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Determination of Captan in Feed by GC-ECD

Masakazu SAIKI"

(* Food and Agricultural Materials Inspection Center, Sapporo Regional Center)

An analytical method was developed to determine the level of captan in feed using gas chromatograph

equipped with electron capture detector (GC-ECD).

After adding phosphoric acid (1:11) to the samples, captan was extracted with acetone and resulting
solutions were filtered. The filtrate was then diluted with acetone to a final volume of 200 mL. The
sample solution was purified with a porous-diatomite cartridge (Chem Elut from Agilent Technologies Inc.;
Santa Clara, CA, U.S.), gel permeation chromatography (GPC) and a graphite carbon mini column (Envi-
Carb cartridge from Supelco Inc.; Bellefonte, PA, U.S.), followed by GC-ECD analysis for determination of
captan. GC separation was carried out on a fused silica capillary column (DB-17 ; 0.25 mm i.d. x 30 m,

film thickness 0.25 pm from Agilent Technologies).

Spike tests were conducted on corn spiked with 10 or 0.1 mg/kg of captan. Formula feed, wheat, corn
gluten feed and alfalfa hay were also spiked with 1 or 0.1 mg/kg of captan. The resulting mean recoveries
ranged from 78.4 to 116 %, and repeatability in terms of relative standard deviations (RSD,) was not more
than 16 %.

A collaborative study was conducted in eight laboratories using corn, wheat and formula feed spiked with 10
mg/kg, 0.5 mg/kg and 0.5 mg/kg of captan respectively. The mean recovery, repeatability and
reproducibility in terms of relative standard deviations (RSD, and RSDg) and HorRat, respectively, were
88.5 %, 7.7 %, 17 % and 1.5 for corn, 93.4 %, 6.4 %, 21 % and 1.2 for wheat and 98.8 %, 6.2 %, 21 % and

1.2 for formula feed.
This method was validated and established for use in the inspection of captan in feed.

Key words: feed ; gas chromatograph equipped with electron capture detector (GC-ECD) ; gel permeation

chromatography ; captan ; collaborative study
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N-(trichloromethylthio)cyclohex-4-ene-1,2-dicarboximide
CoHsCLI3NO,S  MW: 300.59
CAS No.: 133-06-2
Fig. 1 Chemical structure of captan
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Table 1  Composition of the fomula feed
Kind of Group of Proportion

. . Ingredients
formula feed ingredients (%)
For layer Grains 64 Corn, milo
Oil meals 26 Soybean meal, corn gulten meal, rapeseed meal
Others 10 Calcium carbonate, calcium phosphate, seaweed

powder, salt, animal fat, paprika extract, silicic acid,
grass bacillus, lactobacillus, glucose, feed yeast

For cattle Grains 53 Corn, wheat
Oil meals 23 Soybean meal, rapeseed meal
Brans 21 Wheat bran, distiller's dried grains with solubles
Others 3 Molasses, calcium carbonate, salt
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VERIXFER A W KiTEmERE e~ 87T 7 HER V.
2) ¥ K UREUERR
X X REYES (FOEhisk TR, MiE 98.0 %) 25mg # EMICE > TS0mL O2&ETY 7
ZAZAR, TR RMCAZMATENL, LITERE CREBHEZMA Tx v 72 AR 2 5
Lz (ZOW ImLIE, ¥y 77X 2 LT05mg (f=0980) 28HT5. ) .
A LT, EEREO —E8&2~F YV CERICHRL, 1| mL Ficfy 7% L LT
0.05, 0.075, 0.1, 0.25, 0.5, 0.75 XN 1.0 ug 2 & AT HIEHER AR L 7.
23 HEROGE
1) Ky#ek% © Retsch 8 ZM100
2) REIH: AT v 78 LT ur=—F— SR2W (i HIEEE)I$K 300 rpm)
3) B—XY—xz/oNR L —%— : HREEEEE NAJ-160
4) ZAMEr A Y U117 L Agilent Technologies # Chem Elut, 20 mL fR£FH
5 AT TUT7 4 H—  HEEKR DISMIC-25HP (L% 0.45 pm, [E£E 25 mm, #HKME
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F—h¥ > FF—: AS-2050
753 aralb s #—: SF212N
7N 77774 M—HR 2 I=47 2 : Supelco # Envi-Carb  (F£TAHKI&E 500 mg)
8) HArv v~ ~7 77 : Agilent Technologies #  6890N
24 TEEIFE
n
IHTEEE 10.0 g 2 5> T 300 mL O34 = A7 F7 22 A, U U@ (1+11) 20 mL (#4%
BX 30 mL) &A%, 30 rRErE#%, FIZ7 & b 100 mL (F4CHE 120 mL) %, 30
SRRV IEE T (300 rpm) HIH L2, 200 mL OB T T 2227 7 =K} O TFICES,
iz A% (ST B) TRSIABLEE, KO =MA7T7AaRUOEIZIERT & > 50 mL T
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BRI S B 7. IWHIEE 40 °C UL TOKIBTIEE A EHET 5 & CHITLRM L=k, €KY
A B ko THLE L7-.
vrua~dHr =T b (4+1) 10 mL ZIEMECIZ CEREBEWMERN®L, AT 7074
NE—TAHBL, FVREI v~ NI T7 ¢ — T 2R BHAK & LT,
3)) FAUREIR~Y RNTTT 40—
ABHEK 5.0 mL 2 7 Wiz 7 v~ N7 7 7ICEAL, v 77X UBENT SESr % 100 mL
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Table 2 Operating condition of GPC for analyzing captan

