
Pesticide Science Society of Japan

NII-Electronic Library Service

PesticideScienceSociety  of  Japan

J. Pesticide Sci. 16, 19-25  (1991)

t;sitll""dettMlll"lll"ILI!/tl""lm:blllllllllP

 Original Article
1[1111i"pmllr"Tl"lmlllllltl"lvlt"1111111rllltl

Mineralization

Isouron
and  Metabol

in Aqueous
ism of  the Herbicide

Environment

Yei-Shung  WANG,  Hsien-Shiow TsAi,
             and  Yuh-Lin  CHENYung-Ho

 Su"

  DePartment  ofAgricttJtitral Chemistr)j, National  Taiwan  Universit'y.

             TaiPei. Taiu)an, RePt{blic of China
*DePartment

 of Fovd  Industr"v, National  Cltai-Yi Institute o.rAgricitltuve.

            Chai-Yi.  Taiwan,  RePubtiv  ojr Citina

                (Received June 29, l990)

   The  herbicide isouron [3-(5-tert-butyl-3-isoxazolyl)-1,1-diniethylureal/ was  niincralized

tu 31 and  259,6 in sewage  samples  at  O,Ol and  O.1 ppm.  respectively.  but only  79,'. was  miner-

alizecl  in rivcr-watcr  sa]nples  in a  120-day  period. Although  most  of  the  radioactivity  rc-

mained,  only  66 to  68%  of  thc  initial isouron  was  fonnd  in the river-water  samples.  Data

suggest  that isouron  was  converted  mainly  to  organic  compoullds,  presuniably  by  metabolism.

Mineralization  occurretl  in microbial  environmcnts  prcvailinbcr in the  seawage.  iN partial

pathway  involved  in the microbial  dcgradation  of  isouron in the aqueous  cnvironmcnts  is

proposed.  Metabo]itcs, 3-(5-tert-butyl-3-isoxazolyl}-I-methyl-1-formylurea and  N-[5-{1,1-

dimethyl-2-hydroxyethyl)-3-isexazolyl]carbamic acid  were  identified in thc  sewage  samples,

these two  compouncls  were  not  picviously  found  among  metabolic  products  of  iseuron in

soils.

            !NTRODUCTION

  Recent evidence  indicates that the minerali-

zation  rate  of a  chemical  at  high con ¢ entrations

may  not  predict what  takes place at  lo"T con-

centrations,  Isopropyl  n-phenylcarbamate

(IPC) may  be mineralized  at  one  concentration,

but apparently  metabolized,  or  at  Ieast con-

verted  in a  high extent  to organic  products, at

another  concentration.i)  "Tang et al.2) have
found  no  evidence  for inetabolism  of  diuron

r3-(3,4-dichlorophenyl)-],1-dimethylurea] and

linuron [3-(8,4-dichlorophenyl)-1-methoxy-1-
methylurea]/  at  a  high level (2,O mg!l),  but have
noticed  a  significant  amount  of  an  unknown

chemical  was  produced  by diuron of  low level

(O.5 pag/t). Concentration may  be a  significant

factor affecting  mineralizatien  of  a  compeund.

Boethling &  Alexandera) have  reported  that
more  than 60%  of  2,4-dichlorophenoxyacetic
acid  (2,4-D) was  mineralized  within  6 days
when  initial concentrations  were  22 psglml and

O.2 paglml, but less than  10%  was  mineralized

within  8 days at  initial levels of  2.2 nglml  and

22 pgfml, On  the other  hand,  Subba-Rao  et

al.`) have reported  that 2,4-D was  not  mineral-

ized at  a  concentration  of  203 ngfml  in a  lake

water,  but more  than  40%- was  mineralized  at

levels below  5 ngfml  in 30 days, Rubin  et al.5)

have reperted  the mineralization  ef  more  than

949,b' of  aniline,  phenol, benzylamine and  2,4-D
at  low concentrations  and  have suggested  that

organic  compounds  may  be  mineralized  with-

out  incorporating  carbon  inte cellular  com-

ponents,
  The  present study  ysras designed to evaluate

the minera]ization  and  metabolism  of  the herbi-
cide  isouron at  various  concentratiolls  in

aqueous  envlronments.

