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Development of Determination Method of 3-Hydroxycarbofuran in Feed by LC-MS/MS
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An analytical method was developed to determine the level of 3-hydroxycarbofuran in feed using
liquid chromatograph-electrospray ionization-tandem mass spectrometer (LC-ESI-MS/MS).

3-Hydroxycarbofuran was extracted by boiling hydrochloric acid (1:29) and the extracted solution
was filtered. The filtrate was diluted with hydrochloric acid (1:29) to a volume of 200 mL. The
sample solution was purified with two other types of SPE columns (InertSep K-solute, GL
Sciences Inc.; Tokyo, Japan and Sep-Pak Plus Silica cartridge, Waters Co.; Milford, MA, USA),
and injected into the LC-MS/MS to determine the level of 3-hydroxycarbofuran. LC separation
was carried out on an ODS column (Mightysil RP-18 GP, 2.0 mm i.d. x 150 mm, 5 pm from Kanto
Chemical Co., Inc.; Tokyo, Japan) using a gradient with 2 mmol/L ammonium acetate solution and
acetonitrile as a mobile phase. In the MS/MS analysis, positive mode electrospray ionization
(ESI+) was used.

Spike tests were conducted on formula feeds (for growing pigs and for dairy cattle), wheat, corn,
alfalfa hay, rice straw and whole-crop rice silage. 3-Hydroxycarbofuran was spiked at the levels
of 0.01 or 0.05 mg/kg for formula feeds and corn, 0.01 or 0.1 mg/kg for wheat, 0.01 or 13 mg/kg
for alfalfa hay, 0.01 or 0.4 mg/kg for rice straw, and 0.004 or 0.6 mg/kg air-dry matter for whole-
crop rice silage, respectively. The mean recoveries of 3-hydroxycarbofuran ranged from 82.2 to
91.3 %. The relative standard deviations of repeatability (RSD,) were not more than 6.1 %.

Key words: 3-hydroxycarbofuran; liquid chromatograph-tandem mass spectrometer (LC-MS/MS);
electrospray ionization (ESI); feed
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methylcarbamate
C12H1sNO4 MW: 237.3 CAS No.: 16655-82-6

Fig. 1  Chemical structure of 3-hydroxycarbofuran
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Table 1  Compositions of the formula feeds

Formula feed . Proportion .
Ingredient types Ingredients
types (%0)
For growing pigs Grains 77 Corn, milo, wheat flour, wheat, barley
Oil seed meal 21 Soybean meal, rapeseed meal
Animal by-products 1 Fish meal
Others 1 Animal fat, calcium carbonate, salt, calcium phosphate,

feed additives

For dairy cattle Grains 48 Heat-treated corn, wheat flour, corn, milo
Brans 24 Wheat bran, corn gluten feed, rice bran
Oil seed meal 23 Soybean meal, rapeseed meal
Others 5 Molasses, calcium carbonate, salt, feed additives
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Table 2  Operating conditions of LC-MS/MS
Column Mightysil RP-18 GP (2.0 mm i.d. x 150 mm, 5 pm), Kanto Chemical
Mobile phase 2 mmol/L ammonium acetate solution — acetonitrile (95:5)
— 10 min — (10:90) (hold for 5 min)
Flow rate 0.2 mL/min
Column temperature 40 °C

Ionization Electrospray ionization (EST)
Mode Positive
Source temperature 150 °C
Desolvation gas Nz (1000 L/h, 500 °C)
Capillary voltage 3.1kV
Cone gas N2 (50 L/h)
Collision gas Ar (0.4 Pa)
Table 3 MS/MS parameters
Precursor Product ion Cone Collision
Target ion Quantifer Qualifier voltage energy
(m/z) (m/z) (m/z) V) (eV)
3-Hydroxycarbofuran 238 163 — 28 14
— 181 28 10
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Sample 5.0 g (500 mL eggplant flask)
add 130 mL of hydrochloric acid (1:29), boiling tips and 1 mL of silicone oil