Column Shodex CLNpak EV-2000 AC (20 mm i.d. x 300 mm, 15 pm)
Guard column Shodex CLNpak EV-G AC (20 mm i.d. x 100 mm, 15 pm)
Eluent Cyclohexane-acetone (4:1)

Flow rate 5 mL/min

Fraction volume 100~120 mL
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Table 3  Operating condition of GC-ECD for analyzing captan

Column Agilent Technologies DB-17 (0.25 mm i.d. x 30 m, 0.25 um film thickness)
Column temperature 60 °C (1 min)—30 °C/min—190 °C—10 °C/min—280 °C (10 min)
Injection mode Pulsed splitless (345 kPa , 60 s)
Injectionport temperature 140 °C
Carrier gas He 1.5 mL/min
Make-up gas N2 60 mL/min
Detector Electron capture detector
Detector temperature 300 °C
Injection volume 1 uL
6) 7 &
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Sample 10.0 g (300 mL Erlenmeyer flask)

— add 20 mL of phosphoric acid (1:11) ( grass hay:30 mL) and allow to stand for 30 min
— add 100 mL of acetone (grass hay: 120 mL) and shake for 30 min
— filtrate with suction filter (No.5B)

— wash flask with 50 mL of acetone

— top up to 200 mL with acetone

— 40 mL of sample solution

— evaporate to the volume of 4 mL (grass hay:6 mL) under 40 °C
— add 5 mL of phosphoric acid (1:11)

Chem Elut cartridge

— apply sample solution and allow to stand for 10 min

— wash flask with 10 mL of hexane (three times)

— clute with 70 mL of hexane

— evaporate to dryness under 40 °C and dry up with nitrogen gas

— dissolve in 10 mL of cychohexane-acetone (4:1) and filtrate with membrane filter (0.45 um)
GPC

— apply 5 mL of sample solution

— collect the fraction of 100~120 mL

— evaporate to dryness under 40 °C and dry up with nitrogen gas
— dissolve in 5 mL of hexane-diethylether (1:1)

Envi-Carb cartridge

— prewash with 5 mL of hexane-diethylether (1:1)

— apply sample solution

— wash flask with 5 mL of hexane-diethylether (1:1) (twice)

— elute with 10 mL of hexane-diethylether (1:1)

— evaporate to dryness under 40 °C and dry up with nitrogen gas
— dissolve in 1 mL of hexane

GC-ECD

Scheme 1 Analytical procedure for captan
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TITAT—=NVEL DT AF =, BAFIRE % 250 °C 725 120 °C £ T 10 °C T2 E %
KL LizgkET, ¥y 7% &L T1 mL #2005 0075 0.1, 025, 0.5, 0.75 XU 1.0 pg %
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L.

Xy T2 NI A u~ N 7T 7ICEAE, RERICEDLETORMIZEDO—EBSRL, Tk
SRR 7 LA FIBTHZenmbnTn5g 9 JFRL BBV TIES ¥ 7 % v D45
WCEDBEEIENPKRENWZ ENEBREORK EEZ X b, £/, 77 a7 XA I Fidft
DEBEORHFYTHLHY, T FEZ L ZOLDODOERTIE, DEA2MET 5 HEMENH - 7.

