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Analytical M ethods for Cyhalofop-butyl and
ItsM etabolites in Soil and W ater
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Abstract A relatively smple and less expensive method is proposed for the
detem ination of cyhalofop-butyl (XDE-537) and its metabolites R-(+ )-2-[ 4~ (2-fluoro-4-
cyanophenoxy) phenoxy] propanoic acid (ACD); R-(+)-2-[4- (4- carboxyl-2-fluoro-4-
cyanophenoxy) phenoxy] propancic acid (DIACD ); and 2-[4-(4-carbamoyl-2-
fluorophenoxy) phenoxy] propanoic acid (AM DE). Conversion of the parent compound to its
aryl/alkyl/or halide derivative for detem ination by GC was found unnecessary. Only HPLC
w as used and under gradient elution all the four compounds separated well Good recoveries
w ere obtained w ith the fortified il and water sanples Low pH was mportant for the
extraction of the four components
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1 Introduction

Rice isoneof themain staple foods consumed all over theworld It isgrown in over 100
countrieson every continent except A ntarctica. By the year 2020, theworld population is
expected to reach 8 billion It has been estimated that to meet the consumption needs
worldw ide rice production of 490 million tones (as for 1988) must increase to 758 million
tones by that year 2020, a 65% increase For the major rice producers of Southeast A sia,
the needed increase in rice production by 2020 is about 100% %!

W eeds account for up to 10 5% loss in crop productivity and is ranked the second after
insects”™ Currently, the useof herbicides ison the sharp rise as they are increasingly used to
rep lace manual and mechanical w eeding w hose labor cost are al increasing A Il crops are
affected by w eeds and rice is no exception

Cyhalofop-butyl (XDE-537) is the active ingredient of Clincher——a recently developed
post-emergency herbicide used in most parts of A sia for controlling aw ide range of grass
w eeds in paddy fields™*.

Cyhalofop-buty! belongs to aryloxyphenoxy propionate (A rPP) type of herbicides It
has three metabolites nanely, ACD, DIACD and AM DE (see Fig 1). W hile little is
know n about the environmental effects of A rPPs there is amore frustrating fact that their
analyticalmethods are Imited Today there are very fav analytical methods for themembers

"Towhom oorregpondence should be addressed
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of this group of herbicides Thesemethods are usually cumbersome involving many difficult
steps A Ithough analytical methods for such A rPPs as quizalofop-butyl, fenoxaprop-butyl,
fluazifop- butyl, clodinafop-butyl haloxyfop-butyl and diclofop are well documented”® 7',
method for detem ination of cyhalofop-butyl has not been reported In many of the reported
methods for A rPPs, the analysis is centered on derivation of the acidic group attached to the
aliphatic component of the chemical to either its halideor alkyl or aryl derivative!”®. For the
parent A rPPs it is usually detemined by GLC with ionization detector. However, the
properties of A rPPsmake than more anenable to HPL C than to GC. This is confirmed by
the good results reported by Lagana et al '*” when they analyzed various herbicides
belonging to A rPPs
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Fig 1 Structuresof XDE-537 and itsmetabolites

U sage of herbicides has resulted in findings of then in il, surface and

groundw ater'® "’

A Il agricultural chemicals found in the environrment may be said to be
environmental pollutants This might not necessarily mean that they are a threat to the
environrment or living organisns However, there are known cases of environmental
disturbances caused by herbicides or they may have influenced other organisns than the
target ones! ™ 2.