heat under reflux for 60 min

— filter under pressure (glass fiber filter: GFP, receiver: 200 mL volumetric flask)
wash with 50 mL of hydrochloric acid (1:29)-acetone (5:2)
—fill up with hydrochloric acid (1:29)
2 mL of sample solution (10 mL test tube)
b—add 2 mL of hydrochloric acid (1:29)
InertSep K-solute (hold volume: 5 mL)

apply sample solution and allow to stand for 10 min

——place a receiver (100 mL eggplant flask)

wash with 5 mL of hexane-ethyl acetate (1:1) (four times)

elute with 20 mL of hexane-ethyl acetate (1:1)

evaporate to dryness under 40 °C

after dissolved in 1 mL of ethyl acetate, add 9 mL of hexane
Sep-Pak Plus Silica cartridge (690 mg)
(prewash with 5 mL of ethyl acetate and 5 mL of hexane)

apply sample solution and drain

——place a receiver (50 mL eggplant flask)

wash with 5 mL of hexane-ethyl acetate (3:2) (three times)

elute with 5 mL of hexane-ethyl acetate (3:2)

evaporate to dryness under 40 °C
——dissolve in 2 mL of acetonitrile
LC-MS/MS

Scheme 1 Analytical procedure for 3-hydroxycarbofuran in feed
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Fig. 2  Calibration curves of 3-hydroxycarbofuran by peak area (left) and peak height (right)
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Fig. 3  Selected reaction monitoring (SRM) chromatograms
of standard and blank sample solutions
(LC-MS/MS conditions are shown in Tables 2 and 3. Arrows indicate the retention time of
3-hydroxycarbofuran.)
A: Standard solution (0.25 ng/mL: 0.5 pg as 3-hydroxycarbofuran)
B~H: Sample solution (blank) (B: formula feed for growing pigs, C: formula feed for dairy
cattle, D: wheat, E: corn, F: alfalfa hay, G: rice straw, H: whole-crop rice silage (WCRS))
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Table 4  Matrix effect of feeds
Concentration of 3-hydroxycarbofuran

Matrix effec £

Feed types of matrix in matrix standard in sample” (%)
solution (ng/mL) (mg/kg)

Formula feed for growing pigs 1 0.04 100
Formula feed for dairy cattle 1 0.04 104
Wheat 1 0.04 108
Corn 1 0.04 100
Alfalfa hay 1 0.04 103
Rice straw 1 0.04 103
WCRS 1 0.04" 102
n=3

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

c) mg/kg air-dry matter

3.4 WhnENGRER

22 @ 2)D 3-OH HNAKRT7 T U NERFE A AKX ) — NV EORT & b=k U /L TIEMIZAR LI
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0.1 mg/kg MY & (RAEEEHAR T T 0.25 LTV 2.5 ng/mL) , 7V 7 7 /L7 7 #EIZ 0.01 13
mg/kg FIY B (R i&RUEHAIR T 0.25 O 3.25 ng/mL) , Fid 5IZ 0.01 &Y 0.4 mg/kg fHY4 &

(B FBHAIE T T 0.25 KX TY 10 ng/mL) , WCRS [ZEW# 5 T 0.004 K T8 0.6 mg/kg fHY & (&
FEFUBHATR T 0.25 LTV 3.5 ng/mL) 12725 X9 ICENENIRMLTELSREL, —K#HE L
BICARIEIHE > TER L, FHEICEE K OROR LR E & R 7=,

72¥%, WCRS (ZxF 3 2 ¥Rz EHoxt LC 3-OH #AR7Z & LT 0.02 KO 0.4
mg/kg HHEIZRD X 24TV, R HFIRE~OWE X, FEYh R ORED T OKGEREE
60 %M TN10 %EMEL T, FY OKOGERRE 60 %) HRE=REZY OKDEA&E 10 %) i
225 ORUT X VITo T2,
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ZOFERIT Table 5 DL B0, FHEULRIL 82.2~91.3 %, T OMhiK UAE B 13k oA U 72
(RSD,) & LT 6.1 %A FTOMMENE S, SR O Y MRERIETA T4 (LT
[ZUBHRERIET A RTA ) En . ) ITHE SN BEE R OO TREE O BAEEE 272 LT
7.

