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               Thc  behavior of  bifenox, a  diphenyl  ether  herbicidc,  methyl  5-(2,4-dichlorophenoxy}-

            2-nitrobenzoate, in soil  was  studied  usin.a  two  types  oi  
i4C-bifenox

 labeled at  the nitrophenyl

            and  dichlorophenyl  rings,  respcctis.ely.  The  eyolution  of  
i4C02

 occurred  
in

 
a
 passable  

ainount

            in non-flooded  (upland moisturc  cendition)  soil,  but  scarcely  in flooded soil.  Org'anic i･'olatilc

            metabolites  were  hardlv  detected  under  eithcr  moisture  condition.  In  the  early  stage  of

            degradation,  fair ainounts  ef  the aegra(lation preducts werc  adsorbed  by  seil  with  non-

            covalent  bonds,  Degradation  patterns  obtaincd  under  various  degradation  condition$,  such

            as  sterilization  before or  a[ter  pre-incubation, long term  pre-incubation, addition  of  g]ucose,

            aiid
 different concentration  of  the chemical,  indicate that  the  hydrolysis  of  the ester  bond

            is due  mainly  to Tnicrobial  reaction  and  the reduction  of  the nitro  group  to amino  greup  is

            niainly  to clieniica] (non-b{ological) reaction.

             INTRODUCTION

  Bifenox, Modown@,  methyl  5-(2,4dichloro-

phenoxy)-2-nitrobenzoate, is a  diphen>J･1 ether

herbicide developed by  Mol)il Chemical Com-

pany.

  Reports regarding  the  behavior  of  bifenox in

the envirenment  have  been made  on  the

metabolism  in upland  crops  and  soil,L)  degrada-

tion in soils,2'  and  sc)lution-phase  photo-
decomposition,3) Recently, bifenox was  regis-

tered  in Japan as  an  herbicide for rice  culture

in paddy  fielcls, In our  previous stucly,2)  the

degradation products extracted  with  acetene

in the soils  under  fiooded and  upland  cendi-

tions were  examined.  Howcver,  more  detailed

Studies on  the  Metabolism  of  Bifenox (Part
2>Visiting

 researcher  froin Central Research

Laboratories, Hokko  Chemical  Industry  Co.,

Ltd., Toda,  Atsu.rri, Kanasrawa  2'1-3, Ja,pan
(Prosent address).

(1983)

 *

**

information  on  the fate and  behavior of  this

compound  in paddy  soil  envirenment  is

required  for its safe  use.

  In this study,  the volatile  products  from the

soil  and  the soil  residues  after  extraction  with

acetone  were  examined  to clarify  the total
material  balance, Additionallv, in order  to

know  the cause  of  the two  maior  degradation

reactiens  in fiooded soil, the hydrolysis of

ester  bond  and  the reduction  of  the  nitro

group  to the amino  group, the behavior of

bifenox in flooded soil  under  various  degrada-

tion conditions  was  exa.minecl.

       MATERIALS  AND  METHODS

1. Chemicals

  Two  typcs  of  
i`C-bifenox

 labeled either  at

the nitrophenyl  or  diclilorophenyl ring  were

supplied  by  Mobil  Chemical Company  and

purified as  reported  previously.2) The  specific

activity  of  
i`C-･bifenox

 ]abeled at  the nitro-

phenyl  ring  was  50.3× 106 dpmlmg  or  5.70×

106dpm/mg,  and  that  at  the diclilorophenyl
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ring  was  5.32 × 106dpmfmg,  No  radioactive

impurity  was  detected by  thin-layer chro-

matography  (tlc) with  any  solvent  systems

used.  Authentic compounds  and  i<f valucs  on

tZc were  described previously,2)

2. Soil Co･nd･itio･n･zlng

  Anje soil,  tl)e same  paddy  soil  used  in the

previous  study,2)  was  used.  The  soil  was

crushed  and  passed through  a  2-mm  sievc.

