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Development of Determination Method of Chlorpropham and Fipronil in Feed by LC-MS/MS

Aiko YANO', Norihiro SATO', Yugo DOI” and Yoshinari SAKAKIBARA"
(" Fukuoka Regional Center, Food and Agricultural Materials Inspection Center)

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

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

Recovery tests were conducted on formula feeds for layers and suckling pigs, barley, wheat, corn,
afalfa hay, rice straw and whole-crop rice silage (WCRS). Chlorpropham was intentionally
added at the levels of 0.01 and 0.4 mg/kg for formula feed for layers, 0.01 and 0.2 mg/kg for
formula feed for suckling pigs, 0.008 and 0.04 mg/kg for barley, 0.008 and 0.02 mg/kg for wheat,
and 0.02 and 0.05 mg/kg for corn respectively. Fipronil was intentionally added at the levels of
0.01 and 0.02 mg/kg for formula feed for layers, 0.0008 and 0.002 mg/kg for wheat, 0.008 and
0.02 mg/kg for corn, 0.04 and 0.2 mg/kg for afalfa hay, 0.2 mg/kg for rice straw, and 0.018 and
0.11 mg/kg for WCRS in original matter respectively. The resulting mean recoveries ranged
from 84.7 % to 101 % and the repeatability in the form of the relative standard deviation (RSD,)
was less than 8.5 % for chlorpropham, and the mean recoveries ranged from 81.3 % to 90.0 % and
RSD, was less than 8.9 % for fipronil except in rice straw. The mean recovery was 44.8 % and
RSD, was 12 % for fipronil in rice straw.

Key words: chlorpropham; fipronil; liquid chromatograph-tandem mass spectrometer (LC-
MS/IMS); electrospray ionization (ESI); barley; wheat; corn; alfalfa hay; rice straw; whole-
crop rice silage
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1 &

Janr a7y AEH—/S A — N ROBRER RO RETFAER CTH 0, Mo RFEEMRIC X
DERENRETRTEEZLNTND V. WAMCB W TIZ D ¥ U A EORAF - Tkt o5 FMmEIF &
L CUNHERICHER SN TWD. FHAETIT 1954 FEiCyml B sk S, EHEEWS IR, Mg,
B3, TROEEETHL Y. MEPOEEEE LTI, KE, &, EI9BAILROIAET
0.05 mg/kg EFRESNTNS 2. BT O s o777 AOSHEE LTI, e kg i
BWTC, T h VB F AT E A7 a~ N7 72 0T R SITER T A7 a~<
N7 T TEESHFE AW —FOMENRNEINATEBY, E& FRIZENRZENDOSITEIZ DN T
0.02 % T*0.05mglkg TH 5.

T4 7RV, T E T Y = AROBBATH Y, BRIk U TR EE I A L E T D
TR OBEEMAERTEEZLON TS Y HANETIE 1996 FI2 YA E SR Sy, T R
EW SRR OBFEETH S V. SR OREEE LTI, 4, DAE, WEROCLARAEH
BRI QNI B A BB C 0.02 mglkg, /& OYH 3765 HEL A kT 0.01 mg/kg, 4%% T 0.2 mg/kg, f#
H 5T 0.2 mgkg, TRFEEHER (LLF TWCRS) L9, ) TO0.1 mgkg EFEENTNG D,
RO 7 ¢ T = Ok E LTE, AR EEICBW TR a~ b7 T 7 HE&S TR
HWT—ForiEN & STl Y, E& FRIZ0.01mgky TH 5.

BE, o rsarra 7y AR OT 4 78 =IO NWT, BREREMEM L OSSR SREE o RE L
DRF SN TRY, EEEICH LTRSS 2R OOIEORBREE Lo TnD.

AMEl, RMOKEER ORK 29 FEAFEGM L RMERIIREFEFE (R o R3S ITIER LGt
FE) ICBWT, EMMEEAAARSSRESEE LZoWE © (BT TRCE] 2v). ) &
R, Ao rarra 7y AR OT7 4 IR VOWIKs a~ N5 T K U F MRVE &SHTEHC
£ D EEIEDOFEI T EE~OBEHO A K E R LD T, TOMELRET S.

BEICZOLTO T ARONT 4 T = L OMEER% S Fig. LIZRLEZ

i
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Chlorpropham Fipronil
) ) 5-amino-1-(2,6-dichloro-4-a,a, a,- trifluoro-4-p-tolyl)-
isopropyl 3-chlorocarbanilate ) ) o
4-trifluoromethylsulfinylpyrazole-3-carbonitrile
C10H12C|N02 MW: 213.7 C12H4C|2F6N4OS MW: 437.1
CAS No. : 101-21-3 CAS No. :120068-37-3

Fig. 1  Chemical structures of chlorpropham and fipronil
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21 3B

2 REBRAEK

B el (G EH, FAMTBERH, THERAH, LHFAFEEHLXOCRHEEEH) |,
K&, N&E, 98 AZ L, 94K, RTNINANTFUT74—F, TAVT7NVT 7l HE, FEI—

HEL WD DIZTNENHERE 1 mm O 7 Y —

B ARG LT T L 7=, WCRS X

60 °C C 10 Wiz fite, TICENICHE L CRGZ L2k, RERICHEL .
B, BEHZHWEEAEORSE A% Tablel ISR LT-.

