORERIT 0
%, HIZEEOHRERIZI2% THoT-. THOLDREREE 12 KOE 131TRLTE.

£12 YILEXRSOE=R Y/ OHERE (BEAEAHOEERD)
F=H ) T EORNGEE AR B EC BREE (%)

B e MR
Peb Ay 22 0 0
FFI—b 14 0 0
TP —I—L 0 0
WER (K—2I—1) 0 0
JFEHE A A E 12 0 0
anETvy 1 0 0
IO HHE
KA 1 0 0
R I A>3
KA 1
it 55

K13 HILEXRSOEZR VI OHER (BESHMOEER)
F=2 Y T EORMGEE B RS BRHER (%)

= B A ARk 16 0 0
LAk 5 0 0
Tk A B iR s 17 0 0
T g a ) a7 NRERE 1 0 0
Z DAl DR AL 7 0 0
2t 46 0 0
X [y
1) B SR OREMOMAR L O E O EICET HIEM, B 284 4 A 11 B, EHE 35 =
(1953).
2) BWES GBI OEEHRIN O B EICRET 585, MMSIHET7H24H, A58 35 %
(1976).

3) BMOKES HER KB - Bk OF FYE OB LR OEHEEICOWNT, {163 410 A
14 H, 63 & B % 2050 % (1988).
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4) RMOKFELHEE - BRFRE®  FGER T EEOHIEIZOWT, FaL20444 H 1 H, 19 HZ
%5 14729 5 (2008).

5) ENESEREBRD  SEHERAFEEEFEOHEICOWT, BMms24F5 A 10H, 52&%BE
793 & (1977).

6) EMKELRHEE - BRREKELZLEHREEM  FEHOREOBREIZONT, FA 184S
H 26 A, 18 HZEH 2322 5 (2006).

7)) BARM LS BRSRBRIEZ BSR ¢ 2.1.1 FURHREU L, EYEMAE o alBik 2013480, B A
b2 (2013) (ISBN: 9784931249066).

8) R TR, A MEaE, Fibow, AR B @RS, 27, 233 (2002).

9) JEMIKPEL AR B FE T BB AR R A (RSP Y) FEEAE S a2 R & T DO
FhH R O BHRIZ DWW T, SERZ 1445 11 H 8 B (2002).

10) EMOKES LR FE®@A - KT 5 B AE B ~O KT 5> B Ehk A BEOIRAY I
THHARTALORIEIZONT, FE 1346 A1 H, 13 4% 1366 & (2001).
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2 WEAMPREBRFICOVT (FM2FE)
NEERIEE 2 i AT ARk e 25 Ak
Results of Official Testing of Specified Feed Additives (in the Fiscal Year 2020)

B i L%, ARt ORZ 2O L ORE Otk #ICB T 25 ik (BEFn 28 LM% 35 5. LL
T MfktZeik] Evo. ) BIRFE 1THEHOBEIZESETHBENED SNI-FEHRMm O 5 &, fid
B O R EVEDO R K OV E OBGEIZBE T 2EEEITS (B S1AEBSE 198 5) 5 2 548 2 51
ED LN HEEDERA 2D . FRERINWIE, SRR RIEE 5 &H 1 HOBEIC XY, MNriT
b NEMOKFEM B L 2N % — (LT [FAMIC] W9, ) MTHoREEZT, RESHK
AR SN TRITUIERFZ L TR bRnZ &N T, =720, LR ES 74
B 1 HOBRGRE T T A E R SRS R (LUT TR E R EREER) L), ) BREL
[FHES 16 =5 1 HO KRR S 72 b O R ONFEES 21 565 | THO B Gk % 21T 7 S8 E 5 e el 44 1Y
EERENEL, RIEFE2HOEXRRBM INTZHDICONTIE, ZOMRY TIER.

A2 FEIZ FAMIC IZxF L TRIEDHFERH Y, ZHIZEKE LIERFERNMIZONT, ks
LVELDTOTEOMELRET D, £z, B 2 4 OBEFrE SRS 12 L2 R ER
My OBREBEF IOV THIE THRET 5. 20k, S 2 FEERORFRT, HEFE R R
EF OBERIT /2.