The  pliysicochemical properties were  described

previously,2)
21  Floodedconditions

  The  sieved  undried  soil  sample,  equivalent

to 50 g of  oven-dry  weight,  was  put  in a  300-ml
bottle with  5 cm  i.d, and  water  was  added  up  to
the depth of  1 cm  from soil  surface.  The  soil

was  then  pre-incubated at  300C  in the  dark  for

2 yv"eeks  before the chemical  was  applied,  unless

otherwise  specified.

2.2 UPIand  conditions

  Fifty grams  of  the soil  sample  was  placed in
a  300-ml  bottle, water  was  added  up  to 609,'6

of maximttm  water  holding capacity,  and  it
was  pre-incubated at  30"C  in the dark for 2
weeks,

3. Degradation  of Bijbnox in Soil
3.I Radioactit,i4v balance stttdy
  A  half milliliter of  acetone  solution  ()f 

'"C-

bifenox labeled at  either  the nitrophen}rl  ring

or  the diehloropheny] ring  was  mixed  into the
soil  at  the rate  of  10 ppm  of  the labeled com-

pound  on  a  dry soil  basis, Each  bottle was

plugged with  a  rubber  stopper  having a  gas
inlet and  an  outlet.  The  outlet  was  connected

with  a  trap  containing  100ml  of  toluene
followed by  another  trap containing  100 ml  of

2N-NaOH  solution,  A  slow  stream  of  C02
free air  (ca l ml!inin)  was  passed through  thc
inlet to the soil  surface  and  then  through  the

two traps. The  system  was  kept at  25"C for
30 days. Once  every  week,  the  traps  were

renewed.

3.2 7'ime oourse  stttdv                  "

  A  half milliliter  of  acetone  solution  of  
i`C-

bifenox labeled at  the nitrophenyl  ring  was

used,  except  for comparative  experiments

between  the two  labeled types  of  thc com-

pound. After pre-incubation of  the soil,  the

labeled compound  was  mixed  into the soil in

E  1 
-EJ-

 firl,TN 58 fii 2 H

the bottle. Each  bottle was  plugged with  a

rubber  stopper  and  incubated at  300C for
a  designated  period of  time.  Sterilization was
carried  out  with  an  autoclave  at  120"C for
30min. In some  experiments,  500mg  of

glucose was  added  to the soil  before pre-
incubation.

4. AnallFsf]s       ;

4.1 Radioactiwitv measurement

  The  radioactivity  was  measured  using  a

Packard  3320 liquid scintMation  spectrometer.

The  scintillation  solutions  used  were:  (A)
Dioxane  system  composed  of  6g  of  2,5-
diphenyloxazole, O,27g  of  1,2-bis-2-(5-phenyl-
oxazolyl>benzene,  and  112 g of  naphthalene  in

1liter of  dioxane, and  (B) Bray's  solution

composed  of  100ml  of  methanol,  20ml  of

ethyleneglycol,  4 g of  2,5-diphen}rloxazole, O,2 g
of  1,4-bis-(5-phenyloxazolyl)benzene, and  60g

of  naphthalene  in 1 liter of  dioxane.
4.2 Deternzination ofvolatile  metabogites

  One  ml  of  toluene trap and  O.2 ml  of  alkaline

trap for the radioactive  volatiles  were  radio-

assayed  with  15ml  of  Bray's scintillation

solution.  A  portion of  alkaline  trap solution

was  aeidified  with  HCt  to ascertain  the dis-
appearance  of  radioactivity  of  

'`C02.

4.3 Extraction and  determination of raaiio-

    active  materials

  Soil for the radioactivity  balance study  was

extracted  after  incubation for 30 davs and  thc

soil for the time  course  study  was"  extracted

after  designated periods of  incubation. The
whole  sample  in each  bottle was  extracted  with

acetone  and  cencentrated,  and  the extracts

were  transferred to  ether,  The  radioactive

materials  "rere  identified and  quantitatively
determined by  tlc. The  soil  residue  was  radio-

assayed  by  a  wet  combustion  method,  Details
of  the  method  wcre  described in our  previous
Paper.2)
4.4 Extraction of soil-bound  radiloactive  materi-

    aZs

  A  soil  sample  treated with  bifenox labeled
at  the nitropr]en}rl  ring  was  employed  in the

radioactivity  balance study.  The  soil  residue

after  extraction  with  acetone  was  air dried,
l.OOg  of  the dried sample  was  placcd into a

