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Validation Study on Analyte Expansion to the Simultaneous Determination Method
of Pesticides in Feed by GC-MS for Debromo Metabolite of Bromobutide

Yoshinari SAKAKIBARA " and Youichi WAKAMIYA "

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

An analyte expansion to the simultaneous analysis method of pesticides in feed using a gas
chromatograph-mass spectrometer (GC-MS), which had been listed in analytical standards of
feeds, was studied for debromo metabolite of bromobutide (deBr-bromobutide).

After adding water to the sample, deBr-bromobutide was extracted with acetonitrile and the
extracted solution was filtered. The filtrate was purified with a SPE column (Chem Elut, 20 mL,
Agilent Technologies Inc.; Santa Clara, CA, USA), gel permeation chromatography (GPC) and
two other types of SPE columns (ENVI-Carb/LC-NH, Sigma-Aldrich Co. LLC.; St. Louis, MO,
USA and Sep-Pak Plus Silica cartridge, Waters Co.; Milford, MA, USA), and injected into the GC-
MS to determine the level of deBr-bromobutide. The GC separation was carried out on a fused
silica capillary column (DB-5MS, 0.25 mm i.d. X 30 m, film thickness 0.25 pm from Agilent
Technologies Inc.). The mass spectrometer was operated in electron ionization (EI) mode.

Spike tests were conducted on formula feed for layer, corn, Sudan grass hay, rice straw and whole-
crop rice silage (WCRS). DeBr-bromobutide was spiked at the levels of 0.05 and 0.5 mg/kg for
formula feed for layer, corn and Sudan grass hay, 0.05 and 1.5 mg/kg for rice straw, 0.02 and 0.4
mg/kg air-dry matter for WCRS, respectively. The mean recoveries of deBr-bromobutide
ranged from 87.6 % to 154 %, and the relative standard deviations (RSD,) were not more than
11 %.

A collaborative study was conducted in six laboratories using formula feed for layer and corn
spiked with 1.0 mg/kg, rice straw spiked with 1.5 mg/kg of deBr-bromobutide, respectively. The
mean recovery, RSD, the reproducibility in terms of relative standard deviations RSDy and HorRat,
respectively, were 107 %, 8.7 %, 12 % and 0.77 for formula feed for layer, 113 %, 7.5 %, 13 %
and 0.84 for corn, and 129 %, 7.9 %, 10 % and 0.66 for rice straw.

The simultaneous analysis method of pesticides in feed was validated for analysis of deBr-
bromobutide in feed.

Key words: feed; bromobutide; debromo metabolite of bromobutide; gas chromatograph-mass
spectrometer (GC-MS); electron ionization (EI); collaborative study
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Bromobutide Debromo metabolite of bromobutide
(deBr-bromobutide)
(RS)-2-bromo-3,3-dimethyl-N-(1-methyl-1- (RS)-3,3-dimethyl-N-(1-methyl-1-
phenylethyl)butyramide phenylethyl)butyramide
C15H22BrNO  MW: 312.2 CAS No.: 74712-19-9 C1isH23sNO  MW: 233.4 CAS No.: 75463-73-9

Fig. 1 Chemical structures of bromobutide and deBr-bromobutide
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Table 1  Compositions of the formula feeds

Formula feed types Ingredient types Proz)ojr)tion Ingredients
0
For finishing broiler Grains 63 Corn, polished rice
Oil seed meal 27 Soybean meal, rapeseed meal
Animal by-products 1 Meat and bone meal (derived from pork and chicken),
poultry by-product meal
Others 9 Animal fat, calcium carbonate, calcium phosphate,
salt, feed additives
For fattening pigs Grains 83 Corn, wheat, polished rice, brown rice, milo
Oil seed meal 15 Soybean meal
Others 2 Calcium carbonate, calcium phosphate, animal fat,
salt, feed additives
For beef cattle Grains 43 Milo, corn
Brans 36 Wheat bran
Oil seed meal 16 Rapeseed meal, soybean meal
Others 5 Calcium carbonate, molasses, salt, feed additives
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4 2T A Y v LT 5 20 mL RFFH) : Chem Elut, 20 mL  Agilent Technologies
5 0977 A MI—R/S T 7anry b ) A VFEE I =4 T A ENVI-
Carb/LC-NH, (500 mg/500 mg) Sigma-Aldrich H!
6) AT AR~ x> A =47 A Sep-Pak Plus Florisil cartridge (F8TAAI& 910 mg)
Waters B2 U Y — R—Z @it L7z b 0
7 AT T2 7 4% — : DISMIC-25HP (L% 0.45 um, [Ef% 25 mm, PTFE) HPEJEE R
8) FNigHE s~ /T 7 GPC VAT A HAASEHL
9) GC-MS :
GC # : 7890A  Agilent Technologies
MS 5 : 5975C  Agilent Technologies %
24 EEFGE
ARy AT IR HES 6 BAH 3 M 1 BEO A AT u~ N7 T TEEOIFHCE 2 —F o iEICiE -
TERELZ. GC-MS IZBII =X —A 40X, EEA AL miz 119, FERA AL miz 233
Ll FAURB7 a~ N7 T 7 KONGC-MS OJIES{f% Table 2 J OF Table 3 IZ/R L7-.

