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

Masakazu SAIKI"

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

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

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

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

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

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

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

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

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

saponified paprika extracts, silica, feed additives

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

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

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

distiller's dried grains with solubles

Others 3 Molasses, calcium carbonate, salt, Saccharomyces cerevisiae
feed additives

22 O3
1) ~FHr, FHRFLLEOT & b AJRERE - PCB B 2 Wiz, X% 7 — v idikik s
n~ 77 7HERWZ., KiFEHA (JIS K 0211 @ 5218 [ZEFR S o@iK) & Huviz.
Kl 7 B =0 A RO LT U o AR 2 2.
2) 77— MERERIE
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WAL (oW 1ImLi, 7B Z7=—F&LTO05mgaaHT5. ) .

3) AH I NARAERFR

A B I R AEAES (FEE 98.5 %, Dr. Ehrenstorfer #) 25 mg % [EREIC &> T 50 mL O &
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2. IR 7 I 2AaDERETT v hralalz. @HlE fbbzk<. LFRILC. ) 1
ONTIE, ZOHRD—EREZT® M TERICI0HEHNLZ. 20 8 mL % 50 mL D72
BT 7 A2 IZIEMIZAIL, 40 °CLLTFOKEBT 1 mL LA T £ CRUEREM L7-t%, /K3 mL RO
fEF MUV A 1gZMATHENL, 77 LB TICHT 23BHRIKR & L.

BT LALER T

REHR 2 1M A4 Y U0 T AT A, 10 2EEE Lz, SEHARD A > T\t
W7 I Aaz~FH 10 mL §OT 4 BIVEHF L, WIKREZIERD 7 2IINA, Wi 5 I8 T AHA
O EUHIZET HE TR ST,

WIZ, 77774 MNI—ARUI=hT7 L% BTNV S mL THREL, ZnELAMET 1Y
LT LD TEICEFE ST, 200 mL ORTET I A2 7T 74 NI—R Uy I=07
LOTICEE, BREBHAROA> TWERTIEY 7 A azFiE—F /L 10 mL 2T 2 BEEAEL,
W ENER S T B2z, WWEAFETAHIO EICETIETHRFLTT 72— PR A X
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Table 2  Operating conditions of LC-MS/MS

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

Column temperature 40 °C

Ionization Electrospray ionization (ESI)

Mode Positive

Source temperature 120 °C

Desolvation gas N2 (800 L/h, 350 °C)

Cone gas N2 (50 L/h)

Collision gas Ar (0.20 mL/h)

Capillary voltage 0.5kV

Table 3 MS/MS parameters

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

Acephate 184

- 49 20 20

. 94 — 30 15
Methamidophos 142

- 125 30 15

5 i &

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

B, TEEOME% Scheme 1 [IZ/R L 7.
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Sample 10.0 g (300 mL Erlenmeyer flask)

——add 20 mL of water (grass hay: 30 mL) and allow to stand for 30 min
add 100 mL of acetone (grass hay: 120 mL) and shake for 30 min

— filtrate through No. 5B under reduced pressure

wash with 50 mL of acetone

— fill up to 200 mL with acetone

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

— 8 mL of sample solution

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

add 3 mL of water and 1 g of sodium chloride

Chem Elut and ENVI-Carb cartridge

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

wash with 10 mL of hexane (four times)

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

—elute with 40 mL of ethylacetate

——evaporate to dryness under 40 °C

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

—apply sample solution

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

evaporate to dryness under 40 °C

——dissolve in 1 mL of water
LC-MS/MS

Scheme 1 Analytical procedure for acephate and methamidophos in feed

3 BWRERUEBE
3.1 HREAR
22 D HTHE- TR L 7= 45 BB AR 2 uL 2 LC-MS/MS IZIEA L, 5472 SRM 7
B N T ANPDE—HEEONE S EZHNTREREZER L. SO mERO—FI,
Fig 2 ITRTEBVTHY, 7TEZ7=2— KR AZ I RARRAE, WTFiLd 0.0025~0.25 pg/mL (7F
A& & LT0.005~0.5 ng FHY &) OfufH CHEMMEZ R LT,



FEH DT E 72— FRUOAZ I FRAOQWHK I v~ 7572 07 DEESHEHNT K 2 R ERE 7

120000 400000 -
y =391618x - 538.413 y = 1185570x +273.1177
R?=0.9997 R?=0.9992
@ 90000 - «» 300000 - =Y.
= i
5 E
% 60000 - S 200000 -
R =y
o =
5 2
® 30000 - £ 100000 -
o] (o)
o o
0 . T . . . 0 . . . . T
0 0.05 0.1 0.15 0.2 0.25 0 0.05 0.1 0.15 0.2 0.25
Concentration of acephate/ [ug/mL] Concentration of acephate/ [ug/mL]
150000 800000 -+
y =531979x - 1134.15

120000 - R2=0.9996 y =230262x - 3359.63
" f?) 600000 - R?=0.9998
= z
=
5 90000 2
£ S 400000 -
g =
S 60000 - S
5 2
K % 200000 -
& 30000 | S

o
0 T T T T T 0 T T T T T
0 0.05 0.1 0.15 0.2 0.25 0 0.05 0.1 0.15 0.2 0.25
Concentration of methamidophos/ [ug/mL] Concentration of methamidophos/ [ug/mL]

Fig. 2  Calibration curves of acephate and methamidophos
by peak area (left) and peak height (right)

32 M AV TN TERORT T T 7 A MR =0T L5 O E Sy O

EOBLAZLEHW, 24 0 DIZLVRB LS 7 208 1123 23 BHAKIC, 7®7 =—
F& LT 0.5 mgkg FIME (REEEHAKRT T 0.2 pg/mL AHYE) HFOAZ I RAALELTOI
mg/kg Y& (REEUEHATK T T 0.04 ng/mL FIYSE) 2L, ZErA Y v Lh 7 Ak 0
TT777A4 NI—R =07 L00D0EMNE 2R LT, TORFEIT Table 4 DL FBY, ~
X4 0~40 mL OWE S TIXEHE T, HEEE=F /L 0~60 mL O W5y TT X THEH L, 60~120 mL
DOESIITAEH Lol 2O Z &b, JFRL IE & AERICEER = F /L 60 mL CIRH EE 5 2
Ll Lz, 2B, JFRL IETITRBHATRD A > TWERTIE Y7 7 A2 = F /L 10 mL ¥ T
6 [HPEH L TWDH, BIEDOMIE(LO - DICHE—F /v 10 mL 5T 2 [EEf#%, BT L
40mL Z Mz CiEtsEs2&E L

Table 4  Elution pattern of acephate and methamidophos from Chem-Elut / ENVI-Crb

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

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

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

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

Recoverya) (%)

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

a) Mean (n=3)

3.4 WIEHEWE OB
RCE I B G e, KT AR A kL, FLUBAERE B AR, KE, hE, £96A2
L, bObROT L7707 7 EA | BiEZREE LT, 24 T80 AR L2 %Z LC-
MSMS IZHEAL, fBONTZSRM 7 r~ b7 7 LEERLIZEZAH, WTHLORBHIBWT HE
BEGTH2E—7FRO N7,
ek, HoNSRM 7 u~ 7T ADO—f% Fig. 312 LT,
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Fig. 3  Selected reaction monitoring chromatograms of standard solution
and blank sample solutions of formula feed for layer and alfalfa hay
(Scales of vertical axis are the same between three chromatograms for methamidophos (a) and

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

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

B: Formula feed for layer

C: Alfalfa hay

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

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

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

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

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

a) Mean (n = 3)

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

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

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

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

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

3.7 EETREOHH TR

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

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

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

3.8 JL[AE]EAER

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

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

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

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

b) Relative standard deviation of repeatability within laboratory

c¢) Relative standard deviation of reproducibility between laboratories

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

modified Horwitz equation
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Table 7-2  Collaborative study for methamidophos

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

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

Spiked level (mg/kg) 0.01 0.1 0.1

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

Mean recovery ° (%) 81.5 81.9 100

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

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

c) Relative standard deviation of repeatability within laboratory

d) Relative standard deviation of reproducibility between laboratories

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

modified Horwitz equation
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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 TSKgel ODS-100V, Tosoh
MS/MS: Quattro premier XE, Waters (2.0 mmx150 mm, 5 pm)
LC: ACQUITY UPLC, Waters ZORBAX Eclipse XDB-C18,
2 MS/MS: ACQUITY TQD, Waters Agilent Technologies
(2.1 mmx150 mm, 5 pm)
LC: ACQUITY UPLC, Waters ZORBAX Eclipse XDB-C18,
3 MS/MS: ACQUITY TQD, Waters Agilent Technologies
(2.1 mmx150 mm, 5 pm)
LC: ACQUITY UPLC, Waters ZORBAX Eclipse XDB-C18,
4 MS/MS: ACQUITY TQD, Waters Agilent Technologies
(2.1 mmx150 mm, 5 pm)
5 LC: Nexera X2, Shimadzu TSKgel ODS-100V, Tosoh
MS/MS: LCMS-8040, Shimadzu (2.0 mmx150 mm, 5 um)
LC: 1200, Agilent Technologies ZORBAX Eclipse XDB-C18,
6 MS/MS: 6410 Triple Quad LC/MS, Agilent Technologies
Agilent Technologies (2.1 mmx150 mm, 5 um)
LC: 1200, Agilent Technologies Acquity UPLC BEH C18, Waters
7 MS/MS: 6410 Triple Quad LC/MS, (2.1 mmx150 mm, 1.7 pm)
Agilent Technologies
LC: ACQUITY UPLC, Waters ZORBAX Eclipse XDB-C138,
8 MS/MS: ACQUITY TQD, Waters Agilent Technologies
(2.1 mmx150 mm, 5 pm)
9 LC: 1200, Agilent Technologies TSKgel ODS-100V, Tosoh
MS/MS: API-3200 Q TRAP, AB Sciex (2.0 mmx150 mm, 5 um)
10 LC: ACQUITY UPLC, Waters TSKgel ODS-100V, Tosoh

MS/MS: Xevo TQ MS, Waters

(2.0 mmx150 mm, 5 pm)

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

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

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

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

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

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

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

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

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

X M|

1) EBHES R R ORI O R B S ICBE T 2485, B S1 47 A 24 B, 4558 35
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2) JBEAEREGR /&, NSO LERK, 344412 H 28 A, &R 370 5 (1959).

3) MHIEANBARMSITE 7 —  FEK 20 FEGE PO EYWESREEEZRTET D200
SIHTIEBRFE R OH R FE~DBATHEL LR ST OFEMEFEOSHTIEDRFE (2009).

4) William Horwitz: Protocol for the design, conduct and interpretation of method-performance studies,
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5) AOAC Int. (2012). Appendix D: Guidelines for collaborative study procedures to validate
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Simultaneous Determination of Imazapic and Imazapyr in Feed by LC-MS/MS

Masayoshi KUWABARA" and Satoru NAKAMURA"

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

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

After adding water to the samples, imazapic and imazapyr were extracted with hydrochloric acid
(0.02 mol/L)-methanol (2:3) and the resulting solutions were filtered. The filtrate was then
diluted with hydrochloric acid (0.02 mol/L)-methanol (2:3) to a final volume of 200 mL. The
sample solution was purified with InertSep C18-C (GL sciences Inc.; Tokyo, Japan) and Bond Elut
SCX (Agilent Technologies Inc.; Santa Clara, CA, USA), and injected into the LC-ESI-MS/MS for
determination of the levels of imazapic and imazapyr. LC separation was carried out on an ODS
column (Inertsil ODS-3, 2.1 mm i.d. X 150 mm, 4 um from GL Sciences Inc.; Tokyo, Japan) using
a gradient with 0.1 v/v% formic acid solution and methanol as the mobile phase. In the MS/MS
analysis, negative mode electrospray ionization (ESI-) was used.

Recovery tests were conducted on formula feed for finishing beef cattle, wheat, soybean, corn,
soybean meal and Sudangrass hay. The formula feed for cattle was spiked with 0.005 or 0.01
mg/kg of imazapic, and 0.005, 0.01 or 0.05 mg/kg of imazapyr. Wheat was spiked with 0.005,
0.01 or 0.05 mg/kg of imazapic, and 0.005, 0.01 or 0.05 mg/kg of imazapyr. Soybean was spiked
with 0.005, 0.05 or 0.5 mg/kg of imazapic, and 0.005, 0.05 or 5 mg/kg of imazapyr. Corn was
spiked with 0.005 or 0.01 mg/kg of imazapic, and 0.005, 0.01 or 0.05 mg/kg of imazapyr.
Soybean meal was spiked with 0.005, 0.05 or 0.5 mg/kg of imazapic, and 0.005, 0.05 or 7 mg/kg
of imazapyr. Sudangrass hay was spiked with 0.05, 0.5 or 3 mg/kg of imazapic, and 0.05, 0.5 or
30 mg/kg of imazapyr. The mean recoveries ranged from 82.7 % to 106 % for imazapic and
84.9 % to 109 % for imazapyr. The relative standard deviations of repeatability (RSD,) were not
more than 7.0 % for imazapic and 6.7 % for imazapyr.

A collaborative study was conducted in nine laboratories using formula feed for finishing beef
cattle, wheat, corn, soybean meal and Sudangrass hay spiked with imazapic and imazapyr.
Formula feed for finishing beef cattle was spiked with 0.01 mg/kg of imazapic and 0.05 mg/kg of
imazapyr. Wheat was spiked with 0.05 mg/kg of imazapic and 0.05 mg/kg of imazapyr. Corn
was spiked with 0.01 mg/kg of imazapic and 0.05 mg/kg of imazapyr. Soybean meal was spiked
with 0.5 mg/kg of imazapic and 7 mg/kg of imazapyr. Sudangrass hay was spiked with 3 mg/kg
of imazapic and 30 mg/kg of imazapyr. The ranges of mean recoveries, the relative standard
deviations of repeatability (RSD,), the relative standard deviations of reproducibility (RSDg) and
HorRat, respectively, were 81.4 % to 98.2 %, 3.6 % to 10 %, 6.8 % to 14 % and 0.38 to 0.65 for
imazapic, and 76.6 % to 91.0 %, 2.2 % to 13 %, 6.2 % to 20 % and 0.49 to 0.90 for imazapyr.

This method was validated and established for use in the inspection of imazapic and imazapyr in
feed.

T OMSTATEE NEBMOKPEN R LA v ¥ — T v s —
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Key words: feed; imazapic; imazapyr; liquid chromatograph-tandem mass spectrometer (LC-
MS/MS); electrospray ionization (ESI); collaborative study

XF—U—R ikl A~ 7 A~V @ERKIa~ NI 74057 LWRVEE
SRR, =Ly ha AT L— A F ks HFERR

1 # B

A~y 7 KA ~HF /L, American Cyanamid Co. (Bl BASF SE) I[Z X VBRI A 2
ZN ) UHRBRERITH D, 2O OERABEII ST X BOMMIENTOELSREF DT &
Mo R X o@mamiER %L, DNA Gk Ol s# 2L L THESE EE X T
% DD fRE OB IEEEL, A~y ZI2B W TIE, /ME 0.05 mgkg, KT 0.5 mgkg, &9
H A2 L 0.0l mgkg, KEMANT 0.5 mgkg KO 3 mg/kg, F7=, A vHFEMIBNTIE, hE
0.05 mg/kg, KT 5 mgkg, & 9HAZL 0.05 mgkg, KEHMNT 7 mgkg & OHE 30 mg/kg TH
%Y,

fAELE O WIEL, —fRVRIEN BARS O & 2 —2 [ERE 26 R fREH O HEWE 5 5%
MWL RETHEOONTERBROEELE~OBITHAEZLFE] BV THELELE Y
(BLF TJIFRL ¥ 205, ) 2365, @ JFRL W& EICEEH BT U Do ] o " 512 >0
THRFL7ZDT, ZoMELRETS.

BEIATE Y 7 LA v FELOHEXES Fig. 1 IR L7z,

Imazapic Imazapyr

O O

/ OH / OH

@] @]
(RS)-2-(4-isopropyl-4-methyl-5-o0x0-2-imidazolin-2-yl)-5-  (RS)-2-(4-isopropyl-4-methyl-5-o0x0-2-imidazolin-2-yl)
methylnicotinic acid nicotinic acid
C14H17N30O3 MW: 275.3 CAS No.: 104098-48-8 C13H1sN3O3 MW: 261.3 CAS No.: 81334-34-1

Fig. 1 Chemical structures of imazapic and imazapyr

2 EERAZE
2.1 &R
BlAEE (T rAa 7—BERMAH, AKRKIEEHEKOCRHFIEERH) , hE, KE, £98AZ
L, REMNTROEHRE (P77 V7 7 HEKRA =X 75 AE) #2241 mm O
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A7 Y — A LT e T LT
B, MEHZHWEZE AL OB S E A % Table 1 IZ/R L7,

Table 1  Compositions of the formula feeds

Formula feed Proportion

types Ingredient types ) Ingredients
For finishing Grains 61 Corn, polished rice, milo
period broiler i} seed meal 27 Soybean meal, rapeseed meal
Animal by-products 3 Chicken meal, fish meal, pork chicken meal
Brans 1 Rice bran
Others 8 Animal fat, calcium phosphate, calcium carbonate, salt,
feed yeast, fructo-oligosaccharides syrup, silica, feed additives
For finishing Grains 74 Corn, polished rice, milo, wheat, bread crumb
pig Oil seed meal 19 Soybean meal, rapeseed meal
Brans 2 Bran, rice bran
Others 5 Bakery waste, calcium carbonate, calcium phosphate, salt, animal fat,
feed additives
For finishing Grains 63 Corn, barley, milo
beef cattle Brans 30 Bran, corn gluten feed, hominy feed, rice bran
Oil seed meal 4 Soybean meal, rapeseed meal
Others 3 Molasses, soybean curd residue, calcium carbonate, salt, feed additives
22 A&

1) A= VT R O REAE IS I3 R - PCB B %2, BWHHRICIZE 7 n~ 7 F
THERWE. 7T AR EE - PCB RBHAE MWL, T =T K, XK OYEREIX
IR (FBEOT V=T KITZENEILI %K 28 %D b D) HHW. 74 YU ik
Celite 545 (Imerys Minerals California, Inc.®) % F\ 7=, ZKIZEHMK (JIS K0211 @ 5218 IZ7E
FTENTHHIA) 2 HW=.

2) A~V 7 ERERIR

A=Wy 7 EYEN, (GRREEEGKER T, M 99.9 %, FOEHEK T ¥R 25 mg 2 EfEICR -
TS50mL OEFET7TAICAN, T M ZMATHENL, LITERE CREEZMZ TA
<~y ZEEREERR L (ZO® ImLlE, A~V¥PEv 7L LT05mgaahmd5b. ) .

