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The studies on the "adsorption and Persistence
of metoxuron and tebuthiuron wva soil colloids and model
clay-organo Complexes - A Physico-chemical study” were
undertaken to understand the nature and mechanism  of
interaction of these chemicals with so0il colloids in
dilute suspensions and to evaluaibe the role played
by clay-organo complexes in the adsorption of these
chemicals, using model clay-organo complexes. Polymaleic
acid was characterised as a wmodal for soil FA and its
interaction with howmoionic clays to form model clay-
organo complexes was studied, Betailed adsorption
of metoxuroh and tebuthiuvron was studied on homoionic
resing to assess thelr suitability as model adsorbents
for homoionic clays. Kinetics and mechanism of persis-

1tence of melosuron and Lebobbhiioion war workod  oal unddeg



Avii
carefully <controlled <conditions of moisture and
temperature as a prelude to using these siﬁple
experimental parameters to predict pesticide residues

under field conditions.

Montmorillonitic clay was chosen for the stbdy
because of large specific surface area and charge, hnd
the effect of cation saturating the exchange complex bas
evaluated. The clay samples (predominently monmoEi-
llonitic) were fractionated to < 2 o fraction. Homoiohic
montmorillonites/IR-120 resins were prepared by saturaking
them with 1M nitrate salts of these ions. The ibns
chosen belonged to a wide range with respect to iohic
properties like charge, size, tendency for complexation
and eage of hydration and comprised of H+, trivalent iFe
- and Al-) divalent 3d ions (Ni-, Cu-, Co- and Zn+),
alkaline earth ions (Ca-, Ba, and Mg-) and monovalént
ions (K-, Na- and NH4). Adsorption of metoxuronéand
tebuthiuron was conducted on these homoionic clay
suspensions and resins. The extent of adsorption of b@th
metoxuron and tebuthiuron was governed ‘mainly by £he
charge and polarizing power of the cations and follo*ed
the order H- and trivalent > divalent > monovalent. Améng
the divalent ions, transition metal ions had a ‘much
higher capacity for adsorption as compared to alkaline
earth ions., The adsorption isotherms of metoxuron énd
tebuthiuron on homoionic montmorillonites gave S-shaéed

isotherms indicating a stronger competition by waﬂer



xviii
molecules to the surface as compared to the herbicides.
The data was analysed by Freundlich equation and a ncw
mathematical equation was used for the analysis of
S~shaped isotherms. The analysis of effect of different
ionic properties of the exchange cations on the
adsorption parameters indicated distinct differences in
the nature of binding. Crystalline ion potentialg was
found to be the most important factor govefning
adsorption, mainly for alkali.and alkaline earth jions.
The possible mechanisms of bonding include dipole—diﬁole,
ion-dipole and ion-induced dipole interactions mediated
through water molecules. The unique grouping of
transition metal ions point to the formation of
coordination complexes. The variation in adsorgtion_
paraneters for these ions may be deemed as indirect
evidence for such interactions in suspensions. In: the
case of Fe- and Al-, bonding through hydroxy bridges may
be an additional factor to reckon with. Apart from
enthalpy considerations, <changes in entropy during
adsorption may be c¢ritical. Based on the extent of
adsorption it was concluded that the herbicides are
adsorbed mostly on edges and do not penetrate the
interlayers of crystal lattice. Ion saturated resins
were more similar to organic matter because of extensive
organic net work present on them. Hence the effect of
exchange cations may be overshadowed. The excﬂange
cations are likely to be involved in similar mecha&isms

of bonding as in the case of homoionic montmorilloniftes.
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Polymaleic acid was characterised as a

synthetic model for soil FA. It was analysed for
functional groups. Potentiometric and conductometric
titrations carried out for the first time reflected the
structural features similar to soil FA. The adsorption
of PMA on homoionic clays was much higher as compared to
metoxuron and tebuthiuron. The magnitude of adsorption
of PMA on different homoionic montmorillonites followed
the same order as that of metoxuron and tebuthiuron. The
adsorption isotherms were mainly parabolic in nature with
a tendency to reach surfécelsaturation. Crystalline ion-
potential was found to be the most important factor
mainly for alkali and alkaline earth ions. The possible
mechanisms could be grouped as ion-dipole, ligand:
exchange, H-bonding and Van der Waal's forces of.
attraction. Transition metal ions adsorbed much more PMA"
than the alkaline earth ions and this could be attributed
to the formation of coordination bonds between PMA and
these ions. The role of entropy genetration was also
considered to be an important factor in the adsorption
of PMA, The extent of adsorption did ndt rule out
interlayer penetration. The adsorption of PMA on

homocationic resins also indicated similar results.

The studies on comparative adsorption of
metoxuron and tebuthiuron on model clay organo complexes
were attempted for the first time. There was a
consistent increase in the adsorption of these herbicides

on model montmorillonite-PMA complexes as compared to
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cationic montmorillonites. The PMA complexes of alkali
and alkaline earth montmorillonites brought about; a
larger increase in the adsorption of both the herbicides
as compared to transition metal ions and Fe-éMA

complexes.

The studies on the persistence of metoxuron and
tebuthiuron in an alfisol and vertisol under well defiﬁed
conditions of moisture and temperature showed that these
herbicides distribute themselves into two compartmenﬁs,
which may be termed labile and bound pools, as suggesﬁed
earlier by Hamaker and Goring (1976). There were ﬁWO
distinct path ways for disappearance, a faster one and%a
much slower one. The rate constants were calculated ﬁor
the different steps. As a first approximation the ra@e
of re-entry of herbicide from bound pool was considerkd
negligible and first order kinetics was used for entry
into bound pecol and disappearance from labile pool. The
rate of entry into bound pool was high for vertisol as
compared to alfisol and decreased with degrease in soﬁl
moisture. The rate of degradation was high for alfisbl
as compared to vertisol. These were related to clay apd

organic matter content.

Adsorption of metoxuron and tebuthiuron was
studied on 2 mm soil fraction, < 50 p fraction and Humic
acid of four scils of Hyderabad. The amount adsorbed pér

gram of adsorbent decreased in the order HA > < 50 p soil
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fractions > 2 mm soil fractions. The adsorption of
metoxuron and tebuthiuron as compuled {rom the 50 fraction
and HA was higher than 2 mm soil fraction. This was attri-
buted the llarger specific surface area of the colleidal
fraction and the formation of olay-orguano comploxes

in soil,
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CHADTEN &

INTRODUCTTON

With an increase in the iotensity of cultiva-
tion, the use of chemicals ror control of weeds has
hecome immimnent especially in idrvrigated agriculture.
Most of these chemicals are addod to the soil, where
they imleract mainly  wilh  Lhe  colloidil Fvinel ion:s
of soil. Thus, clays, which c¢onstitute the major
mineral fraction, and humus, Lhe organic matter fraction
are the most important participants in these interac- :

tions.

Although it has Locoms  necessary  to use.
more and more of these chemicals to meet the growing;
demands of agricultural productica, it has now been:
clearly shown that, indiscriminate use of these chemi-
cals may pose a danger Lto the environment (Saroja
Raman, 1985}). Hence, to strike a balance between
these two factors, it is lmpervative  Lhabt complete
details of their interacltlions wikih soil componeiits
e  known. Detailled physico-chenncal  studies on the
interaction of these chemicals can successfully predict
their Ffate 1in soil, [lor norer efficient and safer
uge. Soll adsorption-desovpticn 1y the most imporlant

factor that contrels direcltiy or dndirectly all other



factors deciding the fate ol scoil applied chemicals.
Adsorption of a scoil applicd chenmical is an indication
of its bicavailability and phyiotoxicity. Although,
adsorption generally helps in protecting the chemicals
from microbial activity and covironmental factors
like temperature and moiustaee, 1L may enhance theix
degradation to  non-toxic products  in some cases,

like, chloro-s~triazines oand coarnpamates.

Although investigations to determine the
exact role of soil coilleids, both mineral and organic,
and the nmechanism of adsocrption of organic chemicals
have been gqgoing on actively Tor over two decades,
a Jlot more ground scili vcewains to be covered in

this area.

1t hos been shown, that, when organic matter
content exceeds six per cont as is generally  found
I wpolls ol Lempecalbe and cold toegoons, Lhe dnbaracbions
of soill-applied chemicals are nostly dominated by
organic matter. However, wheu the organic matter
content 1is less Lthan six pov cmﬁt, bath mincral and
organic surfaces are involvaed in  adsorption {(Walker
and Crawford, 1968). Thas, in wropical soils, which
often contain less than six por cent of organic mather
and where mineral colloids constitute a much larger
percentage, the latter wmay play Lhe 1lead role in

soil pesticide interactions.



Several earlier worker: (Mustafa and Gamar,
1072; Stevenson, 1976; theng, 1974 and 1979) have
shown that mineral surfaces play a  very important
role in the interaction «f sgoll-applied c¢hemicals.
The expanding lattice mincrals  like montmorillonite
and vernmiculite are active 1n adsorption since ihey
have large and active suri.cio s cowmpared to illife
and kaolinite (Khan, 1978; Yuen aad Hilton, 1962).
I aeked it T Loy surd coe oo and choryge, i bas heon
shown that the nature of carion in the exchange compléx
of clays, especially in monltmorillonites, is important
in deciding the extent and weshanism of binding of

organic chemicals.

Specific types ol bondiong between the exchange
cations and adsorbed orgunic chemicals have been
verificd especially Gthrouglh 1K techtiigues in systems
containing very 1little watoer, indicating that metal
ions can bind with thr~ adserbate through the highly
perturbed water molecules in the co-ordination sphere
of exchange catlons or evah diroétly through co-ordi-

nation bonds (Creen, 1974; Moctiand, L970).

