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Simultaneous Determination of Ioxynil, Clomeprop and Bromoxynil in
Agricultural Products by Gas-chromatography

MITSUNORI SUGIMURA, AKIE ToYOTA and HiSAYUKI KANAMORI
(Received Oct. 4, 2004)

This paper report a simultaneous analysis method of ioxynil octanoate (I0X-0), clomeprop (CLO),
bromoxynil octanoate (BRO-O) and its transformation-based products including ioxynil (IOX), clomeprop
acid (CLO-A) and bromoxynil (BRO), those components are inside herbicide in agricultural products.

Agricultural product samples were well homogenized with acidified acetone, and residual herbicides were
extracted by n-hexane-ethyl acetate mixture solution. BRO-0O and IOX-O were hydrolyzed by ammonia water,
and then was methylated with trimethylsilyl-diazomethane (TMS-DM) together CLO-A. These three
methylated components were purified by Silica gel column and Florisil column chromatography, then were

analyzed by ECD-GC.

10X-0, CLO, BRO-0O, I0X, CLO-A and BRO with concentration of 0.05.g/g were added into 11
agricultural product samples. A recovery rate of about 80% ~110% (<10% of CV) was obtained. The detection

limits were 0.01g/g in samples.

Key word : Toxynil octanoate, Clomeprop, Bromoxynil octanoate, loxynil, Clomeprop acid, Bromoxynil,
trimethylsilyl- diazomethane (TMS-DM), ECD-GC, GC-MS.
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(2) TMS-DM : Aldrlich Chem.Co.#4.
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(1) ECD-GC#%1& : Hewlett Packerdfl:#2HP-6890
(2) GC-MS#:1#E © Hewlett Packerdtt #HP-5972
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- column temperature (I0X, CLA-A, BRO): 80C

ROGMT, ECD-GCIZ & 2 %M - E& L FGC-MS (Imin) -35C/min-165C (11min) -1°C/min-168C -
2 X B EESTEAT o 72, BHTRTR 6 WE OREEX % 30°C/min-200C (4.5min) -50°C /min-340°C (1min)
112, FBEWE (X FUEWE) oA z7a~ 7 - column temperature (CLO): 80°C (1min) -30°C /min-
FLAxX2, 3I1TRLZ. 240C (15min) -40°C/min-340°C (2min)

(1) ECD-GCA#ir 4t

- injection temperature : 250°C, detector temperature -

- column : ENV-8MS (BB LZMHE), 0.25mm X 30m 320°C, injection method : splitless, injection volume :

(d.f.: 0.254 m)

1L

(2) GC-MSHHT &1

- column : ENV-8MS (BIHALZMHE), 0.25mm X 30m
(d.f.:0.25,m)

NC 06 (CHy) oCH, NC OH - column temperature (I0X, CLA-A, BRO): 80C
0 (1min) -35°C/min-160°C (14.5min) -30°C/min-210C
IOX,OI 10X ! (5min) -30°C/min-340°C (2min)
H,C cl HyC ol - column temperature (CLO): 80°C (1min) -30°C/min-
240°C (15min) -30°C/min-340°C (2min)
Cl Og:CONH—Q Cl Og:COOH - injection temperature . 250°C, detector temperature .
o 8 o s 280°C, ionization voltage : 70eV, injection method :
Br Br splitless, injection volume : 2L
Ne 0G (CHy) (CH, Ne oH 5 SHHE
o - BHHEIER AR L7z, 72, SHEORRIC K
BRO-0 BRO [OF Si g IRVAR
(1) xF 1tk
Fig.1 Chemical structures of herbicides and transformation- - TMS-DM G - BEFR T F )L - X ¥ ) — ViR
based products (1:1)2mL

herbicides: ioxynil octanoate (I0X-0), clomeprop (CLO) and
bromoxynil octanoate (BRO-O) transformation-based products:

- TMS-DMIgEE © 10%n-~F 4 > i

joxynil (I0X), clomeprop acid (CLO-A) and bromoxynil (BRO) VTV A 2 (DM) OFEEE  N-AF)V-N-=
o]
600 -
BRO-M
I0X-M
" CLO-M
100 e