3) A~V

A~ EVIERES (R ERIRBRA, ME 99.7 %, B# 7)) 25 mg & EMEICE-> T 50
mL ORET 7 AZAN, FEEZMZ TENL, TIERETTE N ZMATA~FE
MEHEFIR AR L7 (ZOW ImLIE, A ~FEALELTO0SmgEEAT5H. ) .

4) RIEAIFEER

FAEHEIT WL 2 mL % 50 mL D287 7 A ZIEHICANTRAL, TIEREFTcTE %
Iz CERKBAEREFEZR L (Z0® 1 mL X, A ~FEy 7 ERA~FELLE LTH
20 ug ZEAET S, ) . HBIZ, BERESEREFTKRO —EEL, 0.1 VVAFXBEIK— A%/ —/
(743) TEMICAHRL, 1 mL FiIZA vy 7 KA v e LT 0.2, 04, 06, 0.8,
1.0, 2.0, 4.0, 6.0, 8.0, 10, 20, 40, 60, 80, 100, 200, 400, 600, 800, 1000 K TX 2000 ng
AT O BERKIEGEER TR L.



20 fREHFIE S Vol. 41 (2016)

23 HEROZHE
1) Bkt - ZM-200 Retsch B (1 mm 227 U —>, ffi FHEEEEEEL 14000 rpm)
2) WCAREL B 0 SM-2000 Retsch . (1 mm 227 U —>, [E#sE (fLEE) 1690 rpm)
3) IEEOHIHE: Ly T ur2—H—SR2W ¥ A 7 v 7 & (i HEHES)$K 250 rppm)
4 A ETFTINNT YL Y BNV =H T A InertSep C18-C (FECA&E 1000 mg) v—=x
LA A
5) NuvBUAAKR= AT LT YT Y ISV =5 T A Bond Elut SCX (F8 T A& 500
mg) Agilent Technologies #
6) Wik~ 7o 7% 7 AREESHH (LLF TLC-MS/MS) &9, )
LC # : ACQUITY UPLC System Waters H
MS 5 : ACQUITY TQD Waters
24 TERFIE
1 #h

TR 10.0 g 28> T 300 mL O3t =/~ F 232 A, 7K 20 mL (F2¥CH1E 30 mL)
ZIMZ 30 & E%, FICHEER (0.02 mol/L) — A% /—/L (2+43) 100 mL (FZAXH (T 120
mL) ZMz, 30 MRV IEE T L7Z. 200 mL OB 7 T2 2% 7 7F—F}0 FICE
X, il ZH o0 CLO A VYU L& 1| em OREIIZHE WA (5 FE B) TWHl A L7,
D=7 T A a RO S ZERER (0.02mol/L) — A%/ —/L (243) 60 mL THEHF L, [[
BRIZESI AR LTz, HICAREY 7 A2 OEMRE CHEEE (0.02 mol/L) — A%/ —/L (2+3) %
Mz 7=, Z O 2 mL (AR, FICHEE (0.02 mol/L) — A% / —/L (2+43) TIEREIZ 10 f%
R L72%, 20 2 mL) % 20 mL UL EORBESEDOH 7 ARMICIERIC A, HEEE (0.01
mol/L) 18 mL Z W% T, HT LMFRICHd Halkhimin & L.

2) T LKLER

G 2TIN I NMMET Y BTNV =H T B AKX 7 —L 10 mL K OUERE (0.01 mol/L) 10
mL CHERBEE Lz, BEHAKZ 2 =5 7 KA, WWEDTE TAKIO ESICET 5 £ Tt
S/, DI =BT LAOTFIZHLNESH A X 7 —/L 10 mL K OHEEE (0.01 mol/L) 10 mL T
ER e LIz_o B AR = LT a ey VA U DAV =8 T A adiE L, REHAK
DA TN H T ARZRZWE (0.0 mol/L) — A% /— b (1+1) 5 mL §2T 2 BI¥EH L,
WRENER X =07 22Nz, RIS S 7.

Wiz, A7 H2T NV I Y DTNV I =D T EEINL, AX ) —5mL EZXEBU A
NR= AT v U VA5V =07 M2, RIS SE72. 50 mL 0723
T7ITAAEI=ATLEADOTICES, TUVE=TK—AK/—/ (1499) 10 mL % I =47 Al
Mz, A~V 7 KEOA~FENLEERSEZ, FHEE 40 °C LLFOKB TIEE A S HH
T 5 ECRIEIRM Lok, BT AZ%o THBELEZ. 0.1 vVBFXEBIAIKR — A% 7 — /L (7+3)
1 mL %z ERECI 2 TREW AR L, LC-MS/MS I X BHlE it 2bkhaik & Lz

3) LC-MS/MS (T L % HlE

FUBHRIE e O 2 IR A S 4 pL & LC-MS/MS IZVEA L, #IREUSHE (LU TSRM|
EWH. ) Tav NI AERT.

LC-MS/MS D HIE 51 % Table 2 & O Table 3 127" L7z.
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4)

Table 2  Operating conditions of LC-MS/MS

Column
Mobile phase
Flow rate

Column temperature

Inertsil ODS-3 (2.1 mm i.d. x 150 mm, 4 pm), GL Sciences

0.1 v/v% formic acid-methanol (8:2) —10 min — (1:9) (hold for 5 min)
0.2 mL/min

40 °C

Ionization Electrospray ionization (ESI)
Mode Positive
Source temperature 150 °C
Desolvation gas N2 (650 L/h, 500 °C)
Capillary voltage 1kV
Cone gas N2 (50 L/h)
Collision gas Ar (0.20 mL/min)
Table 3 MS/MS parameters
Precursor Product ion Cone Collision
Target ion Quantifier Qualifier voltage energy
(m/z) (m/z) (mlz) M (eV)
Imazapic 276 =k — 35 20
— 163 25
Tmazapyr 262 2 — 35 2
— 69 30
G

SOz SRM 7~ 7AW bA~TE Y 7 RS ~TELOE— 7 HRENLEOE I &K

O THEMZ B L,

REHF DA v Py 7 BROA v FELEZR T L.

0k, EFEHEOWEZ % Scheme 1 128 L7-.
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Sample 10 g (300 mL Erlenmeyer flask)

——add 20 mL of water (30 mL for grass hay) and allow to stand for 30 min
——add 100 mL of HCI (0.02 mol/L)-methanol (2:3) (120 mL for grass hay)
—shake for 30 min

filter through No.5B using diatomite under reduced pressure

wash with 60 mL of HCI (0.02 mol/L)-methanol (2:3)

— fill up to 200 mL with HCI (0.02 mol/L)-methanol (2:3)

—dilute sample solution of grass hay 10-fold dilution with HCI (0.02 mol/L)-methanol (2:3)
transfer 2 mL of sample solution to 20 mL centrifuge tube and add 18 mL of HCI (0.01 mol/L))
InertSep C18-C and Bond Elut SCX

prewash each minicolumn with 10 mL of methanol and 10 mL of HCI1 (0.01 mol/L)
—apply the sample solution to InertSep C18-C

—attach Bond Elut SCX under InertSep C18-C

——wash with 5 mL of HCI1 (0.01 mol/L)-methanol (1:1) (twice)

remove InertSep C18-C and wash with 5 mL of methanol

—elute with 10 mL of ammonia-methanol (1:99)

evaporate to dryness under 40 °C

——dissolve in 1 mL of 0.1 v/v% formic acid-methanol (7:3)

LC-MS/MS

Scheme 1 Analytical procedure for imazapic and imazapyr in feed

3 HRRUBE
3.1 HREAR
22 D HITHSTHB LA ~TFE Y 7 KA ~PFELE LTS 02, 04, 0.6, 0.8, 1.0, 2.0,
4.0, 6.0, 8.0, 10, 20, 40, 60, 80, 100, 200, 400, 600, 800, 1000 } TX 2000 ng/mL A4 & D
KRR A AENENRAS 4 uL & LC-MS/MS IZHEAL, BN SRM 7~ K7 T AL E— 7
BEOE—7EmE W THREREZIER L. o emERIE, Fig. 2 D&BVTHY, 41+
P 7 KOS < H E/LT0.2~2000 ng/mL (FEAREE LT 0.0008~8 ng fHY &) O CHEMRME
oLz,
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1) A7 2Ty Uik ) 7N

1200000 - 6000000
y =1524.6x +3585.3 y =2638x + 17648
" 1000000 - R2=0.9993 'S 5000000 R2=0.9993
g 800000 - 2 4000000
S g
< 600000 - 2 3000000
400000 1 "5 2000000
«
(3] Q
=W
200000 - ® 1000000
0 T T T 1 0 T T T 1
0 500 1000 1500 2000 0 500 1000 1500 2000
Concentration of imazapic / [ng/mL] Concentration of imazapic/ [ng/mL]
Fig. 2-1  Calibration curves of imazapic by peak area (left) and peak height (right)
1200000 6000000 _
y = 478.24x +2217.7 y=242 16‘ 9*9191970
1000000 R2=0.9996 5000000 =0.9995
= =
& 800000 £ 4000000
2 S
3 600000 = 3000000
A4 400000 = 2000000
L Pt
200000 &~ 1000000
0 T T T 1 0 T T T 1
0 500 1000 1500 2000 500 1000 1500 2000
Concentration of imazapyr / [ng/mLj] Concentration of imazapyr / [ng/mL]
Fig. 2-2  Calibration curves of imazapyr by peak (left) area and peak height (right)
32 =0T LD OERMHHE S ORER

=T A

KEMMHTZHY, 24 O D> TR L7 ENRRICA ~ Ty 7 RO ~F L& L
T 0.5 mg/kg f4 & (Ff&RUEHANR H T 50 ng/mL) ZiRIML, A7 %7 Uk U 47
NI =T AP DOEHE S Z MR L. ZORRIEL, Table 4 DEBH, A ~HF &y 7 kW
A ~HEITHERE (0.01 mol/L) 10 mL D4y TiXiAH w9, HEE (0.0l mol/L) — A X / —)L
(1+1) 0~10 mL DMEZFIZIEH L, 10~20 mL OEICIFAEH Lo 7=. DLEORERNS
JFRL & ERBRICA T 7 MR T 2 MR EX., E# (0.01 mol/L) — A%/ —/L (1+1) 10
mL & L7z,
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Table 4  Elution pattern of imazapic and imazapyr from InertSep C18-C
Recoverya) (%)

Pesticide HCI (0.01 mol/L) HCI (0.01 mol/L)-methanol (1:1) Total
0~5mL 5~10mL 0~5mL  5~10mL 10~15mL 15~20 mL

Imazapic 0 0 89 3 0 0 92

Imazapyr 0 0 90 0 0 0 90

a) Mean (n=3)

2) RUBUVANKF= AT N YN U BTV =0T A
RN TEHY, 24 O DIZE> TR ZITW, 2) 047 2T Uk U B 702
=T ML DR AT TR BHAIRICA ~ v 7 KOS =~ EL & LT 0.5 mgkg Y&
(B AHFUBHATE T 50 ng/mL) ZHML, XRUBrRLR= L7y V) h7 L
=T EADNLOEME SR L., EORRIE, Table 5 LBV, A vFELKROA ~
P 73T 2T N Vb U BTNV =0 T AOEHEETh 5 8# (0.01 mol/L)
— A% 7 — (1+1) 0~10 mL O I NA K /—/L 5 mL TIHREHET, 7o E=7 /K2
% 7=/ (1+499) 0~10 mL OE/FIZAEH L, 10~20 mL OE S IITEH Lisho 7z, L EDORE
BEND, KB I LCBTAEHEEILZT v E=TAK—A% /7 —/ (1+99) 10mL & L7-.

Table 5  Elution pattern of imazapic and imazapyr from Bond Elut SCX
Recovery” (%)

Pesticide Hileiga?lllng(fl/ﬁ) Methanol Ammonia solution-methanol (1:99) Total
0~5mL 5~10mL 0~5 mL 0~5mL 5~10mL 10~15mL 15~20 mL

Imazapic 0 0 0 43 54 0 0 97

Imazapyr 0 0 0 41 51 0 0 92

a) Mean (n=3)

3.3 WiEWE ORGET
BLAEE (ZuA 7—EEHMA, AREEHLOCHAFIEER) , h#, KE, 2852

L, REM»T RO (T 77 V7 7 ER A —Z 7T AFE) & 1 iEx Ay, K
%Ki@%@btﬁﬂ%ﬁ%[ﬁMyMsmﬁkb,ﬁi%% LAY OFEAER LI
A, hEY—7 3RO Tz,

B, %i% IO TEONZ SRM 7 u~ k75 LD —fl% Fig. 3 IR L7T-.
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Intensity

—r
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WW\«_A | ”MNW‘“WWV‘WMW‘M

4 6 8 10 12 4 6 8 10 12
Retention time / [min] Retention time / [min]

1 2
! 1 2
4 6 8 10 12

Retention time / [min]

D ; = F

3.4

Intensity

—r

Intensity
Intensity

46 8 10 12 4 6 8 10 12 4 6 8 10 12
Retention time / [min] Retention time / [min] Retention time / [min]
Fig. 3  Selected reaction monitoring chromatograms
(Arrows indicate the retention times of 1: imazapyr and 2: imazapic. The peak height of the 5 ng/mL

standard solution is to be shown as 100 %, and the baselines were shifted for display.)

A: Standard solution (5 ng/mL: 20 pg as each pesticide)

B: Standard solution (0.5 ng/mL: 2 pg as each pesticide)

C: Sample solution of wheat (blank)

D: Sample solution of wheat spiked at 0.05 mg/kg of imazapic and imazapyr (5 ng/mL as each
pesticide)

E: Sample solution of Sudangrass hay (blank)

F: Sample solution of Sudangrass hay spiked at 0.05 mg/kg of imazapic and imazapyr (0.5 ng/mL
as each pesticide)

~ U v 7 AR ORER
24 O DD DT XV FHR LRGSR (Trg 7 —BEFERHH, AKRIEEHEXOCARBIES
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H) , MERDEIBAZLOT T 7REHEIRIZA ~PFE Y 7 KOS v HF L s LTH 0.01
mg/kg HHY & (BEEEHAR T T4 | ng/mL MY &) , KEKOKEMNTOT Z7 v 7 FBHAR
24 0.04 mg/kg FHY & (REFEHAR P T 4ng/mL FAYS &) , @4 (T 7 7 V7 7 HLE K
CA—=H v 7T AqE) OF7 7 v 7 @HRKIZS 0.2 mgke Y& GREREHART ©F 2
ng/mL FHY &) 22N ENHRMLTEAE~ Y v 7 AEBERIZOWNT, 22 O )ITHE-> THE L
[ O B E R I T 2 ¥ — V7 HfEL 2R LI 2 A, A~V E > 71 88~98 %, A
~ LT 88~101 % THY, A v T E Y 7 LA v FELFRAE~ M) v 7 R KDKRERE
BhZ DL WEAETH -T2,

3.5 EANIEIERER

APy 72O TIE, WHAEEHEGEEHZ 0.005 LT 0.01 mg/kg MY & (RA&REBHA
H T 0.5 1 ng/mL) , /NFEIZ 0.005, 0.01 &O0.05 mg/kg FH%4 & (BEaEHATRH T 0.5,
1 V5 ng/mL) %, KEIZ 0.005, 0.05 %N 0.5 mg/kg F4E (B EHAK T T 0.5, 5 K
50 ng/mL) %, &9 HAZ LI 0.005 LT 0.01 mgkg MR GREREHAKFT T 0.5 L 1
ng/mL) %, KEIM2TIZ 0.005, 0.05 %N 0.5 mg/kg FA4 & (fEREHAKF T 0.5, 5 KO 50
ng/mL) %, A—X 77 AHEIZ 0.05, 0.5 L3 mgkg HHY & (R&EREHAKRT TO05, 5K
O30 ng/mL) %, A ~HFEMZONTIE, WHFEEHEGEEHZ 0.005, 0.01 T 0.05 mg/kg
FEY R (R EREHART T 0.5, 1 XOV5 ng/mL) %, /N#EIZ0.005, 0.01 %O 0.05 mg/kg FH24 &
(B lBHA R T 0.5, 1 X5 ng/mL) %, KEIZ 0.005, 0.05 &5 mg/kg FAY & (GRf&at
BHAW T 0.5, 5 XTV500 ng/mL) %, &9 A LIC0.005 0.01 XTr0.05 mg/kg FHY & (i
FERBHAR T 0.5, 1 LOVS ng/mL) %, KEJHHNTIT 0.005, 0.05 X7 mg/kg tHY & (&
AEHAK T 0.5, 5 XTN700 ng/mL) %, A—X& 27T AFEIZ 0.05, 0.5 Xi% 30 mg/kg fH4 &
(B A& FUBHAIR T 0.5, 5 X TV300 ng/mL) #ZNZEIRIML, RIEIZEY 3 80MTo0 % i
L TR K O LR 4 SR D 7=

FOREFIL Table 6 DEBY, £ ~HF "y ZIZOWTITEHENLER 82.7~106 %, F DI LK
FEVIAE AR MER 22 (RSD,) & LT 7.0 %A T, A P /T HOW T LA 84.9~109 %, £
DR UREEIZRSD, & LT 67% LT THY, BARMENIEOLTZ.
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Table 6  Recoveries for imazapic and imazapyr
Feed types
i F la feed fq
. Spiked c?rn.qua ceator Wheat Soybean
Pesticides level finishing beef cattle
(mg/ke) Recoverya) RSDrb) Recoverya) RSDrb) Recoverya) RSDrb)
(%) (%) (%) (%) (%) (%)
0.005 93.2 2.4 82.7 3.5 89.5 4.4
. 0.01 96.0 6.5 87.8 2.3 — —
Imazapic
0.05 — — 100 2.4 96.3 3.3
0.5 - - - - 96.2 0.4
0.005 87.9 6.7 88.9 4.9 90.1 6.5
0.01 93.4 3.8 98.5 3.5 — —
Imazapyr
0.05 84.9 0.8 105 2.2 102 1.4
5 - - — — 94.0 0.7
Spiked Feed types
. level Corn Soybean meal Sudangrass hay
Pesticide 2 b) a) b) a) b)
(mg/ke) Recovery™ RSD: Recovery RSD; Recovery RSD;
(%) (%) (%) (%) (%) (%)
0.005 87.7 1.7 89.9 5.1 — -
0.01 97.7 5.0 — — — —
Imazapic 0.05 — — 106 2.1 91.7 7.0
0.5 — — 102 1.2 99.4 1.5
3 - - - - 92.9 0.9
0.005 95.2 6.2 87.1 4.1 — -
0.01 100 4.9 — — - —
0.05 85.4 0.7 107 2.1 100 5.1
Imazapyr
0.5 — — — — 109 2.3
7 — — 98.5 1.4 — —
30 - - - - 92.5 0.4
—: Not tested

a) Mean (n=3)

b) Relative standard deviation of repeatability

3.6 EETREOBE TR
AKEODEBETEREOMH TREZHERT L0, APy 7 KOS ~HFEALZRML, HIE

IGRBRICE VGO D E—7 D SNHB 10 KV3 LR biRELZRDT-

ZORER, A ~P Y7 ROA~PENLL BTSN RN 10 & 725X 0.005 mg/kg (FHE
1% 0.05 mg/kg) , SN IS 3 & 725X 0.002 mg/kg (BZHELE 0.02 mg/kg) TH - 7-.
72, Table 6 2R L72& BV, Yi%ERE FIREEICET 20MEINGRERFERIIRIFCTH o 72,

3.7  H:[EIEER

AL D 2 W] PN JE 2 T

[l Al 2 S0 L 7.