However, much Llcus information 1s available
about the nature of guch intoractions in gsuspensions
which are more realistic in ftieid conditions. Under

g

-
)

> conditions, the dalcractions are  clouded by

e dominating and mediatory aode of water molecules



present in the hydration sphere of the cations and
outside it. Although scattered accounts on the effect
of these cations are available in literature, no
systematic investigation secms Lo have been carried
out to test the importance of dilferent ironic properties
like charge, radius, ion potential etc. in the binding
of these chemicals. In this context, the adsorption
on ion saturated resins may scrve as important models
for studying the interactions bLaealweon clays and pestici-

des,

In recent Ltimes, it oo been realisaed that
the inorganic and organic ocolloids of soll exist
mostly as an intimate complex  phase whicehh may  be
of more relevance in the adsorption of organic chemicals
than either of them alonc. Voery  little information
concerning the nature, behaviour and  importance of
clay-organo complexes in the adsorption of soil applied
chemicals is available in lilaracure, The possible
formation of clay-organo complexes through the interac-
tion of homeoionic montmorilionites and soil HA  and
Fa  have been reported by “Theng and Schavponseel
(1975} aandd Challa ard it (1945%). Thee 10 lo
of clay-oxgano complexes as adsorbents for soil applied
chemicals, is relevant in tropical soills which are
mineral dominated and in which organic matter is

intimately associated with the o¢loay fraction as clay-



metal-OM complexes. Hance  (L969) suggested  that,
in tropical soils, clay and organic matter may assoclate
in such a manner, that, little of clay mineral surface
is accessible to pesticide wolecule. The dominant
factors determining the nature of clay-organic intera-
ctions are the properties of organic compound, water
content of the system, nature of the exchangeable
cations on the clay surface and the properties of
clay mineral (Mortland, 1970). Thus, a study on the
formation and binding of model clay-organo complexds
and their role in adsorption of so0il applied chemicals
needs lot more attention Lhican hitherto provided.
It is guite c¢lear that polyvalent cations of the
s0ils determine the nature and extent of binding
of HA and FA with the «¢lay system  {Theng  and

Scharpens eel, 1975),

Since s0il orydnitc  constituents  Like  FA
and liA are highly complox and i ficult to characterise
on account of their complex structures and the confor-
mational changes they undevyo, Lboe use of model organic
polymers of well character.soaed properties may searve
as an important starting point  to  understand  the
more complex interactions of Lheiy naturally occuring
counterparts, Anderson  aied jrosell {L976) 0 proposor
that polymaleic acid (PMA) can sevve as a model for
soll  fulvie acid (PA). They observed similarities

hetween  PAA and  FA O an The  clemental  analysisg, TR
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spectra and a number of awid hydrolysis products,.
Linehan (1977) stated that PMA, while structurally
similar to FA, has an addced advantage of its structural
homogeneity, because it is a product of a well defined

polymerisation process,

Experience from liberal use of the organic
chemicals in more advanced countries has shown that
a boul ol Larw can e dsane i Ll oo el prestmanen L
environmental and ecoimgicul dnage  if 0 their  use
is not carcfully controllaed. Gne ol the most important
properties of pesticides poriaining to the environment
is their persistence, which may be defined as thelr
"regidence time" in the soil. IF is now well realised,
that pesticides should pearsise in the soll long enough
to achieve the intended action but not longer than
desired, causing damage to subsequont crops or environ-
ment. Persisternice of soil applicd chemicals is related
te their structure, soil propertics and other environ-
mental factors like moilisture and bemperature. Conven-
tional methods of quantilying poersistence  through
periodical analysis of sail samples is  cwpirical
and cumbersome and not capable ol leading to unilied
concepts and possible forecasts. In this context,
the work initiated by Walker, U1L974 and 1976;) Walker
and Smith, (1979} to deduc. :mall mathismatical models,
based on  experiments  wilh ool s, incubated  in the

lTaboratory under well delinest ¢ additions, to predict
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pesticide residucs in o ficld conditions is  of
yreat sighificance, The  present day  avallability
of sophisticated computers c¢ven in developing countries
nolds out a qgreat prdmiae 2> trst these hypothesos
and models, with the aim of using them for predictions

under field conditions.

Tl prasont. e Uil ko Woi s urslerbalkon
keeping in mind the above priovitios. Attempt has
been made Lo make a begimmiag ta these frontier areas,

which are still nebulous and need more attenticn.

Metoxuron and Tebothiuvwron, which are substi-
kuted urea herbicides, wors chogen  as  models 1or
the study. ‘Their choice in b current investigation
stems from the fact that they rewmain structurally
neutral and unaltered over a wide range of pH conditions
prevalent in soils and are free {rom other complications
like  hydrolysis, oxidation and  isomerisation which

may vitiate the results.

The substituted areda o herbicides  are of
recenlt origin and  arc pow  wiicdy  uced in dodia and
other places as scil applicd herbicides for control

of broad leaved weeds and gras:c,

The present dovesth jabiotn was  undertaken
to study the physico-chewmiocai  mpects of interactions

of metoxuron and tebullhilure with soil colloidal



constituents with the following objectives.

I To study the  wechanism  of Anteractions
of metoxuron and tebuthiuvron with homeionic clay
suspensions and  to  evalual.  Lhe  role  of axchange

cations on thelr adsorption,

I To study the nature cnd quantum of adsorption
of metoxuron and tebuthiuraon on homoionic resins

as model adsorbents,

ITT To synthesize awl characterize polymaleic
acid (PMA), a model organic polymner and study 1its
interaction with homoionic montmorillonite and also

with cationic resins,

v To prepare modao 'l clay-organo complaexes
with c¢lays by the interaction of PMA with homoionic
montmorililonites and to study the nature of adsorption

of metoxuron and tebuthiurovn on thuse comploexes,

v To study the poersistonce of metoxuron  and
tebuthiuron in two differoent soils keeping in  view
Walker, (1974 and 1976} and fawaker and CGoring {(1976)
model of using laboratory incubarted solls for predic-

tion of residucs In soldil, el

Vil To study the nators nd gquantum of adsorption
of meltoxuron and tebuthiwon  on individual mineral

and organic c¢olleids of four different soils from



Hyderabad and also on the whol. soils to assess their
individual and associative c¢il=cts on the adsorptioa

of these pesticides.,
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REVIEW OF L1 EHAURE

Existing statistics pradicts that pesticides
worth about 90 billion dollars are likely to be used
in 1990's in world agriculture as herbilcides, insectici-
dan and Fuwgicidest (Bhan,  Ladag Wl ridneswsn U hee ornovom b Ly
of the problem facing mwankind, in keeping these chemicals
under proper control so thal Lthey do not create more
problems than they are intended to¢ solve, The interac-
tion of these chemicals with so0il colloidal constituents
viz.,, clays and organic mattcer 1i:3 an important factor
affecting the fate of these clhemicals 1in  the soil
environment. In spite of two decades of research,
there is lack of precise information on clay - pesticide
interaction, clay-OM interaction and the role of clay-
organic complexes @n the adsorption of pesticides
and their bicavailability. The romplexity of natural
organic matter precludes a clear understanding  of
interaction bhotween them  and  ciays and pesticides,
Hence, model 'polymers like Peivmaleice aAcid (PMA) are
considered useful in getting a more fundamental knowledge
about these interactions., Raliable nebhods of predicting
residues in field from more proci: 2 and simpler studies
on the lahoratory idncubated =oil. will go a long way
Lh aluating and cosbating micoy of  the environmental

16
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problems which have now surfaced, due to extensive

and sometimes indiscriminate us¢ of these chemicals.

This review pertains wmostly to the factors
mentioned above which have formed the basis for defining
the objectives of this investigation. The review

is organised under the following hcads

1. General structure and properties of substituted
urea herbicides with e¢mphasis on metoxuron and

tebuthiuren.

2. Physico-chemical studies on the adsorption of

herbicides with soill and ilrs constitutents.

3. Factors affecting adsorption-—-desorption of herbi-

cides

4. Mechanisms of adsorption of herkbicides on clayb,

organic matter and soils

5. Characterisation of humic =abstances

6. Polymaleic Acid as o wexiel for soil Fulvic acid
7. Clay-organo complexes

8. Adsorption of pesticides on clay-organo complexes.

9. Persistence of pesticides in soil
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2.1 GENERAL STRUCTURE AND PROPERTIES OF SUBSTITUTED
UREA HERBICIDES =
The substituted urea herbicides may be conside-
red as derivatives of urca, the First synthetic orgﬁnic
chemical. Most of these hecbicides are relatively
nonselective and are dircotly applied to the soil.,

However, some are active through the foliage.

1he general SUrLCLure of asymmetrically

substituted urcas is as follow:w

R,

y i} =

u\ " e
P R AN

R “Ry

where Rl represents a non-halogenated or halogenated
aromatic hydrocarbon or hoiciocyelic molety  ands R,

and R3 represent alkyl/H growups.,

In general, substituted urea herbicides
exhibit intermediate melting 1ranges, low water solubi-
P dsaid il Vond et Jrb e, Plhiesiser  paapel Llcoo,
begsides determining their usce in the field, may also
affect their behaviour in various biological environments.
These herbicides are stabic towards oxidation and
hydrolysis under conditioons normally prevalent  in
agriculture. The water and  Llipoid solubilities of
these herbicides are greatly changed by the successive
substitutions of hydrogen on Uhe nitrogen groupsf by

a varlety of substltuents {(Wortuviong, 1379},
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Inhibition of Hill scacrion of photosynthesis
is generally acknowledged as the primary site of action
of urea herbicides, This dovolves Lhe Sibte of  Ooxygeun
evolution in photosynthesis-I11. This prevents the

formation of ATP and NADPH which are required for

C02 assimilation {(Rao, 1983).

Two urea herbicides viz., Metoxuron and Tebu-
thiuron were selected for study, in the present inves-

tigation. Their structure ond detailed properties

are presented below.
2.1.1 Structure and properties of Metoxuron :

Structural formula :

cl 0O CH
- “ ,/// 3

CH0 wmmeed? Sl = C = N
- CH3

I.U.P.A.C. Name : 3-(3-Chloro-d-methoxy phenyl)-1,
l-dimethyl araa

Molecular formula : Cio '3 O N0,

Molecular weight : LugL

Trade name : Lssenes wop.

Appearancoe : colonrloess eystalline powder
Melting point : 126-127°C

Vapour pressure : sL0 R 10—8mm Hg at 20°C
Solubility : b8 dg/L water at 24°C,

Soluidle in acetone, hot

clhenol and cyclo hexarnone,
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Mode of action

Uses

2.1.2 Structure

SLructural formula

I.U,P,A.C., Name

Molecular Formula
Molecular weight

Trade nane

Physical appearance
Meliing point
Yapour pressure

Solubility

and propecties of

14
: Inhibits Hill reaction
: Selective herbicide pre and

past emergence in celoeals
and carrots against black—i
grass, silky bent grass,
wild ocats, rye grass and_
most annual broad leaved
bosaqe @ 1.2 to;

weeds,

3.2 kg.a.i./ha.

Tebuthiuron

e N CH

«
0
L~ (Leornatyt -1, 0,3, 4-Lhiadlanol -
2oyl )=, d=domathyl urea

L.9Ii1i1r44aln

2:8. 3z

Perttaa (Burope) Spike (U.S.4.,
Catradda )

Colourtess crystals

16L.% 1o L& 1°C

2.7 107 %a ily at 20¢C

2.3 g/h water at 2heC

6.1 g,/L bencene L70 g/ methaiol

b sl e e {alloarn 2Lv)
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Mode of action Soil herbicide with low selecti-

vity; inhibits photosynthesis,
Uses ;. Total control of herbacecus and

woody plants in non-croppoed areas;

control of woody plants in grass-

land aud pastures.