The need of water and food quality control makes it necessary to develop methods that
can be used to detemine the amounts of the compounds 0 as to check them against
exceeding no-observed-effect concentration (NOEC). The method should be reliable and
easy to be adopted in most developing rice producing countriesw here accurate but expensive
facilities are not easily available This paper presents the detemination method for

cyhalofop-butyl (XDE-537) and its threemetabolites in 20il and w ater.
2 M aterial andM ethods

21 Chenicals
A nalytical reference compounds viz cyhalofop-butyl, ACD, DIACD, AM DE were
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kindly supplied by Dow Elanco Co. (American). A cetonitrile and methano!l (HPL C grade)
w ere products of Fisher chanicals, U SA. A Il other chanicals were purchased from local
comm ercial ources and w ere of analytical grade
2 2 Instrumental conditions

HPLC (Hew lett Packard 1100) was used to detemine cyhalofop-butyl and its three
metabolites The machine was fitted with a YW G-C18 column with inner dianeter of
4 6mm and a length of 25 an. The mobile phase was composed of Q 2% phoshoric acid
(phosphoric acidAvater, Q 2 100, w Av )-[A ] and acetonitrile (HPLC grade)-[B] The
elution w as of gradient type as described in Table 1 The concentrationsof the analytes in the
final extracts were calculated by measuring the peak area and subsequent calculation of
recoveriesw as donew ith reference to peak areasobtained from a standard slution

Table1l Gradient elution for the detem ination of XD E-537,
AM DE, ACD andD ACD by HPLC’

Time /Mmin M obile phase Flow /mL - min *
0 A= 100 Q9
10 A B=90 10 Q9
20 A B=80 20 Q9
30 A B=70 30 Q9
50 A B=60 40 Q9
60 A B=50 50 Q9
70 A B=40 60 10
10 0 A B=10 90 10

" Injection volume: 20 (L ; Detection: DAD, 248 nm.
Retention times (typical chromatograns in Fig 1):
AM DE 2 4min; DACD 10min; ACD 1lmin; XDE-537 (cyhalofop-butyl) 13min

2 3 Preparation of standard solutions

Standard lutionswere prepared by disolving appropriate w eight of each compound
(XDE-537, ACD, DACD and AM DE) in methanol to make 1000 mgA from which
gopropriate dilution was done to make such lower concentrationsasQ 1, @ 5, 1,2, 5, and
10mg/A. Itwasnoted during the experiment that some of the compounds degraded to some
unidentified metabolites in gite of keeping the standard wlutions under dark and low
temperature in the refrigerator. In this experiment w e had to make fresh standard solutions
w henever w ew anted to analyze the samples
2 4 W ater/s0il smple fortif ication

Samples were fortified by $iking appropriate aliquots of standard slution of each
compound in distilled water and virgin il samples For il, sanplesw ere air-dried and
sieved (100-mesh). Twenty gransof il were measured and put into 200 mL Erlenmeyer
flask Forwater, 200mL distilled w ater wasmeasured and transferred into each of 500 mL
separatory funnels A fter fortification the samplesw ere thoroughly mixed and left for 24 h
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before extraction

2 5 Extraction and cleanup procedure

251 Water Sampleswereput into 500mL separatory funnels The pH was checked by
universal indicator and accordingly adjusted to 2 by adding a fev drops of 1 molA
hydrochloric acid Extractionw as achieved by the useof 50 mL dchlorom ethane and repeated
two times A teach time shakingwasfor Imin The dichloromethane layersw ere eluted into
250 mL round flask and eveporated to ca 1mL with a rotary evaporator in w ater bath at
40 and to dryness by slight jet of nitrogen gas The residues were disolved in 2 mL
methanol (HPL C grade) for HPL C detemm ination in the same day.

2 52 il Twenty miniliters of 1 molA hydrochloric acid and 80 mL methanol were
added to the flasks (2 3) followed by shaking for 1 h Them ixturew as then filtered using
Buchnner funnel and W hatman filter paper. The bottle cap and filter cakew ere rinsed w ith
30 mL methanol and the filtrate was combined The filtrate was then transferred into
500mL separatory funnels and mixed with 150 mL of 6% sdium chloride solution

Cyhalofop- butyl (XDE-537) and its metabolites (AM DE, ACD and DIACD) were
extracted from the aqueous layer by 50 mL methylene chloride after shaking for at least
Iminute Partitioning by 50 mL dichloromethane was repeated twice for each flask and
the dichloromethane layers were combined into 250 mL round bottomed flak The
dichloromethane layer was evaporated to 1 mL with a rotary eveporator in water bath at
40 . Itwas then evaporated to dryness using slight jet of nitrogen gas

2 9 3 Cleanup for 20il samples T he residuesw ere re-disolved by adding 5mL of eluting
olvent mixture (acetic acid /methanol / dichloromethane 1: 69: 30, v/v/v). A fter slight
and careful svirling, themixturew as transferred to the silica gel column containing 5 g silica
gel prepared earlier and prew ashed w ith 30 mL of methanol/dichloromethane (7: 3, v/v).