       MATERIALS  AND  METHODS

1. Chemicals

  Pure isouron (I, mp  117-118C'C), 
i'C-isouron

labeled at  position 5 of  the isoxazole ring
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Table  1pounds

HZrgept\kf-.'tr eg16ts

 Rf  values  oE  isouron and  authentie  com-

with  twn  developing solvent  systems.

iiY' value

Compound cHCIs:McOH==9i1EthylethEr

3-(5-te,rt-Buty]-3-isoxazolyl)-

 1,1-diincthylurea

 (I, Isouron)
B-(5-teyt-But.vl-3-isoxazolyl)-

 l-nicthyl-1-formylurea

 CII)3-(5-tt','t.ISutyl-3-isoxazolyl)-

 l-inethylttrea <III)
3-(5-teFt-I3utyl-3-isoxazolyl)-

 urea  (IV)
3-Aniino-5-tcrt-butylisoxazole
 (v)3-[5-(1,1-Dimethyl-2-hydro-

 xyc･thyl)-3-isoxazolyll-1,1-

 dimethyht]'ea  (VI)
3-[5-(1,I-Dimethyl-2-liydro-
 xyethyl)-3-Lsoxazolyl]-1-

 methylurea  (VII)
3-L5-(1,1-Diniethyl-2-hydro-

 xyethyl-(3-isoxazolyl.urea

O.74

O.79

O.58

O,40

O.55

O,39

O,29

O.15

O.54･

O.87

O,5S

O.47

O.63

O.24

O.27

O.20

(specific activity,  8.28 rnCi!mmol)  and  the
authentic  conipounds  of  isouron derivatives

were  provided by  Shionogi &  Co., Ltd., Osaka,

Japan. Thc  purity of  the  labeled compound

exceecled  99%  as  determined  by  TLC.  The
authentic  compounds  were  3-(5-tert-butyl-3-
isoxazolyl)-1-methyl-1-formylurea  (II, mp  99-
100eC), 3-(5-tert-butyl-3-isoxazolyl)-l-rnethyl-
urea  (III, mp  I89,5-190.50C), 3-(5-tert-butyl-

3-isoxazolyl)urea (IV, mp  l8I-1820C),  3-amino-

5-tert-butylisoxazole (V, mp  llO-IIIOC), 3-[5-

(1,l-dimethy}-2-hydroxyethyl)-3-isoxazolyl]-
1,1-dimethylurea  (VI, mp  147-1480C), 3-[5-

(1,1-dimethyl-2-hydroxyethyl)-3-isoxazolyl]-
1-methylurea (VII, mp  155,5-1570C)  and

3-i5-(1,1-dimcthyl-2-hyclroxyethyl)-3-isoxa-
zolyl[urea  <mp l51-1530C),  Solvents of the
highcst purity commercially  available  were

used  without  further purification. The  I<f
valucs  of  the authentic  compounds  on  thin-
layer chromatograms  are  shown  in Table 1.

2. SamPles

  Samples of  fresh river  water  were  taken  in

ig1t  51Znt3ff2E

July 1985 from the  Ta-Chia River at  the en-

trance oi  Shi-Kung  Dam,  Ta-Chia, Taichung

(pH8.1), Sewage  was  obtained  in November
1985  from the settling  tanks  of  Min-Sheng
Wastewater  Treatment  Plant, Taipei (pH
7,25). The  disselved organic  nitrogen  ancl  the
total phosphorus content  were  O.03 and  O.053

pag/ml for the  river  water,  and  6.4 and  6.8

Aglml  for the  sewage,  respectively.  River-

water  and  sewagc  samples  were  passed through
a  glass micro  fiber filter paper (XN'batman GF/A,

Whatman  Limited, England) to remove  par-
ticulate mattcr.

3, Mineralixation of Jsot4roiz in Agu･eott･s
   Solution

  Isouren  was  added  to freshly sampled  and

filtered river  water  or  sewage  (400ml in 1-l
Erlenmeyer flasks). Tests werc  conducted  at

three concentrations.  IJ'nlabeled isouron at

O.Ol, O.l or  1.0 ppm,  in addition  ef  the labeled
chemical  at  500  dpmlml,  was  added  to a  fiask.
The  fiasks were  stoppered  with  foam  plugs and

cultured  with  shaking  (10e rpm)  in the dark at
30"C. Each  test was  conducted  in triplicate,

  To  determine mineralization  rates,  5-ml

portions of  samples  were  removed  at  regular

intervals. The  liquid was  acidified  with  conc:.