Some other members of substituted urca herhici-
des are:
Methabenzthiazuron [l-(benzcthiazol-2-y1)-1,3,-dimethyl urea}]
Isoproturon Pi-{Ad-lsopropy ]l phreny Y- 1.0 dimethydl nreal]
Mets bromuron [ 3=-(4-bromophel)-l -nothoxy-l-methyl ureal
Linuron [3-(3-4-dichlorophenyl)--l-mcthoxy-1-methyl ureal
Monolinuron [3-{(4~chlorophenyli~l-methoxy~1l-methyl

urea]

ol
Monuron [3—(4*chlojbhony1)—J,I~Jimethyl ureal

2.2 PIYSICO-CHEMECAL Syt OH THE ADSORPTION OF

HERBICIDES WI'l'tI SOTH Al 1S CONSTIT'I'UENTS

Several Ffactors are FEnown to o influcnce  the
fate of so0il applied choemiouals. ALl soil  applied
organic chemicals must eventually be altersd to hecone
a part of the so0il comploex. brtalicd physico=-chemical
studies on the interaction of norbicides with physical,
chemical and edaphic factows ¢ soit, can successlully
reveal the actual behaviour and fate of soil applied

S ITERRETTY NI
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Among the several factors which are  known
to influence the fate of soil applied chemical, the
predominant ones are 1) Adsorption-desorption equilibrium
of the chemical in soil, 2} Persistence and degradation,
3) Transport properties and 4) rlanl uptake. Adsorption
directly or indirectly controls bhe magnitﬁde of the
effect of all the other factors, and is of prime impor-
tance. Adsorption is a suriace phenomenon, which
reduces the concentration ot so0il applied chemicals
in soil solution, thus rvonds cing oaly a part of the

applied chemical available (o the target species.
2,2.1 Adsorption isotherws :

Among the various depproiacbes  to the  study
of adsorption phenomenon, adsorption  isotherms have
been cextensively used. An adsorplbion isotherm represenls
the relation between amount of herblcide adsorbed
per unit weight of adsorbenlt aad (Lo equilibriam concen-—
tration of herbicide i1u solubtyon a0 constant Lompova=-
ture. Thus the adsorption isutherns are very usceful
in quantifying the extent of advorbed pesticide available
oy L hier bBastsgerl, Phospsnefoss Ui, YRR IR T | o e fmpaoi L aal

thermodynamic parameters Like the standard free energy

of adsorption, as also enthalpy and cutropy of adsorption

can be derived fffom the adscrplion data. The slope

of Lhe 1isotherm at any pouint gives some indication
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of the ease with which the species is adsorbed and can

give a clue to the nature of binding sites.

Giles et al. (1960) developed an empirical
classification of adsorption isotherms into four main
classes according to their initial slope (Fig.l). The
L-type curve, the "“Langmuir" or Freundlich isotherms are
the most common type of adsorption isotherms seen for
adsorption of solute on a solid from solution. They
represent a relatively high affinity between the
adsorbent solid surface and the solute, in the initial
stages of adsorption. As more sites in the adsorbent aré
filled, it becomes increasingly difficult for solute
molecules to find wvacant space on the adsorbent and

finally a virtual saturation of the surface occurs.

L-type S-type H-type

—

C-type
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The S-type isotherm.  are comueon when & the
adsorbent has a high affinity for the solvent. These
isotherms usually appear when the solute molecule
is mono-functional, has moderato inter-molecular attrac-
tion and needs a strong cowpetition for adsorbent'
gsites from molecules of solvent or other adsorbed
species. Recognition of such isotherms are of fairly
recent origin in soil systoms and have beon repofted
by Gaillardon (18%75) for adsorption of terbutryne
on Ca-montmorrillonite, hy Obulapathy (1977) for adsorp-
tion of humic acid on cation savurated montmorillonites,
Saroja Raman and Ranga kao {14984} and Shea and Weber
(1L983) for the adsorption ol [ luoricone on  mineral

clays.

The C-type curves indircate constant partition-
ing of the solute between solulion and adsorbent right
upto the maximumr possible adsoaption where, an abrupt
change to a horigontal plaloia way wocur, This typua
of adsorption is not usually ciscerved in soll-pesticide
interactions exceplt when highly non--polar  compounds
and soils with high organic malbter are invelved (Chiou

et al., 1979).

The H-type curves oo rara and ocour  when
there is a wvery high aftinity between he solute aud

the solid surface. This is a special case of L«shéped
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curve in which the solute has such a high affinity;
that, in dilute solutions il 1s completely adsorbed;
or at least there is no nmeasurable amount remaining
in the solution. The initial part of 1sotherm 1is
therefore almost vertical. Such igotherms were obtained
for the adsorption of paragquat .nd diguat on Na-or
Ca-montmeorillonites and on I<en peat (Calderbank and

Tomlinson, 1969; Khan, 1974).
2.2.1.1 Mathematical models for adsorption :.

The adsorption of organic chemicals on soils
is generally L-shaped and hecnee Freundlich and Langmuir
adsorption equations have becn normally used to describe
the adsorption of pesticides by soil, organic mattov
and clay minerals 1in a majoricy ol published reports.
The Freundlich equation 1= puecly cwmpirical and  can

he expressed as

X "
——— = Noh
KF
m
where x
~—— = amount adsorbed pev unlit mass of adsorbent
I
C = equilibrium concentration, «nd o I8 a coastant

which is less than 1. The epuil ibrium constant 'KF'

is related to strength of binding tnd depends on Lempe-
rature. a and KF are determined from a logarithmatic

teonstormat ion oF Fhe vapniat rea, whiie e in Pinenr

log x/m = 1bg Kp + o log C
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The Freundlich isoltherm implies that the

heat of adsorption decreases logarithmically as the
fraction of surface covered increases. This is attribu?
ted to surface hetercgencity. The empirical nature
of Freundlich equation 1s shown by the fact that no
limiting value o0f the surfuce. concentration of the
adsorbate is approached as the eguilibrium solution
concentration of the adserbale 1is  increased. Thié
is hardly a reasonable conclusion since any adsorbent
should have a limited amount of surface and, hence,
maximum for the amount of adsorption that can occur}
However, although the PFreundiiclhh oquiation has no esta-
blished theoretical basis, il woills well for interme-
diate concentration in mosl c¢asces and 1s frequently
used 1in comparing the adsorption behaviour of a series
of adsorbates, on soil. Since the concentration of
pesticides hardly. reaches a coucentration of a few
ppim in soils, the theoretical constcaints for Freundl ich
equation, do not pose any preslem  in interpreting

the practical situation.

Many scientists have successfully upplied
Freundlich equation to the sltudiss concerning adsorp—
tion of substituted urea herbicides on soll organic
and mineral fractions.

h.apovt ed
Thus Bailey et ai. {lﬁhau-that the adsorption

of 3-phenyl urea, fenuron, wonoron, diuron on H-  and
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Na-montmorillenite confirmed Lo Freundlich  equation,
Grower and Hance (1970) usced Freundlich isotherm to
compare the adsorption of Jinuron and atrazine on
soils in three different soil to waler ratios. Carvelll
et al. (1975) expressed the adsorption of five substitu-
ted wurea herbicides in torms of  FProundlich K-values

and showed the following order of wdsorption:
Fenuron < monuron < diurcn < linuron < neburon

Usoroh (1976} while ~tuadying  Lhe adsorption
of linuron on sotils, ahbboadned rreundlich K-values
ranging from 34 (for soilg with Llow clay & OM) o
109 (for so0ils of high ciay & ORM). Shive and Wang
(1977} expressed the adsorptivn of monuron and diuron.
on Taiwan sugarcane soils in Levms ol Preundlich equation;
Peck et al. (1980) expresscd the adsorption of diuron
on fresh water sediments 1in Calilornia in terms of
Preundlich K-values and correlat ed the adsorption
with other so0il constituenis. Rawralya et al. {1982}
obgerved the adsorptien ot terbutryne on different
howmoionic c¢lays to  follow  Preandlich -and  Langmiuir

adsorption isotherms.

2.2.1.2 Langmuirc adsorption cgqualion :
In contrast to Freundiich  equation, the,
Langmuir equation has a sound conceptual basis, It

was developed for the adsorption of gases on solilds
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using the following assumptions

1. The energy of adsorption is constant and indepen~'

dent of surface coverag..

2. Adsorption 1is on Jloculized sites and there is

no interaction between adsorbate molecules.,

3. The maximum Aadsorplicn  posgsaible bs that. o o

complete monolayer,

The Langmuir equation way be written in-

the form of

Where A 1s the amount of substance adsorbed
per unit mass of adsorbent, V is the adsofption at
full monolayer surface coverage per unit mass of adsor- |
bent, KL is the equilibrimwm c¢onstant or constant

related to binding energy, and ¢ is the egquilibrium
0

concentration. KI can also be writteon as KI = ooy _1
1-9 C
whore 8 is i1he Fraction of Ul siarn bone coverad, s
at & = 0.5 which is also the stase of unit activity
1 . c .
for the surfale, K, = - - where ¢ _1s the equilibrium
L (o.s U.5

concentration at 0.5,

In gencral the l.oignmuis ayguation  1s  notl

successful in  predicting ad:orplb:ca from solutions
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as it is for gases, For solil, tie failure of Langmuir
equation is often due to untanzbilifty of the rigorous
assumptions especially the Lhowogenelity of  adsorbing
sites. Nevertheless, it has boen  sometimes used  in
quantifying the adsorption in soils, although the
exact significance of the conslants V and K, may not

L
be strictly valid.

2.2,1.3 Mathematical models for S-shaped isotherms =

Pherae has been no report on the mathematical
Cllaraclecisation (74 thesileogaend b lyere g, Sogihpaad
isotherms are infact a combination of Lthe Freundlich
type A = KC%* where a is > 1 in initial stages and
< 1 in later parts. Quantitative!y an S-shaped isotherm
represents an initial slow increase 1In adsorption
followed by a steep rise and ending with a slower

increase and finally a levelling off in adsorption,

An attempt was made by Saroja Raman (1981)
to mathematically characterise a complete  S-shappd
isotherm from an analogy of the growth curves of crystal
growth or heterogenous precipitation of a sparingly
soluble substance from a salucalwd  solution. The
similarity lies purely in the @ bape o growth  curves
in all these cases, so that gimilor mathematical equation
can be applied. Thus equation-i was used to describe

an 5- aped lsotherm.
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e = k£ 3y
de

where %g—is the rate of  iccrease of adsorption
sites with concentration and f is the fraction of
herbicide adsorbed at equililriwm concentration 'C',
'*f' is calculated as the ratio of the actual amount
adsorbed to that adsorbed al maximum surface coverage.
Accordiny to this, the factor f2/} may be considered
as o Funelion of Fhe oo Poee atready covored  wilh
the organic compound and (1-t) s the fraction of
solute present in solution and <iffective in adsorption,
Egquation 1 satisfies gqualitatively the events in S§-
shaped isotherms. At very low concentrations in solution

f -—» 0 and so the rate of chunge of adsorplion sites af

de
also tends to become zero. Similarly at high concentra-
tien in solution ¥ — 1 and so (l-f) —>» 0 and the
slope tends to become zero. 1In the intermediate concen-—
trations both  and (l-f) rcindorce adsorption  and
there is a sharp increase in adsorp.tion. The concribu-
- 2/3 _ . e et t :
tien of 1 term represaents  the cooperativity of
the fraction of solute already adsorbed. The constant
k' dis  Ltho specific adsorplion rate and decide:s the
ease with which adsorption occours  from solution., o

obtain the value of k, the intograted form of cguation-1

was used (Sarocja Raman, 1981},
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Saroja Raman and Ranga Rao (1984) applied this equation
to the adsorption of methabenzthiizuron on six soils.

of Hyderabad and obtained K values ranging from 0.0700

to 0.975ngulmL.