Xy TH XK DREPEAT (T4 —) WTHMT 5 EHEL, BAMREZ K RE
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25 WXV BREMAER LT & ZAIREZ IR T DIV HBIRER O & R RAT & e o 72,
Fig. 2-1 {2 200 °C X ' Fig. 2-2 12 140 °C DKM T CHONTREROFEZ R LT, T b DRER
HE, REPEAMEEZKS T2 LICL s THy X OBl Szt Exbhi-. £
7o, FUBHE S 140 °C OSAF T T b @ WAHBIMRE S & 235 bz, BATIRE 120 °C £ T
REF L7223 140 °C DL R DITFHBREME M 1T —E L 72 o7z, 2O Z L b ARETIEREHE
NHIRE A 140°C &5 L& LTz,
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Fig. 2-1  Calibration curves of captan using injector at 200 degrees centigrade
(left : height, right : area)



ARt OXy FH DA AT a~ 7T 7LD ERE 23

150000 - 200000 -

122187x - 4688.8
' R2=0.9991 150000 - y = 194065x - 6413.3

100000 - R?=0.9994

100000 -

50000

Peak height / [Hz]
Peak area / [Hzes]

50000 -

0 0.25 0.5 0.75 1 0 0.25 0.5 0.75 1
Concentration of captan/[ pug/mL] Concentration of captan / [ug/mL]

Fig. 2-2  Calibration curves of captan using injector at 140 degrees centigrade
(left : height, right : area)
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Table 4  Elution pattern from Chem Elut
Hexane
0-60 60-80 80-100 100-120
Recovery of captan (%) * 95 16 5 0 116
a) Mean (n=3)

Fraction volume(mL)

Total

3.3 #w&%&mvh7774 D H 53 DK Ft
LRV SNRFE v~ N T T 4 —DOVEHE S HRER LTSRS SIL Table 5 0 LBV THDY,
X ¥ 7 H 13 100~120 mL IZEEH L, 100 mL LARTAR O 120 mL B O B 73 (2 I3E X O b v/
Mmool
PLEDORERNS, JFRL ETIE 105~125 mL 203562 L & LTWa 2, SEOBFTHN
TSR CIZ 100~ 120 mL 20252 LT

Table 5 Elution pattern from GPC
Cyclohexane-acetone (4:1)
90-100 100-110 110-120 120-130
Recovery of captan (%) * 0 61 31 0 92
a) Mean (n=3)

Fraction volume(mL) Total

M—ﬁ?A@ﬁH®%ﬁWA@@%
WCED T A I OREE S ZHERLIZERIT Table 6 DB THY, v 7% 0F
mmmL_mmL,mmLuﬁwﬁA IR HITERD b o7z,
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Table 6  Elution pattern from Envi-Carb
Hexane-diethylether (1:1)

0-15 15-20 20-25 25-30

0 94

Total

Fraction volume(mL)

Recovery of captan (%) * 93 1 0
a) Mean (n=23)
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TNT 74—, RGEMNTROTNVT 7 VT 7 BRI DOV TRIEZHE > TOr 21T, 3
FEE—I OREZHER L.
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‘ol u~ 77 50— (RHEEEHEGER) % Fig. 31IR L7
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Fig. 3 Chromatogram of formula feed for layer (non-spiked)
(Arrow indicates the retention time of captan)
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T10, 1 &XO0.1 pg/mL Y &) ZRML, RECED 3 80T TES L TREIEE &K OV LK
ErERF Lz, 2B, S 7% 2% 10 mgkg fAYERMLZE S HLAZ LIZHOWTIE, &R
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ZORER, Table 7 D LBV, FEEEECITFEHIENLHE 88.1~103 %, Z D UK FE 1L HH 6%
Hff2E (RSD,) & LT 16 %LLF, /NETIT L ENLEE 78.4 KN 88.9 %, E DK UKL
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TINT 74— R TIEFEHEIER 93.1 KN 107 %, < O UHEEIL 8.8 %L, TA7 77
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Table 7 Recoveries of captan
Formula feed Formula feed