50 ml  centrifugal  glass tube, and  20 ml  of  each

of  the solvents  listed in Table 4 was  added.
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For combined  extractants,  1 ml  of  either  1 N-

NaOH,  I N-HCI  or  5%  NH4Cl  was  mixed  with

20 ml  ef  the organic  solvent.  The  vesscl  was

plugged with  a  glass stopper  or  equipped  with

a  reflux  condenser,  Each  samplc  was  shaken

for 2 hr at  280C or  heated at  800C for 1 hr, and

then  centrifugcd  at  3,OOO rpm  for 10 min.  The

supernatant  was  collected  and  fi11ed to 25 ml

with  the corresponding  solvent  and  an  aliquot

was  radioassayed.  The  extracts  of  acet()ne,

methano],  benzene,  tetrahydrofuran,  ethyl  ace-

tate, and  chloroform,  respectively,  were  con-

densed and  applied  te thc tlc and  autoradio-

graphy. Extracts  with  N,N-dimethylfonn-

amide  and  dimethyl sulfoxide,  respectively,

were  diluted with  water,  adjusted  to pH  3,

and  extracted  with  benzene. Thc  extracts  with

acetic  acid,  triethylamine  and  acetone-NH4Cl,

respectively,  were  condcnsed,  diluted with

water,  adjusted  at  pH  3 and  extracted  with

ether.  Extracts with  acetene-NaOH,  benzene-

NaOH,  acetone-HCI  and  benzene-HCI, re-

spectively,  were  neutralized,  condensed,  added

with  water,  adjusted  to pH  3, and  extracted

with  ether.  The  extracts  with  O,2N-NaOH,

IN-NaOH,  5N-NaOH,  O.2N-HCI,  IN-HCI,

5N-HCI  and  5%' NH4Cl, respectively,  were

adjusted  to pH  3 and  extracted  with  ether.

An  aliquot  ef  each  extract  was  radioassayed.

Another aliquot  was  condensed  and  applied  to

the tlc and  autoradiography,

                RESULTS

1. M'atertial Balanoe

  Thc  radioactivity  balance of  
i`C-b{fenox

 in

Anjo soil  at  30 days after  incubation  is sho"Tn

in Table 1.
I.I i`COz

 and  organic  volatiles

  A  passable  amount  of  the radioactivity  was

evolved  as  
t`C02

 in non-fiooded  soil  (upland
moisture  conditien),  but only  a  smaLl  amount

in flooded soil. The  amount  released  from  
i4C-

bifenox  labeled at  the  nitrophenyl  ring  was

larger than  that at  the dichlorophenyl  ring  in

flooded soil,  but the situation  was  the op-

posite in non-fiooded  soil.  The  amount  of  the

organic  vo]atiles  caught  with  the toluene trap

was  negligible.

1.2 Acetone extracts

  Most  of  the radioactivity  of  acetonc  cxtracts

was  transferred to the ether  fraction. The
radioactive  matcrials  determined are  listed in

Table  2. Sma]1 differences from  our  prcvious
results2]  were  caused  prebably  because of  the

lower incubation  temperature  in this study.

Thc  major  degradation products  and  ratios  oi

con$tituents  were  about  the same  as  described
in our  previous papcr.2)
1.3 Soil-bezand radioctot･ive  materials

  To  clarify  the characteristics  of  adsorption

or  so-called  
``bound

 residue"  of  the radioactive
materials  in the  soiL  some  extraction  experi-

ments  were  made  to release  the bound  radio-

active  materials  remaining  in the soil  after

acetone  cxtraction,  As  shown  in Table 3,
bound  radioactive  materials  in non-flooded

soil  -rere  not  extracted  readily  with  neutral

organic  solvents,  and  the ratios  of  the extracts

did not  excccd  20e/. of  the bound  activity

even  by  heating, The  extractions  with  acetic

acid  resulted  in a  greater extractable  amount,

but  those with  triethylamine were  less. Of
combined  extraction  systems,  

i`C
 percentage

of  the  extracts  with  acetone-HCI  was  the

largest. The  extractions  with  the alkaline

solution  also  gave good rcsult$.  A  decreasing
concentration  of  the alkaline  solution  in

extraction  at  800C yielded morc  among  the

Table  l Radioactivity  balance

       tion  at  25eC.