ek, o SRM 7 u~ 7T ADO—Hf% Fig. 4 IR LT,

Table 5 Recoveries for 3-hydroxycarbofuran

Feed types
i Formula feed for Formula feed for
(nfg/ﬂ]:;doi;ial growing pigs dairy cattle Wheat Comn
matter) Recoverya) RSD,” Recoverya) RSD,” Recoverya) RSD,” Recoverya) RSD,”
(%) (%) (%) (%) (%) (%) (%) (%)
0.01 87.4 4.8 83.0 4.0 85.8 2.8 88.6 1.3
0.05 84.8 2.3 82.2 2.3 — — 88.1 2.3
0.1 — — — 91.3 4.2 —
Feed types
Spiked level Alfalfa hay Rice straw WCRS®
(mg/kg original > 5 ) b) 2) b)
matter) Recovery RSDx Recovery RSDx Recovery RSDx
(%) (%) (%) (%) (%) (%)
0.004" - - - 83.7 6.1
0.01 86.2 4.3 88.2 6.1 — —
0.4 — — 84.7 1.4 — —
0.6 — — — 83.4 1.3
13 83.3 1.1 — — —
—: Not tested

a) Mean (n =5)

b) Relative standard deviation of repeatability

¢) 3-Hydroxycarbofuran was spiked to air-dried WCRS samples one night prior to extraction.

d) The spiked levels were 0.01 and 1.4 mg/kg air-dry matter. The levels of pesticides 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 3-hydroxycarbofuran in original matter (moisture 60 %)

= the levels of 3-hydroxycarbofuran in air-dry matter (moisture 10 %) / 2.25
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Fig. 4 SRM chromatograms of standard solutions and spiked samples
(LC-MS/MS conditions are shown in Tables 2 and 3.
Arrows indicate the peak of 3-hydroxycarbofuran.)
A: Standard solution (The concentration is 1.25 ng/mL for 3-hydroxycarbofuran.)
B: Sample solution of formula feed for growing pigs spiked at 0.05 mg/kg of 3-hydroxycarbofuran
(corresponding to 1.25 ng/mL as 3-hydroxycarbofuran)
C: Sample solution of corn spiked at 0.05 mg/kg of 3-hydroxycarbofuran (corresponding to 1.25 ng/mL
as 3-hydroxycarbofuran)
D: Standard solution (corresponding to is 3.25 ng/mL as 3-hydroxycarbofuran)
E: Sample solution of alfalfa hay spiked at 13 mg/kg of 3-hydroxycarbofuran (corresponding to 3.25
ng/mL as 3-hydroxycarbofuran)
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BFHT 0.01 mg/kg tHY &) ) TORMEGRBROMSEE, Hon-e—27 O SN A 10 22 T
Wiz, REOTEETFRIZ 0.01 mgkg & L7-. & LIZER FREE X, SEFohLRT
7 OREWEOE TR T 5 R O /MR 0.05 mg/kg & 3-OH VAR 7 T v
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OH WA 7 7 U E LTEIZK LT 1/44 THY, ZEMMZBIETA RT7 A4 VTHE S BEE
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Eo, RMEGRBR L 0 SO R-E— 27006 SN b 3 LB mELEZRH LR, We
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BRI DWW TR Lic & 2 A, JFRLIE L FAEROFIETLUL T ORER S DL,
1) BEHIT, 0.1~20ng/mL (FEAEE L T0.2~40 pg) O#iFH CEMBRIMELZ R L.
2B, UHMEROEERPIL, 3-OH Z/LR 7T % 0.004~0.8 mg/keg & A9 5 0H Rl E %,
AIECRE VTR U 72 e iR BN O 3-OH B VR 7 7 iR EHRIHICAH S 5.