2.3 FACTORS APEFRCITING ADSORPTION-DESORPTION
OF HERBICIDES IN SOGILS

Sluce high specilic ot o area ds assoCialed
with small particle size, the c¢clloidal fraction of,
s0il is the dominant factor in the adsorption-desorption
equilibrium of herbicides in soil. Thus, clay minerals
and organic matter fraction are the most important

in the adsorption of so0il applied organic chemicals.

2.3.1 Type of clay minerals :

Clays are the nmnost ilmportant soil mineral

constituents in adsorption because of their abundance
aﬁd their surface properties. The 1 ¢ 1 minerals,
primarily those of kaolin group, because of - their
low CEC and low surface arca, have very small adsorpticon
capacitices. The 2 : 1 expansible ninerals like smeclbites
and vermiculites which are held rtogether by Van der
Waalk forces between the adjacent planes  of oxXygen

and are relatively weukly bonded md can expand, hava
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high CEC and surface area (Khan, 198U}, As a result,
the extent of adsorption 1is sufficiently high to be
readily measured, in many cases even the spectra of
~adsorbed molecule may be observed (Russell et al.,

1968).

The greater uptake by wmontmorillonite as
compared with illite and kaolinlce 1s partly due to
its larger hydratable surfacc (Thing, 1974). Its
capacity to  take up  herbicide  1s greatly enhanced
when organic species can poenctral-s bhe interlayer
space of the mineral. However, only o limited interlayer
penetration could be expected with non~ionic s 1like
metoxuren and tebuthiuron, unless the silicate layers
have already been separated, oo 14 the case of Na-
montmorilionite in water or salt :olutions. Farmer

and Phlrichs (1969) reported that phenylures herbicide adsorp-
tion by montmorillonite may be sttriboted to an interac-
tion of the carbonyl of the hevbhicide with exchangeable
cations on the external surfaces and with edge aluminum
groups because phenylureas ware not. adsorbed in  the
interlayer space and, therclons, did nol have aceess
to the exchangeable cations in the interlayer space

as adsorption sites.

Petkova (1978) showed Ghat eclay wminerals

bentonite and kaolinite adsorbed procciryne and reduced
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its phytotoxicity but for other herbicides 1like fluome-
turon and metobromuron, these clay minerals have littl@
effect in reducing phytotoxicity. Chang (1978) corre%
lated the adsorption of simazxine and linuron witﬁ
clay content of soil, He showed that the soil mobility
of herbicides decreased with increase in the clay

and organic matter content.

Terce and Calvet (1978) found that the adsorp-
tion of MONULron, isoproburon, nethabenzthiazuron,
atrazine and terbutryne was haqghier in smectite followeé
by illite and kaolinite. Meoyer et al. (1979) observed
that sorption of chlé%ﬁlnrnn, mcthabenzthiazuron and
terbutryne decreased with .sncrease 1in  clay content.
Patterson and Buchanan (14980) showed that highest
adsorptidn of fluometuron ococurred in a loam, the claQ
fraction of which contained 0 paer cent montmorillonite;
The non-expanding 2 : 1 mincralils lite illite and chlorite
(2 : 2) are intermediate in odsorption capacities
between 1 : 1 and 2 : | cuxpending types. Weber .gg
ol (1974) rvoporbed that the aibaaption of 1 baome nn'n:':.

was greatly modified by montmorilloasite.

Yuen and Hilton (1%62), while studying the
adsorption of monuron and Jdivvon on Bawaiin sugarcane
soils, showed that adsorplion of monuron was highest
in those soils in which wmontmorilionite was the major

clay conskituent.
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Mustafa and Gamar (197:2) concludad that
CEC and specific surface area of the clays are the
most important factors determining the adsorption
of diuron and possibly other substituted urea herbicides

in the arid zone soils.
2.3.2 Charge density :

Charge density plays an important role in

adsorption, but in most cases, the total charge and

surface area are more important than the surface density
of charge in adsorption of herbicides. ~Though, no
' the

specific reference is available on/ influence of the
surface density_on the adsorpltion of substituted ureas,
sufficient evidences are there which veveal the influence
of charge density on adsorption of cationic herbicides,

like Dbipyridilium herbicides (Wood and Weber, 19%68).
2.3.3 Orientation of adsorbatae :

It was found that saturatoed and unsaturated
ring compoundslform two main typea of complexes depending
on whether the ring lies parelles to 001 axis of mont-
morillonite or paripendicular Lo it {(CGreen -——- Kelly,
1955). Greenland et al v [562) round that adsorbed
l-n-alkyl pyridiniuwm c¢ations normaily lie along the
surface of montmorillonite, adsovption of larger amounts

of these ions giving rise to two Lo three layer complexes.
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Weed and Weber (1968) reported dygy. spacings
of 12.8 to 12.%M for montmorillonite saturated with
paraquat and diguat indicating onc layer complex with

the rings of organic cations parellel to the clay.

2.3.4 Nature of Adsorbate

Bailey et al. (1968) shoved chat theﬁproperties
of adsorbate that affect adsovplion are chemical
character, shape and configutation, sclidity or basicity
of molecule, water solubility, c¢harge distribution,
polarity and molecular size. ‘“he nature of functional
groups determine, whether o compoound 18 acidic  ov
basic and indicates its ability v hydrogen bonding
or coordinate covalent bonding. The nature and position
of substituting groups may affect thoe ability of molecule
to undergo intermolecular fhvdrogen  bonding. Raman
and Mortland (1969) concluded thal  proton transfer,
from protonated sgpecies adsorbad oL the eclay surface,
to an uncharged molecule dependend: upon the relative
basicities and concentration: ol  the reactants and
products. Molecular sive and .shapg have a profound
effect on adsorption, especially wheire access to binding
sites 1s restricted by the dimensions of the pore
openings, and where one modocute ol a0 chavged adbonbatg
species covers more than an cyuivalent number of charged
sites on the adsorbent surface (Creentand and Hayes,

1978).
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2.3.5 Soil reaction :

Bailey and  Whi (Luid) postulated that
the eeffect of pH on the ad:orpiicn of a particular '
hecbicide may be related to LlLa doeqgree ol dissucjution.
or association with protons. Yhiz would affect the
amount adserbed and the stiongth with which 1t is
held, since the energy and whe changes of adsorption
may be vastly different for the dissociated and associa-

ted forwms.

Bailey et al. (1963} showed that many urea
herbicides (fenuron, monuron, diwmron) and s~triazine
herbicides were adsorbed more by the highly acidic
H~montmorillonite (pif 3.3) thian near neutral Na-mont-
morillonite (pH 6.8). The reaction of urea with acid
montmorillonite gave evidence of proeotonation of amino
group and subsequent reaction wilkh silicate surface.
Increasing the H™ ion concentration in solution was
found to favour an increase in Lhe adsorption of certain
substituted ureas on celluluse by Cogglns and Crafts
{(1959). Gaillardon et al. (1980) found that the adsorp-
tion of certain phenylurea herhbicides (diuron, linuron,.
metoXuron, igoproturon) by  bhuawmic  acid increased as
the pH decreased. They attributed this to the establi-
shment of H-bonds betwecen hoerbicide molecule and the

undissociated carboxyl group «Ff huni-l acid.
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Bottger et al. (1977) rLouand that the adsorption

of MBT and chlortoluron was unabf.octed by plh. Weber
(1980) found that adsorplion of buthidiazole, VEL-
3510, tebuthiuron and fluridore increased with decreasing
pH suggesting that the adsorption mechanism was molecular
under neutral pll condition and ionic under acid condi=-

tions.

Saroja Raman and  Langa  Rao  (1984) found
that decreasing the solution pH from 7 to 5 resulted
only in minimal increase in th> adiorption of methaben-
zthiazuron, Saroja Raman and Reddy (1987) reported
that the changes in pH of so0il solution did not modify
the adsorption bhehaviour of isoproturon significantly

because of its non-ionic nature and low pKa.
2.3.0 Temperature :

Adsorption 1is generally an exothermic process,
and hence the higher the tenperature, the lower the
adsorption (Harris and Warrcn, 1964). Temperature
may also influence the adsorption through its effect
on soclubility and vapour pressure. linder some situations
an increase in temperaturc mday increase the adsorption
(Freed et al., 1962). The: variation in  temperature
affects surface - solute intoraciions as well as water-
solute interactions. It is the bilance bhetween these

two effects which detcrinin..: il observed behaviour
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and this may result in adsorpLion increasing, decreasing
or remaining unaffected, with &n lncrease in temperature
{(Calvet, 1980). Studies of Puck et al. (1980) indicated
that adsorption of diuron by fresh water sediments
decreased as the temperaturc incraoased from 5%°C to
40°C. Burns et al. {1973) dJdudt nob observe much change
in the adsorption of paragnat on humic acid over a

temperature range of 30 - 70¢C,

Kausalya et al. (i982)  found a decrecase
in the wvalues of equilibrium constants with temnperature
for the adsorption of terbutryas on a series of homoionic
montmoerilleonites, Gupta ol &l. (1985) reported that
adsorption and Freundlich & decieased  slowly  with

an increase in tewmperature f{for toerbutryne on soils,
2.3.7 S0il Orqganic Malktoer

It is well established from several studies
that scil organic matter pilays a major role in the
adsorption of herbicides. When it is more than six
per cent, it is the only luactor that governs adsorption
(Stevenson, 1976}, Even for soilu with low organic
matter it is often the most Jjuwportant factor governing

the adsorption.

There are a number of reports in literature .
about the positive effect ol orgunic matter on the

adsorption of urea herbicides. The  adsorption  of
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urea and a number of its derivatives by different:
soils was 1investigated by iance (1965). He found
that organic matter content is ihe only soil property
that could he related to adsorption Capacity. Linuron
adsorption by ten New Jersey soils was generally higher
in the A than the B horizcu indicating that organic
matter may play major role in aduorption (Mac Namara

and Toth, 19%70).

Bottger et al. (1977) showed that the adsorp-
tion of methabenzthiazuron and chiortoluron increased
with increasing organic matter content of soil, The;
rate of adsorption these two horbicides were uwnaffected
by ph. Chang and Stritske (1977) observed that the.
adsorption was more in soil having high organic matter
conlbonlt  and  Jdoseaplion ware mee Al ieall i puidp |
having high organic matter content than in the soils

with low organic matter content.