of  i4C-bifenox  inAnjo  paddy  soil  after  30  days  incuba-

idC?,'. of  total radioactivity

Labelecl position

Nitrophenyl  ring-

Moisturc  condition
14C02

Organic
volatiles

FloededNon-flooded

FloodedNon-fiooded

O.62.lO,24.6<O.1<O,1<O,1

 O.1

Acetone
extracts

 44,8

 66,3

 44,7

 65,2

Soil bound
 residues

DichLorophenyl ring

54.631.652.130.1
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Tablc  2Amounts  of  bifenox

the  seil  alter  30  davs                'andillCU

 its dcgradation

batien.
productsextractedwithacctoncfrorn

t,c
 9,a of  total  radioactivity

Preducts
Soilconclitions Flooded Nen-floeded

i4C-labelcd  atNitro-phciiyl

Bifenox5-(2,4-Dichlorophenoxy)-2-nitrebenzoic

 acid

Methyl 5-(2,4-dichlerophenoxy)-anthranilate
5-(2,4-Dichlerephenoxy)anthrunilic  acid

5-(2,4-Dichlorophcnoxy)salicy]ic ac{d

Meth}rl5-(2,4-dichlorophenoxy}-2-acctamido-
  benzeate

Methyl5-(2,4-dichlorophenoxy)-2-formamido-
  benzoate

5-(2,4-Dichtorophenoxy)-2-acetamidobenzoic  acid

5-(2,4-])ichlorophenoxy)-2-formamidobenzoicacid

5-Ilydroxy-2-nitrobenzoic  acid

5-Hydroxyanthranilic  acid

Unknown  M

Aqueeus  layers

Others

Dichloro-
 phenyl

Nitro-phcnylDichloro-

 phenyl

237441
'

'

22s785

2.1

54oo1o6

'

'i722634

238651

'',

784385

1.6

5.4.

1o6

53

44o

20.239,8

 O.9

 O.5
 O.4

 O.1

O.1

o0oooo251,3,o41,y

22331llo''''

,

o38oo2

O.2

oo

oo4

'

,

72

521

Table3  Ra[lioactivity  extracted  with  various  solventsfrOIIIsoi1  boundresidues.a)

MCo.t,'oof  soil  bound  radioactivity

Extraction
 solvent

  Soil cenditien$

Extraction  temp.

Flooded Non-fiooded

28CC 800C 28"C 80CC

t'tcetone

Methanol

Bcnzcnc

Tetra,hydrofuran

Ethyl  acetate

Chloroforin

N,N-])imethylformatnide

Diinethyl  sulfoxide

Acetic  acid

Triethvl amine     ]Acetone-NaOH

Benzene-NaOII

Acetonc-HCI

Benzene-HCI

Acetone-NlkCl

O.2  N  NaOH

1N  NaOH

5N  NaOH

O.2NHCI
1NHCI

5 N  HCL

5Y,b' NH4Cl

")
 30 days incubatien

 12

 13

 1

 1
 l518132

 1671517'

478427662879328

51,2

7.2

   1.4labeled).

25415

 131118402

937618191816

'

"

"

.

.

.

,

48676o3665

1o3137

3.9

10,4

28.9

351621379o8

75.9

10,7

12.3

76,O

20.1

(nitrophenylrlllg'
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Table  4 Soil bound  materials  extracted14C06of

 extra2ted  
Tadioactivit.y

 (l-dCO,,'o'of applied  radieactivity)

I'reducts   Soil cenditions

Extraction
 
temp･

Floeded Non-flooded

28iC 8oec 28UC 800C

Bifenoxa)

5-(2,4-Dichloruphenox},)-2-iiitrobcnzoic
 acidMethyl

 S-(2,4-dichlorephenoxy)ai'ithrani-
 late5-(2,4-Dichlorophenoxy)anthranilicacid

5-(2,4-Dichlorophcnoxy>salicylic  acid

5-(2,4-Dichlorophenoxy)-2-acctamiclo-
 benzoic  acid

5-(2,tl-Dichlorophenoxy)-2-furmamido-
 benzoic  acid

Unknewn  M

Orig'inAqueous

 layers

Othcrs

   .r: trelow the lin{it of  detectien

    
a)
 nitrophanyl  ring  labelcd.