Table 2  Operating conditions of gel permeation chromatography (GPC)

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

Flow rate 5 mL/min

Fraction volume 60~150 mL

Table 3  Operating conditions of gas chromatograph-mass spectrometer (GC-MS)

Column DB-5MS+DG (0.25 mm i.d x30 m+10 m guard columm,
0.25 pum film thickness), Agillent Technologies

Column temperature 70 °C (hold for 1 min) — ramp 25 °C/min — 150 °C — ramp 3 °C/min
— 200 °C — ramp 8 °C/min — 280 °C (hold for 10 min)

Injection mode Splitless (60 s)

Injection port temperature 280 °C
Carrier gas He 1.0 mL/min

Transferline temperature 250 °C

Ion source temperature 230 °C
Ionization Electron ionization (EI)
Ionization energy 70 eV

Monitor ion m/z 119 (for quantification), 233 (for confirmation)
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Sample (grass hay 5.0 g, others 10.0 g) (300 mL Erlenmeyer flask)

add 15 mL of water and allow to stand for 30 min

add 100 mL acetonitrile and shake for 30 min

filtrate through filter paper (No. 5B of JIS P3801) under reeduced pressure

wash with 50 mL of acetonitrile

evaporate to the volume of 15 mL under 40 °C
Chem Elut cartridge (20 mL)

apply sample solution and allow to stand for 5 min

place a receiver (200 mL eggplant flask)

wash with 100 mL of hexane—ethyl acetate (1:1)

add 1 mL of acetone—diethylene glycol (49:1)

evaporate to dryness under 40 °C

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

filtrate with membrane filter (< 0.5 pm)

Gel permeation chromatography

apply 5 mL of sample solution
collect 60~150 mL fraction

add a drop of acetone—diethylene glycol (49:1)

evaporate to dryness under 40 °C

dissolve in 2 mL of ethyl acetate
ENVI-Carb/NH: cartridge (500 mg/500 mg)
(prewash with 10 mL of ethyl acetate)

place a receiver (50 mL eggplant flask)

apply sample solution

elute with 8 mL of ethyl acetate

add a drop of acetone—diethylene glycol (49:1)

evaporate to dryness under 40 °C

dissolve in hexane—acetone (7:3) (grass hay 5 mL, others 10 mL)
Sep-Pak Plus Florisil cartridge (910 mg)

(prewash with 5 mL of acetone and 5 mL of hexane)

place a receiver (50 mL eggplant flask)

apply 4 mL of sample solution

elute with 6 mL of hexane—acetone (7:3)

add a drop of acetone—diethylene glycol (49:1)

evaporate to dryness under 40 °C

dissolve in 2 mL of 2,2,4-trimethylpentane—acetone (4:1)

GC-MS

Scheme 1 Analytical procedure for simultaneous determination of pesticides
in feeds by GC-MS
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Fig. 2 Mass spectrum of deBr-bromobutide
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Fig. 3  Calibration curve of deBr-bromobutide by peak height
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Fig. 4  Selected ion monitoring chromatograms of standard solution and sample solutions (blank)

(GC-MS conditions are shown in Tables 2 and 3.

deBr-bromobutide.)

