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Abstract 　 A relat ively simp le and less expensive m ethod is p ropo sed fo r the

determ ination of cyhalofop2butyl (XD E2537) and its m etabo lites: R 2(+ ) 222[ 42(22fluo ro242

cyanophenoxy) phenoxy ] p ropano ic acid (A C ID ) ; R 2(+ ) 222[42 (42 carboxyl222fluo ro242

cyanophenoxy) phenoxy ] p ropano ic acid ( D IA C ID ) ; and 22[42(42carbamoyl222
fluo rophenoxy) phenoxy ] p ropano ic acid (AM ID E). Conversion of the paren t compound to its

arylöalkylöo r halide derivative fo r determ ination by GC w as found unnecessary. O nly H PL C

w as used and under gradien t elu tion all the four compounds separated w ell. Good recoveries

w ere ob tained w ith the fo rt ified so il and w ater samp les. L ow pH w as impo rtan t fo r the

ex traction of the four componen ts.

Key words　Cyhalofop2butyl; M etabo lites; R esidue

1　 In troduction

R ice is one of the m ain stap le foods con sum ed all over the w o rld. It is grow n in over 100

coun tries on every con t inen t excep t A n tarct ica [1 ]. By the year 2020, the w o rld popu la t ion is

expected to reach 8 b illion. It has been est im ated that to m eet the con sump tion needs

w o rldw ide rice p roduct ion of 490 m illion tones (as fo r 1988) m u st increase to 758 m illion

tones by that year 2020, a 65% increase. Fo r the m ajo r rice p roducers of Sou theast A sia,

the needed increase in rice p roduct ion by 2020 is abou t 100% [2 ].

W eeds accoun t fo r up to 10. 5% lo ss in crop p roduct ivity and is ranked the second after

in sects[3 ] Cu rren t ly, the u se of herb icides is on the sharp rise as they are increasingly u sed to

rep lace m anual and m echan ica l w eeding w ho se labo r co st are a lso increasing. A ll crop s are

affected by w eeds and rice is no excep t ion.

Cyhalofop 2bu tyl (XD E2537) is the act ive ingredien t of C lincher——a recen t ly developed

po st2em ergency herb icide u sed in mo st parts of A sia fo r con tro lling a w ide range of grass

w eeds in paddy fields[4 ].

Cyhalofop 2bu tyl belongs to aryloxyphenoxy p rop ionate (A rPP ) type of herb icides. It

has th ree m etabo lites nam ely, A C ID , D IA C ID and AM ID E ( see F ig. 1). W h ile lit t le is

know n abou t the environm en ta l effects of A rPP s there is a mo re fru st ra t ing fact tha t their

analyt ica l m ethods are lim ited. Today there are very few analyt ica l m ethods fo r the m em bers

α 3 To w hom co rrespondence shou ld be addressed



of th is group of herb icides. T hese m ethods are u sually cum bersom e invo lving m any diff icu lt

step s. A lthough analyt ica l m ethods fo r such A rPP s as qu iza lofop 2bu tyl, fenoxap rop 2bu tyl,

f luazifop 2 bu tyl, clodinafop 2bu tyl haloxyfop 2bu tyl and diclofop are w ell docum en ted [5～ 7 ],

m ethod fo r determ inat ion of cyhalofop 2bu tyl has no t been repo rted. In m any of the repo rted

m ethods fo r A rPP s, the analysis is cen tered on derivat ion of the acid ic group at tached to the

aliphat ic componen t of the chem ical to either its halide o r a lkyl o r aryl derivat ive [7, 8 ]. Fo r the

paren t A rPP s it is u sually determ ined by GL C w ith ion iza t ion detecto r. How ever, the

p ropert ies of A rPP s m ake them mo re am enab le to H PL C than to GC. T h is is confirm ed by

the good resu lts repo rted by L agana et a l. [6, 7 ] w hen they analyzed variou s herb icides

belonging to A rPP s.