ST, BREEIEEE, 2OIEPIRO 2 SUKE THEREHT L 53k
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emakl & LTk, WHAEEHEGREEHCA Py 7 & LT 0.0l mgkg MAYEK A <
P e LTO0.05 megkg AHME (OHARE 10 gz LT 1 mL A~ EYZ 01 pg KO
A=TFEIL 05 ug #EH T HIRAGEER | mLIEN) , WhEIZA~HF >y 7 &L TO0.05 mgkg fH
BEEOA v HFE/L L LTO0.05mekg Y& (OHTAHRE 102 LT 1ImLHIZA vFEY Y
0.5 ug KA ~HFENL 0.5 ng G5 HTHIRGEER I mLiiMN) , £H9bAZ LI/ ~FE Y
ELTO0.0l mgkg fHYEROA ~HFE/LE L TO0.05 mgkg HHY & (b HFRE 10 glzxr LT 1
mL FUZA P E Y7 0.1 pg KA ~HF 0.5 ng 25 H T 2IRAEMER 1 mLIRMN) , KEH
DICA~YFE Y 7 L LT05 mghkg Y ELOA v L L LT 7 mgkg FH4&E (A HBE
10 gliZxf LTI mLHFIZA~FE Y7 5 ug KA P L T0 ug 256 T HIREERER 1| mL K
m WRNCA—=F > 7T AEEILA~PF Y 7 L LT 3 mgkg HYEL RS v E LT 30
mg/kg FHY & (AT BN 10 g l2kF LT 1 mL 24 < E > 27 30 pg LA ~H L 300 ug %
EATHRAELER 1 mL RN %, FRBREIC TONBMBORT B I L TR L 7=3E% H
Wz

ZNARBRE T, 2 E R A A SR G PE TP A gE T, —RMENEAN BRSO 2 —2%
FERFZERT, — MR HE N L BR B A s RS 2T, MSZAT BOE N RMOKPETH & 2 2 it v
& — RS R A, FflRe s ¥ —, Eledtr¥—, AahEEC 22—, RAMEEs % —
KOt % — GEIRBR=E) Thote. FHEOMITICOVTIE, EEMIC A —FT 1 XS
M- ERBRICET 5 FIE 7 2552, Cochran FiE, #MUIE 1 180 Grubbs i & DS UIE
2 > Grubbs BEZATVY, SIVIED A EOHERR M OFEAEF 24T o 7o L THEEHEINER, Hak LS
B (RSD,) M ONEMEHBLHE (RSDr) ZH ML, 5517 RSDr 205, EIE Horwitz 2 Y%
T HorRat # 3R 7=.

APy 7 OFERIL Table 7 DL FH THO, WHFEEHEGEER, NE LH58AZL,
RGN T RRA—=F 2 7T AFEEIZONT, FHEILEET 87.6, 81.4, 89.0, 98.2 KX 84.4 %,
RSD; i% 9.3, 8.6, 10, 3.6 X T* 6.7 %, RSDg (Z 11, 13, 14, 6.8 XT* 9.1 %, HorRat (I 0.50,
0.61, 0.64, 0.38 XU} 0.65 TH o7z, #5472 HorRat (22T, 0.50 Z F[EI> T\ D H D RH
ST, OHTRENHEBENEE L ZLiIcLdbDLEX LN,

AP ENLORFERIL Table 8 D LBV THY, WHFIEEREAEE, 2, 5852 L,
KEMNT R OR—F 2 J T AGEIZOWT, FHEILRIL 76.6, 78.8, 83.7, 89.4 KX 91.0 %,
RSD, I% 7.6, 13, 8.6, 2.2 }xT* 3.8 %, RSDg % 19, 20, 19, 6.2 K T* 4.8 %, HorRat I% 0.85,
0.90, 0.85, 0.51 &XTr0.49 THh o7z, #5472 HorRat (22T, 0.50 Z FEI> TV D H D RH
DIV, SHTEENERINfEECH L Z LICL b &b,

SEDY, FRBECHEH LK vu~ N7 7% 07 MAVE BT O % Table

9T L7,
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Table 7  Collaborative study for imazapic
Feed types
Lab. No. .F(.)rn.lula fleed for Wheat Corn Soybean meal Sudangrass hay
finishing beef cattle
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
1 0.0103  0.00781  0.0526 0.0463 0.0103 0.00827 0.516  0.490 2.78  2.99
2 0.00894 0.00886  0.0383 0.0484 0.00916  0.00986 0.501 0.476 2.68 2.16
3 0.00724 0.00906  0.0321 0.0345 0.00718  0.00699 0.559  0.527 2.65 2.83
4 0.00720 0.00743  0.0387 0.0453 0.00744  0.00858 0.421 0.456 247 2.53
5 0.00828 0.00897  0.0397 0.0401 0.00883  0.00931 0.507 0.512 2.71  2.58
6 0.00875 0.00891  0.0423 0.0433 0.00949  0.00957 0.487  0.490 247 248
7 0.00989 0.0105 0.0388 0.0409 0.00919 0.0120 0.451 0.459 239  2.63
8 0.00860 0.00858  0.0331 0.0350 0.00742  0.00815 0.494 0.522 239 2.08
9 0.00857 0.00976  0.0395 0.0440 0.00889  0.00950 0.468  0.502 242 235
Spiked level (mg/kg) 0.01 0.05 0.01 0.5 3
Mean value” (mg/kg) 0.00876 0.0407 0.00890 0.491 2.53
Mean recovery” (%) 87.6 81.4 89.0 98.2 84.4
RSD,” (%) 9.3 8.6 10 3.6 6.7
RSDg? (%) 11 13 14 6.8 9.1
PRSDR” (%) 22 22 22 18 14
HorRat 0.50 0.61 0.64 0.38 0.65
a) n=18

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

modified Horwitz equation
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Table 8 Collaborative study for imazapyr
Feed types
Formula feed for
Lab. No. o Wheat Corn Soybean meal Sudangrass hay
finishing beef cattle
(mg/kg) (mgkg) (mg/kg) (mgkg) (mg/kg)
1 0.0403  0.0394 0.0554 0.0380  0.0438 0.0415 5.99 5.85 27.1 29.5
2 0.0418  0.0398 0.0393  0.0456 0.0438  0.0473 6.35 6.06 259 25.2
3 0.0280  0.0376 0.0295  0.0323 0.0317  0.0296 6.71 6.50 27.7 29.4
4 0.0257  0.0282 0.0322 0.0414  0.0329 0.0383 3597 350" 27.3 27.5
5 0.0389  0.0415 0.0389  0.0401 0.0418  0.0445 6.82 6.90 27.4 26.9
6 0.0448  0.0445 0.0449  0.0444  0.0467 0.0485 6.17 6.26 28.5 28.3
7 0.0472  0.0484 0.0415 0.0452 0.0464 0.0577 5.74 5.84 25.5 28.2
8 0.0291  0.0311 0.0262  0.0262 0.0300  0.0349 5.99 5.89 28.5 27.0
9 0.0385  0.0447 0.0427  0.0453 0.0447  0.0493 6.37 6.70 25.8 25.8
Spiked level (mg/ke) 0.05 0.05 0.05 7 30
Mean value” (mg/kg) 0.0383 0.0394 0.0419 6.26 27.3
Mean recoveryb) (%) 76.6 78.8 83.7 89.4 91.0
RSD, ? (%) 7.6 13 8.6 2.2 3.8
RSDyg ¢ (%) 19 20 19 6.2 4.8
PRSDg ? (%) 22 22 22 12 10
HorRat 0.85 0.90 0.85 0.51 0.49

a) Data excluded by Cochran test

b) Formula feed for finishing beef cattle: n=18; Wheat: n=18; Corn: n=18; Soybean meal: n=16;

Sudangrass hay: n=18

¢) 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 9 Instruments used in the collaborative study

Lab. No. LC-MS/MS LC colume
(i.d.xlength, particle size)
i LC: ACQUITY UPLC Waters X Bridge C18, Waters
MS/MS: Quattro premier XE, Waters (2.1 mmx150 mm, 5 um)
5 LC: Nexera X2, Shimadzu Inertsil ODS-3, GL Sciences
MS/MS: LCMS-8040, Shimadzu (2.1 mmx150 mm, 3 pm)
3 LC: ACQUITY UPLC, Waters Inertsil ODS-3, GL Sciences
MS/MS: Quattro premier XE, Waters (2.1 mmx150 mm, 3 um)
LC: ACQUITY UPLC, Waters ZORBAX Eclipse XDB-C18,
4 MS/MS: ACQUITY TQD, Waters Agilent Technologies
(2.1 mmx150 mm, 5 pm)
5 LC: ACQUITY UPLC, Waters Inertsil ODS-3, GL Sciences
MS/MS: ACQUITY TQD, Waters (2.1 mmx*150 mm, 4 um)
LC: ACQUITY UPLC, Waters ZORBAX Eclipse XDB-C18,
6 MS/MS: ACQUITY TQD, Waters Agilent Technologies
(2.1 mmx150 mm, 5 pm)
7 LC: 1200 Series, Agilent Technologies Inertsil ODS-3, GL Sciences
MS/MS: API-3200 Q TRAP, AB SCIEX (2.1 mmx150 mm, 4 um)
8 LC: LC-20AD, Shimadzu Inertsil ODS-3, GL Sciences
MS/MS: API 4000, Applied Biosystems (2.1 mmx150 mm, 4 um)
9 LC: ACQUITY UPLC, Waters BEH C18, Waters
MS/MS: ACQUITY TQD, Waters (2.1 mmx150 mm, 1.7 um)
4 F&D

BT 54 P v 7 RO =P ELICHONT, JFRL #4512, LC-MS/MS % Hvi=
[ IR & BB O FA RN T R E~DOBEH O R[S IO TG L7z & 2 A, UTOMEEZS G, AR
AIRETH D L ER LT,

1) BEHITZZNZN 02~2000 ng/mL (FEAEE LT 0.0008~8 ng fH4 &) OHiPH CEMRIEZ R L

7.

BB, UERERIIBID2E~ MY v 7 ZORMBINGRBROREREILX, A~y 7L L

T, AWHFIEE HELAEEHNZ 0.5 X OV 1 ng/mL FH 4R E, /212 0.5, 1 & OV5 ng/mL FH 24 R,

KEIZ 0.5, 5 XTN50 ng/mL AHSREE, L H5HAZ LI 0.5 KUV ng/mL FHEERE, KEMT

(20.5, 5 K ON50 ng/mL FHREE, R—&F 2 7T AEIZ 0.5, 5 K030 ng/mL FIYSEEE, £~

Feard LT, HHFEEHESEENC 0.5, 1 X 5 ng/mL AHYSEE, /IFEIZ 0.5 1 K5

ng/mL FHEEE, KEIZ 0.5, 5 LT 500 ng/mL FHSEE, 955 A2 LI 0.5, 1 LTS5 ng/mL

FHM RS, KEHMATIZ 0.5, 5 KT 700 ng/mL FHYIEE, A—X 27 T AFLEIZ 0.5, 5 KO

300 ng/mL FHYRE & L 7.

2) KBRS THONT SRM Z u~ 27T A TlE, 6 FEOGEEE KO 3 FEOR A FEHS

BWTERLZITHOE—7 TR oT.
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3) WHAEFEREAER, N, KE, L5652 L, REMPTROR—=F 7T AFEEIZA
~HPFE w7 L LT0.005~3 mgkg Y&, A ~HP /L LT0.005~30 mg/kg FI4E A FMNL7ZR
BHZ DWW CTHINEIGRER & FEhE L, AR R OO L E 2R 7= & 2 A BRI RERZE LN
7.

4) KEIZE DA~ E Y7 RS < HF ENLOERE FRIZ 0.005 mgkg (X 0.05 mg/kg) ,
H T FRIZ 0.002 mg/kg (HZA%EIX 0.02 mg/kg) Th o 7-.

5 AHAEEREAfEEHNCA ~VF vy 7 & LT 001 mgkg Y EK A ~FELE LT 0.05
mg/kg FHY B, INEICA Py 7 RO v HFELE LTERZEI 0.05 mgkg HHYE, L9585
ZLIEA~HFEy 7 L LT 001 mgkg FHYENL A ~HF /L L LT 0.05 mgkg FHY4 &, KEjH
WP A~YPEy 7 & LTO05 mgkg FHEEXR A v /L LT 7 mgkg FHY &I N A —F
YT TAGEIIASYTE Yy 7L LT3 mgkg tHYEKLOA v HFE/L L LT 30 mgkg FHEELIR
MUTEE 2 VT, 9 MBREICBW TAREICEWERFRIRBRZFZM L& 25, BARERIE
oY

# ##
SLFEFRBRIZ SN L Tz 2 7o 2 236 0 R R 5 Bk &5 pE T SR BFJE AT,  — Ak EIE N AR L5y
Mrte o &2 — ZEERFFE AT K O — i i [ R N £ Gl BREE AR AL i 2 AU 26T I B U © PR A5 LIS Il o
BaezRLET.

X B
) BKEZAR A~V y 7 REHNE B2 , F2641H (2014).
ZAR A~ T EVRERHIE (F 200 , PR 2643 A (2014).

3) RMES - GER QSRR OB B SF I BT 58w, MR S14 7 H 24 A, BAESHE
35 %5 (1976).

4) —RMEVEN R ARSIt Z—, —REE AR SRERER S - P 26 FEEFEET O
HEWEESNTIEREFZE (2015).

5) BRMOKEEWE - ZERREA SO EEOHEICOWNT, k2044 H 1 H, 19H%
% 14729 5 (2008).

6) William Horwitz: Protocol for the design, conduct and interpretation of method-performance studies,
Pure & Appl. Chem., 67(2), 331-343 (1995).

7) AOAC Int. (2012) Appendix D: Guidelines for collaborative study procedures to validate characteristics
of a Method of Analysis. In official methods of analysis of AOAC Int. 19 ed. Gaithersburg, MD, USA.

8) Michael Thompson: Recent trends in inter-laboratory precision at ppb and sub-ppb concentrations in

relation to fitness for purpose criteria proficiency testing, Analyst, 125, 385-386 (2000).
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3 fAHBARAHROIRTOANLTH 4 BHoDKREFEI QAT NISTE2UT
LRBENHEFICLIEEBES]

EAT T, FE R

Simultaneous Determination of Esprocarb and 4 Pesticides in Rice Straw, Whole-crop Rice Silage
and Paddy Rice for Feed by LC-MS/MS

Satoshi YOSHIMURA " and Youichi WAKAMIYA®

(" Food and Agricultural Materials Inspection Center, Fukuoka Regional Center)

An analytical method was developed to simultaneously determine the levels of buprofezin,
cafenstrole, esprocarb, pyrazolynate and pyrazoxyfen in feed using liquid chromatography-
electrospray ionization-tandem mass spectrometry (LC-ESI-MS/MS).

After adding water to samples, buprofezin, cafenstrole, esprocarb, pyrazolynate and pyrazoxyfen
were extracted with acetone and the resulting solutions were filtered. The filtrate was then
diluted with acetone to a final volume of 200 mL. The sample solution was purified with
InertSep Slim-J C-18B (GL Science Inc.; Tokyo, Japan) and injected into the LC-ESI-MS/MS for
determination of the levels of five pesticides. LC separation was carried out on an ODS column
(ZORBAX Eclipse XDB-C18, 2.1 mm i.d. X 150 mm, 5 um from Agilent Technologies Inc.; Santa
Clara, CA, USA) using a gradient with 2 mmol/L ammonium acetate solution and acetonitrile as
the mobile phase. MS/MS analysis was performed in the selected reaction monitoring (SRM)
mode.

Recovery tests were conducted on rice straw, whole-crop rice silage and paddy rice spiked. Rice
straw was spiked with 0.01 or 25 mg/kg of buprofezin, 0.01 or 0.2 mg/kg of other pesticides
except buprofezin. Whole-crop rice silage was spiked with 0.01 or 15 mg/kg of buprofezin, 0.01
or 0.2 mg/kg of other pesticides except buprofezin. Paddy rice was spiked with 0.01 or 10 mg/kg
of buprofezin, 0.01 or 0.02 mg/kg of cafenstrole and esprocarb, 0.01 or 0.1 mg/kg of pyrazolynate
and pyrazoxyfen. The mean recoveries ranged from 85.6 % to 101 % for buprofezin, 93.6 % to
103 % for cafenstrole, 88.5 % to 104 % for esprocarb, 90.3 % to 98.8 % for pyrazolynate and
86.2 % to 106 % for pyrazoxyfen. The relative standard deviations of repeatability (RSD,)
were not more than 7.1% for buprofezin, 5.2 % for cafenstrole, 7.9 % for esprocarb, 7.1 % for
pyrazolynate and 5.9 % for pyrazoxyfen.

A collaborative study was conducted in nine laboratories, using rice straw, whole-crop rice silage
and paddy rice spiked with buprofezin, cafenstrole, esprocarb, pyrazolynate and pyrazoxyfen in
the following quantities: 25 mg/kg of buprofezin and 0.2 mg/kg of other pesticides except
buprofezin for rice straw, 15 mg/kg of buprofezin and 0.2 mg/kg of other pesticides except
buprofezin for whole-crop rice silage, and 10 mg/kg of buprofezin and 0.02 mg/kg of cafenstrole
and esprocarb and 0.1 mg/kg of pyrazolynate and pyrazoxyfen for paddy rice. For each pesticide,
the resulting range of mean recoveries, repeatability and reproducibility in the terms of relative
standard deviations (RSD, and RSDg) and HorRat, respectively, were 90.5 % to 97.6 % and not
more than 4.4 %, 11 % and 1.1 for buprofezin, 95.8 % to 97.0 % and not more than 7.1 %, 9.6 %
and 0.46 for cafenstrole, 88.4 to 94.0 % and not more than 8.0 %, 10 % and 0.49 for esprocarb,
91.0 % to 99.3 % and not more than 5.2 %, 15 % and 0.71 for pyrazolynate, and 88.3 % to 94.2 %
and not more than 4.0 %, 13 % and 0.65 for pyrazoxyfen.