Table 1  Compositions of the formula feeds
Formulafeed types  Ingredient types Prop;:/rt;on Ingredients
(1)
For layers Grains 61 Corn
Brans 1 Rice bran
Oil seed med 22 Soybean mesl, corn gluten mesl, rapeseed meal
Animal by-products 6 Pork and chicken meal, fish med, feather meal
Others 10 Calcium carbonate, animal fat, calcium phosphate, salt,
oyster shell, feed additives
For suckling pigs  Grains 62 Corn, bread meal, wheat flour, roasted soybean flour
Oil seed med 10 Fermented soybean meal, concentrated soybean protein,
soybean meal
Animal by-products 15 Dried whey, fish meal, concentrated whey protein
Others 13 Confectionery medl, calcium phosphate, animal oil,
glucose, lactose, cacium carbonate, feed additives
For growing pigs  Grains 72 Corn, wheat
Brans 3 Bran
Oil seed med 21 Soybean mesl, corn germ mesl
Others 4 Calcium carbonate, animal oil, molasses, salt, calcium phosphate,
garlic powder, feed additives
For dairy cattle Grains 37 Corn, barley, rice, whest flour
Brans 33 Bran, rice bran, Corn gluten feed, poteto gluten feed
Oil seed med 26 Rapeseed meal, soybean meal
Others 4 Molasses, calcium carbonate, feed additives
For beef cattle Grans 81 Corn, barley
Brans 13 Poteto gluten feed, bran
Oil seed med Rapeseed meal, soybean medl
Others Molasses, calcium carbonate, beer yeast, feed additives
22 K

1) 7 b=rU, T FEONFY IR - PCB kB 2 H 7=,
LC-MS H (&L 7 A L AFHisEis) % fHuviz.

(K

ek & U Tz
i) A HW .

A K ) —iE

HAk>r b U UL, EEE, WEERT MU U A

UUBRARFE AV DL, UBRTIKFED Y UL ROERRT B Y v L (EK) (3R

1 mol/lL Fife” »E=v AidmERErsr e~ N 77278 (L7 A4 v L8004
7K1 Ultra Pure Water System RFU354BA (HPERUEATSL) (C L v KR L 7= 1



60 BT ZER S Vol. 44 (2019)

fliZk (JISKO0211 @ 5218 |ZE# S = #fliAK) & Hu iz,
2) 0.5mol/lL V > EE#EE R (pH 7.0)

VUAKFEZ VA7 VEEZIKFEDY UL 3029 %4®YD, /KK 500 mL (277

L, 1mol/L g% HAWTpH %2 7.0 I L7=1%%, KEZMxT1L & L7
3) 0.5 mol/L KEfz#EE % (pH 5.0)

FEfg 241 mL K OEERR - b U w7 & (4EK) 6.84g &V, /KK 200 mL ([Z¥EfE L, 1 mol/L

fie % N C pH % 5.0 ICRAFE L7=%, K&EMxT250mL & L7-.
4) rsunrua 7y AEREFERK

yuanra 7y LMERE (Sigma-Aldrich #, #iE 99.4 %) 20 mg % IEfElZ &> T 100 mL &
BRI T AIZAN, TEMAZMATENL, BICERE CREELZNxC/7arrary
DAEREFE G 2 L2 (o 1mLix, Zael7nrrasLT02mgaaflt5. ) .

5 747 nm = UIERERR

74 7 a = VERES (BT AV AREHSER, M 99.4 %) 20 mg # IEfEIZ &> T 100
mL ORET T AIZAN, T M AZIMZTEPL, BICERE CEREBEEZNZTT 472
SVERHERRER L7 (o 1mLix, 74 7e=1rt 1L TC02mgaaa7 5. ) .

6) IRAIEHEIR

sa)Lra 7y LAERERK 10 mL KON T 7o = UERERE 1 mL A2 200 mL O & T T A
W ANTIRAEL, BICERETAY /) — 2N CRGEEFRKZRHE L (20 1 mL
X, Z7enrre 7y Al L TCI0gAYN 7 4 7= LTClwsad7 5. ) .

I LT, IRAEEFRKO ~E&E2 A Y /) — /L TEMRICHRL, 1 mL izl 7no
7y AL&LT1, 2, 4, 6, 8, 10, 20, 40, 60, 80 X (r*100 ng, 7 4 7 =,LL LT 0.1, 0.2,
04, 06, 08, 1, 2, 4, 6, 81N 10ng & AT H & IRAENERR Z2 R L 7=,

23 IEEKUEE
1) Fwe
Btk 1 (BAfk, &9 8 AZ LEOEEM) ZM-100 Retsch . (HBI& 1 mm A2 U —
>, HRE TR 3 14000 rpm)
3wk 2 (Rofis, fed 5O WCRS i) : SM-100 Retsch & (HBHE 1 mm 227 U —,
mlEs% (fkk) 1690 rpm)
2) RBEOBE: LT rY 2 —H—SR2DW ¥ A 7 v 7 & (ff AR & 5 %k 300 rpm)
3) AHk:5FB il LHERTR
4d 77975754 M=K,/ F VLTV TIV-N-TaENT VI Y BT AVEE I = T A
(UF IR=772) 5. ) :InertSep GC/PSA (500 mg/500 mg) ¥ —=x/LH A = Afl
5 AT Z 7 44— :DISMIC-25HP (L% 0.20 pum, EEE 25 mm, #HKME PTFE) HEA
LY
6) LC-MS/MS:
LC B : ACQUITY UPLC System Waters
MS i : ACQUITY TQ Detector Waters
7 MY T A T 54 Yo+ mT 5] EvvH. ) :Chem Elut 71— hrVU v
(20 mL f#£5H)  Agilent Technologies
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24 EEIIE

1) #fiH
ekl 10.0g (2B, Fgdb H K NWCRS % 5.09) 28 ->T200mL Ok =fH 77 A2
[Z AL, K15 mL #x, 30 /rfEFE%, EIC7 & h=hKU/ 100 mL %, 30 /IR Y
BETHHLEZ. 200 ML O2&E 77 22527 7 —iKIO FIcEs, iz A% (5 7 B)
TSI A LT, O =A7 7 2AaROEIZIART7E F=KU /L 50 mL THHEL, [k
B A L. SHICEBT7 7 AIDERETTE M=) VEMXTZ. O 20 mL %,
RSy B i3~ 2 3UBHR R & L T-.