Arrows indicate the retention time of

A: Standard solution (0.05 pg/mL: 0.05 ng as deBr-bromobutide)
B~F: Blank samples (B: formula feed for layer, C: corn, D: Sudangrass hay, E: rice straw, F:

whole-crop rice silage (WCRS))
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Table 4  Matrix effect of feeds

Concentration of deBr-bromobutide

. b
Matrix effect )

Feed types of matrix in matrix standard in samplea) (%)
solution (pg/mL) (mg/kg)

Formula feed for layer 0.5 0.5 145
Corn 0.5 0.5 156
Sudangrass hay 0.5 0.5 112
Rice straw 0.5 0.5 164
WCRS 0.5 0.5° 133
n=1

a) Converted from the concentration in the matrix standard solution
b) Ratio of peak height of deBr-bromobutide in the presence of matrix to that in the
absence of matrix

¢) mg/kg air-dry matter

3.5 WRINENREER

22 @ 2)D deBr-7 0 E® 7 F NEMEFEZ 224-F U AF X 2o —T® b (4+1) TIERE
AR LI N 7z,

deBr-7 2 E 7 F RIZHONT, A 7—BERMHARGEE, L5bAZ LK R—F 7
T ARLEIZZETI 0.05 KON 0.5 mg/kg FHY & (G i&aUEHEIR T 0.05 X0 0.10 pg/mL (2725
L), FEDHIZ 0.05 LT 1.5 mg/kg MY & (Ri&aUEHAR T 0.05 LTV 0.15 pg/mL 1272
5 EHFI) , WCRS IZJEMHE LT 0.02 X8 0.4 mgkg MY E (KRR T T 0.05 KO
0.10 pg/mL 12725 L5 Mmf) Ik dLricznEnmmEg L<RAE L, —&KEE LI-RICRE
> CTER L, FBEINEE K O LR 2R 7z,

72%, WCRS (ZxF 3 2 AN B 5 EHT deBr-7 = £ 7 F K& LT 0.05 LTV 1 mg/kg fHY &
222 K917, EYTIRE~OHEL, FYT kR HOKSEHEZ 60 %KX 10 % &
WELT, F¥ OKDERE60 %) HiRE=miY OKSEEE 10 %) HRE 225 DX X
DiTHo 7.

ZOFERIT Table 5 O LBV, FHEIULEIT 87.6~154 %, Z DMK UK EE 13AR of 12 1 ffF 2=

(RSD,) & LT 11 %A FORGAENRG S, RIEPRE SN YRFAZ L LTI K O
W UK O (2 EH 50~200 %K% TN 20 %L ) WTH -7z,
ek, BHonlzSIM 7~ 7T AO—fl% Fig. 5 1IZR L7,
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Table 5 Recoveries for deBr-Bromobutide
Feed types
Spiked 1?‘/'61 Formula feed for layer Corn Sudangrass hay Rice straw WCRS®
(mg/kg original > o) > ) » b) 5 b) a) b)
matter) Recovery  RSD; Recovery  RSD; Recovery  RSD; Recovery  RSD; Recovery  RSD;
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
0.02" - - - - - - - - 135 2.6
0.05 131 7.7 142 4.1 114 8.1 154 11 — —
0.4 - - - - - - - - 121 3.8
0.5 87.6 8.8 121 2.6 99.2 8.9 — — — —
1.5 - - - - - - 124 8.1 - -
—: Not tested

a) Mean (n = 5)

b) Relative standard deviation of repeatability

¢) deBr-bromobutide was spiked to air-dried WCRS samples one night prior to extraction.

d) The spiked levels were 0.05 and 1 mg/kg air-dry matter.

The levels of deBr-bromobutide 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 deBr-bromobutide in original matter (moisture 60 %)

= the levels of deBr-bromobutide in air-dry matter (moisture 10 %) / 2.25
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Fig. 5 Selected ion monitoring chromatograms of standard solution and spiked samples
(GC-MS conditions are shown in Tables 2 and 3. Arrows indicate the peak of deBr-bromobutide.)
A: Standard solution of deBr-bromobutide (0.1 pug/mL: 0.1 ng as deBr-bromobutide)
B: Formula feed for layer spiked at 0.5 mg/kg of deBr-bromobutide (0.1 ng as deBr-bromobutide)
C: Corn spiked at 0.5 mg/kg of deBr-bromobutide (0.1 ng as deBr-bromobutide)
D: Sudangrass hay spiked at 0.5 mg/kg of deBr-bromobutide (0.1 ng as deBr-bromobutide)
E: Rice straw spiked at 1.5 mg/kg of deBr-bromobutide (0.15 ng as deBr-bromobutide)
F: WCRS spiked at 0.4 mg/kg of deBr-bromobutide (0.1 ng as deBr-bromobutide)
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3.6 EE FREORHE TR