-(3.1

 (

3,9{

9.2 (ll.B(13,O

 (

8,3(

l4.7 (18.1
 (

 2.9 (l5.0
 (

o.

L

2,3.3,

2,

4.5.o.4.

)9)1}6}3}6)3)

1)1)8)2}

2.

737

8

ll271219

  (-1(
 O.-{-

3{  3,6{L4(

 3.

.6( 3.

OC  4..6

 (11,9C
 5.5C8.

}9)

)o)5)1)6)6)5)4)1)

 1.76.

L

4.

2.4.L8,

2 ( U.3)

e <18.2)

 (-)

8(  O.4)

 (--)
 ( ..- )

O ( 1.0)

7 { O,6)

3 C 1,O)
9CO.5)

1 ( 1.9)

IO.

 c2(

 (9(4(

 (

 c7(o(o{8(

2,

10.12.2.2.

 4.21,l8.22.L5.4,5.

)4)

>6>9))

)

1)o)3)5)

(Less than  O.1eo},

O,2, 1, and  5 N  solutions.  Extraction with  the

acid  solutions  yielded lower  rccoveries  and

this was  not  affected  bv  the concentration  of                    u

extractant  and  the extraction  temperature.

The  extraction  irom the non-fiooded  soil  was

about  the same  as  that from  the floodecl soil.

  The  radioactive  materials  extractecl  with  1 N

NaOH  are  shown  in Table 4. Major  com-

pounds  taken from the acetone-extracted

residue  of  flooded soil  werc  5-(2,4-dichloro-

phenoxy)anthranilic  acid,  5-(2,4-dichlorophen--

exy)salicylic  acid,  5-(2,4-dichloroplienoxy)-2-
acetamidobenzoic  acid,  5-(2,4-dichlorephen-

oxy)-2-foTmamidobenzoic  acid  and  some  un-

known  products. From  thc non-flooded  soil

residue,  5-(2,4-dichlorophenoxy)-2-nitrobenzoic

acid  was  mainly  extracted.  In general, although

the  amounts  of  the extracts  increased by

heating, the ratio  of  each  identified eompeund

te the  total  radioactivity  of  the  extracts

decreased.

  In the cases  of  organic  solvents  such  as

acetone,  methanol,  benzene, ethyl  acetate  and

chloroforrn,  methyl  5-{2,4-dichlorophenexy)-

anthranilate  and  bifenox were  about  40  and

I09,f. of  the  extracted  radioactivity,  respec-

tively, although  tliese were  small  percentages
of  the total radioactivity,  By  extraction  with

tetrahydrofuran,  N,N-dimethylformamide, di-

methyl  sulfoxide,  acetic  acid,  benzene-HCI and

aceto"ne-NH4Cl,  many  kinds of  degradation

products were  detected and  the constituent

compounds  were  similar  to those of  the extract

with  1 N-NaOH  at  28"C. In acetone  HCI  and

acetene-NaOH  extractions,  a  considerable

amount  of  mesityl  oxide  was  formed during

()perations,  and  the identification could  not  be

achieved  because of  tailing on  thin-layer

plates.

2. Time  Coursefor Degradation  in Fleoded  So･tl

2.1 ComParison  of the degradation Patterns
    between nitroPhemp'l-  and  dichlorqX)henyl-

    ring  labeled b･ijlrnox

  The  time course  of  amounts  of  bifenox and

its major  degradation products in 10 ppm  dose

levels are  shown  in Fig. 1. For the  acetone

extracts,  no  differences in tl';e decreasing  rates

of  bifenox or  the behavior of  the major  degra-

dation products  were  observed  in either  type  of

labeled bifenox,
2,2 ELffbcts ofsterili`"ation
  The  patterns of  bifenox  degradation in

sterilized  soil  are  shown  in Fig, 2. In the soil

sterilized  before pre-incubation, the dccrease

of  acetone  extracts  was  srnall,  and  86%  of  the
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100

80

A...