T OMSTATEOE N EMOKPEN I 2 A v ¥ —fa v s —
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This method was validated and established for use in the inspection of buprofezin, cafenstrole,

esprocarb, pyrazolynate and pyrazoxyfen in rice straw, whole-crop rice silage and paddy rice for
feed.

Key words: buprofezin; cafenstrole; esprocarb; pyrazolynate; pyrazoxyfen; liquid chromatograph-
tandem mass spectrometer (LC-MS/MS); electrospray ionization (ESI); rice for feed; rice
straw; whole-crop rice silage; paddy rice; collaborative study

X—U—RK: T a7 h T2 A g —)b AT O AN T BTV R— |
SR Ty ik a~w NS R TF AR RSE 2L e RS L —
A FAvE ; FEHA 3 b b TEREEHLETE ; Bk ; HhFE R

1 # B

TIRT 2 FTFTOTICROFRAE LT, BTz A bu— L E )T =L RD—
AL BRI REARE LT P, 2270 AT IEF A D — " A— FREREAIE LT, 5
YU F—hEROE T X7 23T —ARAAORERE LT YY), BARENTERZEN
BRI N TND.

BOETIE, MEOAEEWEORELE Y otiE CFk 21 41 A 29 A) iIckv, fAEHA F
(FBo &, FEFEEEHLENE L OIK) (2 HOW TR RO RS EE DB INEE S 4L, B§E 5 oo
2B TR T 2V OREEEMENREINTEY, bbb T 25 mgke, FREBEHAER (DLTF
TWCS] &5, ) TI15 mgkg MUK T 10 mgkg & 78> TWD. ZOMOEIRIZ OV TR
HOREEFIIRE SN TRV, b BEBEROEREE LTL, BAEGBE®EMICELY, TAInH
~ NI TEEGHEHWRIK s e~ N7 T 7 T ARVEEHTE (LLF TLC-MS/MS &9, )
IZ L BRBRE VERTRENRTVA D, MEHCHEA T 2 OMEORENEE TH-T-.

Alal, BN B ARSI 2 =28, Rk 21 R ONYEAL 24 4 Ok if o 7 HE Y E %y
FriEZAF LB THE LR o~ NI 78 0 F o BEROHRHCE D ERE D Y (T
[JFRL k] W9, ) ZHic, 7 7urv=Vy, A7z Aba—)b, mA7alLr, 5
VXx—FEROETYFL T2y (UF 77072V L), ) @ LC-MS/MS (2 K 5 [FF
ERIEICOWT, AR ERE D~OBH OS2 Ret LIZ0 T, TOMELZHRET 5.
ZEILT T =2V U EOILFHEEXE L Fig. 1 IR LT
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Buprofezin
2-tert-butylimino-3-isopropy-5-phenyl-
1,3,5-thiadiazinan-4-one

C16H23N30S MW : 305.4
CAS No.: 69327-76-0

0]

A

N S

)

Esprocarb
S-benzyl(RS)-1,2-
dimethylpropyl(ethyl)thiocarbamate
CisH23sNOS MW : 265.4
CAS No.: 85785-20-2

Cl
Cl
o (0]
(0]
/
/”\N/
Pyrazoxyfen

2-[4-(2,4-dichlorobenzoyl)-1,3-
dimetylpyrazol-5-yl oxy]acetophenone
C20H16CI2N203 MW : 403.3
CAS No.: 71561-11-0

(0]
)J\ i
/\N N/N

\>/l
J
Cafenstrole
N,N-diethyl-3-mesitylsulfonyl-1H-1,2,4-
triazole-1-carboxamide
C16H22N4O3S MW : 350.4
CAS No.: 125306-83-4

Pyrazolynate
4-(2,4-dichlorobenzoyl)-1,3-
dimetylpyrazol-5-yl toluene-4-sulfonate
C20H16CI2N203 MW : 403.3
CAS No.: 58011-68-0

Fig. 1 Chemical structures of buprofezin, cafenstrole, esprocarb,
pyrazolynate and pyrazoxyfen
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2 EERAE
2.1 OB
oo ROMKITIZENEN | mm DR T U — 23455 Uit T L7z, WCS 1% 60 °C
T 6 MR L, FICEMNICEE L CRE L%, RIS,
22 O
) 7Ebhy, 7T b=bULIFEREERK - PCB BHZ W, KBk (JIS K 0211 @
5218 [T S AL/ HBHIK) 2 H Wz, Big T =0 MIRERR A 7z,
2) AR A E
TR T =2V, ATz A u—)b, TATaHLT, ISV R— RO TR T
= OERESLE, Table 1 (R L7ofERA3EE, #MEOLOZ AW,
3) A AR UE R
ERREYE L 25 mg ZIEfEICE > TENZEI 50 mL OE&&ET 7 A3 AN, T RN
R TCHEHMNL, BITERE CREHEZ M2 THEBFEEEREZHY L7 (25 0i%E 1 mL I3,
KREHELELTOSmgZEzEHTH. ) .
4) JRIKRAIEAER
A BSR4 1 mL &2 50 mL O28E 7 T 23 ZIERICANRTEAL, BICERETT &
MMz CRAEBEFERZR L (Z0W1 mLi%, FERELLTEREN 10 ug 254
T5.) .
EAICEE L C, BRAEBRKRO—E&EZ 7 h=FJ/L—/K (4+1) TEMIZHRNL, 1 mL
P B L LTENLTH 0.05, 0.1, 2, 4, 6, 8 X' 10 ng 2 &4 2 EHKIEAEHER %2 i
W7

Table 1  Pesticide standards used in this study

Pesticides Manufacturers Purity (%)
Buprofezin Wako Pure Chemical Industries 99.4
Cafenstrole Wako Pure Chemical Industries 99.6
Esprocarb Kanto Chemical 99.8
Pyrazolynate Kanto Chemical 100
Pyrazoxyfen Kanto Chemical 100

23 HEEROZHE
1) KBy : ZM-100 Retsch B (1 mm 227 U —, AR5 14000 rpm)  CRUK)
2) HLHCE IR 0 SM-100 Retsch 8 (1 mm 227 U —>, [Al#s¥ (fEEE) 1690 rpm)  (BLK
LISk)
3) L O SR2DW ¥ A 7 v 7 B (i HRFREIZL 280 rpm)
4 FI7ETINTI LT U B F NV =0T A InertSep Slim-J C18-B (5T A A& 500 mg)
ez A A o A =R Rl LT b O
5) LC-MS/MS :
LC #F : ACQUITY UPLC System Waters
MS # : ACQUITY TQD Waters
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24 TEEIFE
1 #h
INrEREL 10.0 g 28> T 300 mL O3 =fA~7 T 232 Ak, /K30 mL CBKiX 20 mL) %
Mz, 30 rfFEER, L7 ' M2 120 mL CBKIX 100 mL) 20z, 30 43R 0 IR THE
L7z, 200 mL O&&E7 7 Aa%27 7 —F}to TICEE, tiis A% (5 7 B) Al
Al LT, KO=MA7 T Aa KOS EIERT £ N 50 mL THEL, [FERICES]AEL
7o, HICEET7 7 Aa0BEMRETTE N ZMATZ. 2O 2 mL % 50 mL ORI 7 T A=
IZIEREIZ AL, K20mL 22T, # 7 LR35 3 EHAR & L.
2) T LHLER
FI BTN I N Y BTN I =H T L ETER=FY LS mL UUK 5 mL CIAEKRYE
WL, WENAKZ R =8 7 A2 AN, #iiE 1| mL/min FE£E CTW 5| L Tk A7 TAAIO bk
WCETLETHRESEZ. REHARO A>TV ERTE I 232 K—T b=1rU /L (3+2)
5mL 32T 2REPESHL, WREZIERI =07 AN, RERICHEHESEZ. 10 mL O2&7
TAAEI=ATLADOFICEE, TEh=bFV /=K (4+1) 9mL 2 I =0T Lz, &
HWEARH SR, FICER 7 7 A a0ERE TREEZINZ, TOEO—E®&%Z 5000xg T 5
sy O BE L, EEARIEE LC-MS/MS (2 X 2 E I 23 EhAR & L=,
3) LC-MS/MS (2 Xk B HlE
A, WEHREREZ 7B =R Y L—K (4+1) T 500 fFICFHIR L2 L O BRIEATE
YEWRAS 5 pL 2 LC-MS/MS IZTEA L, BIRFOSHE (LLF ISRMJ &5 . ) 7r~v 7T 4
T HIESM % Table 2 X V3 TR L7T-.

Table 2  Operating conditions of LC-MS/MS
Column ZORBAX Eclipse XDB C18, Agilent Technologies
(2.1 mm i.d.x150 mm, 5 pm)

Mobile phase 2 mmol/L Ammonium acetate solution - acetonitrile (4:1)
— 15 min — (1:9) (hold for 5 min)—(4:1) (hold for 10 min)

Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)
Mode Positive

Source temperature 120 °C

Desolvation gas N2 (650 L/h, 350 °C)

Cone gas N2 (50 L/h)

Collision gas Ar (0.25 mL/min)

Capillary voltage 3.5kV
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Table 3 MS/MS parameters

Precursor Product ion Cone Collision
Target ion Quantifier  Qualifier voltage energy
(m/z) (m/z) (m/z) V) (eV)
. 201 — 14
Buprofezin 306 35 EE—
— 116 18
100 — 16
Cafenstrole 351 20 _—
— 72 36
91 — 25
Esprocarb 266 35
— 71 20
91 — 37
Pyrazolynate 439 45 _—
— 173 19
91 — 35
Pyrazoxyfen 403 45 _—
— 105 23
4) 7t %
oM/ SRM 70~ M7 T Ahb e —7 BHELOE S 2RO THREMRZIERL, HEHo
HEEELRE L.

e, EEIEOBE%A Scheme 1 (TR L7z,

Sample 10.0 g (300 mL of Erlenmeyer flask)

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

add 120 mL of acetone (paddy rice: 100 mL)

shake for 30 min

—filter through No.5B under reduced pressure

wash with 50 mL of acetone

—fill up to 200 mL with acetone
InertSep Slim-J C18-B (500 mg)

prewash with each 5 mL of acetonitrile and water

add 20 mL of water to 2 mL of sample solution

apply sample solution

wash with 5 mL of water-acetonitrile (3:2) (twice)

elute with 9 mL of acetonitrile-water (4:1)

—fill up to 10 mL with acetonitrile-water (4:1)

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

Scheme1  Analytical procedure for esprocarb and 4 pesticides in rice straw, whole-crop rice
silage and paddy rice for feed

3 HERRUER
3.1 fRE#f
2.2 D HTHES THRM L7245 RERAHEERR K 5 uL 2 LC-MS/MS IZIEA L, 55472 SRM 7
B~ N T ALY HBEEPNESEHOTREREZER L. SO ZRERO —FIE,
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Fig. 20 EBYVTHY, 7707V %34 0.05~10 ng/mL (JEAZ L LT 0.00025~ 0.05 ng fH
M) O CEMRMEEZ R L.

Buprofezin

Cafenstrole

Esprocarb

Pyrazolynate

Pyrazoxyfen

Fig. 2
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Calibration curves of buprofezin, cafenstrole, esprocarb, pyrazolynate
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Concentration / [ng/mL]
4 y=4,955.7x+38.5
R?=0.9999
0 2 4 6 8 10
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y=6,289.2x+1,462.4
R2=0.9998
0 2 4 6 8 10
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y = 8,068.8 x + 2,501.4
R%=0.9998
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Concentration / [ng/mL]
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R2=0.9999
200000 -
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0 T T T T T
0 2 4 6 8 10
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and pyrazoxyfen by peak area (left) and peak height (right)
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32 AT ETINTI MY U BTN =T MBI Dy OfERR
24 O DIZK VKL 72 7 2T 2 BHAKRIC 7 7 e 7 =P % & LT 0.1 mgkg
BEEBN (BEABHAKF Tl ngmLFEYE) L, A 7270 Vb YU B 5VI=hT
LINE DRy 2R Lz, TOREIL Table 4 DBV THY, 77u7=2V 0 3I7€ b
=hkU—7K (4+1) 8 mL TEREIEH LT\ /2. JFRLIETIX 10 mL THEHSE TV 2, BH
WOZZEN 10 mL ORET T AaTHY, EHREBXLIBENNH DL b, KETIE, 7
Eh=bFUL—JK (4+1) 9 mL THEHEIELE, 2877 A2 OERE CRIEHEEZMZ LC-
MS/MS (2 K ZHE AT 2 50K & LTz,

Table 4  Elution pattern from InertSep Slim-J C18-B
Recoverya) (%)

acetonitrile-water

Feed types Pesticides
(2:3) (4:1) (4:1) (4:1) Total
10 mL 0~8mL 8&9mL 9~10mL
Rice straw  Buprofezin 0 90.4 0 0 90.4
Cafenstrole 0 97.4 0 0 97.4
Esprocarb 0 95.8 0 0 95.8
Pyrazolynate 0 89.0 0 0 89.0
Pyrazoxyfen 0 101 0 0 101
Whole-crop  Buprofezin 0 91.3 0 0 91.3
rice silage  Cafenstrole 0 102 0 0 102
Esprocarb 0 99.8 0 0 99.8
Pyrazolynate 0 102 0 0 102
Pyrazoxyfen 0 98.6 0 0 98.6
Paddyrice = Buprofezin 0 94.4 0 0 94.4
Cafenstrole 0 101 0 0 101
Esprocarb 0 105 0 0 105
Pyrazolynate 0 96.4 0 0 96.4
Pyrazoxyfen 0 107 0 0 107

a) Mean (n=3)

33 ¥ MU v REROMR
4O DALV LEFDL, WCS KUK O T Z v 7 R EHEIRIC 7 V0 7 = ¥ V%
ELTO0.1 mgkg fHYE (FEREHART C1 ngmL MY &E) 22 ETNEMLESE~ Y v 7
AEHEGRIZ DN, 2.2 D 3NTHE - THREL L7 [FIRE O BRI K95 ¥ — 7 i FE b % a8 L
el A, E— 7 EELIE 83~109 % ThH YV, FEFEITHAE~ M) v 7 AKX D REREELZ
FA5ZERKHERTH T,

3.4 WiEWE OB
e B, WCS ROWLAE 2 A2k & LT, ALk L2 EHAR 2 LC-MS/MS (2
WAL, 507z SRM Zu~ I 0% MRLIZE A, FiHcBWTEREZ 5 —7
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FRDOLNRNoT. B, MbLIZBWTZ AT oIV T O = RRDL L. Ly
—710%, EBA T LHERA AT OBENE AT T N7 L LT
B, YEMbOLOSRM 7 v~ k7 J A% Fig. 31ZR L7z,

A
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Buprofezin
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4000
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11 12 13 14 15 16 17 18
3200
- Cafenstrole
2400 351> 100
1600
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B
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- Buprofezin
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OI T T T T ‘-IA_ | B |
11 12 13 14 15 16 17 18
3200 caf
— Cafenstrole
2400 351> 100
1600
sooi NJ
0 ety
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8000 266 > 91
J
o A
OI T T T Ll T T 1
11 12 13 14 15 16 17 18
16000 Pyrazolynate
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8000
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0| T T ] T T T 1
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——— Pyrazoxyf
razoxyfen
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1000 \Z
0| - Ll“ T T T T 1
11 12 13 14 15 16 17 18

Selected reaction monitoring chromatograms of blank rice straw and standard solution

(Vertical axis: Intensity (unit: arbitrary units) / Horizontal axis: Retention time (unit: min))
(Arrows indicate the retention time of pesticides.)
A: Standard solution (0.1 ng/mL: 0.0005 ng as each pesticide)

B: Rice straw
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3.5 EANIEIERER

fAELHA RIZONWT, 77 r 72V LT, b 5HIZ 0.01 T 25 mg/kg MY & (Rf&ilk

VEIEHT T4 0.1 KT8 0.5 ng/mL A4 &) , WCS IZFHHIC#UE LT 0.01 %O 15 mg/kg FA2Y4 &

(I AEFBHA TR T4 0.225 TV 0.675 ng/mL #HY &) , BIKIZ 0.01 X TY 10 mg/kg HHY & (i
HRABHAR P C4& 0.1 XUV 0.2 ng/mL fHY &) , W7 = A br— L KR ATr LT & LT,
Fa 512 0.01 X1V 0.2 mg/kg Y& (REREHAK T T 0.1 X1V 2 ng/mL tHY &) , WCS IZ
JERHIC AR LT 0.01 KON 0.2 mg/kg FAY & (&Rl ©4& 0.225 KON 4.5 ng/mL #74
i), K2 0.01 &TR0.02 mg/kg fHY & (R&HABHAKEF T4 0.1 X1V0.2 ng/mL fHY &) , ©
TV X —RFERET Y F 7oL T, MHOLIZ 0.01 LT 0.2 mgkg fHYE (B&EHA
KT 0.1 X2 ng/mL FHY &) , WCS TR HITHE LT 0.01 X Tr0.2 mg/kg fHY & (A&
FAUBHA T H1 T4 0.225 V4.5 ng/mL AHY &) , BKIZ 0.01 KT 0.1 mg/kg FHE & (R &aUEHA
WHTH 0.1 KOV ngmLFHYE) , ZREIIRINL, RIEICHE > THMEIGRBRZ i L, 7
PIEl Y 3 K OVl U RS & SR & 7.

£/, WCSIZOWTIHEMOKGEREE 60 %EBEL, FYWHRE~OWHBEIL, K Ok
e R 60 %) TIRE=EEZY OKDEAE10%) TIRE 225 OXNERDT-.

ZOFERIL Table SO LBV, 77072V IO T EYEIL R L 85.6~101 %, T DOk
UG EE TR E R 22 (RSD,) & LT 7.0 %ULT, 7= A br—/LZ 0 TR RN
93.6~103 %, Z DK LKL RSD, & LT 52 %LLTF, = A7 0 h L7250 TR EEEI R
I% 88.5~104 %, O UKL RSD, & LT 7.9 %LLF, 7Y U x— MIOWTIEFEHEIL
#13 90.3~98.8 %, T OMK UFEEIZRSD, & LT71 %UTF, 7 VFT 7 il o0 TT Y
[B]L R L 86.2~106 %, T DMK LIS X RSD, & LT 5.9 %Ll FORRMENE S NT-.