2) WRHRTEL
REHATK 20 ML 2 & 522 Lo kT F U 7 10 g K TR 0.5 mol/L YV o EEfEETE (pH 7.0) 20
mL % A#17= 100 mL O3 kR HZ IEfMICI %, 10 SRRV IRE-#%EE L, 7 h=FU L
Jg (kJg) % 100 mL O =7 7 A2 |Z Az, 7 b= U VEE@EEOMET Y DA
(fEAK) CTHAKL 100 mL O7eT 7 7 2AalcAK (5 B) TABL%E, ko=A7F A
AR OAMEIMERDEDOT ¥ = UL THEEL, AilaabEl. A% 40 °C LT OKIR
TIZE A EHET 2 TRUERME L72%, EF T AL X THELE. ~FHr2mL 2z
THREMEENL, BT L0 23EHRIR E Lz

3) H T LB
R=h T LT E R 10 ML LOIANFH 2 10 mL CIERES L7-. SEHRKRE I =0 7 A
AR, REAFETAHD B ET 5 ETHRE FSE72. EHEKRO A>T\~
FAaz~FHhr5mL §OT2EVESRL, WKEIEKI =07 L2z, RERICHEE ST,
50 ML DR T T7 7 Aa%2I=ATLDOTFICEE, ~FHor—7% by (441 15 mL 23 =
HIAIMZTruaLra7y ARONT7 4 Fu= LEEH S8, K% 40 °C LT oK
TIEZEALHET 2 E CRIERM L2, EF T RAE X CTHELLE. A%/ — 1 mL (i
W, Wb o kN WCRS IZ26H > Tld 10 mL) # EMICINZ THREBMEZEN LB A LT T
T A4NE—=TAHEL, LC-MSIMSIZ X HHIEICHT 2 eBHAR & LT-.

4) LC-MSIMSI(Z L 2HlE
AEHATR M O IR A E R4 5 uL % LC-MSIMS (A L, @#|IRKGHE (SRM) 7 2~
7T NERGT. WESM A Table2 KON 312/ LT,
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Table 2 Operating conditions of LC-MS/MS

Column Capcell Pak C18 MGII (2.0 mm i.d. X 150 mm, 3 um), Osaka soda
Mohile phase 2 mmol/L ammonium acetate solution - 2 mmol/L ammonium acetate methanol
salution (7:3) (hold for 0.2 min) —12.5 min — (5:95) (hold for 2.5 min) —2 min
— (7:3) (hold for 12 min)
Flow rate 0.2 mL/min
Column temperature 40°C
| onization Electrospray ionization (ES)
Mode Pasitive (chlorpropham), Negative (fipronil)
Source temperature 120°C
Desolvation gas N2 (700 L/h, 350 °C)
Cone gas N2 (50 L/h)
Coallision gas Ar (0.25 mL/min)
Capillary voltage Paositive: 3.0 kV, Negative: 2.5 kV
Table 3 MS/MS parameters
Precursor Product ion Cone Callision
Target Mode ion Quantifier Qudlifier voltage energy
(mlz) (mlz) (mlz) V) (eV)
172 — 20 10
Chlorpropham + 214
— 154 20 20
. . 330 — 25 15
Fipronil - 435
— 250 25 30
i

HFoi/e SRM 7~ 7706 — 7 HBLADRE I ZRO TRERZERL, 3B
ranrya7y hERONT7 4 umVEEEH L.
kB, EEEOME % Schemel |2k L7-.
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Sample 10.0 g (5.0 g for grass hay, rice straw and whole-crop rice silage (WCRS)) (200 mL Erlenmeyer flask)
——add 15 mL of water and allow to stand for 30 min

—add 100 mL of acetonitrile and shake for 30 min

—filter through filter paper (No. 5B of JIS P3801) under reduced pressure
——wash with 50 mL of acetonitrile

— fill up to 200 mL with acetonitrile

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

——add 20 mL of 0.5 mol/L phosphate buffer (pH 7.0) and 10 g of sodium chloride
—— shake for 10 min and allow to stand for a while

— discard the water layer and transfer the acetonitrile layer to a 100 mL Erlenmeyer flask
—— add some amount of sodium sulfate and dehydrate the acetonitrile layer
—filtrate to a 100 mL eggplant flask

—— wash the Erlenmeyer flask with acetonitrile and filtrate to the eggplant flask
—— evaporate to dryness under 40 °C

— dissolve in 2 mL of hexane

GC/PSA column (500 mg/500 mg)

— prewash with 10 mL of acetone and 10 mL of hexane

— apply sample solution and let it flow out

— wash the eggplant flask and elute with 5 mL of hexane (twice)

— set a reciever (50 mL eggplant flask)

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

—— evaporate to dryness under 40 °C

— dissolve in 1 mL of methanol (10 mL for grass hay, rice straw and WCRYS)
— filtrate throgh hydrophilic PTFE membrane filter (pore size: 0.2 um)
LC-MSMS