1 BN ORE GG ER KO 4 %

SR 2 EEIZREICER LR ERIMICOWT, ZTOMBEE LA EEZ RFELIICER LI
~ LTz

HIEEIX 4 28 RIEE 6 (%) »obv, ToRBEEES T, ORAOREDLEIT>TND
DN 1 ¥FE, QRGO AR ORAORIEEZIT> TNDO0R 1 ¥EE, ORAOEAD %
ToTWHONR2EETHY, WEMAREIIETHALTH

B2 EEITHREICAR LI R BRI L 6 f5EH, S8R (RI4AREE S FRJH, 88%i) Th-oi-.

R5E A A SUIRA O AEE X, O7ET~A v (AN BnEE, @FF v (®AH) 23
KE, @FFRrvrF R TA (WA BIABTYVT, @7 TR 7 4+ A7 5 VR—L (BAF) 7N
INHIT, @V )wATrF M) vas (BERREK) RHREERTZATY T, @Y <A
YrFh b UA (BED) BTIABVT, Qv T~A vy (BEEREER) SHPET, 4 ZE Ji
EREADE) Tholz.
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X1 RERBEFERUREE-E

(SMM25%E)
A ¥ R A 4, A TR N O HAE R nEr Y (ri(/jj/{gffg)
e g B T AT O |[F—=v 27 2200 200
I vAVYARAR F O |Er7~vi 100
A |[AAR==2— Y va VRS S T3 AR WA O P2y 7 2100 100
N ) BT O |=rovAvosuR 80
Py 7 R R IR 15 Y A ) R YA O ¥ %Rk 100
e - T AT O |F—~ v 7 %200 200
TIv ATy R kARt Fooy O |er7 100 100
- FY ) AT R O |[#=v7 %100 100
Huvepharma Japantk 22 i 52 B I /=4 F R UL O [¥=y 7 R200 200
oo RU DA =7 v 7200 200
TIGRTF AT F ) R—)L O 7 TR~ A T80 80
i 4% 2 Y 6F 1A 8EH 7

M1 ORI BIR - FE - FREE, MRS O - PE (LaBR<) - UE
X2 EAREHICHLY
X3 AEOHEAICEVTA NS ARBERICER

2 FEERING OFEEUN O E A AR S

B 2 AR EE DR E W) OFEFER] O RBE G, B R HUR e OV & R & A SR 30 4R
EROBRMICEEORKRE L HITR2 TR L.

B2 R ORE SR 133 1, BFEEIT 842 b TEENMBE &L 95 N ()T
bolo. W, BEROERIMMBEEOSAIFERIX, £hEh 109.0 %, 1352 %, 127.0 %
EY, R, BEKOERMREE S HICHEMNL.

B2 HEEOREGKBELZENICAD L, YV )~ F Y T AREERD 53.9% (i
ERE 441 %) THRH L, RNTTHFT v 31.6% (RIFFEE307%) , TET~A 2271 % (Hi
FHE142%) , 77K 74 A7+ U R—=150% (RIFEE47%) , EX T RITUA21%
(AT 6.4%) , =T~ A42203% (BIMFEEERL) Lolz. 7o, ERENMIPAEEIC
DWTIE, B2 FEIEY Y /AT M) U AREED 51.8 % (RIFE 36.8 %) ThbZ
<, MNTFT 281 % (RIFFEEE 256 %) , TET~<A T2 126 % (HIFEE 23.7 %) , EX
YU YT A38% (RIEE 107%) , 77 R 74 A7 4 ViKR—/13.5% (RI4EE 3.1 %) ,
TUTRA T 02% (RHFEEEERL) LiroTz

B2 FEEOREARBELOEENMHBEELIIFEE L KT L, Y/ ~vA T MY
Th, FTITUVURRTTRTF AT F UR—IVIIEEM LT, TET~A U ERER T
U D AT L, BIFEEREREN DT I A VTR ERH o T,

FigR Ny T VTR 28 AEE NS, TV v RPN Y U ATER 22EENS, BT 2T
~ AT R U AITER I9FEEND, B U TR 1 FEENOREDRFENR L,
INHIEIFTM2EESHFENR oM. ok, Ve FF M UL, BEORL4ITRLEE
BY, BEFEAEEREER IC LD EEEN H o T
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1  Development of a simultaneous quantification method for ten trichothecenes
including deoxynivalenol-3-glucoside in feed
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