B, o SRM 7 a~ 7T AO—f% Fig. 4 IR LT,
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Table 5 Recovery for pesticides

Feed types
.. Spiked level Rice straw Whole-crop rice silage Paddy rice
Pesticides
(mg/kg) Recovery” RSD;”  Recovery’ RSD.’  Recovery” RSD;”

(%) (%) (%) (%) (%) (%0)

0.01 90.0 7.1 95.0 1.7 101 3.5

) 10 — — — — 99.9 2.4
Buprofezin

15 — — 85.6 3.6 — —

25 99.3 5.2 — — — —

0.01 93.6 5.2 98.1 2.4 96.6 33

Cafenstrole 0.02 — — — — 98.0 4.2

0.2 94.9 3.1 103 2.1 — —

0.01 97.0 4.7 104 1.3 92.4 6.2

Esprocarb 0.02 — — — — 88.5 7.9

0.2 98.0 4.4 103 1.9 — —

0.01 97.5 1.8 92.0 7.1 96.7 3.2

Pyrazolynate 0.1 — — — — 98.8 5.3

0.2 93.7 3.6 90.3 6.3 — —

0.01 88.3 5.9 97.6 2.0 86.5 1.3

Pyrazoxyfen 0.1 — — — — 86.2 5.0

0.2 92.6 3.1 106 1.2 — —

—: Not tested

a) Mean (n=3)
b) Relative standard deviation of repeatability
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A B
16000 ) 16000
Buprofezin ~— Buprofezin
12000 306 > 201 12000 306 > 201
8000 8000
4000 4000
o T T T T ] T 1 0 1 T T T T ] T 1
11 12 13 14 15 16 17 18 11 12 13 14 15 16 17 18
10000 10000
- Cafenstrole - Cafenstrole
351> 100 351> 100
5000 5000 |
0 - T T T T T T 0 ! 1\1_ T T T T T 1
11 12 13 14 15 16 17 11 12 13 14 15 16 17 18
20000 20000
— Esprocarb —— Esprocarb
266 >91 266 >91
10000 10000
0 T T T T T T T 0 I T T T 1 T T 1
11 12 13 14 15 16 17 11 12 13 14 15 16 17 18
100000 - 100000
——Pyrazoynate e Pyrazoy nate
439>91 439>091
S0000 - 50000
0 T 1 T T T T o T T T T T T T 1
11 12 13 14 15 16 17 11 12 13 14 15 16 17 18
45000 - 4
e Pyrazoxyfen 5000 e Pyrazoxyfen
30000 - 403>91 30000 403>91
15000 - 15000
o T 1 T T T T o I L} L} T T T T 1

11 12 13 14 15 16 17

Fig. 4
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Selected reaction monitoring chromatograms of each pesticide

(Vertical axis: Intensity (unit: arbitraty units) / Horizontal axis: Retention time (unit: min))

A: Standard solution

Buprofezin, cafenstrole and esprocarb (0.2 ng/mL: 0.001 ng as each pesticide)

Pylazorynate and pylazoxyfen (1 ng/mL: 0.005 ng as each pesticide)

B: Sample solution of paddy rice

Spiked at 10 mg/kg of buprofezin (0.2 ng/mL as buprofezin ), 0.02 mg/kg of
cafenstrol and esprocarb (0.2 ng/mL as each pesticide), and 0.1 mg/kg of

pylazorynate and pylazoxyfen (1 ng/mL as each pesticide)

" buprofezin: diluted sample solution 500-fold with acetonitorile-water(4:1)
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3.6 & FREOHH TR

REOERETIRE OB FIRA BT 5720, AEHA T T 7 =D 2N, RN
EGRBRIC L VB ONDIE—27 D SN N 10 KON 3 L7 biREERDT-.

ZORER, HoONTE—7 O SNMR 10 L E L2 2REIL0.01 mgkg THY, £z, SN LN
3 LB EIX 0.003 mgkg ThHomZ Enn, BB (WCS IXJEEZY) FoE&E TFRIZ 0.01
mg/kg, i FFRIX 0.003 mg/kg TH - 7.

723, Table 5 [T/ L72&BY, MiZERE NRIREIZH T 2MEINGURE RIZRLFTH - 72,

3.7 AR

AEOEMBBEE Z MR T 5720, REIEEH, MO RO 2 fE @ X 53t
[ R A& FE it L7z

HmEl s LT, bbbl 772V e LT 25 mgkg MY BTN 72 A b —
L, TATAHLT, BTV UF—RROET Y FL 722 LTENRER 0.2 mgkg HHYE
(oA AREF 10 gicff LTI mL i 7 77220250 pg NS 7 = A ha—)b, TR
TaHNT, EIVIVR— MR T XU T 2 K2 ug EEHT HIRAEHER A 1 mL RN
Z, WCS (R##) o7 7n 7=y LT33.75 mgkg S BT NNCH 7= A ba—)b, =
ATahNT, BTV IVR— b RRE TV FT 72 LTENREN 045 mgkg FHME (O
ARt 10glct LTImL iz 7e 72y 3375ug WA 7= A br—Jb, =R Rl
N7, BTV VR RO T F T 2% 45 ug 2581 2IRAEREREZ 1 mLIEN) %,
MoKIC77r 722 LT 10 mgkg FHYNE, W72 Abr— L k=27 w7 e LT
FNEI0.02 mgkg W RNICETZ Y U R— MK ET VX722 & LTENLEI 0.1 mgkg F84
B OARE10gIlcd LT ImLFIc7 e 720100 ug, H7 =2 A b —L kR 27
AT 02 ug T E T Y ) R = EORET Y X720 1 ng 25087 2REGEMEREZ 1 mL
W) %, TNENARBREIC CTHONBMEORTBIZHRM L TR L2232 v

¥, WCS IFREY UKD EHE 60 %) TiRE=EEZY OKOEHE 10 %) TRE 225 O
XCTHE L oEZzHREIEL2 L& LT

ZMABRET, —BRMEEN BRSO & ¥ —Z BT, — M EE AR SRR
SWEERT, REEE RS S S AR S PE T RAFICET, MNZAT BUE N EMOKPETE B 2 i
fiie v 2 —IEf R AR, FLRE % —, Fiiedtr ¥ —, R4 vEE 2 —, FffEE
A= ROFE@ER T 2 — GFIRBRE) Thol-. MBEOMITICHOWTIE, EBEMIC A —FF
A RS- HFERBRICEES 5 FIE ' PE225 %12, Cochran #iE, SMUE 1 8D Grubbs #i7E M O
SRV 2 fHl D Grubbs #E A 4TVY, SMUIED A ME A 8 L7 ECEHREINE, #K LEE (RSD,)
KO FFEREE (RSDR) #E ML, 547 RSDr /5, fEIE Horwitz 2. P4 H\ T HorRat
R 7.

FEEIT Table 6~10 D& BY Thot-. 77Xu 7= izonTEb b, WCS MUK IZH
WTC, EHENRERIE 90.5, 92.4 2TV 97.6 %, RSDIZZFNE42.7, 2.9 X144 %, RSDRiLZil
Zh 10, 11 %W 7.7 %, HorRat IZZNEH 1.1, 1.0 K 0.68 THo/z. BT = A ba—/L|C
OWNTIEREH B, WCS L OBLKIZHOWT, FEHEIEERT 96.1, 95.8 KT 97.0 %, RSDIEZh %
2.5, 3.0 KON7.1 %, RSDpiIZNZ4 9.4, 7.7 XTN9.6 %, HorRat [XZN 4L 0.46, 0.38 K



46

fREHFIE S Vol. 41 (2016)

044 Tholz. ZATBHNANTIZONTIIREDL L, WCS KUHRLKIZOWT, FEXJEIET 89.3,
88.4 (X 94.0 %, RSDIZZENEI 4.6, 3.3 LT 8.0 %, RSDpIZN <4 10, 7.3 LT 7.1 %,
HorRat [ZZ#Z41 0.49, 035 X032 Tholo. BTV U Rx—MIOWTIEHfEHLH, WCS KW
PRI DWW T, FEHEIERIE 94.1, 91.0 TN 99.3 %, RSD IIZH 4L 1.8, 52 KN 4.5 %,
RSDR 1ZZ 24 15, 13 Jx Y 8.8 %, HorRat (XZ4E4 0.71, 0.65 X T* 040 THholz. BTV
X7 2OV D, WCS RUMLKIZOWT, EHREIIEIL 88.3, 89.3 TN 94.2 %,
RSD, IZZ 241 4.0, 3.8 XN 3.8 %, RSDpIZENZEIL 13, 8.9 KN 8.7 %, HorRat (ZZIZH
0.65, 0.43 1 0.40 Th -7z,

7k, —HOKR T HorRat OfEDY 0.5 Z FTEIZ b ORH o7, ERDO—2E LT, Ko
EOEIENEEEILRRRZ EM L -4 XY V7 n AR EDONELFR—T, LHEBOEETH
LT ENEBEZ LN,

BEDTW, FikBRE T L7z LC-MS/MS OFfE%E % Table 11 (278 L7z,

Table 6  Collaborative study for buprofezin

Feed types
Lab. No. Rice straw Whole-crop rice silage Paddy rice
(mg/kg) (mg/kg) (mg/kg)

1 22.5 22.8 15.3 13.9 10.6 10.1
2 24.6 23.7 15.0 14.9 9.87 9.79
3 16.4 17.4 10.8 11.0 8.45 8.00
4 23.9 23.7 15.5 15.2 8.97 10.0
5 22.6 21.7 12.6 12.8 9.43 9.18
6 22.3 21.5 12.3 12.4 10.2 9.97
7 24.4 25.0 15.2 15.1 9.89 9.78
8 24.4 22.7 14.4 13.6 11.0 9.76
9 24.0 23.8 14.7 14.9 10.1 10.5

Spiked level (mg/kg) 25 15 10

Mean value (mg/kg) 22.6 13.9 9.76

Mean recovery Y (%) 90.5 92.4 97.6

RSD: ” (%) 2.7 2.9 44
RSDk ° (%) 10 11 7.7
PRSDr ¢ (%) 10 11 1
HorRat 1.1 1.0 0.68
a) n=18

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

modified Horwitz equation
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Table 7  Collaborative study for cafenstrole
Feed types
Lab. No. Rice straw Whole-crop rice silage Paddy rice
(mg/kg) (mg/kg) (mg/kg)
1 0.185 0.174 0.191 0.184 0.0176 0.0222
2 0.195 0.198 0.197 0.206 0.0196 0.0183
3 0.149 0.159 0.160 0.162 0.0184 0.0164
4 0.213 0.216 0.215 0.211 0.0225 0.0215
5 0.193 0.189 0.191 0.194 0.0216 0.0196
6 0.204 0.204 0.194 0.196 0.0208 0.0214
7 0.194 0.185 0.197 0.185 0.0183 0.0174
8 0.194 0.191 0.199 0.197 0.0175 0.0183
9 0.203 0.212 0.176 0.193 0.0187 0.0192
Spiked level (mg/kg) 0.2 0.2 0.02
Mean value ' (mg/kg) 0.192 0.192 0.0194
Mean recovery Y (%) 96.1 95.8 97.0
RSD: ” (%) 2.5 3.0 7.1
RSDr © (%) 9.4 7.7 9.6
PRSDr * (%) 21 21 22
HorRat 0.46 0.38 0.44
a) n=18
b) Relative standard deviation of repeatability within laboratory
¢) Relative standard deviation of reproducibility between laboratories
d) Predicted relative standard deviation of reproducibility between laboratories calculated from the

modified Horwitz equation
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Table 8 Collaborative study for esprocarb
Feed types
Lab. No. Rice straw Whole-crop rice silage Paddy rice
(mg/kg) (mg/kg) (mg/kg)

1 0.186 0.172 0.182 0.178 0.0168 0.0176
2 0.184 0.183 0.186 0.190 0.0175 0.0185
3 0.134 0.154 0.147 0.155 0.0219 0.0195
4 0.196 0.186 0.192 0.185 0.0191 0.0197
5 0.171 0.170 0.170 0.174 0.0192 0.0172
6 0.181 0.170 0.172 0.169 0.0202 0.0192
7 0.175 0.180 0.184 0.180 0.0179 0.0188
8 0.184 0.171 0.190 0.187 0.0190 0.0176
9 0.201 0.215 0.161 0.181 0.0181 0.0207

Spiked level (mg/kg) 0.02

Mean value * (mg/kg) 0.0188

Mean recovery Y (%) 89.3 88.4 94.0

RSD: ” (%) 8.0
RSDr ¢ (%) 10 7.1
PRSDr ¢ (%) 21 21 22
HorRat 0.32
a) n=18

b) Relative standard deviation of repeatability within laboratory

c¢) Relative standard deviation of reproducibility between laboratories

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

modified Horwitz equation
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Table 9  Collaborative study for pyrazolynate

Feed types
Lab. No. Rice straw Whole-crop rice silage Paddy rice
(mg/kg) (mg/kg) (mg/kg)
1 0.159 0.156 0.193 0.196 0.102 0.0981
2 0.160 0.161 0.161 0.177 0.0951 0.0936
3 0.144 0.151 0.162 0.147 0.101 0.104
4 0.218 0.217 0.228 0.217 0.113 0.111
5 0.161 0.155 0.147 0.169 0.108 0.0945
6 0.173 0.170 0.181 0.186 0.103 0.103
7 0.144 0.141 0.154 0.171 0.0774 0.0892
8 0.173 0.174 0.186 0.184 0.0935 0.0923
9 0.207 0.200 0.202 0.216 0.104 0.105
Spiked level (mg/kg) 0.2 0.2 0.1
Mean value ” (mg/kg) 0.170 0.182 0.0993
Mean recovery * (%) 94.1 91.0 99.3
RSD: ” (%) 1.8 5.2 45
RSDk ¢ (%) 15 13 8.8
PRSDr * (%) 21 21 22
HorRat 0.71 0.65 0.40
a) n=18
b) Relative standard deviation of repeatability within laboratory
¢) Relative standard deviation of reproducibility between laboratories
d) Predicted relative standard deviation of reproducibility between laboratories calculated from the

modified Horwitz equation
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Table 10  Collaborative study for pyrazoxyfen
Feed types
Lab. No. Rice straw Whole-crop rice silage Paddy rice
(mg/kg) (mg/kg) (mg/kg)

1 0.183 0.159 0.184 0.185 0.0943 0.0934
2 0.158 0.157 0.165 0.169 0.0789 0.0767
3 0.133 0.140 0.147 0.156 0.0970 0.0952
4 0.209 0.206 0.210 0.194 0.108 0.108
5 0.163 0.154 0.170 0.167 0.0952 0.0859
6 0.196 0.186 0.183 0.184 0.0993 0.0937
7 0.179 0.173 0.184 0.181 0.0932 0.100
8 0.187 0.194 0.193 0.195 0.0907 0.0949
9 0.203 0.198 0.163 0.184 0.0924 0.0987

Spiked level (mg/kg) 0.1

Mean value * (mg/kg) 0.0942

Mean recovery Y (%) 88.3 89.3 94.2

RSD: ” (%) 3.8
RSDr ¢ (%) 13 8.7
PRSDr ¢ (%) 21 21 22
HorRat 0.40
a) n=18

b) Relative standard deviation of repeatability within laboratory

c¢) Relative standard deviation of reproducibility between laboratories

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

modified Horwitz equation
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Table 11

Instruments used in the collaborative study

Lab.No.

LC-MS/MS

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

LC: 1200 Series, Agilent Technologies
MS/MS: API-3200, AB Sciex

Inertsil ODS-SP, GL Science
(2.1 mmx150 mm, 5 pm)

LC: LC-20A, Shimadzu
MS/MS: API-4000, AB Sciex

Inertsil ODS-SP, GL Science
(2.1 mmx150 mm, 5 pm)

LC: ACQUITY UPLC, Waters
MS/MS: ACQUITY TQD, Waters

UPLC BEH C18, Waters
(2.1 mmx150 mm, 1.7 um)

LC: ACQUITY UPLC, Waters
MS/MS: Quattro Premier XE, Waters

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

LC: Nexera X2, Shimadzu
MS/MS: LCMS-8040, Shimadzu

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

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

ZORBAX Eclipse XDB-C18,
Agilent Technologies

Agilent Technologies (2.1 mmx150 mm, 5 pm)
ZORBAX Eclipse XDB-C18,
LC: ACQUITY UPLC, Waters . cpse .
Agilent Technologies

MS/MS: ACQUITY TQD, Waters

(2.1 mmx150 mm, 5 pm)

LC: ACQUITY UPLC, Waters
MS/MS: ACQUITY TQD, Waters

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

LC: ACQUITY UPLC, Waters
MS/MS: ACQUITY TQD, Waters

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

4 F&EOH
SR A RITHRE T D7 7 e 7 = DU IZHOWT, JFRL 4 I, LC-MS/MS % V7= & &
DEE AT HIE~OBEHA DA FICOWVWTHRF L2 2 A, BT LB EIT 2 IEHIEEE &% 10 mL
MO ImMLIZEREL, UTORERGONT-Z 00, EHNARETHL EEZZ DN,
1) MEHIT, 0.05~10 ng/mL (FEAE & LT 0.00025~0.05 ng) DHiPH THEMRMEE R LT,
7B, BEBREHRIZBT D24~ MY v 7 ZOEMNENEER O E%Eﬁ,77m7lvykb
T, FEH 512 0.1 & TV0.5 ng/mL A4 EE, WCS 12 0.225 %10 0.675 ng/mL A7 4 #EE, FLKIZ 0
FOV 0.2 ng/mL AHYSEE, W72 A PR — ARV ZTFahLTE LT, MbbiZ 0.1 L2
ng/mL AH4 I, WCS (2 0.225 & (V4.5 ng/mL FHEHEE, K2 0.1 L TN 0.2 ng/mL 54,
VYRR Y X7 2 LT, Mo HIZ 0.1 KON 2 ng/mL FHYMIRE, WCS I
0.225 Jx OY 4.5 ng/mL FH MRS, FUKIZ 0.1 X OV 1 ng/mL PSR EE & L 72,
2) KRBTV ONDRENAKICONWT~ Y v 7 AR E2MHR Lo R, FEETR~ MY
VI AR DREREELZZITHZ LR PERRETH - T-.
3) fAELHA RIZHONT, KiEIZiE-> TNz e~ N7 T LI2I1%, EEZGITHE—7 138D
LN Tz,
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4y 7772Vl LTHDHIZ0.01 LT 25 mg/kg B &, WCS (R HhIc#H) 12 0.01 L
15 mg/kg MY &, FIKIZ 0.01 XV 10 mgkg FHY &, W7 2 A hr— VRN AT a LT &
LCREbD B R WCS (B Ic#E) 12 0.01 LT 0.2 mg/kg Y&, #KIZ 0.01 KO 0.02
mgkg Y% E, 7YV IUX—FEROET VX720 L0 TC, Mbb KR WCS (¥ HIC#
F) 120.01 F0Y0.2 mg/kg AHY &, FLKIZ 0.01 KX TN0.1 mgkg Y BEE2ZFNENEML, KB
£ 0 3EOHMT oM 2 ke L, [ LR OWE UK 2 Rz & 2 A BRI ERE /5T,

5) ARBICBT2EEEOEE FRIE, 7B (WCS XEEZY) HT 0.01 mgkg, MH FIRIZ 0.003
mg/kg Toh o7z

6) b blc77mr 7 LT 25 mghkg HYE, 7772V UANOKREEKE L TENRE
0.2 mg/kg MY E, WCS (A#) (o7 7n 7= LT 33.75 mghkg Y E, 7707 =
CUUNDOKEIK L L TENEL 045 mg/kg Y E, HKIZT7T T rT7 2V L LT 10 mg/kg
MR H T2 A RR— LR T AT LT L LTCERZR 0.02 mgkg, ©F YU 53— kKO
7YX T2 LTENEN 0.1 mgkg HHY EZEM L7232 T 9 S BR=EIZB VTR
HBICEWFRBREZER L& 25, BgREREEL.