RIEOERETRE OB FIRZMIRT 57120, 7uaA4 7 —BERMARAER, 535201
KOG HIZ deBr-7 €7 F FZ2HRML, RMEINGAURICEVEOLN D E—27 D SN S 10 &
W3 LB REERDT-.

WCRS M ORA—HF 0 75 AMEIZHOWNWTIE, E—ZHiFICRER A ZXNH D Lo b Y
RZED 10 5K 426 1% (HHE 4 O 534D 0.95 53hi8 D 2 1%) ZEBETFTREOCKMH TIRE L
TRHAE L=,

ZTORER, SN LA 10 KOV 3 &2 DIREE, 0.05 mg/kg & T 0.02 mg/kg TH Y, WCRS KA
— AT AGEOHEEREL ZOEEMWEZL TV I END, Tuae 7 F N EFEE, e
(WCRS [ZE\Ez4) F1 o & FIRIE 0.05 mg/kg, M NI 0.02mgkg & L7z, RELZERF
FRE O TIRIBEL, 7rE7F FOBHEEORE/NREES deBr-7 2 EEF RICHE LR
J£ 0.8 mg/kg 12K LT 1/16 LN 1/40 TH Y, FRH BT MO A MEREBIEN A R4 Y (LT
[ZUMEMFBIET A T A2 L0 H. ) [CEDLNTBIEEMZ L T\,

72%5, Table 5 (TR L7 B0, YUakE R FIREEIZK T 2 RMEIGBRER IR TH o7,

3.7 S:[EEER

REOEM B E 2RI 5720, REI@Em, N OIEPIRO 2 Kl @R L 53
)RR 2 FE i L7z

e LTiE, VA 7 —RERHAHESEE L NE S BAZ LIC deBr-7 RETF R &
LT 1mgkg 4 E (DHTHARE10gIlcx LT ImLHIC10pg 2863 HEMER 1 mL) , fid
HITIE 1.5 mg/kg FHY B (W HES g2k LT 1 mL HFIiC 7.5 pg &4 9 51K | mL) %,
FARBREIC COMBIMORTRICHEM U CRE L2232 AWz, SIBR=iL, MoarfTEsE N2
MOKPEIE 2 il o & — BBt L S AR, Rt 72—, Miedtr 22—, A4 TEE
vE—, [AfEECZ—ROEERE 2 — (GEeRRE) Tholk.

FEROMHTICOVWTIE, EBREMIC A=A XS EFRRBRICET D FIE Y Y2552,
Cochran 7, #MUE 1 {E D Grubbs 1 & & UM UE 2 {E D Grubbs fiE 217V, SMUE O A M4
MR8 L7 O R EI =R, #K UK (RSD,) KO=MEBRE (RSDr) ZHML, HbHivk
RSDg 705, EIE Horwitz 2 7% J\\ T HorRat Z R 72.

FERIX Table 6 DL BV ThD. 7rA 7 —EERMHEAEE, &26AZ LEURDLIC
DUWT, deBr-7 B E 7 F NOFHEILHEIT 107, 113 LN 129 %, RSD 1% 8.7, 7.5 KTV 7.9 %,
RSDg 1% 12, 13 &} 10 %, HorRat !X 0.77, 0.84 XX 0.66 TH VY, ZUMHRIENA RT74 1
ED DI E BB E O BREATH- LTz

SEDD, FHRBRECHEH LA a~ N7 T 7E BSOS % Table 7 (2R L7T-.
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Table 6  Collaborative study for deBr-bromobutide