Scheme 1  Analytical procedure for chlorpropham and fipronil

25 TAYOULAT DR DERGE QLRI A Y0 T aiEI LW, )
FIL IR E B AR 10.0 g 2 200 mL o3t =f 7 T 2 (& L. i ERET 2.4
D 1) & RERIZITVY, A% 300 mL O 7 7 Aa T, REHAK % 40 °C LLFO/KIB T
¥ 15 mL 1225 ORI L, REHAKOEEEZ 7 A4 V5 M AR, REHATKD A -
TWeERTIET7 7 Aaz/KE5mL THREL, WKET7A Y U207 AR LTz, 5 rMEE L
Teth, ~FY o —FEEET=F L (1+1) 100 mL THEH L, WHIEE 300 mL ©7ed 7 T AT
=TT WK Z 40 °C LLF OKIB CRIERMS, BRI AL E > TEE L. ~F P+ 2 mL
ZMZCEREWEZRNL, UEOD 7 AREREMEIX 2.4 O 3) & REEICIT- 7-.
BE, A YU LT AETIEEEREHERIREN FICIED 10525720, MEROIRE
HPHNICINED KO AZ /=L THEMARL, LC-MSIMSIZ X HHIEICHEL 7.
2.6 WNENNERER
22D 4H~5) D7 unTn Ty MEREFIE LT 70 = )VEERERK 2 A Z ) — )L TIEREIZ AR
LIz .
1) r/mrra”7y b
yuanrazyhE LT, WHEHEEHESEEHTZ 0.01 X 0.4 mo/kg fHY & (RE&FBHA TR
HC 10 OV 400 ng/mL) , 1ZAMFIKERCHECA EEHZ 0.01 XY 0.2 mg/kg Y & (&R
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BHAW - 10 & TN 200 ng/mL FHX% &) , KZEIZ 0.008 }2 T 0.04 mg/kg #8224 & (R &REHATR
HC 8 TN 40 ng/mL fHY &) , /NFEIZ 0.008 K& OF 0.02 mg/kg #14 & (B #&aEhAR H © 8 &
20 ng/mL FHY &) , &9 AT LIZ 0.02 T 0.05 mglkg #8244 & (R #&FUEHATRH C 20 K&
VB0 ng/mL AHY &) 220 L) ICZNENHRMBEELES L, —HEFE LIZRICRIEIZHE-S
TERL, FHEICE L OE UBE 2RO, ok, MEREHEEZE X 2 RINEEICONT
X, BEMRORERPEANICINE 5 & 5 EEREEHATRZ A % 7 — /L CHEEAR L THIE L7,

T4 7 a=)r

T4 Fu=) b LT, BT AERAEEHC 0.01 LT 0.02 mg/kg HHY R (K RUBHATE T
T 10 & TF 20 ng/mL AR &) , /NFEIZ 0.0008 K& Y 0.002 mg/kg #H2% f (Fe#&alEHAR T 0.8
V2 ng/mL FHY &) , &9 HAZ LIZ0.008 & OF0.02 mg/kg FH XY & (e iU EHR I H ¢ 8 &
V20 ng/mL FHY &) |, 77 77 7 EIZ 0.04 J 8 0.2 mg/kg FH2Y 8 (B &R T
2 K OVN10 ng/mL 4 &) , Fidb 512 0.2 mg/kg FH Y & (R fEUEHA# H ¢ 10 ng/mL) , WCRS
TR L C 0.018 & TN 0.11 mglkg #H 24 & (&l EHA R H T 0.9 & OV 5.5 ng/mL fH % &)
IR X0 ICENEFNRINE LIRS L, —KEE LIERICKEICE> TERL, FHEIE
J ORI UK EE Z2 3R D 72, WCRS ~DOHRNNTRFEZ ezt L T7 r e =L & LT, 0.04
BN 0.25 mg/kg MM EITR D X O IATVY, R TIRE~OHEIX, R K OREZ oK
NEAEE 60%N N0 %EE LT, FY OKOEH % 60%) FRE=REY OKoeH &
10 %) WREE 225 ORITE VI ToT. 7ods, MERFHHZEZ 2 BWINREIZ OV TIE, K
EMROREFHPEANICUNE D X 5 EAMREHARE A % 7 — /L CEBEAR L TRIE L.

3 HBRRUEE

31 MEMR

22D B)IHE > T L= HIRAEYERR 4 5 uL 2 LC-MSIMSIZIEA L, 5772 SRM 7 o<

NI LB E— 7 HBELADE S ZHWTHREREZER L. BSonBlmERO—#IT Fig. 2-1

KOVFig. 220 LBV THY, Zur a7y Alx1~100 ng/mL (FEAR L LT 0.005~0.5 ng fH
WYE) M7 4 71 =113 0.1~10 ng/mL  (7E A& & LT 0.0005~0.05 ng fH 4 &) OFiH CE RN
oLz,

kB, YHMBEBROBEEHIEL, soLrra 7y A% 0001~01 mgkg KON T 4 T o= %

0.0001~0.01 mg/kg & A 9 %/ Hr K (RHCE, fab b KO WCRS ICHh > TiE7 4 VY r =%
0.002~0.2 mg/kg &H T 5 AT HEED & AREICHEWVTIRL U 72 i aURHA IR H o0 & IR FE R I M
BT 5.
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30000 - 300000 -
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Concentration of chlorpropham / [ng/m1] Concentration of chlorpropham / [ng/mL]

Fig. 2-1  Calibration curves of chlorpropham by peak area (left) and peak height (right)

