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Determination of EPTC and Ethylene Dibromide in Feeds by GC-MS
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An analytical method for determination of ethyl N,N-dipropylthiocarbamate (EPTC) and
ethylene dibromide (EDB) in feed using a gas chromatograph-mass spectrometer (GC-MS) was
developed.  First, 20.0 g of sample and 400 mL of water were placed into a 1 L Dean-Stark
distilling flask.  After 20 mL of hexane and about 0.2 mL of silicone were added, the flask was
attached to the Dean-Stark distillation apparatus and reflux-heated for 60 minutes with a mantle
heater.  After being cooled, the water in the distillation trap was thrown away and the hexane
layer was filtered to a 20 mL test tube with fluid phase separation filter paper and subjected to a
GC-MS for determination of EPTC and EDB. A spike test was conducted with two kinds of
formula feed, and two kinds of grains (corn and rye) spiked with 25 pg/kg and 200 pg/kg of
EPTC, and 5 pg/kg and 200 pg/kg of EDB.  The spike test on two kinds of formula feeds, corn
and rye resulted in recoveries ranging from 88.1% to 95.5% of EPTC and from 96.2% to 103% of
EDB, and in relative standard deviations (RSD) within 11% and 6.3% respectively. A
collaborative study was conducted using corn and formula feed for finishing beef cattle spiked
with EPTC and EDB at 40 pug/kg and 10 pg/kg respectively.  The mean recovery of EPTC in
corn was 109%, and the repeatability and reproducibility in terms of the relative standard
deviations (RSD, and RSDg) were 6.1% and 7.7% respectively. =~ The mean recovery of EDB was
113%, and RSD, and RSDy were 1.9% and 6.9%, respectively. ~ The mean recovery of EPTC and
EDB in formula feed for finishing beef cattle was 106% with RSD, of 5.8% and RSDy of 14%, and
106% with RSD;, of 3.9% and RSDg of 11% respectively.
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EPTC Ethylene dibromide (EDB)
(S-Ethyl-N,N-dipropyl thiocarbamate) (1,2-Dibromoethane)
CoHyNOS  MW: 189.3 C,H4Br, MW:187.9
CAS No.: 55285-14-8 CAS No.: 106-93-4

Fig.1  Structure of EPTC and EDB
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Table1  Composition of formula feed used in this study

Kind of formula feed .Group of Ratio (%) Ingredients
ingredients
For growing chick  Grains 59 Corn, Milo, Dehulled rice
Oil meals 25 Soybean meal, Rapeseed meal, Corn gulten
Brans 3 Corn gulten feed
Animal by products 1 Fish meal
Others 12 Animal fat, Calcium carbonate, Calcium
phosphate, Salt, Feed additives
For finishing beef =~ Grains 60 Corn, Wheat, Barley, Roast soybean
cattle Brans 32 Wheat bran, Hominy feed
Oil meals 7 Soybean meal
Others 1 Calcium carbonate, Salt, Feed additives
22 # O

1) EPTC FEHEFR
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EDB fZ#E Y, (B ai bk TR, #5 99%) 25 mg # EMEICE > T 50 mL DBEGEEET 7 A3
AR, TR MCEMATENL, TR E CREE 212 T EDB EEFRKZRE L7 (Z0HK
ImLi%, EDBELTO0Smg2&HAT5. ) .
3) IRAIEMER
B L C, EPTC X O EDB fEH#FH O —~EBERA L2k, ~F U CEMRICHRL,
1mL¢’ENC&@Em3&LT%h%ﬂ0mm(wM,Qm,Qm,Q%,QL02&005%
EEATHKIRGIEER 2R L.
4) Tl b, AT IR RO R E V.
5) {HIEH U =2 — U MITEInH Z2 vz,