Cyhalofop-butyl and its threemetabolitesw ere eluted by 70mL of the elutingmixture The
eluatew as collected and evaporated under vacuum (vacuum pump was used) at 50 . The
remaining residuesw ere disolved in 2mL methanol (HPL C grade) for HPL C detemm ination

3 Resultsand D iscussion

3 1 Fortification recover ies

Fig 2 shows the typical chromatograns for cyhalofop-butyl and its metabolites (all
reference standards). U nder isocratic conditions the parent compound takes much longer
time to appear and the metabolites may not be easily separated The gradient elution
how ever, enabled to minimize the total time as XDE-537 was eluted earlier and at all the
metabolites separated clearly. The resultsof the fortified samplew ere compared to those of
reference standard lutions The four compounds separated w ell at the operating conditions
and good recoveries were obtained with the fortified samples (Table 2). Under these
conditions the fev peaks representing mpurities in control samples did not interferew ith the
desired peaks as they appeared at different retention times (Fig 2 6). In this apect this
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method differs slightly w ith the ones presented by L agana et al. ®® and N egre et al. '**!, for
detem ination of other A rPPs
Table 2 Percentage of recoveries for the fortified w ater and il samples
Reoovery (%)+ SD
Fortification level/mg- L * y_(%)
AM DE DACD ACD XD E-537
W ater Qo1 92+ 2 6 89+ 25 945+ 22 95+ 2 7
Q1 93+ 21 95+ 2 3 92+ 21 96+ 2 3
10 R+ 22 99t 2 2 96 2+ 2 3 101+ 3 1
Soil Qo1 80t 4 2 90+ 2 1 99+ 2 3 99+ 2 4
Q1 89+ 25 98+ 2 3 91+ 2 5 95+ 2 9
50 R+ 28 91+ 2 0 90+ 2 1 92+ 2 7

"M ean of three replicates L ow est detectable limit: 4x 10 °g L ow est detectable level: W ater 2 ugA. ,
Soil @ 01 mg/kg

Fig 2 Standard chromatogran at 5mg/A in theorder: AM DE, DACD, ACD and XDE-537

DAD1 A, Sig=248, 8 Ref=360, 8 (G: \ZLXDE\XDE00007. D)

9.460
10.195

11.218

13.703

D 5.064

Fig 3 Retention timesfor fortified 20il sanple in theorder: AM DE, DIACD, ACD, XDE-537
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DAD1 A, Sig=248, 8 Ref=360, 8 (G: \ZLXDE\XDE00333.D)

10.321

11.371

Fig 4 Chromatogran forw ater control sanple

DAD!1 A, Sig=248, 16 Ref=360,100(G: \ZLXDE\XDE(00388.D)

=739

rL0.782
3.921

Fig 5 Chromatogran for il control sanple

3 2 M ulti residue determ ination

Contrary to other methods for the determ ination of A rPPs'®**, thismethod is much
easier and more convenient L ack of expensive facilities and the problem of workforce in
many laboratoriesw ill prefer thismethod to all theothers Inwater and il cyhalofop-butyl
ismetabolized into AM DE, ACD and DIACD and all of then together with the parent
compound need to be quantified if a comprehensivework isto be doneon the residue contents
inw ater and il A keynote to thismethod that makes it much different from theother ones
is the fact that all the three metabolites and the parent compounds are detemined at the
same time Thismethod is reliably accurate to ug/A level for water and mg/kg levels for
il W hile the low est anounts detected can not be compared w ith those of other A rPPs, it

can confidently be used to monitor thew ater quality regarding the contents of XD E-537 and
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