Wheat
Spiked level for layer for cattle
(mg/kg) Recovery”) RSD,” Recovery” RSD,” Recovery” RSD,”
(%) (%) (%) (%) (%) (%)
10 - - - - - -
1 97.6 11 103 16 78.4 9.6
0.1 88.1 34 95.1 2.6 88.9 2.6
. Corn Corn gulten feed Alfalfa hay
Spiked level
(mg/kg) Recovery” RSD,” Recovery” RSD,” Recovery” RSD,”
(%) (%) (%) (%) (%) (%)
10 101 5.2 - - - -
1 - - 93.1 8.8 95.7 13
0.1 111 34 107 6.9 116 8.5

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

50000
40000 —

30000

Intensity

20000 -

10000

g b 15 11 15 min

Retention time

Fig.4 Chromatogram of formula feed for layer (spiked with captan at 1 mg/kg)
(Arrow indicates the peak of captan)

3.7 EE FREORH TROBE
REOERETIRE ORI TRE MR T 5720, RBHEEHEGEEHI X Y 72 2 IRML, §
INENGRBRIC L VGOSN E—27 D SN 10 L ON3 L2 b BELERDT-.
ZORER, SN 10 L 72 DPFEIX 0.1 mg/kg, SN N 3 & 72 DT 0.03 mgkg THHo7=Z
Ene, EE FRIZ 0.1 mg/kg, B FIRIL0.03 mgkeg ThH o7z,
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/2%, Table7 T/RLT1-& BV, YURLER FRREEIZHT 2EMENGRERIZRAF TH - 7.

3.8 H:[AIEER

AEOEMBBIEEZMRT 2720, REIEH, MO RO 2 mKE THEREHT L 53t
Al 2 9hE L 7-.

Hmael & LT, RS E HE AR L VR Yy 72 L LT 0.5 mgkg FHY & (10 g i
HLTImLHFIZSmg2EHTHF Y 77X BRI mLIEN) KOREI>BAZLICHF Yy T X
E LT 10 mgkg HHYE (10 giZxt LT 1 mL HIZ 100 mg ZEH T HF ¥ 7% VEHERK | mL ik
m %, FERBREICCTRMAR LR 2 H W, £, Sy 77X dInM LT Wiz oo

ELATICWIN L7z,

SFRBRE L, M EEAN BRSO o 2 —ZEEMZERT, — MR EEARSRERER
=, éﬂﬁﬁﬁl‘?ﬁ)\%%ﬂ%“fé%ﬁé&ﬁt/5’*—HE'§H7HZ%$E&§&B, FEfLiEE 2% —, FEfliEat
A=, ARty —, FMEEC X —ROFEERE 2 — GF8RERE) Thor. KR
O)ﬁ%ﬁ ZOWVWTIEEBEMICANA—F T A SN -HFERBRICETDFIED Y 22512, Cochran #

, SMAUVE 1 {E @ Grubbs 1 & & O 4UE 2 {E D Grubbs R E 217V, AUVEO A EAL R L7 L

¢i@|ﬁ|m¢, MR URSEE (RSD,) KOV A BUEE (RSDr) #HM L, 564172 RSDr 75,
& 1E Horwitz 2. % VT HorRat & K& 7-.

FERLX Table8 D E BV TH - 7=,

RIS E AR, NEERORE I HBAZLOoNT, FHEILRITENZEN 98.8, 93.4 KN
88.5 %, RSD IFZFNFI 6.2, 6.4 ) T7.7 %, RSDriZZFNZEH 21, 21 TV 17 %, HorRat 3%
NEN 12, 12 K15 ThoTe.

S2EZEDD, FRBETHEA LIV A 7 a~ NI T 7 OFE% % Table 9 IZR LT,
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Table 8 Results of collaborative study

Feed types
Formula feed
Lab. No. for layer Wheat Corn
(mg/kg) (mg/kg) (mg/kg)
1 0.385 0.389 0.374 0.419 8.08 7.62
2 0.347 0.336 0.316 0.317 5.97 6.38
3 0.416 0.467 0.474 0.421 9.82 8.50
4 0.551 0.609 0.580 0.613 9.53 9.24
5 0.629 0.650 0.539 0.572 9.68 10.9
6 0.523 0.471 0.423 0.498 10.7 10.7
7 0.491 0.558 0.426 0.402 9.18 8.57
8 0.560 0.524 0.532 0.566 9.27 7.43
Spiked level (mg/kg) 0.5 0.5 10
Mean Valuea)(mg/kg) 0.494 0.467 8.85
Recovery” (%) 98.8 93.4 88.5
RSD:” (%) 6.2 6.4 7.7
RSDr” (%) 21 21 17
PRSDR" (%) 18 18 1
HorRat 1.2 1.2 1.5

a) n=16

b) Relative standard deviation of repeatability within laboratory

c¢) Relative standard deviation of reproducibility between laboratories

d) Predicted relative standard deviation of reproducibility between laboratories calculated from the

modified Horwitz equation
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Table 9 Instruments used in the collaborative study