F ig. 1　Structu res of XD E2537 and its m etabo lites

U sage of herb icides has resu lted in findings of them in so il, su rface and

groundw ater [9, 10 ]. A ll agricu ltu ra l chem icals found in the environm en t m ay be said to be

environm en ta l po llu tan ts. T h is m igh t no t necessarily m ean that they are a th rea t to the

environm en t o r living o rgan ism s. How ever, there are know n cases of environm en ta l

d istu rbances cau sed by herb icides o r they m ay have influenced o ther o rgan ism s than the

target ones[11, 12 ].

T he need of w ater and food quality con tro l m akes it necessary to develop m ethods that

can be u sed to determ ine the amoun ts of the compounds so as to check them again st

exceeding no2ob served2effect concen tra t ion (NO EC ). T he m ethod shou ld be reliab le and

easy to be adop ted in mo st develop ing rice p roducing coun tries w here accu ra te bu t expen sive

facilit ies are no t easily availab le. T h is paper p resen ts the determ inat ion m ethod fo r

cyhalofop 2bu tyl (XD E2537) and its th ree m etabo lites in so il and w ater.

2　M a ter ia l and M ethods

2. 1　Chem ica ls

A nalyt ica l reference compounds viz. cyhalofop 2bu tyl, A C ID , D IA C ID , AM ID E w ere
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k indly supp lied by Dow E lanco. Co. (Am erican). A ceton it rile and m ethano l (H PL C grade)

w ere p roducts of F isher chem icals, U SA. A ll o ther chem icals w ere pu rchased from local

comm ercia l sou rces and w ere of analyt ica l grade.

2. 2　 In strum en ta l cond ition s

H PL C (H ew let t Packard 1100) w as u sed to determ ine cyhalofop 2bu tyl and its th ree

m etabo lites. T he m ach ine w as fit ted w ith a YW G2C18 co lum n w ith inner d iam eter of

4. 6 mm and a length of 25 cm. T he mob ile phase w as compo sed of 0. 2% pho spho ric acid

(pho spho ric acidöw ater, 0. 2∶100, w öw ) 2[A ] and aceton it rile (H PL C grade) 2[B ]. T he

elu t ion w as of gradien t type as described in T ab le 1. T he concen tra t ion s of the analytes in the

final ex tracts w ere calcu la ted by m easu ring the peak area and sub sequen t ca lcu la t ion of

recoveries w as done w ith reference to peak areas ob ta ined from a standard so lu t ion.

T ab le 1　Gradien t elu t ion fo r the determ inat ion of XD E2537,

AM ID E, A C ID and D IA C ID by H PL C 3

T im e öm in M obile phase F low ömL·m in - 1

0 A = 100 0. 9

1. 0 A∶B = 90∶10 0. 9

2. 0 A∶B = 80∶20 0. 9

3. 0 A∶B = 70∶30 0. 9

5. 0 A∶B = 60∶40 0. 9

6. 0 A∶B = 50∶50 0. 9

7. 0 A∶B = 40∶60 1. 0

10. 0 A∶B = 10∶90 1. 0

　　3 In ject ion vo lum e: 20 ΛL ; D etection: DAD , 248 nm.

R eten tion tim es (typ ical ch rom atogram s in F ig. 1) :

AM ID E 9. 4 m in; D IA C ID 10 m in; A C ID　11 m in; XD E2537 (cyhalofop2butyl) 13 m in.

2. 3　Prepara tion of standard solution s

Standard so lu t ion s w ere p repared by disso lving app rop ria te w eigh t of each compound

(XD E2537, A C ID , D IA C ID and AM ID E ) in m ethano l to m ake 1000 m göL from w h ich

app rop ria te d ilu t ion w as done to m ake such low er concen tra t ion s as 0. 1, 0. 5, 1, 2, 5, and

10 m göL. It w as no ted du ring the experim en t that som e of the compounds degraded to som e

un iden t if ied m etabo lites in sp ite of keep ing the standard so lu t ion s under dark and low

temperatu re in the refrigera to r. In th is experim en t w e had to m ake fresh standard so lu t ion s

w henever w e w an ted to analyze the samp les.