Feed types
Lab. No. Formula feed for layer Corn Rice straw
(mg/kg) (mg/kg) (mg/kg)
1 1.22 1.10 1.24 1.19 1.72 1.96
2 0.966 1.12 0.966 1.04 2.03 2.27
3 1.16 1.16 1.26 1.27 1.82 1.99
4 1.11 1.02 1.16 1.28 1.95 2.25
5 1.01 1.25 1.02 1.26 1.76 1.98
6 0.882 0.848 0.957 0.885 1.77 1.79
Spiked level (mg/kg) 1 1 1.5
Mean value” (mg/kg) 1.07 1.13 1.94
Recoverya) (%) 107 113 129
RSD:” (%) 8.7 7.5 7.9
RSDR” (%) 12 13 10
PRSD:"” (%) 16 16 14
HorRat 0.77 0.84 0.66
a) n=12

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

from the modified Horwitz equation

Table 7  Instruments used in the collaborative study

GC column
Lab.No. GC-MS (i.d. x length, film thickness)
1 GC: 7890A, Agilent Technologies DB-5MS+DG, Agilent Technologies
MS: 5975C, Agilent Technologies (0.25 mm i.d. x 30 m, 0.25 pum, Duraguard 10 m)
) GC: 7890A, Agilent Technologies DB-5MS+DG, Agilent Technologies
MS: 5975C, Agilent Technologies (0.25 mm i.d. x 30 m, 0.25 pum, Duraguard 10 m)
. Rtx-5MS, Restek
3 GCMS-QP2010 Plus, Shimadzu (0.25 mm i.d. x 30 m, 0.25 um)
. Rtx-5MS, Restek
4 GCMS-QP2010 Ultra, Shimadzu (0.25 mm i.d. x 30 m, 0.25 ym)
5 GC: 7890A, Agilent Technologies DB-5MS, Agilent Technologies
MS: 5975C, Agilent Technologies (0.25 mm i.d. x 30 m, 0.25 pm)
6 GCMS-QP2010 Plus, Shimadzu Rix-3MS, Restek

(0.25 mm i.d. x 30 m, 0.25 pm)

4 FEDH

fEtH D deBr-7 1 E 7 F FIZHOWT, ST EEICIGRORED GC-MS (2 &5 —F ik

RN, ZUMEMR LA, UTORBENEON, EHMFRETHDL LB X L.
1) FMEHIT, 0.02~0.5 pg/mL (FEAEE LT 0.02~0.5ng 14 H) OFPH CEMRIEZ R LT,
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7B, YHMEROBERERKIIL, deBr-7oE7F Fia 0.02~0.5 mgkg &HT 590 R E %
KRIEIZHE VRS U 7 e G BHATR T 0 deBr-7' 10 & 7 F R RIS Y 5.

2) ARECH-STHELNTZSIM 7 u~ b 7T AT, 3 8EOEAEE K O 9 fEo fEHFEEHT B
WCERZTTHE—7 3RO Lo T.

3) REBICHENELNDREHEIRIZCOWT Y MY v 7 AR E R LIZFER, deBr-7 vE 7 F R
TRt~ b v 7 RN K DA A ARER B BT

4) 7oA T7—BEEHRYARAEE, LIO9bAZLERA—F T T AEEIZZNALN 0.05 mg/kg
KON 0.5 mg/kg FHY &, Fiid 512 0.05 mg/kg &K 1.5 mg/kg FHY &, WCRS (2 0.02 mg/kg &
0.4 mg/kg FAYELZIIML, RIEIZHEST 5 SOMTONT 2 FEhE L, [EUIE & UK URSE 2 ko
LA, RENEESNEYBAZE LTOEREIRERE OEBIE UKEEOHE (ZhTh
50~200 %X V20 %LL ) N TH -7z,

5) AIED deBr-7 v E T F FOERE FRITFE (WCRS [3JE#Y) FT 0.05 mgkg, R FRIT
0.02 mg/kg Th o7z, FE LTER FREOB M FTRRIEEIL, ZUMEHRIETA RTA VIED
b BEEZGZ LT,

6) 7uA 7 —EEHRMHARASERLEORE S EAZ LIZ deBr-7 rE7F K& LT 1 mgkg 84
&, P bHIT 1.5 mg/kg Y EAZ RN LR 2 VT 6 BB EIZHB W TAREICHE W L FRIRER %
FEhi LT 2 A, ZUMHERIETNA RIA L CED LN EMEHBEED B 272 LT\,
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