Fig.2 Gas chromatogram of BRO-M, CLO-M and I0OX-M

Conditions : column : ENV-8MS, 0.25mm X 30m (d.f.: 0.25,:m)

column temperature : 80°C (1min) -35C/min-165C (11min) -1°C/min-168C -30°C/min-200C
(4.5min) -50°C /min-340°C (1min)

injection temperature . 250°C, detector temperature : 320°C, injection method : splitless,

Injection volume : 1x2L, 0.1ng
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Fig.3 Gas chromatogram of CLO

Conditions : column : ENV-8MS, 0.25mm X 30m (d.f. 0.25,:m)
column temperature CLO : 80°C (1min) -30°C /min-240°C (15min) -40°C /min-340°C (2min)
injection temperature . 250°C, detector temperature : 320°C, injection method : splitless,

Injection volume : 1xL, 0.1ng

Vep- MVE Y AR YT I REEFEISHEOTTEL /2.
- DMO IR © 10mL
- fEHEY B T0X, CLO-AN UBROD%10ug
(2) $RIEVEIE
O7 & b o
CEBEOME n-AFH Y ROBERBE TV - n-AF
PR (2 0 3)
- AR 100mL+50mL
CKIE O 20%3EALF Y Y AB100mL &
Amol/LIEERZE W CpH2LL T & L, Hlw7z.
- Y 10X-0, 10X, CLO, CLO-A, BRO-OK%
U'BROD 4510 2 g
@Ik 1%
EEEORSE | BTV -n-~FH R (2 1 3)
cKBOWNE T A% 7 —)50mLIZT ~ =7 K10mL
EMA, 512, 4mol/LERREH CHIIL, 2%
J =B, 2093846 MU 7 AETE100mL %
Iz, 4mol/L¥EREEEH CpH2LL T & L72.
- AR R 50mL+50mL
- fEHE Y & T0X-M, CLO, CLO-MM O°'BRO-M®
10 1 g
(3) ¥ #
O
- I0OX-M, CLO-M, BRO-M & UFCLO : %2ug
CEREL Ok, B, T L O IZ10g/5mL
(n-~F VW), 0o EEYIE20g/10mL
(n-~NFH ) &L, Zo2mL%Eh T L&,
@FHEANOWEAL © 130T, 128EH]
@Fciif ik
< AP IVEg KRR S ) 7 A5gE RE L7,

FEEBEII T F LT —F )V - n-~NF 5 VR
(1:1) &L7.
- 717 YI)VPRIOgIZ AR - b ) 7 A5g & fifhd L
7o, FSEEHEn-AF YL L,

BRRERUER

1 TMS-DMIC & 3 * FIL{EDH&5T

B SR OmESELL] [2] [311), IOXRY
CLO-A%# V7V A% »TAF ML, ECD-GCTH#HT
TELREPREN TS, 4N, ZhiZhz T, BRO
b AFILL, FEFICHHTT A hEERET L7z, 25
ALHNTIE, TV AZ THRT, B PR hSfEifE 7
TMS-DM&HWTAFMET L2 L& L, LUFOME
iro7.

(1) #neE

A FIVALFIO TN & Bt $ 5 729, 10X, CLO-Al
U'BROD 3 W& (X F VAL 3 W'E) % TMS-DMO R
(0.05~0.6mL) %22 C, 607 MR TRIESE/. £
DOFERERLITRT L H120.2mLL ETAF VALDSE T
L7.

Lo L, REONKSIREO GG E, IR T
TITo TV 57280, TiEETEI T 3 MO R LA
Ta i, HWRRICE > TTMS-DMASHE SN, £
7o, B ORI L > CTHHBE ENL L #EEL T,
AFMEFI O FRINEZ0.5mL & L7z,

(2) BUBKERE

OS2 MEtd 5 720, A F VAL 3 WE & BOG i
2R L 728, TMS-DM#0.5mLiEI L, KISERH (5
~905 M) AAR THIRTRIn S/, K218 T L9
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Sample (unpolished rice, grain, beans, seeds 10g) 20g
—distilled water 20mL

—4mol/L HCL 2mL (<pH2)