23 HEELUEE

1) HAZwv~ 77 7EEopHEr  BEEIEFE GCMS-QP2010
2) T4 —v s A — U AEEE LR ERT Y

3) v hrbe—F—: REESKE 1LALEY T XA

4) WRAHBER A - RFEEAE  ADVANTEC 2SS (IE£E 90 mm)

o
=
7

24 FEEITE

D #ift H
IINTAREL200 g2 B TILDT 4 —2 « AX—7 JARE 7T A2 A, 7K 400 mL % i
XTeth, ~FH 20 mL XONHIEA T U 23—l 02 mL 22T 4 — v « AH¥— 7 7K
EIZID T, 70—« A2 — 7 K E KR OS2 mHE OWMEIKIRE % 5°C IZRE L,



4 fREHMIFZE RS Vol. 33 (2008)
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Table 2  Operating conditions for GC-MS

Column DB-624 (0.32 mm i.d.x30 m, 1.8 um film thickness)
Column temp. 50°C —10°C/min—180°C —30°C/min—250°C (10 min)
Injection mode Splitless (60 s)

Injection temp. 250°C

Carrier gas He 3.6 mL/min

Transferline temp.  280°C

Ion Source temp. 200°C

Ionization energy 70 eV

Monitor ion EPTC: m/z 189 (quantitation), 128 (confirmation)
EDB: m/z 109 (quantitation), 107 (confirmation)

Sample 20 g

add 400 mL of water
add 0.2 mL of silicone
add 20 mL of hexane
Dean-Stark

steam distillation for one hour

— filter with phase separating filter
GC-MS
Scheme 1  Analytical procedure for EPTC and EDB
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Table 3  Recovery of EPTC and EDB spiked into corn

(%)
. Method of Japan Food .
Spiked level Research Laboratories This method
(ng/ke) = 5 = >
Recovery RSD Recovery RSD
EPTC 10 87.3 as ) 97.0 (57)
EDB 5 88.7 (57) 94.0 (21)

a) Mean recovery (n=3)
b) Relative standard deviation of repeatability
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Table 4  Recovery of hexane, EPTC and EDB for several coolant temperatures

(%)
Coolant Recovery rate Recovery”
temperature  of hexane” EPTC EDB "

20°C 85 111 91.4
15°C 95 111 89.3
10°C 100 104 99.1

5°C 100 106 98.0

a) n=1

b) Spiked level of 25 pg/kg for EPTC and 10 pg/kg for EDB
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BETIZI&W B DB-WAX S0 @t 7 223252 & & LTWw5. EPTC XU EDB % [AlIF
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Table 5  Operating conditions for GC-MS with DB-1701

Column DB-1701 (0.25 mm i.d.x30 m, 0.25 pum film thickness)
Column temp. 50°C —10°C/min—180°C —30°C/min—250°C (10 min)
Injection mode Splitless (60 s)

Injection temp. 250°C

Carrier gas He 1.0 mL/min

Transferline temp  280°C
Ion Source temp.  200°C
Ionization energy 70 eV
Monitor ion m/z 189, 128 (EPTC), 109, 107 (EDB)

ZOFEHR, Table6 D &35V DB-1701 Z W HIE S TIEL, EPTC D —2 & & xS —7
WEERty (7 a~ 877 034K OOEINENMBRICHMIA TnEEEZ LN,
DB-624 % W= ERME CIIEH RN G LN LD, RIETIE DB-624 2 H L7 HlE
FMUEBRMATHZE L LT
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Table 6 Recovery of EPTC and EDB spiked into corn determined by two types of column

(%)
) DB-1701 DB-624
Spiked level (ng/kg) > 5) > 5)
Recovery ¥ RSD 7 Recovery ¥ RSD
EPTC 25 160 18 ) 90.3 (10 )
EDB 10 95.3 (22) 101 (4.0)

