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Development of Determination Method of Fipronil in Feed by LC-MS/MS
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We have developed a quantitative determination method of the concentration of fipronil in feed
using a liquid chromatograph-electrospray ionization-tandem mass spectrometer (LC-ESI-MS/MS).

Having added water to a sample, fipronil was extracted with acetonitrile, and the extracted solution
was filtered. The filtrate was then purified with liquid-liquid partition and SPE column (InertSep
GC/PSA, GL Sciences Inc.; Tokyo, Japan), and injected into a LC-MS/MS to determine the
concentration of fipronil. LC separation was then carried out on an ODS column (Capcell Pak C18
MG 1II, 2.0 mm i.d. x 150 mm, 3 um, 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 negative mode electrospray ionization (ESI-) was used.

As documented in the previous report, whereas we conducted the recovery test on rice straw, the
mean recovery of fipronil did not comply with the validation standard stipulated in the Feed Analysis
Standard of Japan. On the other hand, in this report, we investigated the possible cause of the low
recovery of fipronil. We found that the low fipronil recovery was caused by a water soluble
material in rice straw matrix, and the effect of the material can be removed by the use of NaOH
solution (0.5 w/v%) instead of phosphate buffer in liquid-liquid partition.

Recovery tests were carried out on rice straw. Fipronil was intentionally added at the levels of
0.01 and 0.2 mg/kg, and the resulting mean recoveries ranged from 76.7 % to 84.8 %, and the
repeatability in the form of the relative standard deviation (RSDy) was less than 13 % for fipronil.

Formula feed for layers, corn, alfalfa hay and whole-crop rice silage (WCRS) were also brought to
recovery tests in order to determine the limit of quantification of fipronil in feed. Fipronil was
intentionally added at the levels of 0.0008 mg/kg for formula feed for layers and corn, 0.01 mg/kg
for alfalfa hay, and 0.004 mg/kg for WCRS in original matter respectively. The resulting data
together with the data obtained from the previous report thus enabled us to determine the limit of
quantification of fipronil in feed.

Key words: fipronil; liquid chromatograph-tandem mass spectrometer (LC-MS/MS); electrospray
ionization (ESI); rice straw;
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Fipronil
5-amino-1-(2,6-dichloro-4-a,a,a,-trifluoro-4-p-tolyl)-4-
trifluoromethylsulfinylpyrazole-3-carbonitrile
C12H4Cl2FeNsOS  MW: 437.1  CAS No.: 120068-37-3

Fig. 1 Chemical structure of fipronil
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Table 1  Composition of the formula feed

Proportion

Formula feed type Ingredient type %) Ingredients
For layers Grains 61 Corn
Brans 1 Rice bran
Oil seed meal 22 Soybean meal, corn gluten meal, rapeseed meal
Animal by-products 6  Pork and chicken meal, fish meal, feather meal
Others 10 Calcium carbonate, animal fat, calcium phosphate, salt,

oyster shell, feed additives

22 &I

) 7Ebr=hrU, TPV ERONFH IEEEIE - PCB REBHZH W, A% 7 — X
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6) LC-MS/MS :
LC #B : ACQUITY UPLC System Waters
MS #B : ACQUITY TQ Detector Waters
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Table 2  Operation conditions of LC-MS/MS

Column Capcell Pak C18 MGII (2.0 mm i.d. x 150 mm, 3 um), Osaka soda
Mobile phase 2 mmol/L. ammonium acetate- 2 mmol/L. ammonium acetate methanol (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
Tonization Electrospray ionization (ESI) (Negative ion mode)
Source temperature 120 °C
Desolvation gas N2 (700 L/h, 350 °C)
Cone gas N2 (50 L/h)
Collision gas Ar (0.25 mL/min)
Capillary voltage 2.5kV
Table 3 MS/MS Parameters
Precursor Product ion Cone Collision
Target ion Quantifier Qualifier voltage energy
(m/z) (m/z) (m/z) V) (eV)
Fipronil 435 330 — = 15
— 250 25 30
5) &t
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ek, EEEOHES Scheme 1 [Z/R L 7=,

2.5 IRANEI G ER

22D 3D T 4 T = VAR A A & — )V CIEREIC AR LI 2.