2500 30000 -
£ 2000 v 2;21 .jgxgggzémss £ 25000 y = 2430.9x +31.136
5 e H R?=0.9991
H £ 20000 -
} 1500 >
8 £ 15000 -
& -
% 1000 2
2 + 10000 -
= g
500 5000 -
0 T T T T T d 0 T T T T T 1
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Concentration of fipronil / [ng/mL] Concentration of fipronil /[ng/mL]

Fig. 2-2  Calibration curves of fipronil by peak area (left) and peak height (right)

32 TA YU LAT BT LD IINEIGER

JHC&Ti%%Lﬁwﬁﬂ PELCOM RIS 2 LTV A A, SRR SF oML, AT Ef

DEMZVEL LBEANZICLDOIMEOIEL X OER L2055 70, AT I O

f%%@ﬁxﬂnvﬁ7?7giﬁﬁﬁ Ko —Fotisl (UUF TEE-FE Lvw)H. ) T
BRI B7A YT LH T 2EROCTHRIRFCL D2 BEZEBILTCE 20 RELE. A4 YT+
7 DT XDRERGIER, BE-FEELSEBIC, 250 HFETITo7-.

HE 100 g KK LT, Zurra 7y Al LT 0.2 mgkg H% & (ks A T < 2000
ng/mL) , 747 m=/L& LT 0.02 mgkg Y& (F&REHARK S T 200 ng/mL) 12725 X 91
ENENTMELSIEAL, KHELERICIA Y VLT AEICL Vo EER L. 74
VUt T BB K DEMENGRER 21T > 725 R A& Table 4 ICE &7z, 7 4 7 v = LT BRI
ENEREZR LN, Z7eirra 7y MIERIETH - 7-.

Table 4  Recoveries of pesticides using diatomaceous earth column
Formula feed for suckling pigs

Pesticides 3)(Ir|;eg/dk|g;le| Recovery
(%)
Chlorpropham 0.2 10.0
Fipronil 0.02 9.1

n=1

FA VTN T ML D BERBEIIREE -FETHITOR TV A, FEORGIRFIC I S h
T2RMENNEER I T 5 7 e rr e 7 7 AORILEIZ 4T 100 E B HEETHD. 20k,
sunrna 7y MEBUREDORNL, 74 YU+t T7 LK) 24 O DK T LA LLIE O K il
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FHEIZ LS TR o T KM OB LEZE 2 bz,

T, FA YU LI T AETHBMLZRENAREZ LC-MSIMS THRIER, ZEHERO E— 7 R3E|
NoHLZNNIT =V 7352 n3botc. 74 YU LH T AECTHE L ZRENARFICEE
DRHED D LC T DB E RIT L TV D ATREIERH 2 728, FREE I AR EDE M
ERRETTALENRD DL EEZ X BN,

3.3 R BLIZ BT D IR D RS

EOBLAZLERAWT 24 © DICX VAR L Z3EHANKR 20 mL (27 v e 7 7 A 100 ng
(0.1 mg/kg 84 &, ff&FEHAR Y T 100 ng/mL 1Y &) K O'7 ¢+ 7' m =, 10 ng (0.01 mg/kg
Y B, i RURHAR P C 10 ng/mL fHY &) 2Nz, 24 @ )05 T LV EEL, HKIEE
IZB T DB DR ZITo7c. 728, 1 BHOKKIE THBEL7KBIZTE A= U V&2 FRE
MABZ L2k, 2 I BOHREIToT-. ZORE Table5 DBV, Zurra7y ALEW
7478 =T LB ORIE SR Z VRN TE D Z L kR LT

Table 5 Recoveries of the pesticides on liquid-liquid partition in corn matrix
Recovery (%)

. Acetonitrile
Pesticide -
First Second Total
20mL 20mL
Chlorpropham 89.0 0.0 89.0
Fipronil 91.0 0.0 91.0

n=1

34 =T LHbOUEHES O
EIOBAZLEMNT 24 O 1))6 22X VR LREHAKIZ 7 vr 7' 7 7 4 100 ng
(0.1 mg/kg 84 &, ff&REHAR < 100 ng/mL A% &) K O'7 4+ 7' 1=, 10 ng (0.01 mg/kg
FHY &, RACHUBHATR T C 10 ng/mL MY &) #1Z, 24 O JPTLVEELTI=I T L0050
DRy DR ZIT-7-. Table 6 LBV, oL rar7y ARONT o Fa= g~
WX TiFEHET, ~F -7k M (4+1) 1I5mLIC KV ENT S22 L2 L.

Table 6  Elution pattern of the pesticides in corn matrix using InertSep GC/PSA
Recovery (%)

. Hexane Hexane-acetone (4:1)
Pesticide
5~ 0~ 5~ 10~ 15~ Total
5mL 10 mL 5mL 10 mL 15mL 20 mL
Chlorpropham 0.0 0.0 93.4 12 0.0 0.0 94.6
Fipronil 0.0 0.0 87.0 15 0.0 0.0 88.5
n=1

3.5 WHEWE OB
B el (RS EH, T TBERAE, THERAH, LHFAFEEHLXOCRHEEEH) |,
KFE, INE, 98 AZL, FA4FE, RTFNIATL T 40— K, TLALTZ7 L7 7 FEI—
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Fig. 3-1

FHELL 72 EHA 2 LC-MSIMS IZVEA L, B5bh
72 SRM Z7u~ N7 7 L5 LIEEZA, WTHOREHZBW T Z7eLrrme 7y AT 4
T VOREEEYTHE— 7T Lo T
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Selected Reaction Monitoring (SRM) chromatograms

of standard and blank sample solutions

(LC-MS/MS conditions are shown in Tables2 and 3. Arrows indicate the retention
time of chlorpropham.)
A: Standard solution (1 ng/mL as chlorpropham)
B: Blank sample solution (formula feed for layers)
C: Blank sample solution (barley)
D: Blank sample solution (corn)
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Fig. 3-2  SRM chromatograms of standard and blank sample solutions

(LC-MS/MS conditions are shown in Tables2 and 3.  Arrows indicate the retention

time of fipronil.)