Meyer et al. (1979} in their examination
of the behaviour of methabenszthiazuron, terbulryne
and chlorxtoluron showed Lhat sorption increased with
increasing organic matter c¢onlent but decreased with
increasing clay content, Gajanan (1978) found that:
adsorption of simazine, monurcon and 2,4-D were influenced
by the organic matter contcenl, il aad nature and amount
of clay content in the soil. Chang (1971) in trials

with clay loam, loam and sandy lowus soils found that
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adsorption of simazine and linuron ccrrelated positively
with so0il organic matter and clay contents. Peck
et al. (1980), in their experiments with the adsorption
of diuron on fresh water sedimenis, found that Freundlich
constant K was positively correlated to the amount
of organic carbon present. Patterson and Buchanan

{1980) found that adsorption of ]4C—f1uometur0n was

greatest 1in soils with hiyh organic watter content
and montmorillonite., Petkova (198l) correlated adsorp-
tion of metobromuron and flucmeiucon with soil texture,
the gquantity of loamy fraction, organic matter content
and the specific surface arca. Chang (1981) found
good correlation between the adsorption of diuron,

isuron, monoisuron with soil organic matter content.,

Saroja Raman and Ranga Rao (1984) observed
a positive and significant correlation for the adsorption
of tribunil with the soil organic matter content in
six soils from Hydcerabad, Kosak and Weber (1983)
found that soil organic matter content is  the most
impoctanlt factor influencliyg il adiorption of metabro-

muron, monolinuron, linuron and chlorbromuron.

Briggs (1881) relaced the adsorption of
several non-ionie  organic  chowiesls  dncluding  urea
herbicides from 17 Australian soils to the organic
matter content of solls. itoeddy  (1984)  reported a.

significant correlation hetworn  Freundlich K values
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and the organic matter content for adsorption ©Of

isoproturon on different soils of Hyderabad, Similar .
results were reported by Saroja Raman and Laximinarayana:
{1986} for the adsorption of atrazine and isoproturon

on 16 black and 1l red soils fFrom Anchra Pradesh.

Savage (1973) found thLat there was no signifim'
cant linear correlation betwueen adsorption of chlorbro-
muron and soil texture, organic matter content, pH
or water holding capacity. Carvelli et al.  (1975)

did not find direct or exponential relationship between

the Freundlich K values and soil orgunic matter content.
2.4 MECHANISMS OF ADSORPYTICN ON CLAYS

It has been customary to describe adsorption
as physical adsorption and  Chemisorption, depending
on the strength of the forces that bind the wmolecules
to the surface. Physicéﬁ adsorption usually involve
weak forces like dipole-dipole inturactions, Van der
Waals forces, dispersion forces ekce., which are short
range forces and result in inteyaction or binding
energy of < 80 kJ mole-l. Physical  adsorption s
guenerally  nol oyienbad  gpocalicad by ool ave aoan b by
spread over the polar and non-polar regions of the
molecule. Although indivicdually Llhwey may boe weak,
their spread over a number of alomie conlres and bonds,

brings about strong attachement of the adsorbed molecules
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to the adsorbent.

Chemisorption on the other hand involves
much stronger forces like ionic bonds, direct ion-
dipole bonds, ligdnd exchange, hydrogen bonds which
involve binding energy of » 80 kJ mole_l. Chemisorption
takes place at specific adserption sites and generally

involve an activation energy.

The mechanisms of adsorption of pesticides
on clays have been already rioviewsd by Mortland (1970},
Green (1974) and Sposito (1731},  Since c¢lay minerals
constitute considerable  acotive diles  within  which
the negative charges are bualanced by cations, Lthe
adsorption of organic chemicais Lo clays are invariably
mediated through the exchangoe cations and can be termed
as most by chemisorptiou. I'n avdition to adsorption
on the edges or the axternal surfaces, oxpansible
minerals like montmorillonites &nd vermiculites can
also give rise to interlayor adsorption of organdg
chemicals, when condition:s: are favourable, Thus,
the nature of cations and cvhe  hydration status of
the system Dbecome highly imporcant in  determining
they oxtent and nature ol bl ton b opaoavice choemioal s

on clay minerals.

Phe exchange cations on clays can be broadly

divided into two classes 1) the main group cations,
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with filled ionic orbitalgs 1ike atkali, alkaline earth

ions and A13+ which have filled inner orbitals and
L. . - L2+ L2+ b+

2} transition metal dons like Cu™ , NLT, Co? and

A w . . _ . X

AT whiocly hnwve: YNTENTIN G ul v bt sl s willy v gy

d orbital electrons. The forwer guenerally acl through
their polarizing power. Russall et al. (1968) found
protonation of 3-amino triazole to increase in the
order of ca?t < Mg®t < a1?" and ateributed this to
increased polarizing power of «c¢ations. The latter
can form strong ligand oxchange bonds or coordination

bonds which can be considered as direct ion interaction

with ligand dipole.

Binding of polar pesticides to clays is
mainly electrgtatic in nature which are generally
stronger than Van der Wual's Lorces, These can  he
broadly divided into 1) 1lonic Dbonds 2} Cation-dipole
and coordination or ligand exchange bonds and 3) dipole-

dipole bonds.
2.4.1.1 Ionic Bonds :

These are i1mportani. for cationic pesticides
like paraquat and diquat and siso Lor basie pesticides
like +triazines which can L& proleonated at  low  pH.

Cation exchange occurs in ihese ¢ases with exchange
cation on thoe clay surface such an
2

2 2+ N .
P" o+ M e clay oo pet mét

Tl - clay +
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y : S . 2+
where P2+ is the cationic pocticide ond M7, the exchange

cation,

In the case of Lasic pesticides, cation

exchange occurs bhetween protongted posticide and exchange

cations, Considerable protonation of pesticide can
x - L - .

occur in solution f the ph is lower than pKa of the

pesticide. Alternately, prouonation  can  also ocour

at the clay surface, where Lhe pil is generally two
to three wunits lower than the bulk. Protonation of
peasticide an clay  anrlace oo Lol place i thrue
ways :

i} exchangeable hydrogen ious protonate the base,
ii) water of hydration of a strongly electro positive
exchange cation like Al3+, may dissociate to produce

a hydrogen ion which can protosate the base.

Clay — M— (H,0) + B (="=%  Clay-M-OH + BH'

The equilibrium depends on the electronegati-
vity of the cation and pKa of the base. Fog exanple,
, . 34+ L 3+ ] . .
urea 1is protonated on Al and  Fo montmoriilonite

but not on Ca2+

or Na' montmorillonite {Mortland,
1968). iii) A proton may be transferced to the pesticide

from another protonated base o Towetr batiiciby,

Clay Bl oo+ B, Clay-n, It + B

1
Protonation of 3-amine triazole by Nl ~mont~

morillonice was shown by Russoll ol al. (1968).
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2.4.1.2 Cation-dipole and coordination bonds :

Calion-dipole inveraction refers to  direct
interaction botween the ocatiron and pesticide withouak
the mediation of water of hydraltion. This is possible
mainly in dehydrated clay adsorbat: systems upon exposure
to water wvapour or water, thoe highly polar and better

nuclecophile water displaces lLhe organic molecule.

The coordinate bond can be seen as an extension
ol dirveer ion-dipole dinloeactivoas invalving stircn\qéﬁr
orbital overlapping and eloectron distribution bebween
the metal and the ligand,. This type of bond 1s more

probable for the transition metal ions  like Cu2+,

Niz+, Zn2+ atc. The hagic didference  botween  loo-
dipole and coordination bond was domonstrated by Mortland
(1970) in the case of clay-amino triazine complexes.
While clays saturated with Al3+ released 73% in six
washings with 0.01lM MgC12 only 30% was desorbed from
Cu2+-clay. Ton-dipole or coocdin.tion types of intera¢~
tions have bheen noted for a wide group of polar molecules
viz., NH3 . Mortland, 14970 , urea and amides
(Mortland, 1966;  Tahaun and Mortland, 1966) EBTC

{(Mortland and Meggitt, 19606).
2.4.1.3 Dipole~dipole intcractions :

Dipole ~ dipole interactions are the most

important in the normal envivconment in which pesticides
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act. Most of the pesticides are polar in nature and
may compete for adsorption with water molecules.
In the presence of water, the oexchange cations are
in a hydrated state and divect lion-dipole interaction
is not possible, unless the ligand 1is very powerful;
Interaction between cation and poesticide is mediated
mainly through polarised wataor mo]ecules'"around thé

cation,
2.4.1.4 Hydrogen bonding :

It is a special type ol dipole-dipole interac-
tion in which H atoms scrve s a bridge between two
electronegative  atcms | Earlier studies have shown
that these are mainly associastedl with N-H and O-RH
groups and N and O atoms so thal most herbicide molecules
can form hydrogen bonds. Two linds of hydrogen bonds
have been shown to occur in tithe adsorption of organic
molecules with clays
a} between the adsorbed walLar molecules and adsorboﬁ

organic molecules, and

b) between surface groups and vrganic molecule,

Infrared results have shown  that  fli-bond
is associated more often with Uhe water bridge boetween
the exchange cation and a polar pasbicide.

- H
e Sy e - 0O-M Cla
> C =0 + I-I20—M Clay &= /J6t°~ N > Y
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As scen above, the topliailon nbatus ol callongs
are important in deciding the nature and extent of
binding of pesticides. It alsc assists in iInterlayer
penetration of pesticides due to expansion of the
interlavyer.
2.4.1.5 Interlayer penctration and hydration status of

clay minerals :

Hydration status of clay minerals 1s important
in deciding the nature and extent of hinding of pestici-
des. It also assists in interlayer penetration of
pesticides due to expansion ol Lhe interlayer, Thus,
Bowman et al. (1970) found Lhat 40 per cent moisture
was necessary for the entry of matathion intd.interlayer
space. it was shown by Schniteor and Kodama (1960)
in the laboratory that a 1ulvic acid would penetrate
the idnterlamellar regions of montmorillonite. However
a different example of ileporbtiaice of water at clay
mineral surface has Dbeen provided by Yarpn  (1978)
who demonstrated that theso was a decrease in the
amount of parathion adsorbed by attapulgite with an
increase in hydration statiw: oi winerval, The  hiqgh
adsorption in a dry system was altributed to the cffec-
tive competition of polar pavatbion molecules for
adsorption sites on clays. sut  in partially hydrated
systems, water molecules compels: with parathion for
the adsorption sites on clays vasulting in a decrease

in  adsorption capacity of autapulgite for parathjon
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2.4.2 Mechanism of Adsorption of Urea Herbicides:

The previous secction raoviewed in general,
the types of possible mechanisms of interaction between
pesticides and <¢lay mineral:. ‘The types of mechaniswm
that have been specifically poslulated by different
workers, for the adsorption of urea herbicides oﬁ

clay minerals have been reviewed in this section.

In the case of urca herbicides, apart from
physical adsorption, ligand excnange and H-bonding
have been reported by many workers to be the major
modes of interaction with olays. In addition to this,
protonation of amino group of these herbicides have
also been confirmed in the case of mainly " and A13+;

clays.