a) Mean recovery (n=3)
b) Relative standard deviation of repeatability
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EEM) , Bl (A, KE, NIE, ~vAm, LHI5BAIL, TAK) KOFHME 2 F¥
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B G EE, FRHEAEE, &2 bAZLKEKDUT A EIZ EPTC & LTENE 25 KT 200
pg/kg, EDB & L TENZEI 5 KT 200 pg/kg tHYS B2 R0 L 723082 VT, ARIEICHE - TEY
REOIHHEEZRMN L. TOREIE Table 7 O LB Y TH Y, EPTC O F¥JEIN KL
88.1~95.5%, & DK UK IZFI X E R 7 (RSD) & LT 1%L FTho7=. EDBIZDWTIT,
RN EHRIE 96.2~103%, Z O LFEEIZ RSD & LT 6.3% L FTh o7,
2B, WMENERBR CH 6N SIM 7 a~ 7T LD —1fl% Fig. 2 (2~ L7z,

Table 7  Recovery of EPTC and EDB spiked into four kinds of formula feed
(%)

Formula feed for Formula feed for

Spiked level (g/kg) ~ growing chick  finishing beef cattle Comn Rye

Recovery” RSD® Recovery” RSD® Recovery”? RSD” Recovery” RSD”

EpTC 25 91.9  (82) 885 (Il ) 955  (36) 931  (3.0)
200 881 (11 ) 949  (65) 935 (80) 955  (64)
DB 5 987  (12) 101 (41) 103 (63) 993  (3.1)
200 962  (35) 101 (18) 993  (L7) 982 (13)

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



8 fREHMIFZE RS Vol. 33 (2008)

(A) 50 (B)  z10m-
i ] 2 EPLTO
= 1 EDB =
5 suuu- | 5 15000-
g 4
n 1 in
- muuuu-_
%‘ 2500 j\ % ]
@ : J‘CE suuu-:
5 5]
a0 L .00 .2 .90 13.00 1325 13.50 13.75 14,00 12,25
Retention Time/min Reterttion Time/min
ity : Max Intensity . %338
(C) 7500 Max Intensity © 3,619 (D) , 20000+
21 EDB £ EPTC
£ I 3 15000 }
5000 g ]
4 ] P 1
“3 ] 3 10000-:
£ 2500 i ]
i @ suuu-:
L ] & ]
50 T T T T T T LI UIIIII""I""I""I""IIIII
8.5 875 5.l 5.bs 5.5 00 138 18050 13rs 1400 140
Retention Time/min Retention Time/min

Fig.2  GC-MS chromatograms of standard solution and sample solution
GC-MS conditions are shown in Table 2
(A) Standard solution (The amount of EDB is 0.02 ng)
(B) Standard solution (The amount of EPTC is 0.05 ng)
(C) Sample solution of spiked corn (spiked EDB at 10 pg/kg)
(D) Sample solution of spiked corn (spiked EPTC at 25 pg/kg)

3.7 EETREOHH TR

AIEOFE R T IRZ MR T D720, ARG EEHZ EPTC %, 7 1 &2 EDB # £ E 1Ll L,
ARIEPE> ToHdrZE 3 BIFEmKL, ?% LB —27 @ SN b ZNENOEE FIRE OB H TR
RO

EHEA BEHT EPTC & LT 5 KOV 10 pg/kg Y &2 N U 723082 W TARIEICHE - T 3 [[
Fhifi U7 kE R, SN EEAY 10 & 72 51X 10 pg/kg TH Y, EPTC OEE FIRIZ 10 ngkg &2 5
7. A 10 pg/kg 1231 2 AL Table 8 D & BV 98.3%, MK LKEIZIRSD & LT
6.1% CTdho7-. F£7=, EPTC O TIRIZSN LN 3 L/ REMND 3 ugke & AED i,

Table 8 Recovery of EPTC spiked into formula feed for beef
(%)
Formula feed for beef
Recovery RSD"
5 74.7 (10 )
10 98.3 (6.1)
a) Mean recovery (n=3)
b) Relative standard deviation of repeatability

Spiked level (ug/kg)