H2SOi  to pH  2 and  bubbled with  air  to remove

COz.`) One  milliliter  of the treated samp]e  was

taken  and  placed  in 20-ml glass scintillation

vials, and  6.0 ml  of Tritosol (Scintillation Cock-
tai] based on  Triton X-100>6' was  addecl.  The
radioactivity  of  thc samples  was  measured  for
1O min  with  a  Beckman  LS-230  liquid scintilla-

tion svstem.

4, Soparation  and  Identifcation of 1'soMron ana
   Jts Metabolites

  For analysis  of  metabolites,  20-ml portions
of  samples  were  taken  at  a  designed period,
extracted  three timcs  with  20 ml  of  the mixed
solvent  of  benzene-ethyl  acetate  (3:I, vlv).

The  extracts  were  pooled, concentrated  and

then  dissolved with  a  small  volume  of  benzene-
ethvl  acetate.  The  recollected  extracts  werc

sepirated  by performing  thin-lay･er chromato-

graphic analysis  with  Silica Gel 60  F2s4 pre-
coated  plates (e.25 mm  thick, E. Merck., Ger-
many)  with  CHC13-MeOH  (9:1, vlv)  as  a

developing solvent.  A  mixed  solution  was

NII-Electronic  
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prepared by  adding  an  equal  amount  of  each

authentic  cempound  in acetone,  and  this

solution  was  applied  side  by  side  with  the
samples  on  TLC  plate, The  separated  com-

pounds  were  radioautographed  as  described in
section  5. Silica gel was  scraped  off  the  p]ates
separately  according  to the !)osition of  each

compound  on  the. autoradiogram,  and  placed
in scintillation  vials  each  containing  6.0 ml  ef

Tritosol for radioactivitv  measurements.                     v

5. ExPer･iments for Jdentijication of Isouron
   ana  Its Metabolites by Co-Chromatogrmpdy,
  Isouron-added  sewage  samples  werc  incu-
bated in the dark with  forced aeration.  On  days
35, 75 and  120 a  sample  was  taken, extracted

and  placed on  the thin-layer plate with  authen-

tic compounds.  Two-dimensional thin-]ayer

chromatographic  analysis  was  carried  out  with

CHCI3-MeOH  (9: 1, v,lv)  and  ether  as  develop-
ing solvent  system  for the  first and  second

dimension, respectively,  Radioautographywas

prepared by  using  Agfa-Gevaert Curix RPI
X-ray  film (8× 10 inch) with  Kodak  Developer
D-19 and  Kodak  Fixing Bath  F-5. Compounds
on  the thin-layer plate were  detected by
spraying  a  solution  of  O.1%  of  4-dimethyl-

aminocinnamaldehyde  in ethanol-conc.  HCI

(4:1, vlv)  mixture.

6. SamPle PrEiparati･on for Jdent?Ilication bLv

   Mass  SPectrometry
  For identification by  mass  spectrometry,  10l

of  sewage  sample  initially containing  10 ptg/ml
of  isouron in a  20-l glass bottle was  incubated

at  300C in the dark  with  fureed aeratiQn.  After

incubated  for 120  days, the  san]ple  i-ras ex-

tracted three timcs with  benzene-ethyl acetate

(3:1). The  extract  was  dried over  anhydrous

Na2S04  and  concentrated  in a  rotary  evapora-

tor. The  samples  were  then  separated  by  two-

dimengional TLC  and  thc scparated  cornpounds

were  identified by  autoradiograpliy  and  col-

lected for mass  spectrometry  (Jeol JMS-D-300
Mass Spectrometer).

        RESULTS  AND  DISCUSSION

  Mineralization of  isouron in river-water  and

sewage  samples  is shouTn  in Fig. 1. In river

water  samples  containing  O.1- and  O.Ol-ppm
isouron, mineralization  occurred  after  35 days.