T4 7=l LC, REAEREAEEEOE D HAZ LIZ0.0008 mg/kg A1 & (A&l
W T 08ng/mL) , T/7 77 7RLEIZ 0.01 mg/kg FHY & ([F 0.5 ng/mL) , WCRS I[ZJ#)
$AH LT 0.004 mg/kg FHY & ([F 0.5ng/mL) IZ72 b X 2lcEnNEREML TELSBAL, —&KE
B L RBICARIEICE > CTER L, FHEIGEE K O LR E 2 R 7.

7¢%, WCRS ~OUINIBEEZHRAEHIK L T7 v 7r =1L LTO0.0l mgkg HHY&EIZ/R2D XD
TV, JF P RE~OBEIX, JF TR OREY P OKSEREE 60 %K 10 % EEBE LT,
4 UK &A 8 60 %) FiRE=EzY OKoEAE10%) TiRE, 225 DRI X VITo 7.
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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))
added 15 mL of water and allowed to stand for 30 min

added 100 mL of acetonitrile and shook for 30 min

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

washed with 50 mL of acetonitrile

filled up to 200 mL with acetonitrile

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

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

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

shook for 10 min and allowed to stand for a while

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

added some amount of sodium sulfate and dehydrated the acetonitrile layer
filtrated to a 100 mL eggplant flask

washed the Erlenmeyer flask with acetonitrile and filtrated to the eggplant flask
evaporated to dryness under 40 °C

——dissolved in 2 mL of hexane

GC/PSA column (500 mg/500 mg)

prewashed with 10 mL of acetone and 10 mL of hexane

applied sample solution and leet it flow out

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

set a reciever (50 mL eggplant flask)

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

evaporated to dryness under 40 °C

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

Scheme 1 Analytical procedure for fipronil
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mol/L U VK (pH 7.0) 20 mL # MM L, WRIRSBLLABEDBIEEIT 572, EDFER, Table
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Thole. LEEDN->T, RKSEIZHERT 2K N U LAOKREREIZ0Sw%EEZ LI
7.

L EDFERND, Fib b2 oW TTIRIE T ELRFIZ 0.5 mol/L U FgfR iR (pH 7.0) Dftb v I
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Table 4  Optimal concentration of NaOH in liquid-liquid partition (LLP)

Recovery (%)
Sample Phosphate NaOH (w/v%)
buffer 0.1 0.5 1 2 5
Rice straw 1 53.0 83.6 87.4 81.5 70.9 71.7

n=1
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Fig. 2 Typical Selected Reaction Monitoring (SRM) chromatograms of fipronil
in standard and blank sample solutions
(LC-MS/MS conditions are shown in Tables 2 and 3. Arrows indicate the
retention time of fipronil.)
A: Standard solution (0.1 ng/mL)

B: Blank sample solution (rice straw)
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(RSDy) & LT 13 %L TFTOMIETHY, ZUEMBIETA BT A4 ITED DAL B O B
OB (B 70 %LLE 120 %LLTF, KSEE 22 %LAF (0.01 mg/kg) , 20 %LA T (0.2 mg/kg) )
Ziilo LUz,

Table 5 Recoveries of fipronil with NaOH in LLP

) Rice straw 1 Rice straw 2
Spiked level 2 D) 2 D)
(mg/kg) Recovery RSD; Recovery RSD;

(%) (%) (%) (%)
0.01 77.4 13 84.8 9.0
0.2 84.6 1.3 76.7 2.6

a) Mean (n =5)
b) Relative standard deviation of repeatability
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Table 6 Recoveries for fipronil
Formula feed
Spiked for layers Wheat Corn Alfalfa hay WCRS?
level 2) b) 2) b) 2 b) 2) b) ) b)
(mg/ke) Recovery™ RSD; Recovery” RSD; Recovery RSD; Recovery” RSD; Recovery™ RSD;
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
0.0008 102° 3.99 81.3 8.9 91.1° 129 - - — -
0.002 - - 86.2 6.7 - - - - - -
0.004 - - - - - - - - 1027 7.0°
0.008 — — — - 85.8 6.6 — — - —
0.01 83.2 7.1 — — — — 81.6° 5.59 — —
0.018 - - - - - - - - 87.5 7.2
0.02 81.3 7.0 - - 90.0 1.8 - - - -
0.04 - - - - - - 86.7 4.1 - -
0.11 - - - - - - - - 85.6 5.2
0.2 — — — - - - 85.8 6.7 - -
—: Not tested