EPTC

[FARIZ T A ZIZEDB & LT 1 KON 2 pg/kg FHY B2 0 L7230k 2 W TRIEIZHE - C 3 [
B 7= 55, SN EEAS 10 & 72 DR IL 2 ng/kg TH Y, EDB ODEE FIRIZ 2 ugkg £ Ex b=,
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PRINEE 2 pg/kg (2B 5 AR 1T Table 9 D LBV 96.7%, i UK IX RSD & LT 3.0%T
Holz. F£7=, EDB OB FRIZ SN 3 L7 END 0.7 pgkg & REDL bz

Table 9  Recovery of EDB spiked into rye
(%)

Rye
Recovery?  RSD"”
1 117 (99)
2 96.7 (3.0)
a) Mean recovery (n=3)
b) Relative standard deviation of repeatability

Spiked level (ng/kg)

EDB

3.8 JL[ARAER

RIEOFBREEZFEST D720, £9bA5Z LECWHFESHEASEHZZ N Z EPTC &
LT 40 pg/kg tHYEL O EDB & LT 10 pgkg Y EAZRM L 72kt HWT, 7Y Lo b -7
7 ) u—HRAS N ETFFET, MEIENBAREGON Y 2 —Z B IERT, R
MEEEGE Tt v ¥ —, MSATBUE NEMOKEEE LTI v & —IEE B2 2 A, ﬂﬂ
W2 —, R4 EREyZ—, FfFE s ¥ —KRKEBPT R ORER T % —0 8§ BR=EIC
W, ARIEICHE- TR 2 £ L 7=

EPTC IZOW T OFERIT Table 10 D EFBH THY, &9 HAHAZ LTIE, FEHEIERIT 109%, £
DMK UK K OV R BRI AR HE R 75 (RSD, X UVRSDR) & LT 6.1% K&
7.7%T& Y, HorRat (X 0.35 Tho7=.

F77, BAEETIE, EHEINERIT 113%, TOENBK UKEE R OCEMEIREEIZZEn
RSD, X O*RSDg & LT 1.9%M 1} 6.9% Td v, HorRat % 0.31 ThH-7-.

EDB I[ZDOWTOfERIL Table 11 L BHTHY, &H5HAZ LTI, FHEIIHEIL 106%, Z
DENBE UK EE K OCEMBBUEEIXZ 24 RSD, XN RSDg & LT 5.8% &N 14%TH Y,
HorRat /% 0.61 TH o 7=.

£/, BEAEETIE, FHEIERIT 106%, T OENBK UKEE LK OCEMTFIEEIZZLEh
RSD, X TO*RSDg & LT 3.9%M N 11%T& Y, HorRat (X 0.51 TH -7z,

SEZEOD, FRBRECHH LA A7 v~ N7 7 78 &0 OFFES%: % Table 12 128 L
7.
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Table 10  Collaborative study results of EPTC

(ng/kg)
Sample
Lab. No.
Corn Formula feed
1 41.1 41.0 41.0 43.1
2 453 39.4 42.3 43.7
3 41.0 46.4 47.5 47.4
4 47.9 47.8 47.7 47.5
5 42.7 47.6 473 46.2
6 434 394 43.5 43.2
7 46.6 48.1 48.7 49.6
8 42.1 39.5 40.1 42.0
Spiked value 40.0 40.0
Mean value ¥ 43.7 45.1
Recovery (%) 109 113
RSD, ” (%) 6.1 1.9
RSDg ? (%) 7.7 6.9
HorRat 0.35 0.31
a) n=16
b) Repeatability relative standard deviation within same laboratory
¢) Reproducibility relative standard deviation
Table 11  Collaborative study results of EDB
(ng/kg)
Sample
Lab. No.
Corn Formula feed
1 10.9 9.04 10.7 9.61
2 10.2 11.5 10.8 10.5
3 10.3 10.4 10.4 10.4
4 13.8 13.8 13.1 13.4
5 9.06 9.72 9.22 9.67
6 10.3 10.5 10.5 9.67
7 10.1 10.3 10.6 10.2
8 9.56 10.1 10.5 9.90
Spiked value 10.0 10.0
Mean value ¥ 10.6 10.6
Recovery (%) 106 106
RSD, ” (%) 5.8 3.9
RSDy © (%) 14 11
HorRat 0.61 0.51
a) n=16

b) Repeatability relative standard deviation within same laboratory
¢) Reproducibility relative standard deviation
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Table 12 Instruments used in the collaborative study