2. 4　W a teröso il sam ple fortif ica tion

Samp les w ere fo rt if ied by sp ik ing app rop ria te a liquo ts of standard so lu t ion of each

compound in dist illed w ater and virg in so il samp les. Fo r so il, samp les w ere air2dried and

sieved (1002m esh). Tw en ty gram s of so il w ere m easu red and pu t in to 200 mL E rlenm eyer

flask. Fo r w ater, 200 mL dist illed w ater w as m easu red and tran sferred in to each of 500 mL

separa to ry funnels. A fter fo rt if ica t ion the samp les w ere tho rough ly m ixed and left fo r 24 h
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befo re ex tract ion.

2. 5　Extraction and cleanup procedure

2. 5. 1　W ater　Samp les w ere pu t in to 500 mL separa to ry funnels. T he pH w as checked by

un iversa l ind ica to r and acco rd ingly adju sted to 2 by adding a few drop s of 1 mo löL
hydroch lo ric acid. Ex tract ion w as ach ieved by the u se of 50 mL dch lo rom ethane and repeated

tw o t im es. A t each t im e shak ing w as fo r 1 m in. T he dich lo rom ethane layers w ere elu ted in to

250 mL round flask and evapo ra ted to ca. 1 mL w ith a ro tary evapo ra to r in w ater bath at

40℃ and to dryness by sligh t jet of n it rogen gas. T he residues w ere disso lved in 2 mL

m ethano l (H PL C grade) fo r H PL C determ inat ion in the sam e day.

2. 5. 2　So il　Tw en ty m in iliters of 1 mo löL hydroch lo ric acid and 80 mL m ethano l w ere

added to the flask s (2. 3) fo llow ed by shak ing fo r 1 h. T he m ix tu re w as then filtered u sing

Buchnner funnel and W hatm an filter paper. T he bo t t le cap and filter cake w ere rin sed w ith

30 mL m ethano l and the filt ra te w as com b ined. T he filt ra te w as then tran sferred in to

500 mL separa to ry funnels and m ixed w ith 150 mL of 6% sodium ch lo ride so lu t ion.

Cyhalofop 2 bu tyl (XD E2537 ) and its m etabo lites (AM ID E, A C ID and D IA C ID ) w ere

ex tracted from the aqueou s layer by 50 mL m ethylene ch lo ride after shak ing fo r a t least

1 m inu te. Part it ion ing by 50 mL dich lo rom ethane w as repeated tw ice fo r each flask and

the dich lo rom ethane layers w ere com b ined in to 250 mL round bo t tom ed flak. T he

dich lo rom ethane layer w as evapo ra ted to 1 mL w ith a ro tary evapo ra to r in w ater bath at

40℃. It w as then evapo ra ted to dryness u sing sligh t jet of n it rogen gas.

2. 5. 3　C leanup fo r so il samp les　T he residues w ere re2disso lved by adding 5 mL of elu t ing

so lven t m ix tu re (acet ic acid öm ethano l ödich lo rom ethane 1: 69: 30, vövöv ). A fter sligh t

and carefu l sw irling, the m ix tu re w as tran sferred to the silica gel co lum n con ta in ing 5 g silica

gel p repared earlier and p re2w ashed w ith 30 mL of m ethano lödich lo rom ethane (7: 3, vöv ).

Cyhalofop 2bu tyl and its th ree m etabo lites w ere elu ted by 70 mL of the elu t ing m ix tu re. T he

eluate w as co llected and evapo ra ted under vacuum (vacuum pump w as u sed) a t 50℃. T he

rem ain ing residues w ere disso lved in 2 mL m ethano l (H PL C grade) fo r H PL C determ inat ion.

3　Results and D iscussion

3. 1　Fortif ica tion recover ies

F ig. 2 show s the typ ica l ch rom atogram s fo r cyhalofop 2bu tyl and its m etabo lites (a ll

reference standards). U nder isocra t ic condit ion s the paren t compound takes m uch longer

t im e to appear and the m etabo lites m ay no t be easily separa ted. T he gradien t elu t ion

how ever, enab led to m in im ize the to ta l t im e as XD E2537 w as elu ted earlier and at a ll the

m etabo lites separa ted clearly. T he resu lts of the fo rt if ied samp le w ere compared to tho se of

reference standard so lu t ion s. T he fou r compounds separa ted w ell a t the opera t ing condit ion s

and good recoveries w ere ob ta ined w ith the fo rt if ied samp les ( T ab le 2 ). U nder these

condit ion s the few peak s rep resen t ing impu rit ies in con tro l samp les d id no t in terfere w ith the

desired peak s as they appeared at d ifferen t reten t ion t im es (F ig. 2～ 6). In th is aspect th is
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m ethod differs sligh t ly w ith the ones p resen ted by L agana et a l. [5, 6 ] and N egre et a l. [13 ] , fo r

determ inat ion of o ther A rPP s.