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

¢) Test results conducted in this report. Others were conducted in the previous report.

d) Fipronil was spiked to air-dried WCRS samples one night prior to extraction. The spiked levels were

0.04 and 2.5 mg/kg as air-dry basis for fipronil. The levels of fipronil as fed basis were calculated

with following equation on the assumption that the moisture content of WCRS samples was 60 % as
fed basis and 10 % as air-dry basis.
The levels of fipronil as fed basis (moisture 60 %)
= the levels of fipronil as air-dry basis (moisture 10 %) / 2.25

2) E&ETFREORE TR

7470 = )L OMERSERMEE R L7Z#PH, 0.1~10 ng/mL O FU#ATIT & 72 HIRE (R
BHEAER, NEXONE S S A LI 0.0008 mg/kg FHY B (&R EHAT T T 0.8 ng/mL 1
BME) WRNCT VT 77 7 EE KO WCRS (BEZYH) 1% 0.01 mg/kg FHY4 & (7] 0.5 ng/mL
FEYE) ) ICBIT D RINENGREROFR, JFoN/cE—27DSNEB 100 ETho7272®, 2
NoE7 4 7= VOERTRE Lz, ZhHORER, EAEEHIR T 2 EEMOR/IMET
HHERO) TS ARAEFEE T D7 ¢ 7 v = )LD (0.01 mgkg) 23 LT 2/25, fhEd
D7 4T a=VOREYERE (0.2mg/kg) 1ZxF LT 1/20, WCRS F1 D7 ¢ 7' =)L FHILUEE D
JRGFE) FHAEE (0.2 mg/kg) 1ZxF LT 1720 TH Y, ZUMHRIETA KT VICED LN
HARME (GEYEME 0.1 mg/kg ARl : 2/5 LN, FEYEE 0.1 mg/kg BL L 1/5 L) &7z LTz,
7%, Table 6 ([Z/R L7z &30, MaZiE & T IRIRE ST 2 IRINENGGER RIZRIFCH - 7z,

RIEORH TIRZ BT 2720, IRMEGREBRICL VSO NTE—2 O SN R 3 LediR
ARz, ZORER, BHTRIZRESHEEHESGEE, hEETES>HAZ LT 0.0002
mg/kg, 70T 7V T 7 HLE K ONWCRS (B H) T 0.004 mgkg TH Y, [FERIC 224 HEHERR
EHA RTANTED DIV BAEE (GEYEME 0.1 mg/kg A : 1/5 LLT, HEUEME 0.1 mg/kg LA
110 BAF) Az LTz,
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(REZ#H) T 0.004 mgkg THoTo. BHELILER FRLOBRM FRIZ, Z4MEMEBIETA R
TAVIZED bV HIEHE 2772 LT,

X oy
1) ARWREEELBEKEMMES 70 o= VEK . B ER LR, Fak 28 £ 1 A
(2016).
2) EBARES  ER R OEEHRINY O B SEICE T 58S, BMMSIAET7H 24 A, BHRESE
35 % (1976).
3) BMKFERGPERF@E : RO A EYE OFELAER OVEFREEOHIEIZOWT, I 63
10 A 14 H, 63 B &5 2050 5 (1988).
4) RMKEZHE - ZRRE®EA - GRS EEDOHIEIZOWT, L2044 H 1 H, 19 HEZ
%5 14729 B (2008).
5) —MXMEEANBARRSBRA  SERk 29 FEAEEM SRR IIREGERE (FR P o RIS
LR EFEEEE)  (2018).