The  percentage  of  radioactive  organic  com-

pounds  mineralized  was  less than  7%  on  day
120. At  a  higher concentration  (1 ppm),
mineralization  "Tas  not  detected in thc river-

water  samples  on  day 75, but 4e,b' of  iseuron
was  found to be mineralized  on  day  120. In
sewage  samples  containing  O.Ol-, O.1- and  1.0-

ppm  isouron, 3I, 25 and  991. of  the  compound
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Table2  Distribution  ef  Tadioactivity  in the metabolites  of  isouron from scwage.

  Isouren
             1)ays of
COnR3Tbtrnt3tiOn

 incu6ation

Distribution  of initial radioactivity

      at  the following Rf values(o,b'

 ) Radioaetivity

1.0-O.77O.77-O,65O.65-O.50O.50-O.35O.35-O.Orcmalnmg
ln  sewage

  COf,.)a]

1.0

O,1

O.Ol

 o3550

 75105120

 o
 35

 50

 75105120

 o

 35

 50

 75lO.[)120

oo1347o11223o22s57

.86.59.12.13.61

32.40.46.88,66

.22.30.14.78,39

987573686256997I70595251976357514038

'

t

'

-

801022566451107506757826803682415709 12016
 6616
 2617
 6918
 5317

 34O

 8018
 5318
 1514
 9414
 4814

 76

 2 2018
 61l7
 5014
 S614
 55IS

 09

o33s.45.o3,3323,o5535.5.
703990Ol78096128l99635

3711668770

ooo124ooo111o22234

,98.93.43.09.15

.B9,91.56,60.47

.44.36.52.22.63

10097959491911OO969381

 74

 741009285

 75

 70
 68

.s.4.7.4.4

.1.8.9,7.5

.o.1.l,o,7

z)
 1'<aclioactivitv in           JI,O-ml  portions of  unextracted  sewage  samples.

had  been mineralized,  respectively,  on  day 120,

  Within 120 days, more  than  300!b' ef  isouron

was  mineralizcd  in sewage  samples  to which

the compound  had  been initially added  at  O.Ol

ppm,  but for samples  containing  1,O-ppm

isouron, the figure was  less than  100,!,, The

experiment  was  aimed  to determine whether

the  chemical  at  higher levels was  converted  to

organic  products  without  transforming  to C02.
The  metabolites  of  isouron were  analyzed  and

the results  are  summarized  in Table 2, Com-

pounds  with  filf values  of  1.0 to O.77 and  O.77

to  O.65 were  3-(5-tert-butyl-3-isoxazolyl)-1-
rnethyl-1-formylurea  (II) and  isouron, respec-

tive}y. The  band  at  I<lr 0.65 to O.50 eontained

3-(5-tert-butyl-3-isoxazolyl)-1-methylurea (III)
and  3-arninu-5-tert-butylisoxazole CV). The

band  at  Iilf O.50 to O,35 contained  3-(5-tert-

butyl-3-isoxazolyl)urea (IV) and  3-l5-(l,1-di-
methyl-2-hydroxyethyl)-3-isoxazolyl]-1,1-di-

methylurea  <VI), and  that at  filf O,35 to O

implicated  3-[5-(1,1-dimethyl-2-hydroxyethyl)-

3-isoxazolyll-1-methylurea (VII) and  3-[5-(1,1-

dimethyl-2-hydroxyethyl)-3-isoxazolyl]urea,

  Formation  of  products  during  the decom-

position of  isouron in sewage  samples  is shown

in Table 2. The  extent  of  mineralization  is
evidenced  by  the loss of  radioactive  carbon

from  samples,  In sewage  samples  initially
receiving  1,O-, O,1- and  O.Ol-ppm isouron, the

radioactivity  corresponding  to isouron declined

to 56,5, 51.3 and  38,1 9/'G of  its initial value  after

120 days, respectively;  this indicate that at

least 43.5, 48.7 and  61.90fi. of  isouron was

degraded. I)uring the incubation, polar prod-
ucts  were  formed, and  some  of  them  were

further degraded.  Although mineralizatien

occurred  to a･considerable  cxtent  at  these

three concentrations,  organic  products were

also  generated; some  of  them  appeared  to be

not  easily  converted.