# &
LFEFBRICSIN L Tz i2nic — W HIE N BARR MO & > ¥ — LB JERT, — M EE A&
rin B BEAR A T 2 BOU SRS I M O[] 2 36 1 [R5 i 5 2 D8k 5 E T RATF R AT IS 6 1 % BEAR B &A1
BHOBEZRLET.
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4 WHhohDAZTYV) v IBOREIOI NI S T2 0T LEEENT
HIZKSE=S

=3 AR, AR B
Determination of Oxolinic Acid in Rice Straw by LC-MS/MS

Yukiko MITSUI"' and Satomi MORIGUCHI
("' Food and Agricultural Materials Inspection Center, Nagoya Regional Center
"2 Food and Agricultural Materials Inspection Center, Nagoya Regional Center
(Now Kobe Regional Center))

An analytical method was developed to determine the level of oxolinic acid in rice straw using liquid
chromatography-electrospray ionization-tandem mass spectrometry (LC-ESI-MS/MS).

After adding water to the samples, oxolinic acid was extracted with 0.2 w/v% metaphosphoric acid
solution-acetonitrile (3:2). The extract was purified with Oasis HLB (Waters Corporation; Milford,
MA, USA) and injected into the LC-ESI-MS/MS for determination of the levels of oxolinic acid. LC
separation was carried out on an ODS column (Inertsil ODS-4, 3.0 mm i.d. X 150 mm, 3 pm from GL
Sciences Inc.; Tokyo, Japan) using 0.1 v/v% formic acid solution-acetonitrile as the mobile phase. In
the MS/MS analysis, positive mode electrospray ionization (ESI+) was used.

Recovery tests were conducted on rice straw spiked with oxolinic acid at the levels of 0.6, 1 or 10 mg/kg.
The resulting mean recoveries ranged from 89.8 to 92.7 % and the repeatability in terms of relative
standard deviations (RSD;,) were not more than 6.4 %.

A collaborative study was conducted in nine laboratories using two kinds of rice straw spiked with 10
and 2 mg/kg of oxolinic acid, respectively. The mean recovery, repeatability and reproducibility in
terms of the relative standard deviations (RSD, and RSDg) and HorRat, respectively, were 91.9 %, 2.8 %,
5.3 % and 0.46 for rice straw 1, and 97.6 %, 2.5 %, 7.6 % and 0.52 for rice straw 2.

This method was validated and established for use in the inspection of oxolinic acid in rice straw

Key words: oxolinic acid; liquid chromatograph-tandem mass spectrometer (LC-MS/MS); electrospray
ionization (ESI); rice straw; collaborative study

XU K ARV Y=y SB RS B NS5 T 8T MBS =L ba
Tl AL Fib D SRR

1 & Bl
XYV =w 7l (XY U V) 1% 1976 FIEREFHRASHHIC I VR SN =X/ U o Eik%
AT HEER] (FUEAD) THY, EEISMCEAEEKSLE LTHEHShT05 .
BAETIE, fBOAEWEOREEE TR\ T, FORMEMIL, b HH T 10 mgkg, MHIEHEHL
fiEE (LT TWCS] &9, ) 1T 0.1 mgkg, BKFT3mgkg ERESNL TS Y. £72, BMTIE
k, B3, RE, ARNSIIERAEENTEDONTEY, F2IEZKFT03 ppm EEESHTNDS Y,

OSTATEOE NEMOKPEN B L R il v 4 — AR v S —
OMSEATECE NEMOKEN R et v 4 —a T RE 4 —, Bl MEEr 2 —
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B 51k, MEENBARBSSHTE > 2 =08 PR 22 FEEEHR OR EWESEOITERFESEE) 12
BWTRRR LIRK s v~ N7 T 7% o7 DRVEEGHE (LLF TLC-MSMSS &9, ) ZHWZE
LY (LUF DFRLIE) W 9. ) ZIEIC, fRHHA & x5 L L CEREMIHTIETE D~ O "l & %
BETL, WCS ROUWLKICHEFATREZRE&E (AT TWCS ) Lo, ) &Lz ¥ 2o, fib
BIZOWTHRET L7722, ERMEVEEICH Y, FARIBFENMETH-72 Y 22 T4E, fib
DEXNRE LIEAX VY =y VBOERELEEZ, WCSIELZREITHF LD TEOMELZRETS.

B XV Y =y VBEOEERE X Fig. 1 TR LT

<ZIISYH

5-ethyl-5,8-dihydro-8-oxo[1,3]dioxolo[4,5-g]quinoline-7-
carboxylic acid
C13H11NOs MW:261.2 CAS No.: 14698-29-4

Fig. 1  Chemical structure of oxolinic acid

2 REAE

21 R B
R SHIE I mm DAY Y — & 3E35 Uik Tt L 7-.
22 RO

1) 7 b=k U VISR RS - PCB R &2 VY, LC-MS/MS EHERICIXIRIE 7 v~ 7
TI7RERWL. AKX —VEH T ABRICIT AR R - PCB REBRA & F V), AR & OUERE
WRBLZITRIR 7 v~ b7 Z 7 HZRWZ. KISERAK (IS K0211 @ 5218 IZEFK S L7 HiiK)
RV Zofh, FFEL L T 5 LA ORI R A V2.

2) AXVVU = U RN

FFx VU = S (FEE 99.9 %, FOGHMZETHESR) 10 mg 2 EMEIZE > T 100 mL O
ERT T AZ AR, KEERET R U AR (0.1 mol/L) 1 mL R OVK— A X/ —/L (1+1) #J 50
mL ZMZ 7. BERLEL A YY) =y ZBERNL, BITHERETK—RAF 7 —1 (1+1)
EMACTAXY Y = VBAEERR AR L7 (20K mLix, %YV =y 7L L TO0.1 mg
EOHATS. ) .

HHICEE L C, EHERIRO—ER%E, K—A¥ /—/L (7+3) TEMIIHRL, 1 mLHic4F%
V=vw 7t LTENZEN 01, 02, 05, 1, 2, 5, 10, 20, 30, 40 K50 ng 2 & BT D454 %
VU = R A TR LT

T D ORFEHEFUR M OREHER OFHRLT, Y L7 RIETIT o 7.
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23 IEEKA U E
1) FAE A 0 SM-100 Retsch 8 (1mm 227 U —, [l ((4£) 1690 rpm)
2) WL LT a2 —H—SR2W F AT v/ ([l HRHEE%L 300 rpm)
3) AT AfHEAR - GFP-95 il (LSRR
4) VAR Pr—N-v=avnl RUEEAKI =N T L Oasis HLB H—F VY v (FETA
Fl& 200 mg, Y H—/3—%F 6 mL) Waters
5) LC-MS/MS :
LC #B : ACQUITY UPLC System Waters
MS i : ACQUITY TQD Waters

24 TEEHIE
EEEEL, B L7RETITo 7.
1 fhh H

SINTRREL S g A IEREIZE - T 300 mL OBtk =A 7 7 X2z A, /K 30 mL 2001z 30 43
HE L7218, T2 02 wh% A X U VERIAR — T =K UL (3+2) 120 mL &A1%, 30 43FEIRD
REECTHH L2, 200 mL ORE7 I 2Aa%2 7 7 —tO FICEE, iRz 5 7 Al AT
Wenl A Lictk, O =MA7 7 2a kORI ZIER 02 wvn A X2 U VBBEE -T2 = L
(3+2) 50 mL THEHL, [FERICEGIAB LTz, BIZRET 7 AT DR ET0.2 wv% A Z U Uik
Wik—7 2 =K U/ (3+2) A Tc. ZOWRDO—FEEL 02 wV% A XY VEBEIK—7T 7 =1k
b (3+2) TIEfEIZ 100 fEA R L7c ik, ArBGREHAK 4 mL % 50 mL O3B 7 7 A 2 TIEMIZ
AL, K10mL 22T, BT 2AFIC A 23ERRITR E Lz,
2) BT LALER
e AR B =N-E= e r ) ROREGEKRI =N T L E A X ) —/L 10 mL K UUK 10 mL
CHER G L. SRR A X =0 7 AT AN, §iE 1~2 mL/min THA5| L TRE DT TAAID E
BHIET D F T S8, BICRENARD A > TW=Rd BT 7 A2 %K 5 mL §5T 2 ¥4
L, WRENER I =57 A2z, WWEHPFTTAHO BIIciET 2 £ Tt &7, 50 mL 0729
7 I7Aa%I=NTLADOTICEE, AX /)= NA5mLEZI=AT7AIMATEXY ) =y Vg%
T S 72, W E 50 °C LT OKIBTIE & A CHIET 5 £ CRIERME L2, BRI AZ%-
THIE L7z, AK—AF 7 —/b (7+3) 2 mL Z EMECINZ TEREMEZE L, 5000xg T 5 57
OYBEL 7215, BRI EZ LC-MS/MS (2 & BB I A9 230k & L.
3) LC-MS/MS (Z & BHlE
RBHAR K OB AF Y ) = 7 BREEYER4 5 uL & LC-MS/MS IZIEA L, BIREISHH (LT
[SRM| W5, ) 7ua~ 7T L8E5. JESM% Table | XN 2 IZR LT



WHOOROAF YV =y VORI v~ b7 T 758 07 WVERHTENC £ D ERE 57

Table 1 Operating conditions of LC-MS/MS
Column Inertsil ODS-4 (3.0 mm i.d. x 150 mm, 3 um), GL Sciences
Mobile phase 0.1 v/v% Formic acid solution - acetonitrile (7:3)
(hold for 19 min) — 1 min - (5:95) (hold for 5 min)
- 1 min - (7:3) (hold for 5 min)

Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)
Mode Positive

Source temperature 120 °C

Desolvation gas N2 (800 L/h, 350 °C)

Cone gas N2 (50 L/h)

Collision gas Ar (0.20 mL/min)

Capillary voltage 2kV

Table 2 MS/MS parameters

Precursor Product ion Cone Collision
Target ion Quantifier Qualifier voltage energy
(m/z) (m/z) (m/z) V) (eV)
244 — 30 15
Oxolinic acid 262
— 216 30 25

i A
BFoie SRM 7~ 7T AL E— 7 HfEE RO TREMRZIER L, REFo4F V) =
IREZREH L. 7ok, EEEOHE% Scheme 1 (27 L7,
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Sample 5.0 g (300 mL Erlenmeyer flask)
add 30 mL of water
——allow to stand for 30 min

——add 120 mL of 0.2 w/v% metaphosphoric acid solution-acetonitrile (3:2)
——shake for 30 min

—filter through GFP under reduced pressure

wash with 50 mL of 0.2 w/v% metaphosphoric acid solution-acetonitrile (3:2)
— fill up to 200 mL with 0.2 w/v% metaphosphoric acid solution-acetonitrile (3:2)
— dilute sample solution 100-fold with 0.2 w/v% metaphosphoric acid solution-acetonitrile (3:2)
——add 10 mL of water to 4 mL of sample solution

Oasis HLB cartridge

——wash with 10 mL of methanol and 10 mL of water

apply sample solution

wash with 5 mL of water (twice)

—clute with 5 mL of methanol

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

——dissolve in 2 mL of water-methanol (7:3)

— centrifuge for 5 min at 5000xg

LC-MS/MS

Scheme 1 Analytical procedure for oxolinic acid in rice straw
(analyzed under the shading condition)

2.5 K O ARG =R O R

Fab HIZOWT, WCS HEIC L VAR L7 7 T o 7 sEHAT M OY WCS JEIZEBWT 02 wv% A 4 U
VB — T2 h=R UL (3+2) T 10 EART DL A% 100 fHARE Lo FIEIC R iR L
T EBHRIRICA X Y U =y g e LTENEI 10 mgkg Y EZIRNMLTE~ N v 7 ZEYE
HRIZOWT, 22 O DS THB L ZFIREOA XV U = 7 BREERIC R 5 ©— 7 Tfg 4
L7,

Flo, MOLIZONWTAF VY =y 7l LTENEI 10 mgkg S EZ RN L7-30EZ HW,
WCS HEKLT WCS HEIZRWT 02 wh% A Z U IR —7 8 h=F U (3+2) T 10 5MIRT 5 &
ZA% 100 fEAIRE L2 FEIC IV EREL, BIER K OWGKR UK 2K 7-.

2.6 PEHREUEORFITE

e GHIA) (2o T, TNE25, 5.0, 10 K15 g 2L, A%V =y IlEL L%
NZH 10 mg/kg FYE (Rl EHAT T T 5 ng/mL FHY4 &) 2R L7tk 2 v TR 2 ko
7-.

ERGET, WCS IETHH L, Wal A%, 277 A TOEME T 0.2 wv% A X2 U U ERIAR —
TER=1FUL (3+2) ZMMZTHE LCREHERIZOWT, TO—E&% 0.2 wv% A # U CFRERIK
=7 =1V (3+2) TIEFEIZ 100 f5AML, LUE WCSIETEREZIToT.
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3 BRRUER
3.1 HHR O ARG O

oy 5 23 L7z WCSIETIE, RS T COBYE L MR E 0.2 whv% A 2 U VEERIR— 7 & K
= kU (3+2) TERLEHZ 10 AR5 2 LICk ) BHERREENMEONTZN, b b DR
BRI~ 7= O, b biE, 3EHAEEZ 10 7RI 57200 CIIRMERS TS 514 4
BB DRI+ /3 I STV WATREME N B 2 b 7o, HICRENRE MWIRT 5 2 L Tt s h
HNEIM25ICED~ N v ADRBE LT,

ZOFERIL Table 3 D&Y, Fibb HIFFUEHK Z [FELEE T 100 (A RT 52 L2k, fbooHo
FX V= JRICKHT D~ N v 7 AOEENMEH S N DRERDPG L.

ZIT251280, bbb (IHE) IcAx Y=y 7lie LT10 mgkg Y EZEIN LR e %
VY, 10 fEAR U723 UBRAR & 100 5 R L7 sUBHAR A W T 3 AT CERL, A%V U=y
7 BE D BIEE f O LS 2 3R 6D 7.

ZDOFERIL Table 4 D LBV, EHSKOFAHEAEL 100 f5ANE T 52 LITR Y, BUERENK
Tl LoT, WCSIEORIRE 10 575 100 (A FRICEE L CLIBEOBMNEITH Z i L.

Table 3  Matrix effects by different dilution factors
Matrix factor” (%)

Dilution factor of extract

runl run2
10-fold dilution 87.8 93.1
100-fold dilution 103 99.8

a) Response ratio of oxolinic acid calculated as peak area in the
presence of matrix component divided by peak area in the pure

solution

Table 4  Effects of dilution on recovery tests

a) b)
- R RSD:
Dilution factor of extract ecovery
(%) (%)
10-fold dilution 75.1 6.4
100-fold dilution 80.5 2.6

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

32 PUBHREE O

WCS IETIERUBHREE A 10 g & L, IRE D fiHZICRE] Aiad L Chiltika /BT, Lo,
REDRT D O ORE, EOAHi1% O A EITE RO Bk SIE, B SITHA 3 FREDELN
720, A EOKIZEIZ 02 wv% A X ) UBEEIK—7 2 h=FU/L (3+2) 50 mL THREFL TH,
FhOBEIICAXF YV =y VBPNERE L TV A AREE LB X bz, 22 C26I12L0, fibb 3K
BEHWT, fiibbIcild 2 EHERE O KRG 21T - 7.

ZOFERIT Table 5 D LBV, REHEREUED 10 g L0 D720 RIERITEVET TH - 72, —7,
BT OFEDWEDOERICEE L, MR DA E T TIRIET D Al b BT 5 &, sBHERIE
25g X0 Sg AT HLEBEE L TWD LB L, fgod CIIEBE-ELZ SgLTH2&Ic L.
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Table 5 Effects of sample weight on recovery tests

Sample weight Recovery (%)a)
(8 Rice straw 1 ~ Rice straw 2 Rice straw 3
2.5 83.5 92.1 80.4
5 88.5 91.2 74.8
10 85.7 86.5 65.8
15 75.5 69.2 52.2

a) n=l

33 VE=ARVEU-N-E=Avn ) RUOHEAKRI =8 T L0 5 ORIy ORGT
WCSIETIEI =0 7 2RRFICAX Y ) =y 7z K—T8 F=1F YU/ (4+1) 20 mL THEHL T
WD, JEATHEA ﬁuréﬂfwéﬁm¢®ﬁ%/)%/7 REBED S D, WKk~ NI T
TEESHE (LC/MS) IC X BEKEMZ G L Uiz —FikBriE DT, WCS LR URED I =
w7ﬁ\®msm3)%mm,f&/wwsmLfﬁ%yU:yaﬁ%%mbfmé”.m—7ﬁb
= kUL (4+1) 20 mL ([C L DEHITAESLS Gl 05, IWHIEROBETZEIC 2372 ) ORI 2 5
LTCEY, AF )= VZXDEHITER D Z & THTBIEONFILN RIAEND. A X ) —VEHIT
%ié:kuiD%IL&%%%%@%mﬁ%ﬁéhéﬁ,ﬁﬂ%ﬁgéwgﬂESgp,%mM®
ARG AE 10 (5005 100 fFICEHE L7722 E12 kD, WCSIETHEM LR X 0 SfsleRRR T o~ K
Uo7 ZFE L TWD EHEZEIND. LEDZ b AHZ 7 — & AWy ORGT&1T - 7-.
240 DIZE W HELNIFEHARICA X V) =y 7L LT 10 mgkg FHYS & (RAERERERH TS
ng/mL FHYE) 2L, Y= AP —N-E=Abtn ) ROHESKI =8 T L0005 ORHE
DEHER LT, TORE, Table6 D &RV, AF VYV =w 7EIIAY /—/L0~5mL THEHL, Z0
OEFITEHITRD e otc. ZOZEnD, bbb TIEAY /—/L 5 mL TIHEHIELZ
Ltz x&/~w5mLf%m5ﬁé CATEE LIAER, AR ONERZEIC 2T RN G
RHC 1 RFEIRRE M T & .