«acetone (100mL+50mL)

homogenize (3min)

filtrate

vy evaporate (30mL)
Extraction

«—20%NaCl Solution 100mL

«—ethyl acetate * n—hexane (2:3), 100mL+50mL
shake (5min)
<—anh. Na,S0, dehydrate

(vegetable, fruit) (unpolished rice, grain, beans, seeds)
evaporate to dryness
<n—hexane 30mL

<acetonitrile (saturated with n-hexane) 30mL (3X)
shake (5min)

Acetonitrile layer

v Evaporate to dryness
Hydrolysis
<methanol 50mL
<—ammonia water 10mL
25~30°C for 1h
<4mol/L HC1 (neutralization)
evaporate
Extraction
«4mol/L HC1 (<pH2)
«20%NaCl 100mL
—ethyl acetate * n—hexane (2:3), 50mL+50mL, shake (5min)
anh. Na,S0, dehydrate
filtrate

y evaporate to dryness

Methylation
«—ethyl acetate:methanol (1:1)2mL
«10%(V/V)TMS-DM in n-hexane 0. 5mL
room temperature for lh
evaporate to dryness

vy <h~hexane 10mL (unpolished rice, grain, bean and seed make 5mL with n-hexane.)
2ml. aliquot

ilica gel column
columnl. 5em X 30cm
silica gel (130°C, 12h activation) 5g + Na,SO, bg
put silica gel with diethyl ether * n—hexane(1:1) into the column
—elute with diethyl ether: n-hexane (1:1)50mL
evaporate to dryness
v < h-hexane 2mL
Florisil column
columnl. 5emX 30cm
Florisil PR (130°C, 12h activation) 10g + Na,SO, 5g,
Put Florisil PR with n—hexane into the column
«—wash with diethyl ether * n—hexane (4:100) 130mL
«—elute with diethyl ether * n-hexane (2:8)130mL— (test solution(Analyzed of BRO-M, CLO-M and I0X-M))

«—elute with ethyl acetate * n-hexane (1:9) 70mL— (test solution(Analyzed of CLO))
evaporate to dryness

v < h-hexane 2mL
ECD

GC-MS

Fig.4 analytical method
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Table 1 The produced ratio of IOX-M, CLO-M and
BRO-0 by methylated with various amount of TMS-DM

(%)
TMS-DM(mL) 005 01 02 03 04 05 0.6
I0X-M 88 90 101 100 101 100 100
CLO-M 97 96 101 101 101 100 101
BRO-M 83 87 100 97 99 100 99
- Reaction conditions : room temperature for one hour
- TMS-DM : 10% (V/y) TMS-DM in n-hexane

Table 2 The produced ratio of IOX-M, CLO-M and
BRO-0 by methylation for various reaction time

(%)

reaction time (min) 5 15 30 45 60 90

I0X-M 66 77 85 93 100 99

CLO-M &7 92 96 96 100 98

BRO-M 73 88 91 102 100 105

Reaction conditions : added to 0.5mL 10% (V/y;) TMS-DM in n-
hexane at room temperature

[ZTMS-DMIN 2> 5605572 T A F ML 5E T L2 &
15, RUCERR 2600 & L7z,
(3) A F LW D HIFHE O ik
AFWVAL3WE %, FNFNTMS-DME VTV A %
YTAF AL L 72 & & O (ECD-GCH#r) DAH)
PRIz 3EOFATRERE 5 O# Y K LG 24T -
TGRS, HFREMEOBENMRE (CV%) 28 M Lz, ¥
7 A% v TIRIOX, CLO-MK U'BRO-M78, #h#h
CV%=3.4%, 3.0% % (*3.8% T, TMS-DMTI¥, #hZHh
CV%=3.9%, 3.2% % U4.3% &, ¥ & H12CV%=5%LL T
&, IZIZFABORERIE S N,
4) HFAZA< 7T 4
AFIALANZTMS-DM% fiva7z & &0 42 F Ak 39
Boru< b s 54 (ECD-GCoHr) /2 &, ko
TEEE A= 73N Lo 7.
Dbz EHs, TMS-DMIZ X % X FL{bid, it
W (A% ) — )b - FEEE=F )V (1 © 1)) 2mLiZ, TMS-
DMO.SmLZ MR, BUSKHZ 2= iR T6055 M & L 72.