GC column
Lab.No. GC

ab-mo (i.d. x length,film thickness)
1 Agilent Technologies 6890 Agilent Technologies DB-17
(0.25 mm x 30 m, 0.25 pm)
2 Agilent Technologies 6890N Agilent Technologies DB-17
(0.25 mm x 30 m, 0.25 pm)
3 Agilent Technologies 6890N Agilent Technologies DB-17
(0.25 mm x 30 m, 0.25 pm)
4 Shimadzu GC-2010 Plus Agilent Technologies DB-17
(0.32 mm x 30 m, 0.25 pm)
5 Shimadzu GC-2010 Plus Agilent Technologies DB-17
(0.25 mm x 30 m, 0.25 pm)
6 Agilent Technologies 6890A Agilent Technologies DB-17
(0.25 mm x 30 m, 0.25 pm)

7 Agilent Technologies 6890N Agilent Technologies DB-17MS
(0.25 mm x 30 m, 0.25 pm)
8 Agilent Technologies 6890N Agilent Technologies DB-17

(0.25 mm x 30 m, 0.25 pm)

4 F&EOH
ﬁﬂ¢®%%f5VVowf JFRL Ex K2, EFfgERESRMAE T 70~ 77 72 v
EEOFEB T EE~OBEH ORI OWTHREI LTZE A, ZIFTAT—LRLDA U — ]

%ﬁ%bfﬁxﬁﬂvF777®ﬁﬂ%A%ﬁW%ZWWI#%MOT&L ZHMT A VT +h

T AR HEHEEEAZ 0 mL 75 100 mL &L, 77774 NI—HRU =07 LZBITHE

HRBE R %A 25 mL 205 20 mL IZEF 352 & T, UTORENELN, BHNARETHD LB X

b,

1) MEHIT, 0.05~1.0pg/mL EAEE L TO0.05~1.0ng) OFPHCHEMRMEEZ R L.

2y FNRBIu~ NI T T 44— ORI EHRE LI Z A, JFRLIETIZ 105 ~ 125 mL #4309 %
ZEELTWER, SEOMRFTHWZEETIX 100~ 120mL 20 W$T 252 L & L

3)  ElAfE 3 R (MBEEH, AKIEEHLOCILHFEFEER) , &, &95vA2L, a—
YINT T 40— R, REMPTROT VT 7 V7 7 HEIZONWT, REICE->TH LN B
Y~ NTTADDIE, XX T EUOEEEY T HE—ZITRO Lo T,

4)  BElAfE 2 fEE (RBEREHKOHLHFEERH) , hE, LobAZL, a =TT T
4= FREOTNVT 7T 7 HEIZOWT, ¥ 77X L LT10, 1, KO0.1 mgkg fHY & (&
HEAEHRIR T 10, 1 X TV0.1 ng/mL FHY &) 2L, AREICTHRMENGRER A it L7z & 2
A, FEJEILERE, 78.4 ~ 116 %, £ O UKL ITARMEERZ & LT 16 %LL T & RAF 7 s R
Thot-.

5) RBIZL DXy 7% o OERE FIRIZ 0.1 mg/kg, R FFRIZ0.03 mgkg Tho7-.



ARt OXy FH DA AT a~ 7T 7LD ERE 29

6) BB RRAEE, NEXROPEIBLAZLICF Yy 77X 20N RSy 72 LT
10 200 0.5 mg/kg FAY &) L7253k 2 HW T 8 BRBR=RIC B W TARIEICHE W L [A 5k & FhE L 7-.
ZORER, FHIENTFEIL 88.5 ~ 98.8 %, & Diffilk UAEE M OV [ R BURE 1T A R MEfR 22 & L C
7.7 %LL T KTV 21 %LL T, HorRat 1315 AT TH - 7.

#o
HFEBBITSIN L T2 20 e — M EIE A B AR RSO > 2 — S EERTIERT e O — R A
BEMBRFIRA R XICRT 2 BRESICEHH OB 2R L ET.
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