A: Standard solution (0.1 ng/mL as fipronil)

B: Blank sample solution (formulafeed for layers)

C: Blank sample solution (barley)

D: Blank sample solution (corn)

E: Blank sample solution (alfalfa hay)

F: Blank sample solution (rice straw)

36 v LU w7 AHEOMHR
24 O )6 JPTEV AR LN EZRRE I LA LOT F U 7RABHARICZ nv7 w7 7 A
& LT 0.02 &1 0.025 mg/kg FH 24 & (R &FUEHATRH © 20 LT 25 ng/mL B &) % EhZ ik
L7745~ b U v 7 ZAEAEPRIZ DN T, 2.2 O B)THE > Tl Bl U 7= [RIJ E 0O 45 2 384 Ui 12 6h 4
HEY—JHELEHER LIZEZ A, Thle 7 OLEBY Thotz., Fz, RERICHR L7/ 2E, &
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IHLAZL, TIT N T HERTRROLDOT 7 v 7 R EHARIZ Y 4 7 r =& LT 0.002,
0.01, 0.4 % 1r0.2 mg/kg fH Y & (Bf&alBHaiik T 2, 10, 20 XU 10 ng/mL tHY &) &£ <
NIRIMLT7=8~ B v 7 ZFEHERKIZHONWT, 2.2 O 6)IIHE-> THEL L 7[5 7 E 0> 45 2 5 A ik |2
M HE—VHEELL AR L= A, Table 8 DBV ThHoT-. HEMIRAB~ MY v X
L DREREEEZTL L RAETNRETH 7.

Table 7 Matrix effect to chlorpropham
Concentration of chlorpropham

Matrix in the matrix solution in the sample? MaIrixo/effectb)
(ngimL) (mykg) %)
Wheat 20 0.02 103
Corn 25 0.025 9
n=1

a) Converted from the concentration in the matrix solution

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

Table 8  Matrix effect to fipronil
Concentration of fipronil

. b

Matrix in the matrix solution  in the sample? Matrlzye;fect )
(ngmL) (mgkg) ’
Wheat 2 0.002 101
Corn 10 0.01 %9
Alfalfa hay 20 0.4 o1
Rice straw 10 0.2 102

n=1
a) Converted from the concentration in the matrix solution

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

3.7 ENENGEAER
1) Z7arrue”7y b
26 O DXV IRMENGABRZ FEi L=, ZOFE, Table 9 ® L B0, FEHREIULET
84.7~101 %, % D#RiK UK ITFIRIHE (RS (RSD,) & LT85 WL FDORAETH Y, FEHy
iR R 3 OFBRIE D Y MWFERIET A 74 > (LLF TYMHERIETA K710 &
9. ) IZED DAV B KON E O BAEE 27 L.
7B, B SRM 2 a~ 75 A0—fil% Fig. 4107 L7z,
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Table 9  Recoveries for chlorpropham
Formula feed Formula feed for
Spiked for layers suckling pigs Barley Wheat Com
level F) b) 3 b) 2) b) ) b) 3 b)
(mg/kg) Recovery RSDr Recovery” RSDy Recovery” RSDy Recovery” RSDy Recovery” RSDy
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
0.008 - - - 95.4 44 85.2 8.5 -
0.01 96.0 21 101 58 - - - - -
0.02 - - - - - 9.0 2.9 8.7 17
0.04 - - - 95.6 33 - - -
0.05 - - - - - - - 95.7 0.7
0.2 - 93.0 53 - - - - -
04 4.7 4.7 - - - - - - -
—: Not tested
a) Mean (n = 5)
b) Relative standard deviation of repeatability
A 138000 - B 138000 - Chlorpropham
Chlorpropham N
,, 118000 - ¢ , 118000 -
'§ 98000 - § 98000 -
s g
5 78000 - 5 78000 -
~ ~
2 58000 - 2 58000 -
2 2
2 38000 - £ 38000 -
1S IS
18000 - 18000 -
'2000 = T T T T 1 -2000 = T T T T 1
0 5 10 15 20 25 0 5 10 15 20 25

Retention time/min Retention time/min

Fig. 4 SRM chromatograms on recovery test
(LC-MS/MS conditions are shown in Tables 2 and 3.)
A: Standard solution (40 ng/mL: 0.2 ng as chlorprophaml)
B: Sample solution of corn (spiked at 0.05 mg/kg of chlorpropham (The
concentration in the sample solution is 50 ng/mL as chlorpropham.))