Lab. No. GC-MS GC column
(i.d.xlength, film thickness)
Thermo ELECTRON CORPORATION Agilent Technologies DB-624
1 FOCUS-Polaris Q (0.32 mm i.d.x30 m, 1.8 um)
GC/MS Benchtop lon Trap Mass Spectrometer
) GC: Agilent Technologies 6890 Agilent Technologies DB-624
MS: Agilent Technologies 5973N (0.32 mm i.d.x30 m, 1.8 um)
3 GC: Agilent Technologies 6890N Agilent Technologies DB-624
MS: Agilent Technologies 5975B (0.32 mm i.d.x30 m, 1.8 um)
4 GC: Agilent Technologies 7890 GC Agilent Technologies DB-624
MS: Agilent Technologies 5975C MSD (0.32 mm i.d.x30 m, 1.8 um)

Agilent Technologies DB-624
(0.32 mm i.d.x30 m, 1.8 um)
Agilent Technologies DB-624
(0.32 mm i.d.x30 m, 1.8 um)
Agilent Technologies DB-624
(0.32 mm i.d.x30 m, 1.8 um)
Agilent Technologies DB-624
(0.32 mm i.d.x30 m, 1.8 um)

5 Shimadzu GCMS-Q2010

6 Shimadzu GCMS-Q2010

7 Shimadzu GCMS-Q2010 Plus

8 Shimadzu GCMS-Q2010

4 FE&&H
A7 v~ ~7 7 7GRS 2 ATk o EPTC & NEDB O [ARfE &L I DWW CTRiFT L 72

LA, ROFEREET-.

1) 74—« AF— 7 KBEEICL DHHEMTHOEEZ 20.0 g, /K% 400 mL, ~FH 2% 20
mLIZT 52 EICk Bk Ra 57,

2) T A—v s AL — 7 ERAEE N OGAE IER T AMEAKOIRE % 5°C ITRET H Z & TRAf
RS R AT

3) WA/ v~ NI T 7EESGHFICHERT 25 7 L% DB-624 12 LT-IESM CTRIFRER 15
7.

4) EPTC K (" EDB DOHEHER O F B fji% 0.002~1.0 ng O #iPH TS A8 5 EARMEZ R LT,

5) 2 FEXEOES AR O 2 T OFEIC EPTC & LT 25 & T8 200 pg/kg A1 82N L, HINEIIY
B A SN L 7oA, SPEI SR 88.1~95.5% CH V), MK UKEEE T XHZHER 7= (RSD) & L
TI%UFThH o7z, £z, [FEFKICEDB & LTS5 LKUN200 ngkg FHS EZIRML, HINEIGLER
Ze Fih LT fE R, CEHEIERIE 96.2~103% TH Y, #k LFEEIZRSD & LT 63% L FTh -7,

6) AIEIZL D EPTC OE & FRIX 10 pg/kg, M FIRIX 3 pgkg L E R B/, £72, EDB DE &
TIRRIZ 2 pg/kg, fH TFRRIZ 0.7 pg/kg &5 2 BTz,

7 LA LAUERAER (WA4IEER) I EPTC XN EDB & L CZENEI 40 pgkg K
10 pg/kg FH2 B A RN L 72 dl@al kb 2 V¢, 8 BRBREIC RV TARIEICHE » TR 0T % it L
7.

ZORER, LB AZ LD EPTC O FHENLHEIL 109%, T OENBEIK UK EE & OV B 5 BUE
X ENE AR AHEER 2 (RSD, XTOYRSDg) & LT 6.1% &1 7.7%CTH Y, HorRat iE 0.35 TH
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