2 BRI
RETIE, MAITRTEBY, #2577~ i
B E MR RO 2 M OEBEE AT . Z OREE
[ZDWTHRES L 72,

(1) 7+~ rlilifk

A RS T, BRI ICY yauxy s, Y
IFNVIT—=F NV EZEn-ANFFEEENLTWD,
RETE, SRR 6 WEPIHENET L Tnwb 2 L%
ML, WMEEEOME %217- 7. -COOH% ##>CLO-
ADFARICHIE T 2720, WHELERCpH2Z DT E L
720 THUTHAT R 6 BHE R 2R L, AR BTl

Wik, AF WAL 3WEIZOWTIZTMS-DMT £ F L1t
LA L7z,

n-AF4 2 Tld, CLO-ADEE (n=3) 4%, 45.8%T
ol WERIFIL -n-~FF R (2 1 3) T
% Z kT, 10X-0, CLO, BRO-O, I0X, CLO-A % U'BRO
OEYRE (n=3) 4%, ZN#N98.7%, 99.1%, 101.9%,
103.0%, 101.1%8 U°103.3% & BLAT 7 4t Basis & 7z,
L72h > T, 40, BTV -n-~FH (2 3)
IR T 2 [ L7z,
(2) hnok s

I0X-OK U'BRO-OIE, itz 7 v 71 V) k5% <
IOX K U'BROE 2 %, T OERRET, SR ix,
10X, CLO, CLO-AKBRO® 4 W)'& (ks 4 WE) &
%o TWh. NKGHEOIREEE S FE T F )V - n-
AFHF (2 0 3) RICCHH T RE A AT L 72,

10X, CLO, CLO-A },BROD [I}# (n=3) %%, #hZh
105.4%, 98.7%, 99.1% K UN104.2% & B 7 4 e 34 &
nr.

L7255 T, KD fHEOEREEE S B~ F L -
n-AFH (2 0 3)REEHCC 2T S I &I
L7.

3 Pk

BB SR EEICIE, IOX-OD K A ED R Eh
TWh, KETOFHNEWE THHBRO-0b, [k
VIR B A5 AT e A s L7z

BRO-O% X 4 /R 56T, Nk L7z, BRO-OD
KRGS (n=3) $798.1% & BAF A #5RTH o 72,

4 IKDEERU A FIVEREICL 28

Al OB, KR & A F VLRI TRE D D
D, TNHOEBIEERT, FEHbE S 2CLO IS %
T AFMALD, F72, CLO-AXIKSHRO, ZhEh
PN & RERT 5720, DLToBE %47 - 72,
(1) RS & B 52

CLOK U'CLO-A% K 4 ISR 7Tk % L, &
A2, CLO-AIZTMS-DMT 4 F WAL Lo#r L 72,

CLOK U'CLO-AD ELEE (n=3) #%, ZN£1102.0%
J1r99.3% &, HEIHIART RIS & BHHEIERRD bk h
-7z,
(2) CLOD * F WALAREIC & % 3

CLOZTMS-DMT X F Mk L, BUGHK: 4O CLO®R
RO L7z, R240GHRIL S 728 2 A, FEIZHT
HICHRE I Do 7.

F 72, MARGIER O A F IALEME#Z OCLOD ~ A A
7 MIVIZ D BRIZBEILIERED S e o 7o,
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5 BEEERMEDMEET

BRSNS TORMRRIEE, REKET M) 7L
ERIE S L TWwBA, CLOE O FEEHbHZ: &+ 5720,
R EOE RG> T, T b= V/n-
ANFY GEEE R L7z, BB S, #REE,
K TEFN BRI E 24T - 72, D720 G-I I 0
MEEMETHY, TNLEL-~FHIHEML, n-
ANFF EMT L = ) v30mLT 3 [EEHH L, BT
ERD7-.