2) 74 7m=)b
2.6 ® 2T XV IRINEIGRER 2 Fhi Lz, T OfEE, Table 10 ® LBV, Fivb b LA DE
[ZOW BRI X 81.3~90.0 %, RSD, X 8.9 WL FOMETH Y, ZUMEMRIETA KT
AVICEDONTEEEROCKEOBEMZMZ L. b bt oW TiX, FEHEIEIT
44.8 %, RSD, I 12 %D A& Tod » B O HARE Z 7= S /e o 7.
ek, BHoNZSRM 7~ 7T AO—fl% Fig. 5 IZ/R L.
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Table 10  Recoveries for fipronil

Formula feed

Spiked for layers Wheat Corn Alfalfa hay Rice straw WCRS®
(nlgilg) Recoverya) RSD,b) Recoverya) RSD,b) Recoverya) RSD,b) Recoverya) RSD,b) Recoverya) RSD,b) Recoverya) RSD,b)
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

0.0008 — — 813 89 — — — — — — — —
0.002 — — 86.2 6.7 — — — — — — — —
0.008 — — — - 85.8 6.6 - — — —
0.01 83.2 7.1 — — — — — — — — — —
0.018 — — — - — — — - 87.5 7.2
0.02 81.3 7.0 - - 90.0 18 - — — —
0.04 — — — — — — 86.7 41 — — — —
011 — — — - — — — - 85.6 52
0.2 — — — — — — 85.8 6.7 44.8 12 — —

—: Not tested

a) Mean (n =5)

b) Relative standard deviation of repeatability
c) Fipronil was spiked to air-dried WCRS samples one night prior to extraction. The spiked levels were
0.04 and 0.25 mg/kg air-dry matter for fipronil. The levels of fipronil in original matter were
calculated with following equation on the assumption that the moisture content of WCRS samples was
60 % for original matter and 10 % for air-dry matter.
The levels of fipronil in original matter (moisture 60 %)
= the levels of fipronil in air-dry matter (moisture 10 %) / 2.25

A 7500 | B 7500 -
Fiproni i i
6500 - p w 6500 4 Fipronil
i 2 = N
‘c 5500 - 3 5500 -
3. Ke]
£ 4500 - S 4500 -
© ~
> 3500 - Z 3500 -
2 2500 - 8 2500 -
3 c
£ 1500 - ~ 1500 -
500 - 500 -
500 J ; ‘ ; ) 500 J ; ; ; )
0 5 10 15 20 0 5 10 15 20
Retention time/min Retention time/min

Fig. 5 SRM chromatograms on recovery test
(LC-MS/MS conditions are shown in Tables 2 and 3.)
A: Standard solution (2 ng/mL: 0.01 ng as fipronil)
B: Sample solution of corn (spiked at 0.02 mg/kg of fipronil (The concentration in
the sample solution is 20 ng/mL asfipronil.)) Sample solution was diluted ten
times by methanol before the injection into a LC-MS/MS.

3.8 fi HARENLEDJRK DO MFHZ DT
oo MW7 4 70 = L OIRINEIGRER O R, ZUMWHERIET A FT A ZED HHEE
O BB Z FE - 72 Jf K 2 8 5 7o OIZ UL F OMET 217 - 7.
1) FFRRIC K 2 7 4 7' e = VR O R
T4 TR ADBRED b ~OIRIMZRICKEMOREE L HICEELEAREEE X, 7=
SV T RS L 24T~ 72 & 2 4, Table 11 @ & 3 0 FINEIILRIZTR NG —BafRE L
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bDERBETH Tz, 74 7' m =L ORENLERT, A% O RS ORE TIZRnE &
zZ bz,

Table 11  Recoveries for fipronil from rice straw

Spiked timing
Spiked level One night before? Just before”
(mg/kg) Recovery Recovery
(%) (%)
0.2 431 47.6

n=1
a) Rice straw was spiked at fipronil one night before the analysis.
b) Rice straw was spiked at fipronil just before the analysis.

2) =T A OERHES OMERR
Fobo~ b vy 7 ZAHFTFT, =7 LFRITBNTT ¢ 72 = L ORF R OVE D
BEZITAREEEE X, MOLEZHANWT 24 © )G I TEELE®R 7 0 T o=/
100 ng (0.2 mg/kg 134 &, FHAKRENRIE T T 10 ng/mL % &) 21z, 2.4 ® 3)ITHE- TH
ELI =D 720 DEHES MR L. TORSE, Table 12D E B0, 7470 =)LDIK
HE — o R OEL R T Table 6 L [RIFRE TH Y, HICEEVERTH 7.

Table 12  Elution pattern of fipronil in rice straw matrix using InertSep GC/PSA
Recovery (%)

. Hexane Hexane-acetone (4:1)
Pesticide
(0 5~ 10~ 15~ 20~ 25~ Total
10 mL 5mL 10 mL 15mL 20 mL 25 mL 30 mL
Fipronil 0.0 85.5 11 0.0 0.0 0.0 0.0 86.6
n=1

3) RO

oo~ MY v 7 ZEORBICLY, WKRSERFIC LEIEOTYE h=RFY /L 20 mL 7215 T
X7 4 7 e =V EEITE R oo E B 2, 33 IZHEL, b bz HWcadl sk 20
mL (27 1 71 =/ 100 ng (0.2 mg/kg fH 4 &, RAMEFEHART T 10 ng/mL Y &) %,
W T ELIC BT DI DOMRZI T2, MRELTT VT 7 V7 i ExE W CRERICEIEL
72, TOER, Table 13 B0, 1HIEOTE = U120 MLIZL>TT VT 7V 7 7HL
EREHRE T O 7 4 7o = /M3 TEIR SR, fib 5EHRIE R 0 7 4 7 v = V3K [E UL
KThHY, 2EHIEOTE F= MU ANDLIET 4 T = VTR S o7z,

fao b TR BRI 7 4 T e = Vs KB IZF o To et E 2B 2, b b & HW CRERIC
BE LT, 2EIBOfMERIEL LT7 & =KV L X0 @I%EOKRVERRE=F /L 20 mL Z
T7 47V E B TED0RBHR LR, 747 v= X 1BIHEOT® h= KV LEHM
O OBERENLHE TR S, 2EHOFR=FVENL IR ShiRio 7.
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Table 13  Recoveries for fipronil on liquid-liquid partition
Recovery (%)

Acetonitrile
Sample -
First Second Total
20mL 20mL
Rice straw 58.6 0.0 58.6
Alfalfa hay 97.8 0.0 97.8

n=1

F70, AL LHKRTHS WCRS OEINEIGRERFE RICHBEITRO b hoTo 2 &
O, DRBAERED pH FRUEDNEEL TV DL RN E B %, U UEEEER L VK pH O FFEEFE &
WREHWCREBRICEREOWRZITo7=. *tH & LT WCRS KONV U IRIEE R Z Wiz, =0
FEE, Table 14 © LBV, HEREE IR EZH W56, MBHOLIZBIT 57 4 7 v = /L {KEIY
RTholz.