Mortland (1966) reported evidence For the
protonation of urea amino groups by the acidic montmo-
rillonite systems. I'his wan  proved by IR spectra
of the adsorbed urea, which was identical to its HCI
salt. Hance (1969, 1971) and Kban (1974) suggested
INTHE! pandbans b 3 00 sl SR [FIEE S DY Y P (VIS ST Y B RTFIY r|
to exchangeable cations on bentonite and montmorillonite.
They obtained the following scquoncoe for the adsorption

of linuron

a3t ) 2+
Fe > Ce4+ > Cu2+ > N12+ b3 CaZ{ (Hance, 1971)

2 e
a1?t 5 cu?hy wi?t > owt s mg?! (Khan, 1974)
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However, Farmer and Ahlrichs (196Y9) obtained evidence
for interlayer adsorption of doularaled urea on montmo-
rillonite through coovrdination of cacbonyl group with

the exchange cations.

Hance (10731} also sagagestod Lhal Lhe vesdalls
of adsorption of linuron with soils were consistent
with complex formation with exchangeable cations as

possible mechanisms of adsorption.

Purkayastha and Mishra (1985) reported that
the amount of methabenzthiazuron adscrbed by homoionic

ol -
20t > Mg?t > ca’t.

clay decreased in the order A13+ >
Thus the mode of adsorption was mainly due to polarizing

power of the ions.

The IR spectroscopic studies of Shive and
Wang (1977) showed that monuron and Jdiuron were adsorbed
on Mmic substances by c¢hemisorvptiaon. The study of
IR spectra of adsorption of ILhunron hy Czuchajowska
(1978) indicated that besides ligand exchange, H-bonding
of 1linuron to soil constituenls occurs, Senesi and
Testini (1980) obtained IR spectrousenpic data on  the
adsorption of some substituted utea Lerblcldes indicating
that the adsorption occurs ifovolving such mechanisms
as H-bonding, Van der Waal'sz Jurcces In substituted

urca-humic acid complexes, Gatidlaidon et al, (1980)
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attributed the increase in the Jadgorption of diuron,
linuron, metoxuron, isotoprocuron by  humid acid as
the pH diminished to the euatablishment of H-bonds
between herbicide molecules and the functional groups

not dissocliated with humid acid.

Majier-Bode and Harlel  (1981) indicated that
essential mechanisms of ©orptice to clay mincrals
are lion-exchange, protonation, formation of coordination
complexes and H-bonding. I the absorption of  Tinwroen
to clay minerals, the formavion of complexes with
exchangeable cationsg seems to play a wmajor role.

2.4.3 Mechanisms for the adsorption of herbicides
on organic matter ;

The complex nature of «0il orglanic matter
and the varied nature of oryane herbicides suggesl
that several adsorptien mechanisng could be operative,
frequently in combination. The plocess is more complex
than adsoerption on  clay wiseral:ss sioce  the  organde
surface is less rigid and il pfnperties vary with
the exchange population {(Weed and Weber, 1974}, Mecha-
nisms proposed by the various workeors as being responsi-
ble for the retention of hoerbicides by organic matter
include, a) cation exchange applicable for cationie
herbicides and those which can accept a proton (Bailey
and White, 1970); )  hydrogen  boading  applicable

where th -+ iIs an abundance oi  carboxyl, hydroxyl
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and amino groups present on the organic matter., Carboxyl
oxygens on herbicide may be bLoaded to amino.hydrogens
or hydroxyl groups on organic amatter. Bailey and
White (1970) and Mortland (1970} haye shown that more
complex attachment  involving hydrogen bonding may
consist of a water Dbridge hoelbween  an exchangeable
metal cation and the herkicide nmolecule as in  clay
organic systems, These walcir wolecules held by the
cation by ion-dipole bbnding < wond  te the carbonyl
oxygen of the herbicide molcecules by hydrogen bonding
which are not strong bonds and thus the adsorbed molecu-
les can be readily desorbed, <¢) Hon-polar Van der
Waal's f[forces though very weak operate in all adsorbent-~
adsorbate relationships {(Adawson, 1460). In this,
each atom of the molecule and obf an adsorbent contributes
to the total bond energy. Contribulion of these forces
increase with its parachor and also with 1ts capacity
Lo addagrl oy Phe soarfaco ol The codoonrbaend o ) T agonnd
exchange - incompletely cholatad Lransition metals
have been suggested as sites for such adsorption (ilayes,
.19?0; Creen, 1974) @) reacuicns  involving  stabla
organic free redicals i.e., molecules containing unpaired
or odd electrons have been shown Lo occur in relatively
high concentrations in  so0il  huwie matter (Steelink
and Tollin,L967). f£) Hydré}phobic Londing -~ Non-polar pes-

ticides or compounds whose molecules often have non-
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polar regions of significant size in  proportion to
polar regions are likely to adsorls onto hydrophobic
regions of so0il organic matter. Waloer molecules praesent
in the system will not compete with non-polar molecules
for adsorption on hydrophobic suviacos, The  patontial
importance of hydrophobic fractions of organic matter
for retention of pesticides was oited by Hance (1969).
This type of bonding may also be largely responsible
for strong adsorption of DDT and other organochlorine
insecticides {Stevenson, 19%G6). The association  of
non~polar pesticide with lipid f{fraction of humus might
be described by hydrophobic bonding (Pierce et al.,
1971). Non polar portions cof the lLuami¢ polymers and
hydrophobic molecules trapped wilhin the polymer could
also provide hydrophobic bonding siles for pesticides
(Pierce et al., 1971). Tha hydrophobic portions of
peats can significantly adsorb. phenyl ureas (lance,
1969; Morita, 1976}, The adsorption  of peéticides
involving this mechanism would b  independent of pH
(Walker and Crawford, 1968). Carringer et al. (1975)
suggested that adsorption of ifluomcturcon is hy hydropho=-

bic bonding.

Chiou et al. (1979) praposcd Lhat soil uptake
of the organic cowmpounds was o  s.nple partitioning
of these chemicals between hydrophol.ic organic matter

phase and water. The adsorption of neutral chemicals
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from water by soils £from tarope and North America
was best correlated with the .oil orgonice mqftor content
(Hamaker and Thompson, 1972}, bEriggs (1981) found
that the uptake of several pausticides including phenyl
ureas from ageocus solutionsg b? seventeen soils of
Australia was highly correlated Lo the organic matter
content of the soils. The sodil organic matter/water
distribution (Kom) for each c¢hemical was similarinall
the soils and could be proedicted fiom the Octanol/water
distribution {Kow) of the chuwical. An objection
to the concept of simple partibtioning of non-ionic
organic compounds between soll-organic phase and water
was raised by Mingelgrin and Jdersil (1983)  on the.
basis that so0il adsgorption of these  chemicals ave
nét often linear but may appuar linear at low surface
coverage. To overcome this Saroja hkaman (1987) indicated
the possibility of estimating the sorption capacity
of differant pactieTs giwe Dol bomee From a0 ke T oddge:
of their organic carbon content and I'reundlich constant
in a single or limited number of fractions. Dzombak
and Luthy (1984) have discussed the possibility of
predicting the adsorption oi a number of polyecyclic
aromatic hydrocarbons in soils, bused on so0il organic

carbon content and characteristics of organic cowpcund.
2.4.4 Mechanisms of Adsorption of Herbicides in Soils

The mechanisms  observed  [or the adsorption

of herbicides in soils are complex because of the
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adsorption on c¢lay and organic matter. ‘The main modes
of binding and various forces 1nfluencing adsorption
depend on the nature of adsorbate, type of clay, nature
of exchange cations etc. Besides, the adsorption
on clay organo complexes also needs to be considered.
Almost all types of mechanisws proposed for clay
and organic matter can be simultaneously operating
in soils. Excellent reviews have been written by
Spositc (1984), Calvet (1980), Khan (1980}, Greenland

and Hayes (1978).

2.5 CHARACTERISATION O HUMIC SUBSTANCES IN 50T ¢

Soil organic matter i1s a comnplex system consis-
ting of myraid of products, which range from undecomposed
plant and animal residues, tlhhiouwgh empirical products
of decomposition to fairly stable  amorphous black
to brown material bearing o trace of anatomical strue-
ture of the material from which it dirived., To simplify
this complex sysbtem, orgarnta warber is  divaded inko
Lwo groups + a) woon-humic  sube tances and b)) humic

substances.

Non-humic substances iLnclude  the  compounds
that exhibit still recognizabic chonicual characteristics.
Te this class of compounds boloanyg carbohydriaces, proteins
peptides, amino acids, fals, waxes, plgments and othev

low molecular weight organic substinces,
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The bulk of organic matter in most soils
consist of  humid substancoes, These  arce  amorphous,
brown or Dblack, hydrophilie, acidic, polydisperse
substances' of mmolecular weigyhts ranging from several
hundreds to tends of thousands. Based on their solubi-
lity in alkali and acid, humic =substances are divided
into three main fractions : i)} liumid acid (HA) which
is soluble in dilute alkaliue =solution but is precipi-
tated by . the acid. ii) Fulvie acid (PA) that which
is soluble in both acid and hare and iii)m the humin
fraction that can not be extracted in dilute base
and acid. Column chromatographic  Ltechniques have
been used to separate humic acids into more homogenous
fractions (Khan, 1970; Sehnatzen and  Skinner, 1968) .,
Purification of humic acids and fLulvic acids by adsorp-
tion on activated Charcoal (Sinha, 1971) gave fractions

of sufficient purity for analyiical works.,
2.5.1 Characterisation :

Humic substances arve <characterised on  the
basis of their elemental composition, functional group,
molecular weight, spectrail propetlies, X-ray analysis,

thermal analysis and degradation w:thods.

Elemental composition provides useful inventory
of the distrihution of major clements in humic substances.

Fulvic acids  contaln  less  coorbon and  nitrogen  but

-
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more oxygen than ﬂumic acids. A variety of functional
groups, including-COOH, pheno}ic I, enolic OM, quinone,
alcoholic OH, have been ropocted in humic substances.
Most methods for determining reactive groups in humic
substances have been based on acidic properties of
Lhe group involved. Khanr  and Sowden (1971) rveported
aspartic acid and glycine to be present in the largest
amounts with smaller amounts of alanine and glutamic
acid. Threonine, Serine, Vilire and Leucine were
present in the amounts equivalcent to half of thosge
of glycine or aspartic acid. Eanarjee and Mukharjee
(1973) reported fulvic acids o contain sugars and

amino acids in varying gquantities,

Excellant reviews on the characterisation
of humie¢ and fulvic acids are reviewed by several
workers (Gieseking, 1975; Schoivzer and Khan, 1978;

Stevenson, 1982).
2.5.1.2 Spectral Propertiocs :

Adsorption spectra i A and FA were feature-
less with neither maxima nos mjnimn; Higher absorbancc
at shorter wavelength was altribuiced to the increased
mobllities of electrons over ‘aromacle' nucleii  and
OVaY unsaturated structur iy vl pugated | wilh those
nucleii, The ratio of absorlauvens at 465 and 665 nm,

referred to as E4/£6 ratio, iHaes beoen widely used for
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characterisation  purposes. The  B4/ES6 0 ratlio  humic
acids are usually < 5.0; those {for fulvic acids from
6.0 to 8.5 (Schnitzer and Khan, 1978). According
to Chen et al. (1977) the best proccdur: for determining
the E4/E6 ratio is teo dissolve 2 to 4 mg of HA or
FA in 10 ml of 0.05 N NalCU, which gives optimum pH

3

range for absorbance measurements.

he 110 spectra provide  wndopwmatlon on Lhe
nature, reactivity and structural arrangement of oxygen
containing funcltional groups. Fulvice aclds  extracted
from peat and fractionated by aunion and cation exchange
resins showed the presence of aminoe groups. ‘the IR
spectral study confirmed the presence of carboxyl,
phencolic and amino groups (MacCarthy and O'Cinniede,

1974).