1I0X-0, CLO, BRO-0, I0X, CLO-A} ('BRO® [A] X5
(n=3) #%, 101.4%, 98.0%, 100.9%, 97.4%, 97.1%% U,
96.5% & BAF A CTH - /2.

6 FERZEEDOEE

BRRA S REEOCLOG L ZH12, 70 I
T UL BRERAEIT, A F I3 W L CLODE 4 ¥
BB AWHE) % FREGHT 5 RS2 HET L
7R, KM OFENIRE LGN TE o,

SO, Y)ITSNATLAETA) VINH T LT W
THET L L, FNENOMEEIE a7z,
(1) )BT NA T LS

FEfE TV - n-~FH R (2 1 8) 100mL T,
LAY IIEE ST 5, 12E A CORBTHOESH

SMEBFH L, VIFVI—F - n-~FH ViR
(1:1)50mLT, WEAIWEAPER L2, ZOFERL
T, BINAZ) LA Ly IDh, BFOEGOELH

Boh, By o@Einig, BTV - n-~NFH
BEICHERTLRBRTH>72DT, TF)I - n-~FH

Wi (1 ;0 1)50mLCHET 5227z,
(2) 70 Dvh T LGRS

A REEO s 2 70y THNETIE, 7aY)
UNE130C, AREETIEELL Twb. EREELEO
IR HETIE, 130T, 12B:M CIEHALT 5 2 05,
COERGIEDOGMTIEMAL L, BHEOBE 217
-7z,

VEIFNIZ—=TN on-ANFHUREICEAD T LM
OB oOWwWTHRE Lz, Y2 F VT —F) - n-
ANFA R (41 100) OFEEE150mLTIE, K41
BoHbL, MNoOWESERLzro7.

72F R EL, ECD-GCHNT CRUEM OB KRE L,
OMDREE R mEY D 1O TH L, 22T, LIhEE
B LT, AR ORI 21T o 72, PEiREEE
50mL~150mLO#if T~ L, ECD-GCH#iTo s 1
< b T LD EFNR, 130mLLL Lo T T a Y
N7 ADEALRE SN o7z,

RIS, HEAWEORFREN ST, o)

B L7z, BRIV OEEZ TIPS &, CLOD B WS NG D o72720, T4 WEOPTRED—F
AR BT, BT I 5 CLO & o> A F L 3 W & 295
FIT, VIFNVI—F) -n-~FH 2K Bk HE - RSB EE DT L 7.
Table 3 Recoveries of herbicides and its transformation-based products added to Agricultural products
Recovery (%)
Coefficient of variation (%) *
10X 10X-0 CLO CLO-A BRO BRO-O

Unpolished rice 102.7 105.7 82.7 99.3 100.1 107.7
6.0 3.4 7.3 3.2 4.3 3.7

Barley 90.8 106.8 81.9 104.2 92.0 108.2

5.4 2.1 3.2 4.2 4.5 3.2

Soybean 94.1 85.9 82.7 96.7 99.7 96.8
3.8 44 9.7 4.7 4.1 5.9

Potato 99.7 93.3 93.6 92.5 91.8 99.0

4.8 8.9 6.8 2.3 5.5 6.9

Spinach 87.2 96.8 86.2 97.5 88.9 97.4

4.5 7.3 8.9 8.4 6.3 8.0

Cabbage 94.8 96.7 98.3 98.0 94.9 99.6
6.9 6.6 5.6 3.9 9.3 5.8

Onion 100.9 94.7 99.5 90.6 99.7 103.6

74 4.7 3.6 3.0 2.7 4.5

Orange 94.4 99.2 98.3 96.6 97.6 102.2

6.8 4.0 7.6 8.2 6.0 3.3

Apple 100.8 98.4 94.7 100.8 98.0 102.7

3.2 3.4 2.1 3.0 3.2 4.0

Rapessed 95.4 103.2 82.4 108.9 101.8 105.9
2.4 4.6 5.0 5.3 4.5 6.6

Rapeseed 86.6 86.0 83.2 106.9 104.6 105.0
5.0 3.0 5.2 4.2 5.4 4.3

herbicides : I0X-0, CLO and BRO-O
transformation-based products : IOX-0O, CLO-A and BRO

Samples were spiked at 0.05 i« g/g of each herbicides and its transformation-based products.