Table 6  Elution pattern of oxolinic acid from Oasis HLB

Recoverya) (%)

Feed types Water Methanol Total
0~5 mL 5~10 mL 0~5 mL 5~10 mL 10~15mL  15~20 mL
Rice straw 1 0 0 99.4 0 0 0 99.4
Rice straw 2 0 0 100 0 0 0 100
a) n=l1

34 WIEWEOKE
e B 3 ik Z AV, AIEIC XV R U7 2 LC-MS/MS IZIEAL, G572 SRM 7 =~
N7 T LR LIZEZA, WTHOREHIBW T O ERZGIT 5 E— 7 1378 b7,
72d, 15N 7-SRM 7 i~ k7T AD—fl% Fig. 2 IR LTz,
35 <~ bV v AROMR
24D DEOIDZE VR LI o077 0 73 EHRIRICA X Y U =y 7 kL LT 10 mg/kg fH4
i (RAEREHARIR T C 5 ng/mL A% &) 2 LEE~ MY v 7 ZFEHERIZONT, 2.2 O 2UIHE- T
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A LTEEIREOA X Y U = VBIEERIC T o B — 7 mfE 2R Lo L 24, ©— 27 mfEkiT
98~106 % TH YV, XV IV =y Z7EITHAL~ ) v 7 AT K DREREELZTH 2 &7 HEA
FETHh-o7.
3.6 WINEIGEER

b QMR IAx YV =y 7k LTENE 0.6, 1 L 10 mgkg Y& (Ri&HUERAIR
T03, 0.5 %XO5 ng/mL MY &) 2RI L7ZEEE AV, REICEY 3 80T TEREL, BEIELWY
MR UAEE & SR D 7.

ZOFEFIL Table 7 D &Y, FHENE K OZ Ok UK XM ER#EFZ (RSD,) & LT
89.8~92.7 %} (X 6.4 %L F T~ 7=,

72k, BHNTZSRM 7 v~ KT AO—1% Fig. 2 (IR L7z,

Table 7  Recoveries for oxolinic acid

Feed types
Spiked level Rice straw 1 Rice straw 2
(mg/kg) Recovery” RSD,” Recovery” RSD,”
(%) (%) (%) (%)
0.6 92.7 3.9 91.0 4.1
1 91.0 6.4 92.7 4.9
10 89.8 3.0 91.3 2.9

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

12.00 14.00 16.00 18.00  Reteation Time/min
Intensity \L
T 1 T T 1 T 1 T T 1 T 1 T 1 1 T 1
12.00 14.00 16.00 18.00 Reteation Time'min
Intensity
U T T T T T T T T T T 1 T T T T T T
12.00 14.00 16.00 18.00  Retention Time/min

Fig. 2 Selected reaction monitoring chromatograms
(Arrows indicate the retention time of oxolinic acid and each peak is shown as 100 % in each
segment except C, in which the peak of the lowest standard solution (0.1 ng/mL) is to be shown
as 100 %.)
A: Standard solution (5 ng/mL: 0.025 ng as oxolinic acid)
B: Sample solution of rice straw spiked at 10 mg/kg of oxolinic acid (5 ng/mL as oxolinic acid)

C: Sample solution of rice straw (blank)
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3.7 ERE FRRKE O FRROME

RIEOFEETREOMM TREZHRT 5720, bbb Q K ITA¥ V) =y 7BERMLIR
NENGGRBRIZ L 0SSN E—27 O SN S 10 KON 3 L/ D2 K7,

ZORER, HBoONI-E—27 O SN M 10 BLEE 72 51T 0.6 mg/kg, SN A3 & 72 DIRFEIX 0.2
mgkg ThHo7=Z &nh, RIEOERE FIRIX 0.6 mgkg, M TFRIX 0.2 mgkg TH-7-.

3.8 JL[ERER

AEORWHBREE 2R3 5720, WM, 2 OIERO 2 fE THmaehc & 2 L FER
B 3ihE L7z,

Rkl E LT, bbb 1Ay V= 7l LT 10 mgkg fHY & (OHTHRE S g lokt LT
1 mL 250 ug & AT DR | mL ) KORED L 2124% YV =y 7L LT 2 mgkg f14
B (BT HBEES gl LT I mL HIC 10 pg 25 A 7 DR 1 mL #500) %, &alBREEICCTotrBe
RORTHIZESIN L CRER U 725082 v 2.

SIRBREY, 70— 8« U UBRRSHARZET, SERER RS ESSEERS R e, —
A RRE N A AR RS v & —ZERSEET, MNIATBOE N EMOKE TR 2 it o 2 —IRfas 2
AR, iRt 2 —, FEiletr 22—, AahErr 22—, RfEt s 2 —RORERE %
— Gt 9BRR) Thot. EROMHITICHOWVTIE, EEEMIC N—FF A &= RRBRICEET 5
FIE P 2% 52, Cochran H7E, SHVIE 1 0D Grubbs BE M UM 2 {8 Grubbs #E 21T,
SNAVEOH M4 el U7z ECHEBEIGE, Mok LKEE (RSD,) K OERFEEEE (RSDr) ZHHIL,
B 57 RSDr 706, EIE Horwitz 2 '2% FIV T HorRat %3k 6 7-.

fikld Table 8 D& BV Tholz. b 1 KOO D 2122\ T, FHEIGERITZENEI 91.9 &
Y 97.6 %, RSDITZTNZEI 2.8 K TN2.5 %, RSDIZZNEH 53 K UN7.6 %, HorRat IZZH 1 0.46
&Y 0.52 Th-o7-. 723, HorRat 28 0.5 # FlEIo TS DR H ST, T HEAEN iR {E C
b5 ENFRERTIZRWNEEZ BT

BEDTD, KRBRETH A L2 LC-MS/MS DRSS % Table 9 1278 L7z,
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Table 8 Collaborative study for oxolinic acid
Feed types
Lab. No. Rice straw 1 Rice straw 2
(mg/kg) (mg/kg)
1 9.16 9.85 1.83 1.99
2 9.23 9.10 1.81 1.85
3 9.29 9.21 1.88 1.87
4 9.89 9.45 1.95 2.00
5 9.66 9.91 1.94 1.94
6 8.75 8.38 1.70 1.78
7 8.94 8.64 2.15 2.14
8 1019 838 Y 2.22 2.17
9 8.66 8.91 1.99 1.93
Spiked level (mg/kg) 10 2
Mean value * (mg/kg) 9.19 1.95
Mean recovery * (%) 91.9 97.6
RSD: 7 (%) 2.8 25
RSDr (%) 53 7.6
PRSDk © (%) 11 14
HorRat 0.46 0.52

a)
b)
¢)
d)
e)

Data excluded by Cochran test
Rice straw 1: n=16; Rice straw 2: n=18

Relative standard deviation of repeatability within laboratory

Relative standard deviation of reproducibility between laboratories

Predicted relative standard deviation of reproducibility between

laboratories calculated from the modified Horwitz equation
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Table 9 Instruments used in the collaborative study
Lab.No. LC-MS/MS LC column
(i.d.xlength, particle size)

) LC: ACQUITY UPLC, Waters Inertsil ODS-4, GL Sciences
MS/MS: ACQUITY TQD, Waters (3.0 mmx150 mm, 3 pm)

5 LC: ACQUITY UPLC, Waters Inertsil ODS-4, GL Sciences
MS/MS: ACQUITY TQD, Waters (3.0 mmx150 mm, 3 pm)
LC: Nexera X2, Shimadzu ZORBAX Eclipse XDB-CI18,

3 MS/MS: LCMS-8040, Shimadzu Agilent Technologies

(3.0 mmx150 mm, 3.5 pm)

4 LC: ACQUITY UPLC, Waters Inertsil ODS-4, GL Sciences
MS/MS: ACQUITY TQD, Waters (3.0 mmx150 mm, 3 pm)

s LC: ACQUITY UPLC, Waters Inertsil ODS-4, GL Sciences
MS/MS: Quattro premier XE, Waters (3.0 mmx150 mm, 3 pm)

6 LC: Alliance 2695, Waters Inertsil ODS-4, GL Sciences
MS/MS: Quattro premier XE, Waters (3.0 mmx150 mm, 3 pm)
LC: 1200 Series, Agilent Technologies Inertsil ODS-4, GL Sciences

7 MS/MS: 6410 Triple Quad LC/MS, (3.0 mmx150 mm, 3 pm)

Agilent Technologies

LC: 1200 Series, Agilent Technologies Inertsil ODS-4, GL Sciences

8 MS/MS: 6410 Triple Quad LC/MS, (3.0 mmx150 mm, 3 pm)

Agilent Technologies

9 LC: ACQUITY UPLC, Waters Inertsil ODS-4 HP, GL Sciences

MS/MS: ACQUITY TQD, Waters (3.0 mmx150 mm, 3 pm)
4 F&oH
Fab BHIZERET 5 4% Y U = ZERIZOWT, WCS A KR L, fbblZBiF 5 LC-MS/MS

Z W B BE ORI AT EEE~ OB O PG 2 Rat Lz & 25, #EHRIEZ 5 g2, MR OAR
Z 100 512, =T LNEDEMAE AL ) —)L 5 mL TITH ZEICERTHZ L2k, ITORER
DL, WHNARETH S LB DT,

1) fbbIcoNT, KB THELNEZ u~ N7 T A2, ERBEYT 5 E—7 1338 5z
7.

2) ARIEIZEVE LN DBENAIRICOWT~ MU v 7 AR EMR LIFER, %V = 7 Bidale
~ M) w7 R DRE e BE 2T 5 L {HEARETH T,

3) fbbicAX Y V= 7L L 7T0.6, 1 KO 10 mgkg FHSEZTIML, AEIHE-T 3 8T
Mrae 9 L, [ & ORI URSE 23R b7z & 2 A BIF R0 G o .

4) KEOFXY VU =y 7BEOERE FRITHFE 0.6 mgkg, R FIRIF 02 mgkg Tho7z

5) WbobicAx YV =y 7L LT 10 mgkg FH% 8L 2 mg/keg tHY \mA2 I L 725082 W T 93k
BREICB W TARIEICHE VIR 2 i L= & 25, BHRERNSE L.

B

HFEFRBRIZSZIM L TWe2We 7 o — R - U RARAEIITERT, 2R R A & S ETE = PE
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5 RERUVKXKEHNTFOCHUNRUDCSADRAI O NI ST74
VT LBEBEESHEICKSEES

NG REET, BOE BT, OHEE T, B kT
Determination of Dicamba and DCSA in Soybean and Soybean Meal by LC-MS/MS

Kenji KOZUKA™, Eiko ARAI"?, Chiaki ITO™" and Akiko TAKAHASHI"'
(*1 Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department
"2 Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

(Now Sendai Regional Center))

An analytical method was developed to simultaneously determine the levels of dicamba and 3,6-
dichloro-2-hydroxybenzoic acid (DCSA) in soybean and soybean meal using liquid
chromatography-electrospray ionization-tandem mass spectrometry (LC-ESI-MS/MS).

After spiking dicamba-'">C¢ and DCSA-">Cg to the samples, and further adding water, dicamba and
DCSA were extracted with water-acetonitrile (1:1). The extract was hydrolyzed with
hydrochloric acid. The sample solution was purified with liquid-liquid extraction and with Mega
Bond Elut C18 (Agilent Technologies Inc.; Santa Clara, CA, USA), and injected into LC- ESI-
MS/MS for determination of the levels of dicamba and DCSA. LC separation was carried out on
a phenyl column (Inertsil Ph, 2.1 mm i.d. X 150 mm, Sum from GL Sciences Inc.; Tokyo, Japan)
using a gradient with 5 mmol/L ammonium acetate solution containing 0.1 % acetic acid and
acetonitrile as the mobile phase. In the MS/MS analysis, negative mode electrospray ionization
(ESI-) was used.

Recovery tests were conducted on two kinds of soybean and two kinds of soybean meal spiked
with 1 mg/kg or 10 mg/kg of dicamba and DCSA. The resulting mean recoveries ranged from
88.3 % to 100 % for dicamba and 86.2 % to 101 % for DCSA, and the repeatability in terms of
relative standard deviations (RSD,) were not more than 5.2 % for dicamba and 7.6 % for DCSA.

A collaborative study was conducted in nine laboratories, using soybean spiked with 1 mg/kg of
dicamba and 5 mg/kg of DCSA, soybean (heat flaked) spiked with 5 mg/kg of dicamba and 10
mg/kg of DCSA and soybean meal spiked with 10 mg/kg of dicamba and 1 mg/kg of DCSA. For
dicamba, the resulting mean recoveries, repeatability and reproducibility in terms of relative
standard deviations (RSD, and RSDg) and HorRat, respectively, were 100 %, 8.2 %, 13 % and
0.80 for soybean, 103 %, 3.1 %, 6.8 % and 0.54 for soybean (heat flaked), and 98.2 %, 4.5 %
5.1 % and 0.45 for soybean meal. For DCSA, the resulting mean recoveries, RSD,, RSDy and
HorRat, respectively, were 101 %, 5.6 %, 8.6 % and 0.68 for soybean, 100 %, 4.7 %, 7.4 % and
0.65 for soybean (heat flaked), and 103 %, 7.9 %, 11 % and 0.66 for soybean meal.

This method was validated and established for use in the inspection of dicamba and DCSA in
soybean and soybean meal.

Key words: dicamba; 3,6-dichloro-2-hydroxybenzoic acid (DCSA); liquid chromatograph-tandem
mass spectrometer (LC-MS/MS); electrospray ionization (ESI); soybean; soybean meal;
collaborative study
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F—U—FR:TUHN;36-U7rnma2-v Rax U ZBE&ME (DCSA) ; Kk a~w ~7
SR T LG RESHE =Ly ha AT L— A FbiE KT KE g ; 3k
EENTS

1 #

CH NI FEEHE VR VERRORERIT, BIRERD O IRER SRR DD, A—F B
DI ARLEAMEAICLY, MEEEZMESEDI EEZLNATHD V. BERNTIE, YR, U8
YRRV, CHAUNRAFAT IUVREREDR G LT ORENRBEINLTED, ZOMA, K
WCHEAND D, WA TIIKE, -4, 50, EU S8 0WTRENDH Y, FHE, KT, BESIC
HWHARDD., P NE ) FXFVT S BEE T EEA LU AN RE O EE R RE WL,
CHRONRHWE 3,6-P 7 nn2- FaXo g BEE (LLF IDCSA] LWvwWoH. ) Ths Y.
AR DV N OERRR IR V1T, BRMEEZEBRICLD VN ATV TOR MIEREE AT
3 T/ 2 & R OEEEENO A VA= MU T UV AOFREDHFFINTZZ LD, FERk 27
7 HIZ Table 1 @ LBV WIEIZDOWTAM &, KEZ R < BELOBFEIZ DWW TR A ffT S
W, REEOREHNTICONTIT 28 F 1 A 27 BT EITSNFHICRESI N, £2, K
BREORGMNTIZBT 520 N OREIEMEEIL, BN, DCSA 2V G EICHE LT
H DM DCSA DR EZE DN o NERICHE L= booine Sn- Y. ek Y2,
fAEFR DT RO E L TH AT a~ N7 T 7K DHEEYOITESIE S THhE 0, =
DIFIEIX DCSA Z a4 & LTy

A, —BMEEN ARG v ¥ — RO M EEANRSRERER SN [k 25 F5E
AR OF EMEESHERBEEE] CBWTHBE LY KW DCSA DRk a~ 77
75 T WG RSHTE (BUF TLC-MS/MS] & W5 . ) 2k pREEERSE Y (BUF [JFRL %)
Lo ) BRI, BT EE~OEHO R R L-oTCEoMBELRET L. B,
JFRL VE£I%, P o A MtEEE I 2 A XORBEENABE LI RKER T O A KDY
DCSA (faAtkzate. ) OERBIEIZBECLEFIETHD.

ZEIZ, VN K NDCSA OfEERSE % Fig. 1 IZR LTz,

i

Table 1 Maximum residual limit of dicamba in feeds

Feed Maximum residual limits (mg/kg)
types After revision Before revision
Barley 7 0.5
Corn 0.5 0.5
Milo 4 3
Oats 3 3
Rye 0.1 0.1
Soybean 1()* —
Soybean meal 1()* —
Wheat 2 0.5
Grass 200 200

* As total of dicamba, DCSA and glucuronide of DCSA
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Dicamba DCSA
S OH o OH
Cl O\ Cl OH
Cl Cl
3,6-dichloro-2-methoxybenzoic acid 3,6-dichloro-2-hydroxybenzoic acid
CgHsCl203 MW: 221.0 CAS No.: 1918-00-9 C7H4CI203 MW: 207.0 CAS No.: 3401-80-7

Fig. 1 Chemical structures of dicamba and 3,6-dichlorosalicylic acid (DCSA)

2 EEBRAE
2.1 OB
K&, KE NBYERA) , KREBMTEOKRE#RNT (=7 A M —F—B) 2ZnhZh
Ilmm DAY Y — 2 ZdE55 Ui T L7,
22 O3
1) 7 b=hkVix, HHEICTEGERK . PCB B, LC-MS/MS DIAEMEKRIZIX LC/MS H,
FEBR X LC/MS A, BT v & =7 AL 1| mol/L HPLC A, kT hY v LA, Y=Flxz—
TR RA Y ) — VXT3 - PCB R, T OMoREEIIRH% (KL 98 %l Eo b o)
Rz, Zr4 Y 7 10X Celite 545 (Imerys Minerals California, Inc.f) % 7=, KIZEHK
(JISK 0211 @ 5218 [ZEF S L7 @fliAK) & Huiz.
2) VA EEYERE

DI KRR (RIEE 98 %, FOGHIBE T M) 25 mg # EMICE > TS50 mL ORET T X
WA, AZ =N EMATENL, BIERETAY ) =V E2MATIH  ERERK %
PR L7 (ZoW 1ImL X, PHo e LT05mg2ahlmd 5. ) .