  In river-water  samples  receiving  1.0 ppm
iseuron, decline ef  total radioactivity  was  not

evident  en  day 75. Suggesting  the absence

of  mineralization  before this time  (Table 3).

IIowever,  the radioactivity  recovered  at  the

spot  corresponding  to  isouron dcclincd from
98.60f･S on  day  O to 77.2%  on  day  75, Ozaki

et al.7) have  reported  that isouron was  rapid]y

metabolized  in soils  under  anaerobic  condition

NII-Electronic  
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Table  S Distribution  of  radioactivity  in themctabotites  of  isouron  froni river  water.

  lsouron
concentration

   (ppm)

 Days  of

incubation

DisLt'ibution  of  initial radioactivity  <e6)
   at  the following Rl' values

1.U-O.77O.77-O,65O.65-O,50O,50-O.35O.35-O.O

Radioactivitv
 remalnlng  m

- river  water

   (Ot o" )tt)

1.0

O.1

O.Ol

 oB55075106120

 o

 35
 50

 7:-)106120

 o
 S5

 50

 75106120

e1o235o1o224o21111

.55,95,67.52,56

.04.99.18.6222

.4B,59,49.20,99

988180777268988177736967967877737066

'

"

+.

'

6282991977078065483i?21se81302242345411314151515

 1141314151731314151616

,,

'

.

381352062694104336844968196758802961o22334o22232o3s435

'

,

5669651429083134238065

.94.12.35.47.S2

ooo112ooo121o12222

.93.85.43.55.13

.57.52.09,48.18

,40,98.18.04.75

1OO1OO100100

 96,24

 96,OO100100

 94.70

 93.69

 93 60

 9S.55100

 99.80
 99.50
 97.26
 93,35

 93.22

a)  Kadioactivitv            "in
 1.U-ml portions  of  unextracted  river-xvatcr  samples.

and  that  the half-life was  1 to 2 months,  They

have also  reportedH)  that isouron was  hardly

degraded in loamy  sand  and  light c)ay  soil.

  Change  of  degradatjon products was  also

observed  by  autoradiography.  When  isouron

was  incubated in scwage  samples  for 35 days,

compounds  II and  V  were  found. The  metabo-

lite II disappeared and  an  unknown  metabolite

X  appeared  after  75 days; metabolite  X  dis-

appeared  but metabolite  IX  appeared  up  to

120 days. Cornpound  III was  a  major  metabo-

lite. Metabolites  III, IV  and  V  were  fairly

stable  and  increascd as  time  elapsed,

  Metabolites  II to VII  were  identified by

cornparisen  of  the  mass  spectra  with  those of

authentic  compounds.  The  results  agreed  with

those proposed from the  thin-layer  chromato-

graphic  analysis.  Metabolite  VIII was  found

in the 120-day incubation sample,  Althougli it

appeared  close  to sample  origin  en  the TLC

plate with  both two  developing  solvent  systems,

it was  not  idcntical with  an  authentic  cern-

pound  3-[5-(1,1-dimethyl-2-hydroxyethyl)-3-
isoxazolyl]urea [MS ,n!e  : 199  OI', 470f//,), 168(M'
-CH,OH,  1009t.' ), 156 O,I+-CONH,.l-1, 37%),

125 (M'-CH20H-CONH2÷ 1, 92%)  and  11I

(M'-NHCONH2+l-CH20H+1,31%)].  The

mass  spectrum  oi  metabolite  VIII gave MS

7nle:  200 (M', 6%),  169 (M'-CH20H, IOOO/6),

166 (M+r2(OH), 820f6), l56 (M+-COOH+1,
299,.' ), 137 (M+-COOH-OH,  6790, l25 (M+
-CH20I{-COOH+1,  18%)  and  III (M"
-NHCOOH+1-CH20H+1,  l2%).  The

metabolite  VIII was  identified by  this mass

spectrum  as  AL[5-(1,1-dimethyl-2-hydroxy-
ethyl)-3-isoxazolyl]  carbamic  acid.  Metabolite

IX gave MS  mfe:  271 (M'"), 211, 167, 140, 128,

111 and  97, and  metabolite  X  gave  MS  mle:

340 (M'), 316, 284, 256, and  227. The  two

unknovgTn  metabolites  were  proposed  as  poly-
mers  oi  the  degradation  products of  isouron,

because the major  fragments of  these two  com-

pounds  were  the same  as  that of  isouron or  its

metabolites.