The values indicated the average of 3 trials.
3 Coefficient of variation=Standard deviation/Average X 100
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BRO-M
10X-M

Standard solution
(0.05 1 g/mL)

Standard solution
ﬁf). 05 12 g/mL)

CLO-M

=

Unpolished rice
SO G WV N

Barley

Soybgan

Potato

EEET

Spinach
-

Cabbage

Unpolished rice

Soybean

I

-
L L
«— Je— Je—

«— (¢ e le— fe— le—({e— {e—le—)e—je—
«— je— |e— |e— (¢ |e—|— |— [e—|— |«—

Onion Onion l
Oranie ) ) !\\.. " Orange l
Apple l Apple l
Rapeseed I Rapeseed ,L"V
Lol e l e pommnh ._k_ l N
Ginkgo nut l Ginkgo nut
A Y |

EX
5

Fig.5 Gas chromatogram BRO-M, CLO-M and IOX-
M in agricultural products

The arrows indicate retention time of standard substances.
Chromatographic Condition are shown in Fig.2.

10 20 min
Fig.6 GC chromatogram of CLO in agricultural
products

The arrows indicate retention time of standard substances.
Chromatographic Condition are shown in Fig.3.

120
T0X-M | 3% Mo, ol
CLO
NC 0CH, Cl OCHGONH
CH,
|
288
243 370
T7e3 | 148
61 T 4127 8 342 5165J J105 1 176 | 323
8L, 119337 164 28 4 W ee Y B A L
100 200 300 380/, 100 200 300 w/z
CLO-M 176 o
He  cl 291
BRO-M e ocH,
4] 0GHCOOCH,
CH, Br
141 203 276
248
100 17[5 | ‘
1
i iusuléz R L,
100 200 260 n/7 2! 100 200 280 1/z

Fig.7 Mass spectra of IOX-M, CLO-M, CLO and BRO-M by GC-MS

Conditions :

column : ENV-8MS, 0.25mm X 30m (d.f.: 0.25  m)

column temperature (IOX, CLA-A and BRO): 80°C (1min) -35°C/min-160°C (14.5min) -30°C /min-210°C (5min) -30°C /min-340C (2min)
column temperature (CLO): 80°C (1min) -30°C/min-240°C (15min) -30°C /min-340°C (2min)

injection temperature : 250°C, detector temperature : 280°C, ionization voltege : 70eV
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RERERELEOT A T 5V 2 VOGHEE B,
VIFNIT—=F) - n-~NFF VREOEEL L EHE
[ZDOWCHRE L7z,

FERAWME VT F VT —F) - n-~FF VIRHK
(2 1 8)130mLCHEHT 2 &, X FIU1L 3 W A%97.0%
DB, CLODHELEDLI%ICHE E o7z,

CLODHEM &2 et Lz 25, BT F L - n-
AFH R (1 0 9) 7T0mLU ETARDSE T L7z,

DEDZ s, Al AFE - SHERER, 20K, #&
H, SHEEOEEHEOEA10g/5mL, Z 0o e
1320g/10mL (n-~NFH VEiH) & L7z, Z02mLa &
VAT NVHTACARL, YZF VI =T - n-~F
R (1 0 1) 50mL T L7z, kKT, YZFu
I—7) - n-~NFF R (4 :100) 130mLTH T A%
VEHL, VIFNLVIT—F) -n-AFHURE(2 1 8)
130mLC, A FIML3IWHEEHEML, 512, B~ F
Voen-AFH R (1 0 9)70mLTCLOZ I L 72

7 RERR

I0X-M, CLO-M, BRO-M 2 0°FCLOIE, 0.02~0.2ng®
HEPH T B 2 B (r=0.999L 1) 255 /. 2oy
D/ MRHE120.02ng TH - 7.

Al ok, T FRMEREE (0.02ng) 2SECD-
GCTOS/NIEA10f5LL ET, r=0.999LL | & 7 % §ipH &
L7

COMEBEMD S, MATRIE % 3, TN ORI
D¥E10g, TOMO BEWIZ20gL L, REHEE Y £
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