3) DCSA FEHEJFHE

DCSA FEHES (GMiE 98 %, AK Scientific ) 25 mg # EfMEICE > CTSO0mL OEET 7 A 2|
A, AH )= )VEMXTHENPL, LITEMRETRAZ /) — /L% MZ T DCSA FEHE K % 77 H
L7z (ZO# 1mL X, DCSA L LTO0Smgaafad5d. ) .

4) ZERMIR TR T N (DH o R-BC) PR YER I

ZE RN AR TEFRIEF Y N (DA R BC) HEHER (W 98 %, KEFAME) 10 mg %
EfEIZE>T 20 mL ORET 7 AZAN, AX = V&M THEML, FITERE CRE
BEZ N Z T H By WEMERKZREL L7 (Zo# 1 mL 1%, PHr_PC & LT 05
mg G HETDH. ) .

5) ZERNMRITCEIER DCSA (DCSA-Cq) PR HE JF %

ZE RN AR TE L # DCSA (DCSA-"C) RS, (ML 98 %, KB EER) 10 mg & EAEIC
BEoT 20 mL OEET T AIIAN, AX ) —/VEMZTENL, FITERE CRIEEZ M
% T DCSA-"Co WHEHEJF K Z#FL L 72 (Z 0% 1 mL 1%, DCSA-"Cq & LT 0.5 mg 23 AT
B.0) .
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6) IRGPAEHENR
D 2 RBC NEEHEFUE K O DCSA-"Co WEEHEIR K4 1 mL % 25 mL O&E T 7 A 3| A
N, ERETAY ) — L EM CTRAMNEEERZFAM LZ (Z0# 1 mLix, Y70 3-PC K&
O'DCSA-"CeZ 20ug & HT5. ) .
7) IREEEER
ERIICER LT, U BRI, DCSA FEHER, ¥ 2 3-PCe NESHER I & ' DCSA-
PCe WS HEIFE O — BB & 0.1 VVAFERIEH — A % /7 —/v (1+1) TEMICHR L, 1 mL fic
PH e LT 10, 20, 50, 100, 150 % TX200ng, DCSA & LT1, 2, 5, 10, 15 }%X20ng
BEHL, oY H L RBCe L LT 20 ng, DCSA-Ce & LT 2 ng &4 T 541 B 1E Rk ]
IRATEER 2R3 L 7=,
23 HEROEGE
1) ¥k - ZM-100 Retsch # (1 mm A2 U —, i HEF[E#54% 14000 rpm)
2) IREHIHE: LT ur2—F—SR2W ¥ A 7 v 7 & (i HEHES)$X 300 rppm)
3y AU EFTINT VALY U BN =5 T I Mega Bond Elut C18 71—k~ U v ¥ (F£TAHI
B 1g, K40 um, U ¥ — X—%& 6 mL) Agilent Technologies
4) LC-MS/MS :
LC-MS/MS 1 LC #B : ACQUITY UPLC Waters
MS/MS #B : Xevo TQD Waters
LC-MS/MS 2 LC #0 : Nexera X2 FyitflfEpr il
MS/MS #F : LCMS-8040 &b 7 { iy il
24 TERFIE
D #h
SIHTEEE 10.0 g 28> T 300 mL Ofe =M 7 7 X 22 A, BRAWEMER 1 mL & EfE
Mz, ®IZ/K20 mL Z#N%, 30 pMi#E L%, LiKk—7% h=FU/ (1+1) 80 mL &N
Z, 30 0 RHE D IRE CTHiI L7=. B % 100 mL o k2@ Db I AL, 1500xg T 10 %
i DBl U, RV AR & K o i3~ 2 3hA R & LTz,
2) K fiE
FBHATR 10 mL % 100 mL O A2 .O RS IS IEREIC AL, HEEE (27+170) 20 mL # 1%,
FRE LT 95 °C O T 1 REfIINE L= % i L, 1500xg T 10 sz 0o L, EEAEE
IR Sy Bl i3~ 2 3Bl & L T-.
3) RIS
AEHA 3 mL 2 & 5 LT MU U A% (10 w/v%) 20 mL % Adu7z 100 mL D 43K
b A ICIEREICIN 2, BiZYoF Lo—F/L 20 mL 2T 5 MRV IBE/-1%HE L.
KE (FRE) % 100 mL O53kE}; B IZ A, Y=F o—7/vE (LJE) % 100 mL O72
W7 F 23z AT, DikiR A 2P F L —F )0 20 mL TUWHE L, WL 5HkR} B I
Mz, 5 pEEVIEE-HEFE L. KBEZHET, YoFALo—TLBELEORTIET 7 A2
IZ/ADET, 40 °C LTOKB CTHTERMEL, EXT A2 LTV T LT =T LERELT.
0.1 VW% FMEEH— A % / —/v (4+1) 5 mL ZFEEWMITMZ TEPL, B 7 LA 5
BHAW & L.
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4) BT K

FIEZTFTINT UMM D ANV I =T L AE ) — 10 mL KON 0.1 viv% X BRIRIK 10

mL THERTEH L7z,

RENAR 2 X =07 A A, FiE 1 mL/min F2E CTWE| L CikmE N T

THAAID B ET 2 F Tt S8 72, SBHERD A > TWeR2 T 7 7 X 3% 0.1 viv% Xk
Wi — A% 7 —)v (4+1) 5 mL THEL, WiKEZ I =07 512N, FERICHRESE7Z. 10
mL ORBEZ I =N T LD FIZES, 0.1 vVVATERIRIK — A% /—/ (1+1) 10 mL % X =
T LN Z, FiiE 1 mL/min F2E CTHAEI L TYH > KON DCSA Z¥AH SH T, LC-MS/MS (2
E0H o ROPEICHT DHEHEKR (LT TSR L Lwvwo. ) & LT,
AEAR 1 2mL % 20 mL O2E 7 7 A T ZIEMIZAIL, 0.1 vV%F IR — A &%/ —)b
(141) 22877 A aOEHRETIMZ, LC-MS/MS 12X %5 DCSA OHIEIHd 2 iR
(LT TRBRAEwR I & vy, ) &Lz,
5)  LC-MS/MS (2 X % HlE
FREHATR R OB IR OS5 L 2 LC-MS/MS IZHEA L, ZB|IREJEHE (LLF TSRM|
EWH. ) sav v TAEEE. ZOREIX23 O 4D LC-MS/MS 1 V), Table 2 KO
Table 3 OHESKMFTITo 72,

Table 2  Operating conditions of LC-MS/MS

Column
Mobile phase

Flow rate

Column temperature

Inertsil Ph (2.1 mm i.d. x 150 mm, 5 pum), GL Sciences

0.1 v/v% acetic acid, 5 mmol/L ammonium acetate solution - methanol (19:1)
— 2 min — (7:3) (hold for 8 min)

0.2 mL/min

40 °C

Ionization Electrospray ionization (ESI)
Mode Negative
Source temperature 150 °C
Desolvation gas N2 (800 L/h, 400 °C)
Cone gas N2 (50 L/h)
Collision gas Ar (0.4 Pa)
Capillary voltage 0.6 kV
Table 3 MS/MS parameters
Precursor Product ion Cone Collision
Target ion Quantifier Qualifier voltage energy
(m/z) (m/z) (m/z) W) (eV)
Dicamba 219 17 — 6
— 145 20 10
Dicamba-''Cs 225 181 - 6
DCSA 205 Lol — _
— 125 26 20
DCSA-"Cs 211 167 — 12
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6) &t H
BONT SRM Z 0~ 7T A6, DCSA, VA2 3-PCe BT DCSA-PCq D B —
7 HFE & RO THIEHEIEIC L W REREZER L, BEHRO YT RE N DCSA OZNZERD
BEHEM L.
ek, TEIEOWE % Scheme 1 [Z/R LTz,

Sample 10 g (300 mL Erlenmeyer flask)

—add 1 mL of surrogates solution (20 pg/mL)

——add 20 mL of water and allow to stand for 30 min

——add 80 mL of water-acetonitrile (1:1) and shake for 30 min
——centrifuge for 5 min at 1500xg

Hydrolysis

——transfer 10 mL of sample solution into 100 mL centrifuge tube

——add 20 mL of HCI (13.7 v/v%) and heat in oil bath (95 °C) for 1 h
——centrifuge for 5 min at 1500xg

Liquid liquid extraction

—add 20 mL of sodium chloride solution (10 w/v%)

——transfer 3 mL of sample solution into 100 mL separatory funnel

——add 20 mL diethylether and shake for 5 min } twice
——transfer diethylether layer into 100 mL eggplant frask

— evaporate diethylether under 40 °C

——dissolve in 5 mL of formic acid solution (0.1 v/v%) - methanol (4:1)
Mega Bond Elut C18 (1 g/ 6 mL)

——prewash with 10 mL of methanol and 10 mL of formic acid solution (0.1 v/v%)
—apply sample solution

——wash with 5 mL of formic acid solution (0.1 v/v%) - methanol (4:1)

——elute with 10 mL of formic acid solution (0.1 v/v%) - methanol (1:1)

LC-MS/MS (for dicamba)

_l—dilute sample solution 10-fold with formic acid solution (0.1 v/v%) - methanol (1:1)
LC-MS/MS (for DCSA)

Scheme 1 Analytical procedure for determination of dicamba and DCSA
in soybean and soybean meal

2.5 WEEWHEZ RV WHIEO B
PR T % J U 20\ TFRL % B TR0 it 217 - 7.
1) EEIIE
FIEE,  LC-MS/MS (Z7E AT 2 ENATE L OMEMERIR OV D Zx, JFRL 15O i RIEEE % A
H ) —=vinb AE ) —v—K (7+3) ITZ58 L7 JFRL {£% JEIC L7z Scheme 2 (2739 /1L TIT
ST ZOWEE 2.3 O 4D LC-MS/MS 2 Z V>, Table 4 & U Table 5 O HIE LM TIF - 7=
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Table 4  Operating conditions of LC-MS/MS

Column Inertsil Ph (2.1 mm i.d. X 150 mm, 5 pm), GL Sciences
Mobile phase 0.1 v/v% acetic acid, 5 mmol/L ammonium acetate solution - methanol (19:1)
— 2 min — (7:3) (hold for 8 min)

Flow rate 0.2 mL/min

Column temperature 40 °C

Ionization Electrospray ionization (ESI)
Mode Negative

Desolvation gas N2 (3 L/min)

Drying gas N2 (15 L/min)

Collision gas Ar (230 kPa)

Source temperature 200 °C

Heat block temperture 500 °C

Table 5 MS/MS parameters

Precursor Product ion Collision
Target ion Quantifier Qualifier energy
(m/z) (m/z) (m/z) (eV)
175 — 7
219
Dicamba — 145 6
221 — 177 14
207 163 — 11

DCSA
205 — 161 12
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Sample 10 g

add 20 mL of water and allow to stand for 30 min
add water-acetonitrile (3:2) 100 mL

shake for 30 min

— filter through GFP using diatomite under reduced pressure

wash with 50 mL of water-acetonitrile (3:2)
—fill up to 200 mL with water-acetonitrile (3:2)

transfer 20 mL of sample solution into 100 mL centrifuge tube
Hydrolysis reaction

add 40 mL of HCI (1 mol/L)

plug air-tightly and heat in oil bath (95 °C) for 1 h

uid liquid extraction I (300 mL separatory funnel)

Li

8

transfer all of sample solution into 300 mL separatory funnel
add 40 mL of sodium chloride solution (10 w/v%)

add 50 mL of diethylether and shake for 5 min (twice)

put diethylether layer into 200 mL Erlenmeyer flask

add sodium sulfate

—filter through No.5A

evaporate to dryness under 40 °C

——dissolve 4 mL of formic acid (0.1 v/v%) - methanol (4:1)

Mega Bond Elut C18 (1 g)

prewash with 10 mL of methanol and 10 mL of formic acid (0.1 v/v%)

apply sample solution
wash with 3 mL of formic acid (0.1 v/v%) -methanol (4:1) (twice)
elute with 10 mL of formic acid (0.1 v/v%) -methanol (1:1)

Li

=

quid liquid extraction II (300 mL separatory funnel)

transfer all of sample solution to 300 mL separatory funnel
add 100 mL of sodium chloride solution (10 w/v%)

add 50 mL of diethylether and shake for 5 min (twice)

put diethylether layer into 200 mL Erlenmeyer flask

apply sample solution
—filter through No.5A

evaporate to dryness under 40 °C

——dissolve 2 mL of methanol-water (7:3)

LC-MS/MS (10 pL)
(for dicamba)

——dilute sample solution 5-fold with methanol-water (7:3)

LC-MS/MS (10 pL)
(for DCSA)

Scheme 2 Analytical procedure for determination of dicamba and DCSA
in soybean and soybean meal (without using internal standards)
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435 10 mg/kg TliX, ¥4 3T DCSA ONHEIR T, 71.5~88.4 %, <+ O UKEE X
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Table 6  Recovery tests for dicamba and DCSA without using surrogates
Feed types
Pesticides Sf:\l:;d Soybean Soybean (heat flaked) Soybean meal S(ZZ:;?II;:SM
(mg/kg) Rec overya) RSD;” Rec overya) RSD,” Recoverya) RSD;” Rec overya) RSD,”

(%) (%) (%) (%) (%) (%) (%) (%)
0.02 66.5 2.7 141 15 77.8 2.7 165 8.0
Dicamba 0.4 64.0 6.2 90.8 7.5 73.7 4.7 116 3.4
10 73.2 6.4 85.5 2.4 86.4 2.7 71.5 1.7

0.02 242 42 220 5.2 210 22 282 14
DCSA 0.4 87.0 12 99.0 8.2 113 4.4 149 5.8
10 75.1 8.0 85.9 1.5 88.4 2.0 75.5 0.8

Colored cells stand for recoveries of less than 70 % or more than 120 %
a) Mean (n=3)

b) Relative standard deviation of repeatability

3.2 MRE#R

2.5 OWNIEHEYE 2 W2 W HFEORKRFCIE, 2.3 @ 40 LC-MS/MS 2 ZHW=HllEIZ LY,
AN T 5~250 ng/mL & 10 pL FEA (FEAREE LT 0.05~2.5 ng #H% &) , DCSA T 1~50
ng/mL % 10 pL A (FEA&EE L T0.01~0.5 ng fHY &) Lo CEMAEZ TR LTV, L
L, BfEAZ#L2T23 D 4)D LC-MSMS 1 ZHWTHIELZE Z A, T /3T 10~500 ng/mL
Z 10 pL ¥ EA (EA&EE LT O0.1~5.0 ng tH¥ &) , DCSA T 1~50 ng/mL % 10 pL {EA (FEAR
& LT 0.01~0.5 ng tHY &) L7-#ifl CRAFREMMENRG O NRNoT. 2O LITIEAEE
LI Z ETHENRONIZTD, YB3 T200 ng/mL % 5 L JEAEE LTI ngfHYE) ,
DCSA T20ng/mL % 5puL (GEAEE L TO.Ing FHYE) LITOEARICET L.

T, =T LOEHKEEZDOEE LC-MSMS ORIEICHT 72010, P KD
DCSA DOFRIAMEE 0.1 vVATBRIA — A % / —/v (141) & LT LC-MS/MS THIE L= & Z 5,
RiF7 e — 7 IR TH D Z L PR CE 2O AR IR RS & LT,

220 NNZHE-> TR L ZIRAIEHER 4 5 uL 2 LC-MS/MS (ZiEA L, #5472 SRM 7 7~ |
T ALY — 7 HEE RO CTREREZIER L. ZTORMSE, Fig. 2 oLk, VB ART
10~200 ng/mL (JE A& & LT 0.05~1 ng fH24 &) , DCSA T 1~20 ng/mL (JEA=ZE & L T 0.005~0.1
ng FHY &) O CEMMEL R LT,
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Fig. 2 Internal standard calibration curves of dicamba and DCSA by peak area

33 ATV ET NI IMMET Y BTNV =BT KD OV B O HERE
REKONRGH»TE A, BAEPEERZ M TIC 24 IV L TRF ) TERT A%
Ko TV F N —T NV ERELLE-EWME, U238 LT 300 ng 2O DCSA & LT 30 ng
EEHTDH 01 vVIVATERIRI — A X /—)b (4+1) 5 mL TEMN L CTREHRIK & L, 2.4 D 4)IHE
WA T BTN I D BTN = AT DIANTI =0T 505 ORIy % il L.
ZORER, Table 7D EHY, PUH L NKONDCSA (X 0.1 V%R — A% /7 —/ (1+41) 3~9
mL OEyTHEHT D 2 ERMRINTZ. 2O Z &5, JFRL EE FEE 0.1 vive X ERIRIR — A #
J— (1+1) 10mL THEHEE L Z L & LTz,
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Table 7 Elution patterns of dicamba and DCSA from Mega Bond Elut C18

Formic acid solution (0.1

L . o/ .
V%) - methanol (4:1) Formic acid solution (0.1 v/v%) - methanol (1:1)

Load Wash Elution
Fraction 0~5 mL 5~10 mL 0~3 mL 3~6 mL 6~9 mL 9~12 mL Total
Only standard solution 0 0 0 75 31 0 106
R-GCOVHZ’) of  In the presence of matrix 0 0 0 64 7 0 90
dicamba components of soybean
In the presence of matrix
(%) components of soybean 0 0 0 53 45 0 98
meal
Only standard solution 0 0 0 99 3 0 102
Recovery of i
. y In the presence of matrix 0 0 0 112 5 0 114
DCSA’ components of soybean
In the presence of matrix
(%) components of soybean 0 0 0 112 3 0 116

meal

a) n=l1

3.4 WIEHEWE OB
K 4 BR KR ORGHNT 4 Bz, BENEERORINIITHLT, 24 12> THE L
ToREHA Z LC-MS/MS IZHEA L, 5572 SRM 7 0~ b7 T AEfERLIZEZ A, WD
HEHZBWTHERERAY T HE—7 T30 b do Tz,
ek, HoNSRM 7 u~ 7T ADO—Hf% Fig. 31T LT,
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Fig. 3

Selected reaction monitoring chromatograms of standard solution and blank samples
(Arrows indicate the retention time of dicamba and dicamba—l3C6, or DCSA and DCSA—13C6.

axis are the same all chromatograms. The baselines were shifted for display.)
A: Standard solution D: Standard solution

(1 ng/mL: 0.005 ng as DCSA)

Scales of y-

(10 ng/mL: 0.05 ng as dicamba)

(20 ng/mL: 0.10 ng as dicamba-'">Cy) (2 ng/mL: 0.010 ng as DCSA-"Cy)
B: Blank sample of soybean E: Blank sample of soybean

(sample solution I)

(sample solution II)
C: Blank sample of soybean meal

F: Blank sample of soybean meal
(sample solution I) (sample solution II)
