2) EeAfE 2 B (WKRIEE AKX OCAHFEER) , IR, &98AZ L, TAT77 AT 7
B, fib B KLY WCRS I20WT, KB TR re M/ 7 AL, EREBITFLYE
— 7RO LR T,

3) REZENELNTREHARKIZOWT~ MY v 7 AR E2HR LIZRER, 3-0H ILVR7 T
FRE~ MY v 7 AR D REREELZ T L L METRETH T2,

4) AR 3-OH AR T7 7L LT, AR (WKIEEHKOCAHFHEEH) KOES>H A
Z L2 0.01 &ZTN0.05 mg/kg fHY &, /NEIZ 0.01 X TN 0.1 mg/kg Y&, TV 7 7 /L7 7 HEI|C
0.01 O 13 mg/kg FHY4 &, fidb 512 0.01 LT 0.4 mg/kg fHY4 &, WCRS I[ZHMHT L T 0.004 K
0.6 mg/kg HHY EZIM L, RIEICHES T 5 AOHMTONT 2 K L, [BII0EE K OWRK URSEE % 5k
W& Z A, ZUMMRIETA RT A THUE SV BIEME 2672 BAF RS RPGFo T,

5) ARIED 3-OH AR 7 7 O i FIRIZAEEF (WCRS IZJEFZY) T 0.01 mgkg, i TFERIE
0.002 mg/kg Th-o7-. RE LIERE FREORH TRIEL, Z49MEMZEIETA R7 A4 JHES
iz BEE A7 LTz,

X B
1) HNEMNEmLZEZES a2 AT 2 BEOFM HIEIZH>VWT (R)
http://www.fsc.go.jp/fsciis/meetingMaterial/show/kai20060719no1, cited 21 Dec. 2016.
2) RENVFT w7 2005 FifREZ AR - BZEAC T v 7 2005 FERR, HC, B ARG E
23, 51-56 (2005) (ISBN: 978-4889260991).



46 fREHFIE S Vol. 42 (2017)

3) MNZATBUE NRMOKEEE 22BN v % — @ BRERNE T,
http://www.acis.famic.go.jp/toroku/sikkouseibun.htm, cited 21 Dec. 2016.

4) BARES  ER R OEEHRINY O BRI T 58S, BMMSIAET7H 24 A, BHRESE
35 5 (1976).

5) RMKPELTHE - ZRRHEIEE R K OSBRI O 5oy Bk F 1B 28 5 O —H 2 %Ik
THETORMATIZONT, FAL 1845 A 26 A, 18 HZE 2321 5 (2006).

6) EMKEEFERZEM  FEOAEYE ORRELNER OVFBLUEIZ OWT, B 63 4 10 A
14 H, 63 % B 2050 & (1988).

7y BAEER B, RSO IEYE, B34 412 A 28 B, JEAEEERE 370 5 (1959).

8) L& M, AR RRF, PR ST EREEESNE, R, Y7 MY A 2 X4k, 90-94
(2001) (ISBN 4-8817-1097-4).

9) JRIFLHE OHTIEMREIR © SRR ORE oTE, BOUX, FOESIMR, 110-112 (1995) ISBN
4-8058-1321-0).

10) tRAE EREE, IR Bk A FRERIESE, BOL, YT b A o X4, 32-35 (1987).

1) BAEZBEERSLFHELLEHEEM  RMICEET 5 BE, SERINY XY A k35K
s DR T oo 2WE ORBRIEIZOWNT, FERL 1741 A 24 H, BZFE 0124001 5 (2005).

12) RRKPEEHE - RERE@EA SRS EEDOHIEIZONT, FL 2044 A 1 B, 1938
5 14729 B (2008).

13) WMEENBARESLSHTE > # — @ pk 21 B EERHR OF EWEE S HrEREF3E (2010).