Electron spin  resonance spaectra of  humic
substances have revealed the occurrance of stable
free radicals. The origin of free radicals is unknown,
but quinone groups of various Lypus are suspect. The
technigque of NMR spectroscopy can he uscd as a research
tool in the study of soil organic matter (Stevenson,

1982).

The electron  microSeopiig studies provide
direct nethod for observing the oonficimational changes

in sizes and shapes of hwwie @ubstances  (Schultzer
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and Khan, 1972). Difficulties arise 1in examining
HA by these means, because the particles are transperant
to electron rays and can not Dbe easily distinguished
from the supporting £film. Flaig et al. (1975) have

made extensive studies on the morphological features

of humic acids by electron microscopy.
2.6 POLYMALEIC ACID AS A MODEL FOR SOIL FULVIC ACID

Despite a long history of interest and research,
the soil humic substances still defy & precise chemical
description, because of their inherent -complexity
and heterogeneilty, in (:onl:rar-;l_.1 Lo clays  which arve
crystalline and can be had inbure forms. Anderson
and Russell {1976) proposed that‘polymaleic acid (PMA)
could serve as a model for fulvie acid, after observing
remarkable similarities balbween Lhr two naterials
in elemental analysis, IR spectra and a  number of
hydrolysis products. Polymalicic avid  was  prepared
by the polymerisation of maleic¢ anhydride in the presence
of pyridine and washed free ol croess of  pyridine
with chloroform and acetcne. Thre similarities to
soil fulvic acid which were found to be especially
striking were : a) the occurreace ol vicinal carboxyl

groups readlly converting to auhydeides (b)) unsaturation

-1

which accounts for IR absorption bands near 1620 cm

On the basis of Ltheoir analytical data, they concluded


http://ac.il

that FA consisted of mainly PMA Lyp. structures,. Linehan
(1977) stated that PMA while tructurally similar
to soil FA, had the adduad advantage of structural
homogeneity, and suggested that il could he possible
to obtain structural modifications during the polymeri-
sation of PMA for better understanding of the relation-

ship between nature and growth Prowcting properties.

Spiteller and sSchnitzer (1983) reported
that there were lot of siwilarities between PMA and
Soil PA in a number of charactoristics, but  minoc
diblerenees vould boe obmicrwvoed e Do csmoesie, ! ll." ]G
spectra and in oxidation product:.. Compared to FA,
PMA appeared to be better organisaed and wore homogeneous

at the molecular level, richer in olefin structures

and less aromatic structures.
2.7 CLAY-ORGANOQ COMPLIXES IN SOILL @

501l is5 a complax systom comprising of the
surface reactive organic and .inorganic colloids. The
intricate manner in which scils are formed through
interaction of a number of factorg and forces, ensure
that colloidal clay and organic fractions do not exist
in pure form, independant ol each other, but, form
gihable clay-organo  compelese:. . They  exocl a0 poratound
influence on the soil envivonment by controlling  the

physical, chemical and Dbiological properties of the
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ceoil, Soil physical propertics like acration, porosity,
water holding capacity which depend on size and extent
of aggregates, wecathering process and soil formation
are largely affected by clay-oryanc complexes (Mortland,
1970). Similarly stabilisal o sned tmeobllization
of socil enzymes are known Lo tale place on soll clay-

organo complexes {(Ladd, 1978, 1385),
2.7.1 Bonding Mechanisms oi Clay-organo Complexes:

Mechanisms governiny Lin  reactions between
clays and known organic compounds and humic substance
have been reviewed by Mortland (1970), Greenland (1971)
and Theng (1979). The main wecnanisms  that relate
to reactions between clays aud lnuic substances are:
a) idon-dipole, anion exchanye rvoactions, b) ligand
exchange reactions and ¢} lhiydrocen  bonding. These
bave boeoen dlsaiinued inoa vl e 1 oy irezing (1)

(Table 1).

The role of Fe ' and AL’ at the clay surfaces
has been considered to be voery idmportant in binding
of HA to clays. These lons form jolyhydroxy complexes
which can be protonated below pH 8.0 and can associlate
with organic anions through columbic forces. At highex
pIt  they can facilitate anion ex-change with HA  and
FA. Alexandrova (1981) stuwdied the humic complexes

in soils and reported that Ul organic part of organo
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Table 1 : Possible modes of bonding between humic substunces and clay mineral surfaces (Theny,

1979)

Group on
polymer

Groups and sites
on mineral

Remarks

______ T L T T e e L T L L e

A.Primary interac-
tions  lon-dipole
including
fa) Cation

bridging

(b) Water
bridging

Anjon exchange

l.igand
exchange

Anionic {carboxy-
iate} and unchan-
ged polar groups
such a% amino,
carboxyl, lhydro-
%y

Anicnic {carboxy-
late) and uncharged
polay groups, such
4s asmine, carbonyl,
fiydroxyt

Anijunic groups

Anionic groups

g.%econdary Interactions

Hydrogen bonding

¥an der Waals

Amino, carboxyi,
hydroxyl

Uncharged portions
of polymer chain

C.Indirect interactions

Entyopy effects

Exchangeahle cationy
at external, basat

surfaces. At luw pH
{<A4.%) atso Thawo ua

inter-layer Surtaces

Exchangeable catans
at external,
surfaces. At low pH
{<4.5) alse Lhuse on
interlayer <uctavas

bt

Creystat edye wurlaces,

Polyhydruxy cospuahils
of dron and oluninium
al exiernal,
surfaces

atea

Crystal edyo
Polyhydroxy uodipounds
ot dren and aluminicm
at external, basal
surfaces

Dxygens of eiternal
Lasal surlaves
{siluxaneg shueet)

Hainly at external,

hasal surflacer.

surfaci,

Weekly hydrated and non-
hydrated monovalent ca-
tions., Polyvailent cations
I delydraied sysloms.
Duesuvrbable by Sodium Salts

Polyvalent cations in hy-
drated systeus. Desurbate
by sodium saits, waler,

ang ultrasonic Lreatment.

Acidic pH conditiony and
when exchange sites are
occupied by iron and alu-
winium fons, Dasorbable by
olher anfon in sclution,
such as chleride, nitrate

When exchange sites are
ocenpied by iren and alu-
minjum ions. In soils, on
hyidrous oxides of 1ron and
Dusavable by
otier specifically but wmore
sironygly adsorbed anions,

atuminiuin,

such as hydroxyl

Weak

Hot very important im hy-
drated systems. They becomu
shyabfleanl ab Byl leuls
sbiengllh and when the Syu-
teims dy odlowed Lo dehydrate,

short-rvange weak but additive.

Arising from the gain in
entropy by the system due
te displacement of many
water molecules from the
clay surface by a single
polymer chain
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mineral complexes consist of fulvic acid forming complex
heteropolar salts with Fe-ana Al- as well as phenols,
and low molecular weight acids which form hétero—polar
and complex heteropolar salts. Emerson and Oades {(1983)
discussed organic-clay complexas 1in relation to soil
aggregation and soil strﬁcturu and roported that polysa-
ccharide fraction 1is responsible 1tor binding to clay
fraction and fulvic acid lao duberacts with  clays
through cation bridge. The binding ol smaller aggregates
plus silt and clay particles inta larger aggregates
depend on the possible interactions between Fe- and
Al-and organic materials. According  to  Bdwards  and
Bremner (1967), the so0il organic matver and clay parti-
cles are linked vwvia polyvatlont wmetal ions to form

microaggregates.

Similarly the polyvhydroxy nature of Fe &
A} at the clay surface makes them potential candidates
for H-bonding. They can also act as centres for covalent -
Lgndis Lo Fulvice ackd  (Groendiaoad, 1/ Vilwardo anad

Bremneyx, 1967).

Green {(1974) considered H-bonding to be
the main force between humnic polymess and clay surface.
The possibility of availability of large number of
such sites on HA and FA& produces relatively stable
dgregates. The Il-bonding may be through centres

containing-NH,, -COOli, ~C=0 qroups on HA, Mortland
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(1970) opined that H~bonding between the bridging cations
and A or FPA takes place through the Fformation ol watker
bridges with the help of molecules prescent in primary

hydration shell.

Apart from the above mechanisms of interactions
between HA and clays, the role of exchange cations is
also important. Exchange cations determine the surface
acidity of clay and may act as electron acceptors by
interacting with electron donating functional groups of
humic  substances., The energy of ion-dipole or
coordination type bonds formed will depend on the nature
of exchangeable cation and also on the level of hydration
of the system. The contribution of the clay surface to
total adsorption energy is maximal when ions of low
solvation energy occupy cation exchange sites, and is
minimal when they are occupied by cations with higher
solvation energies (Mortland, 1970). He stressed the
formation of 'water bridges' 1linking polar organic
molecules to exchangeable metal ions through watér

1

molecule in the primary hydration shell.

Transition metal ions like Cu+2, Nifz, Zn+2, co™2

ete., which have vacant d orbitals can directly enter
into cooordination bonds with HA and Fa or théey may
form bridges through solvated water molecules. B-

diketone groups in fulvic acid reacted with Cu2+-
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in or on the c¢lay to form acctylacotonate type chelates

(Schnitzer and Kodama, 1972).

Theng (L976) and ‘Imeny and Scharpens- eel
(1975} from their studies on formation and stability
of clay-humys complexes found out that the extent to
which fulvate sample was adsorhoed ose with an increase
in cation wvalency. This again  indicates that cation
acts as a bridge betwecn functiconal groups on fulvate

and negatively charged clay surface. Obulpathy (1977)

observed the adsorption of (A and FA on homoionic
clays followed the order : (u-> 7n-> Mg~> Ca- in tho
case of HA and Cu-> 2Zn-> Mg-> Ca- in the case of fulvic
aclids. He reported that +the amcunt adsorbed in the
case of fulvic acids per gruam ol clay was more than

the corresponding humic acids.