 60htL-te:-

 40E

        20
               

               

            

         o
           1248  16  30  60 148  16 30  60

                Incubation time  Cdays) lncubation time (days)

Fi.u. . 1 Degradation  of  bifenox in Anjo  soil  under  fiooded conditions  CIO ppm).
z:  acetonc  extracts,  

'/.

 : bifenox, e: 5-(2,4-dichlorephenoxy)-2-njtrobenzoic  acicl,  A/
5-(2,4-dichlorephenoxy)anthranilate,  A:  5-(2,4-dichlorophcnoxy)anthranil{c  acid.

inethyl

100

80

A

: 
60F,g:-

 40E

20

o

Ster"ized beforepre-incubatien

24  8

Sterilizedafterpre･incubation

 16  30 60 248  16 30
incubation time'(days)  lncubation time

Fig. , 2 De.gradation  of  bifenox  in the  sterilizcd  soil.

Lines and  symbols  are  the  same  as  in Fig. 1.

(days)60

applied  radioactivity  was  extracted  from the
soil  sample  on  the 60th day. A  sma]1  amount

of  the free acid  of  bifenox was  found at  8 and

16days.  Other degradation products were

hardly detected during  the whole  period of

incubation.

  In the soil  sterilized  after  pre-incubation, the
free acid  of  bifenox was  not  detected even  in

the early  stage  of  incubation. The  amount  of

the amino  derivative of  ester  form  increased
with  time  and  reached  43%  of  the  applied

radioactivity  on  the 60th  day, but that  of  the
amino  derivative of  free acid  form  did not

exceed  50/6 of  the applied  radioactivitv.                                  -
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       Fig, 3 Des.Tadntion  of  bifenox in thc soil  prc-incubated  for 6 weeks  and  in the  soit  addcd

             glucose up  to 1%  beforc pre-incubation.

       Lines and  sy[nbols  are  the  same  as  in Fig. I.
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                  Fjg, 4 1)egradation  of  bifenox  under  1 and  100 I)pni dose  levels,

                  Lines  and  svmbols  are  the  sanie  as  in Fig. 1.

                                              form  was  produced,23  Degradation in soil  Pre-incttbated .for 6

    rcteehs 2.4 Efflacts ofaddition ofgl･itcosa
  As  shown  in Fig. 3, bifenex was  degraded As shown  in Fig, 3, bifenox  was  degraded

rapidly  and  the half-life shortened  to a  half, rapidly  and  decreased  to less than  I09/3 of  the

2 from 4 days. The  lag period before initiation applied  radioactivity  "Tithin  2 days. A  large

of  the reduction  of  the nitro  group  disappeared.  amount  of  thc  amino  derivative of  ester  form

In this case,  the reduction  of  the nitro  group  was  produced and  reached  60%  of  applied

was  prier to the hydrolysis of  the ester,  and  radioactivity  by the 2nd day  of  incubation.

a  fair amount  of  the amino  derivative of  ester  Little free acid  of  bifenox accumulated  during
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the incubation.

 2,5 Efacts ofconcentration
  As shown  in Fig. 4, the rate  of  decrease of

bifcnox was  slower  in the liigh close  level, and

its half-lifc applied  at  1, 10, and  100 ppin was

about  2, 4, ancl  8 days, respectively.  The
amount  of  the free acid  of  biienox was  about

the same  in tl}e applications  at  1 and  10 ppm,
but  was  lower  at  100 ppm.  On  the  contrary,

the  amounts  of  the amino  dcrivatii,ics wcre

larger at  100ppm  ancl  the amount  of  thc
ainino  derivative of  ester  forni reached  379,'.' of

the applied  radioactivity  by  the l6th  day.