T ab le 2　Percen tage of recoveries fo r the fo rt if ied w ater and so il samp les

Fo rtificat ion levelöm g·L - 1 R ecovery3 (% )±SD

AM ID E D IA C ID A C ID XD E2537

W ater 0. 01 92±2. 6 89±2. 5 94. 5±2. 2 95±2. 7

0. 1 93±2. 1 95±2. 3 99. 2±2. 1 96±2. 3

1. 0 92±2. 2 99±2. 2 96. 2±2. 3 101±3. 1

So il 0. 01 80±4. 2 90±2. 1 99±2. 3 99±2. 4

0. 1 89±2. 5 98±2. 3 91±2. 5 95±2. 9

5. 0 92±2. 8 91±2. 0 90±2. 1 92±2. 7

　　3 M ean of th ree rep licates. L ow est detectab le lim it: 4×10- 9 g. L ow est detectab le level: W ater 2 ΛgöL ,

So il 0. 01 m gökg.

F ig. 2　Standard ch rom atogram at 5 m göL in the o rder: AM ID E, D IA C ID , A C ID and XD E2537

F ig. 3　R eten tion tim es fo r fo rt ified so il samp le in the o rder: AM ID E, D IA C ID , A C ID , XD E2537
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F ig. 4　Ch rom atogram fo r w ater con tro l samp le

F ig. 5　Ch rom atogram fo r so il con tro l samp le

3. 2　M ulti residue determ ina tion

Con trary to o ther m ethods fo r the determ inat ion of A rPP s[5, 6, 13 ] , th is m ethod is m uch

easier and mo re conven ien t. L ack of expen sive facilit ies and the p rob lem of w o rkfo rce in

m any labo ra to ries w ill p refer th is m ethod to all the o thers. In w ater and so il cyhalofop 2bu tyl

is m etabo lized in to AM ID E, A C ID and D IA C ID and all of them together w ith the paren t

compound need to be quan t if ied if a comp rehen sive w o rk is to be done on the residue con ten ts

in w ater and so il. A keyno te to th is m ethod that m akes it m uch differen t from the o ther ones

is the fact tha t a ll the th ree m etabo lites and the paren t compounds are determ ined at the

sam e t im e. T h is m ethod is reliab ly accu ra te to ΛgöL level fo r w ater and m gökg levels fo r

so il. W h ile the low est amoun ts detected can no t be compared w ith tho se of o ther A rPP s, it

can confiden t ly be u sed to mon ito r the w ater quality regard ing the con ten ts of XD E2537 and
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it s m etabo lites.
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土壤和水中氰氟草酯及其代谢物的分析方法

J ilisa K. M w alilino 1　赵　莉2　朱国念23 　陈英旭1

(1 浙江大学环境科学系, 2浙江大学植物保护系, 杭州　310029)

摘　要　建立了一种简易而实用的残留分析方法,用于检测土壤与水中氰氟草酯及其 3种代谢产物,即 (R ) 2
22[ 42(42氰基222氟苯氧基)苯氧基 ]2丙酸 (A C ID )、(R ) 222[ 42(42氨基甲酰基222氟苯氧基)苯氧基 ]2丙酸
(AM ID E)、(R ) 222[42(42羧基222氟苯氧基)苯氧基 ]2丙酸 (D IA C ID )。该方法仅用高效液相色谱法的梯度洗脱

程序即可将 4种化合物有效分离,省去了需将氰氟草酯 (母体)衍生化反应再用气相色谱法检测这一复杂步

骤。同时,该方法的添加回收率高。较低的 pH 值对提高 4种化合物的提取效率很重要。

关键词　氰氟草酯; 代谢物; 残留
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