  From  the above  results,  a  partial pathway
involved in the microbial  degradation of  herbi-
                             t -
cide  isouron in the aqueous  environments  is

proposed (Fig. 2). Compounds  II and  VIII

were  detected in tlie aqueous  solutions  in this

study,  although,  they  were  not  iound when

NII-Electronic  



Pesticide Science Society of Japan

NII-Electronic Library Service

PesticideScience  Society  of  Japan

24 H7e(eers\ftV.ee  16 igee1g  SIZnt342fi

c,,8)::u(CIJI[

   CH20H

     vl
    Lvavx

/

      fCH3
NH-C-N
      x
   ll       CH3
   o

mle  =  227

          ,

cH3 3//cH il((
'

oJ!INH-

 i/ 
"N

 
x!

 HCH3

   CH2DH

     VII  m/e  =  213
    wu

   cH3

   xCH3--C

   /o
   CH20H

     VIil
    upm

Fig. 2

i

iQ(IJI!NH-C-OH   II
   o

mle  =  20a

   CH

   xCH3-･C

   1
   CH3

     t
   ･pm-

i-([IIJiii
      -CH3
NH-Cn'N

   LI 
XcH3

mle  =  2]1

CH3

x

cH3x-C!cH3

  lt
 pm

L([III.i[i,
      -[H3
NH-C-N

   jl 
XcHo

   a

m/e  =  22S

,

c H , yC
INcH
 i.tlllo

n

)[ 
N

 
H

 
-

 i/ 
-N

 
.!HC

 
H

 
3

   CH3

     lll  m!e  =  lg7
    NNvtM

,
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,
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PartiaL pathways  invvlvcd  in the  biodegradation  of  isouron in an  aqucous  environment.

isouron degraded  in soil  in our  previous study.")

Ozaki &  Ku"ratsuka  have reported  that these
two  metabolites  were  not  detected when,isouron

 was  degraded by  bacteriuni Pse"-
clomonas  PMtida.jO) They  have also  ernpha-

sized  that isouron was  degraded reduc-

tively to 1-(1-amino-4,4-dimethvl-3-oxo-1-

pentenyl)-3,3-dimethylurea by Ps'ettdomonas

Ptttida. Compound  II was  not  found  among

metabolites  procluced when  isouron  vvras de-

graded  by  Rhieectonia solaniii,i2)  Howevcr,

phetolysis of  the  urea  herbicide monuron,  which

degraded to its form.vl derivative in aqueous

solution,  was  reported  by  Crosby &  Tangt3) and
Tanaka  et al.i`) 3-[5-(1,1-Dimethyl-2-hydrQxy-
ethyl)-3-isoxazolyl]urea  was  found  in soil  but
not  in the  aqueeus  solutions  in this study.
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要 勺糸

　除草剤イソ ウ ロ ン の 水系環境 にお ける生分解

　　　　　　 王 　
一
雄，蔡　顕 修，蘇 　永和 ， 陳　玉麟

　除 草剤 イ ソ ウ P ン の 下水 お よ び 河川 水 中で の 生分解を

追 っ た ．下水中で は イ ソ ウ ロ ン は 濃度 0 ，01 お よ び 0 ．1

ppm で 120 日 間 に そ れ ぞれ 31 お よ び 25％ が 無機 化 し

た が ，河 川 水 中 で は 7％ に と ど ま っ た ． しか し，後者で

は イ ソ ウ ロ ソ は 66〜68％ に 減 少 し て い た． こ れ よ り，

イ ソ ウ ロ ソ は 下水 中 で は 微生物 IC よ り主 と し て 無機化す

る が，河川水中 で は 代謝物 （有機）に 変わ る こ とが 推察

さ れ た ．7 個 の 代謝物 （うち 2 個 は 新 し い 化 合物）を同

定 し て 水系環境に お ける イ ソ ウ 卩 ン の 生分解経路 の 一一SU
を 明 らか に し た．
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