               DISCUSSION

  The  difference in the amuunt  of  
i`COL,

evolved  between the two  types  of  ring  labeled
bifenox suggests  cleavage  of  tlie ether  linkage,

as  already  stated  on  thc degradation oE  
]`C-

fluorodifen by  soil  microorganisms."  Sincc
the phenol  derivatives produced  by  the cleav-

age  of  ether  linkage of  bifenox were  hardly

detected, the complete  oxidation  of  these

derivatives to C02  must  be rapid  in the non-

flooded soi],  The  fact that the patterns of  the

degradation of  
t`C-bifenox

 in the fioodied soil

wcre  almost  the samc  in both label types of

the materi'al  indicates the stableness  of  the

ether  bond  under  fiooded conditions.  The
amounts  of  radioactivitv  extracted  with  ace-                     v
tone-IICI and  benzene-HCI from tlie soil

residues  after  acetone  extraction  were  larger

than  those  with  acetone-NaOH  and  benzene-

NaOH,  respectively.  These results  suggcst

that the radioactive  materials  adserbed  on

soil particles have an  acidic  character,  such  as

carboxylic  acid  ancltfor  phenol. Fair  amounts

of  radioactivity  were  extracted  with  acetone-

HCI  and  acetic  acid  at  280C from the acetone-
extraction  residues  of  soil. Since these solvent

systems  are  considered  to have little possibility
of  breaking the covalent  bond  during the

extraction,  a  large part of  the radioactivity

extracted  was  absorbed  by  the  non-covalent

bond, Although extraction  with  l N  NaOH
at  28CC has little possibility for the partial
hydrolysis of  a  weak  bond, such  as  methyl

ester,  many  of  the bound  materials  exist  in

the free acid  form, as  described above,  and  the
extraction  of  this system  is not  considered  to

produce artifacts  to any  great extent.  By

ee 1 -L.;- H" 1}[1 58 ti'. 2 n

this extraction,  a  relatively  large quantity of

the amine  derivatives, sal,icvlic  acid  derivative,
and  acylamino  derivatives slrere  obtaincd  under

fiooded conditioTis.  Also, the frce acid  of

bifenox was  mainly  detected under  non-

fiooded conditions.  All these derivatives were

consistent  with  the degradation  products
clarifiecl  in acetone  extracts,  In a  relatively

early  stage  of  the degradation,  namely,  the
firs't 30 days  of  incubation, a  fair amount  of

the degradation products  of  bifeTiox Mras

extracted  with  acicl-organic  solvent  as  in the

first acetone  extracts.  These  are  presumed  to

be adst)rbed  weakly  en  soil  particles with  non-

covalent  bond, The  result  of  tlie rudioactive
materials  determined in 1 N  NaOH  extracts

being decreased by  hcating and  the radio-

actiNrity  extracted  with  5N  NaOH  being

decreased remarkably  by  heating are  supposed

te have been caused  by  dccemposition or  poly-
merization  of  the dcgradation products.
  Cationic adsorption5)  is supposed  on  the

basic group,  bttt the  pK.  value  of  the amino

derivatives of  bifenox is 2.23 and  2.05 in the
ester  ancl  frce acid  forms, respectively.`)  1-:ven
if the pH  value  oE  the  surface  of  soil  particles
is lower than  that of  tlie soi]-water  (pH 6,2),
the amino  derivatives of  bifenox cannet  take
the cationic  form, Thu$  the contribution  of

cationic  adsorption  is presumed  to be small.

Hy(/lrophobic bonding has bcen thought  to

contribute  to the adsorption  of  non-protonated

amino  compounds  with  soil  organic  matter  to

a  great extent.')  This mechanism  may  be
applied  to  both  the  amino  derivatives and

the acvlamino  derivatives of  bifenox. On  tlie     "

other  hand,  considering  the  anionic  charactcr

of  soil, adsorption  of  the acidic  group is con-

sjdered  to be a  mucli  lower contribution  than

that of  the basic group, but van  der XVaals
adsorption  and  Iiydrogcn bonding arc  known
on  acidic  groups" and  these may  bc applied  to

the adsorption  of  carboxy  and  hydroxy  groups
of  the degradation products  of  bifenox. How-
ever,  further studies  are  necessary  to clarify

the bonding mechanism  precisely.