Table 14  Recoveries for fipronil on liquid-liquid partition in the acetate buffer
Recovery (%)
Acetonitrile (20 mL)

Sample
Acetate buffer  Phosphate buffer
pH 5.0 pH 7.0
Rice straw 495 48.6
WCRS 9.1 93.5

n=1

U EOHFHZLY, b ZHWe 7 ¢ 7 v = VIRIMNEIGRERIZ B 1T 2K EIE O FRK & LT,
RGBT B O REN & 5 W REMER mW & B X b, HRIRSBLD & Z IR & D D7,
GDEZAHARHATH LD, JIEHESIFREHPLETHL EEL LN,

4 F&®H
fARtRICEE T A7 a7 a7 7 AR ONT 4 T = LZHOWNWT, LC-MSIMS % F V7= & &5 O fi
BEOAT EE~DHEH O HIZHOWTHRE LIz E 25, LTORENSELNTE.
1) BEMHIE, a7 v 77 A 1~100 ng/mL (EA&EE LT 0.005~0.5 ng fHY &) L7 ¢ 7
7 =/L{% 0.1~10 ng/mL (7E A& & L T 0.0005~0.05 ng 14 &) O#iPH CERMEZ R L.

B, YHMEROBEHIEIY, ZuerT e T 7 A% 0001~0.1 mgkg KT 4 T =)L
0.0001~0.01 mg/kg & A3 2T HalEE (REHE, Fo 5 MO WCRS IZH > Tk 7 4 T r=/%
0.002~0.2 mg/kg &4 9 % At FREL) &2 ARTEICHE VIR U 72 S5k SUBHR IR H o0 -9 B8 4t P L A
SRS

2) BlAfaet (REFMER, IAWMTHRERH, TRERMH, LASEERAKCARFIEER) |
KE, INE, LH9HAZL, FA4E, RTFNITNAT T4 —F, TALT 7LV T 7, FE—
FLEL, FEb B KN WCRS # W, KRB TH LN a~ N7 T AZIE, EEEHTHE
— 73RO ool
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3 RIEIZHENELNTABHARIZOWT Y MY v 7 AR EZMHR LIZRER, 7Ly w77y k
V7470 = VTl B~ M) v 7 A KD REREELZZITHZ LR PEFRETH 72

4 Zuanrruazy Al LT, REHEEHEAGEEHZ 0.01 X1 0.4 mgkg FHY & (Ri&FEHARH
T 10 K& Or 400 ng/mL) , LW 7TIKE HBELA EEHT 0.01 Y 0.2 mg/kg FHY & (R slelg
9T 10 K% 200 ng/mL AHS ), KZIZ 0.008 K TF 0.04 mg/kg A& (B KBRS T 8
KON 40 ng/mL A4 E) , /NEIC 0.008 KT 0.02 mgkg MY E (REREHAKR T T 8 KUY 20
ng/mL FHYE) , 29652 LIC 0.02 KT 0.05 mg/kg Y& (R EHARK T 20 O 50
ng/mL FHY &) AL, AIEICHE > THRINEIGRER 2 FhE U, P2 R EE K OR U RS B 4k
Himk ZAhH, BUUERHERIETA RIAVICED ONTEEROREO BEMEEZ M-I RETH -
7.

B) 74 7u=/,Lt LT, RBEEHETHEAEEC 0.01 LT 0.02 mg/kg Y8 (R&EHARR T T
10 2T 20 ng/mL AH24 &) , /NE 1T 0.0008 & T 0.002 mg/kg FH24 & (&A1 < 0.8 KO
2 ng/mL FH4 &) , &9 HAZ LIC 0.008 &8 0.02 mg/kg FH Y & (& ENRK T T 8 KT 20
ng/mL Y &) , TV 7L 7 7 HLEZ 0.04 TN 0.2 mg/kg AH Y B (&R T 2 R TV 10
ng/mL tH4 &) , fad 51T 0.2 mglkg fHY & (Ff&alBHa I T 10 ng/mL) , WCRS L5 H1C
Ha% L C 0.018 & T 0.11 mg/kg tHY & (Rf&REHRK T T 0.9 KO 5.5 ng/mL #HY% &) Z RN
L, AREIZHE > THRMENGGER 2 5 U, FHEIEE R OWOR LEE 2R & 25, fitb b L
SRDOFRENT OWTIE, ZUMHEZRIEN A R T A ITED ST EJE K O O B A E 4 i 72 9%
RThHoT-. MDBIZOWTIFEED BEM A S eho iz,

6) fibbx MW7 4 7= L OFRMENGRERIZE T 2 IREIEEL, =07 2L~ MY v
I AHRIZE DO TIT AL, WKSBIZM O OMERS D Z LI LD EERENESZ XD
ni-.
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