  On  the 1]ydrolysis of  carboxylic  ester  bond
of  pesticides in soils,  both microbia18'  and

chemical  hydrolysis9} have been reported,

The  finding that  the hydrolysis rarely  occurred

in sterilized  soil  suggests  that microbial
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hydrolysis　 was 　 primary　and 　that　 cllemical

hydrolysis　was 　lninor （，r　Degligible ・

　　Oll　the　othcr 　lland，　 thc　reduction 　〔，f　the

nitro 　grouP 　occurre 〔1　to　a 　large　extcnt 　iTl　soil

sterilized 　after 　pre−incubation．　 This　suggests

that　the　reduction 　occurred 　chemically 　but　not

microbiologically ．　Tlle　nlccllanism 　of　 reduc −

tioll　of　the　nitro 　group 　to　the　ammo 　group 　was

described　in　prcv丘ous 　paper，
聾冫

and 　the　ferrous

iron　 whidl 　 was 　 transforlned　 from　 ferric｛ron

by　microbes ｛n 　reduced 　soil 　was 　presumed 　to

play　all　ilnporta1．lt　rde 　of　the　reduction ．　 Thc

cxtent 　of 　the　change 　t‘〕 the　reduced 　statc 　of

the　soil 　by 　fiooding　is　dcpendent　oll　the 　kind

and 　amount （）f　org εしnic 　Inatter
，
　as 　well 　as 　the

nature 　and 　contellts 　of 　electron 　acceptors ，

ternperature　and 　tlle　duration　of 　fiooding・
1°）

111the　highly　reduced 　soil 　such 　as 　that　I）re
−

illcubated　for　6　weeks
，
　and 　by　the　addition 　of

glucose，　tlle　reduction 　　occurred 　　prior　to

hydro 工ysis．　Alarge 　amount 　of 　tlle　ester 　type

of 　amino 　derivative　was 　 also 　obtajIled ．
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要 約

　ジ フ ェ ニ ル エ ー テ ル 系 除草 剤 ビ 7 エ ノ ッ ク ス

　［methy 且5−（2，
4−dichlorophenoxy）−2−nitroben噂

　zoate ］の 土壌中に お け る挙動
＊

　　　　　　　　　　　　　　　　　　　　　　大山広 志，鍬塚昭 三

　 ジ フ ＝一ニ ル エ ー
テ ル 系除草剤 ビ フ 亠ノ ッ ク ス 匚MO

−

dow 匚1  ，　methyl 　5−（2，4−dichlorophenoxy ｝−2−nitrobenzo −

atc ］の 土壌 巾 に お け る挙動 を ，

14C 一ニ ト ロ ベ ン ゼ ン 環 お

よ び ジ ク P ル ベ ン ゼ ン 環標識化合物 を 用 い て 調 べ た ．

1総 Q2 の 放出 は 非湛 水 土 壌 鯛11水 分 条件〉で は か な り認 め

られ た が ， 湛水土壌で は きわ め て 少な か っ た ．有機の 揮

散性物質 は 両 水分条件 と も認 め られ な か っ た ．各種溶媒

に よ る抽出実験か ら ， 分解 4）早 い 時 期 に お い て 1．ま，
ビ フ

亠ノ ッ ク ス の 分解物 の 土壌吸着形態 は 非共有結 合的 な も

の が か な り多 くあ る もの と推 定 さ れ た ．殺 菌
’
土壌等 ， 数

種 の 異な っ た 分解条件 で の 分 解様式 は ，
エ ス テ ル 結合 の

加 水分解 は 主 と し て 微 生 物 反 応 に よ る も の で あ り，＝ ト

ロ 基 の ア ミ ノ 基へ の 還元 は 主 と し て 化学 （非生 物）反応に

よ る こ と を示唆 し た．

＊
ビ フ ＝ノ ッ ク ス の 代謝 に 関す る研究 （第 2 報）
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