Effect o©of saturating montmorillonite with
different cations on the inlerlayer adsorption  of
humic acid was studied by Kodama and Schnitzer (1968},
the d001 spacings decreased in the order

2+ 2+ 2+ 2+ + 2+ 2+ 3

o 3
Pt~ > cu®t> Na’> zn co®ts Matr mMg®ts cattrre’truit

They suggested that variatlions 1in dOOl spacing
were not a function of capacity of different ions
to form stable complexes wibth PPA nor were they relatad

to ion potentials of metals.
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Humic acid and fulvic oeoid can also enter
into interlayer spacing of <¢xpanding clays through
the help of exchange cations present on the clays,
This is especially true at low Il where FA and hA
exisl In undissociated towvwm (Theug, 19¢9), Phus Schualleey
and Kodama (1972) observed that at pH 2.5, the FA
entered the interlamellar spacing ol Cu-montrmorillonite
and increased 1its dOOl gpacing from 10,0 to 15.1 A,
Interlayer adsorption of humic acid by homoionic montmo-
rillonite was also observed Ly Theng and Scharpens eel
{1975) and Theng (1976). obulpathy (1977) has also
found an increase 1in interlamella: spacing when humic:
acid was adsorbed on homoionic montmorillonites from
his studies on ~<-ray diffraction pattorns,

2.8 ADSORPTION OF PEETICIDES ON CLAY-0ORGANO

COMPLEXES :

Walker and Crawford (1963) cquoted that upto
organic matter content of aboul € per cent both the
mineral and organic surfaces ave involved in adsorption.
At higher organic matter cuatents:, adsorption accurs
mostly on the organic surlaces. Stevenson  (1970)

indicated that the amount of organic matter required

to coat the clay depends on =oll type and the kind end

amcunt of clay that is present.
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In soil, clay and wiganio matter are prescni
as intimate associations, I'his  intimate assoclation
of clay with organic watter way cause some modification
of their adsorpltion capacitivs, orF thoy may complimoent
one anokher in the role of pesticide adsorption. Hance
(1969) suggested tLhat in soil, clay and organic matter
associate in such a manner Lhat little of clay mineral
surtace will be accessiblc Le pesticide molecule,
Thus, the c¢ontribution of the c¢lay fraction in soils
would he much less than studies which the 1isolated
minerals would indicate. On thc-_: otherhand, Mortland
(1968) 1is of the .opiniou that organic compound 1in
soil organic matter, upon linteraction with clay, may
facilitate and stabilise adsorption of pesticides
beyond that observed is purely inociganic clay systems.
Burns (1972) pointed out thal huowus-clay micro enciron-
ment is a site of high biociagical and non-biclogical
activity and more basic inlovmation concerning soil
pesticide interaction can be oilained here. ‘The adsorp-
tive capacities of sedimentary organo-mineral conmnplexes
for lindane and parathion weie Dowd te be mucli greater

than those corresponding mineousl Lrdaclion.

Khan (1974) invesvigated the adsorption
of 2,4-D by [FA-clay comnplexs and abserved that PA-clay
complex adsorbed about 6.5 vl 5. w moles of 2,4~

D per g of complex at HeC aod PLUe0 yegpectively. 'Phis
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FA complex was similar to the nuiturally occuring organo-

clay complexes found in the soil (Kcdama and Schnitzer,

1971).

Khan (1973) found that digquat and paraguat
were present in  the form of organo-clay complexes.
He reported that FA, which is the most prominent humic
compound in soii solution on ial.-raction with clay
minerals will facilitate adsurplion of pesticides
on clays in seoils, Saltzman ot ai. (1972} suggested
that mineral OM interaction determines the adsorption

Capaclly oL caclh solbl,
2.9 PERSISTENCE OF PESTICILDES il SOTL ¢

The term 'Persistence’ has been employed
for the pesticides that retain their biological activity
for a much longer period than originally intended.

It may be interpreted as the ressdence time of pesticide
in s0il environment. The residence time may be conside-
red as the period in which the peoesticide remains in
soil regardless of the method by whicﬂ it is quantified,
It may be expressed in terms of units of timoe. The
persistence of soil applied chemical 1s dependant,
on a host of conditions, such as soil type, organic
matter content, clay content, pil, agalture of so0il colloids
structure of pesticide wmoleonle:, and  enviroamental

factors like moisture and temporature.
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The concept of halfl life 1s widely used
for prediction of persistence of pesticides in soil.
The term half 1life has the characteristics of being
a constant inversely proportional to the rate constant
and independant of concentration. 1t is usually calcu-
lated on the presumption that the disappearance of
the pesticide occurs through the first order Kinetics
(Hamaker, 1972). The practical indices such as 50
per cent disappearance Lime DTﬁO' have been found
to give an idca of persistence (Hamaker, 1972) of

a given chemical.

Herbicides show & wide spectrum of persistence
ranging from a £few weeks iur carbamates to a year
and a half for certain s-triazines and urea herbicides

(Khan, 1980).

There are marked Jdifferences in the degree
of persistence of various woubstisuted ureas. In this
class, increased ring coliloruiation and  increased N~
alkylation appear to increasc the persistence (Kearney,
1976). Khan et al. (1976) investigatoed the persistencu
of diuron and its degradation product, 3-d-dichloroani-
line, in an orchard soil, which received diuron annually
@ 4 1bs/ac for seven vyears. Accunulation of residues
was notbt observed at significant ifevels, although carry
over of herbicide occurred Laetweoen years. ‘The degra-

dation rate of diuron generally followed first order
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Kinetics and residual levels in the soll were highly
phytotoxic to oat plants during Lthe three years after

last application.

Besides, the nature of pesticide, environmental
factors like soil type, nature and extent of clay
and organic matter, temperature and wmelsture affecf
the persistence of a given pesticide. The soil environ-
ment,'into which herbicides are Lntroduced, determines
to a large extent, the rate of disappearance and many
differences in persistence, among soils can bé attributed
to wvariations of temperature and moisture levels.

The eiffects of soil temperature, molsture and herbicide
concentration on the rate of dogradation of Dinitramine
were measured v  Poku and  Jdiwmdohld  {(1980) in  sandy
clay loam and sandy loam il and reported that the
rate of deqradation increascd with 1lncrease in tempera-
ture and attributed it to won-enzymetic chemical degrada-
tion, ma jka  and  Lavy (lw7:)  cobserved  that  diuron
degraded slightly faster at highot Femperature.  Hollist
and Foy {(1971) suggested that increasing soll moisture
content blocked the adsorptive sgites for trifluralin,
therehy increasing the amoant available for degradation,
The participation of s£oli  orgenic watter fractions
in atrazine degradation has been heun by many workers
{Khan, 1978; Schnitzer and Khan, 1972). Khan (1978}
suygesled  Lhal the Lulvie acid coteoeoes Lhe lq—*c'll.ufly:j.l.:;

F atrazine in adgecus solution.
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Persistence of a given pesticide in soil
is generally guantified by extracting the chemical
remaining on the soil with a suitable solvent at diffe-
rent time intervals and assaying it by suitable method.
.This enables one to get a rate curve for the disappea-

rance of pesticide.

Pesticide decomposition from soil could
be both biotic or abiotic. Although the former is
found to be of a general mode of decomposition, chloro-
s~triazines are largely decomposaed by abiotic mode
{Armstrong et al., 1967}. Even whore the decomposition
is microbiological, molisture, temperature, nature
of soil, clays, organic matter etc., play an important .
role, Non-biological decomposition  appears to  be
moisture and temperature dependant {Harris, 1967).
Persistence was found to be less in warm, moist climates

than cold and dry climates (Bornside et al., 1969).

Kulshrqﬁha {1983} had shown that s6il moisture
and soil temperature play an imnporiant role in isopro-
turon dissipation in fine locamy soil. Briggs (1983)
suggested a model for degradation in soil, temperature
and moisture effects on degradation, effects of soil

properties on the persistence of insecticidal esters.

Vacher and Farbe {1l953) evaluated the influence

of temperature and soll molistuve oun atrazine degradation
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in a clay loawm soil in the lubworatory and the constants
derived from labhoratory result: were used in conjunction
with meteorological data rocorded during field experi-
ments to construct a model simulating atrazine persis-
tence in the field. They wobtained good correlations
hetween persistence from the f(ield as that predicted
by the model. Conventional metiwds of quantifying
persistence through periodical analysis of so0il samples
is empirical, cumbersome and not capable of leading
to unified concepts and possiblce forecasts. To overcome
this, predictive modelling for pesticide persistence
was attempted Dby Walker and coworkars. A computef
model for simulation of herbicide persistence was
described by Walker (1974) and revised by Walker and
Barnes (1981), based on studies 1in soils incubated
in the laboratory under well defined conditions of

moisture and tenmperature.

Walker (1974, 1976, 1978}, used eneryy of
activation and moisture levels for predicting the
persistence of pesticides. Activation energy is determi-
ned from the effect of Lemperatufe using Arrheniusg
equation and moisture effects are characterised using
an empirical equation of the f(orm H = AM*B,_in which
It" is the half 1life at wmoisture content M and A and

B are constants, The (it of this equation to the

data was evaluated by lineac¢ reoqgression analysis of
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logarithm of half-life against the logarithm of soil
moisture content. This equation was also applied by
Saroja Raman‘ et al. {1987) for evaluating the effect
of so0il moisture on the degradation of atrazine. Their
results showed higher values <for these constants than

those reported by Walker and Zimdahl (1981).

Disappearance of herhicide in soils can be
explained by rate curves. Mostly Tirvst order kinetics
has been employed to describe the disappearance of pes-
ticides in soil (Gingerich and Zimdanl, 1876; Goring
and Hamaker, 1972; Hyijzack and Ziwmdahl, 1974; Khan,
1980). Although simple first order Linetics have lar-
gely been used for guantifying the rate of disappea-

rance of a pesticide from soil, more complicated patterns

have been reported more rcoeently. As  early as 1966,
Hamaker proposed a hyperbolic model resembling enzyme
kinetics, A well characterized deviation from simple

first order was observed by Zimdahl et al. {1970) for
atrazine and simazine. These conlirmed the existence
of imore than one phase kinctics for the disappearance

of these pesticides.

In order to describe the situation in soils
where a simple first order dJdisapposcanee S npol valid,

Hamaker and Goring (1976) proposed o model by which



67
a part of pesticide and its residues are actuélly
bound irreversibly to the soil and are incapable of
being extracted by simple solvents. According to their
model, a so0il applied chemical distributes 1into two
different compartments which wmnay be termed labile
and bound. The labile pool conslats of the [Lraction
of chemical dissolved in soil solution and that adsorbed
reversibly by soil. The pusticide in  labile pool
is easily degradable and extractable in suitable organic
solvents under mild conditions. 9'he hound pool consists.
of the pesticide adsorbed =trongly on more restricted
sites on soil and unlike labiile pool can not be desorbed
by solvents under mild conditions:. The scheme of
events that take place duriug the intcraction of chemical
wikh soil can be picturced ayg

k
Org.chemical + Seil =3 Labile poosl -———3 Degradation

Ky ! ! hoy
Bound o
where k is tho rate constant foo degeadation of chemical
kl for entry into bound pool snd k—l for reentry into
labile pool. As a valid approxiwmation the slowrate
o pecnlry dola labile poot (ko J.} wak o bod o bden ed
important. These rate constaints were obtained from
a semi-leg plot of herbicide oexbtrooved vs time., The
disappearance plot consists of two steps, one consisting

of an initial faster ratce {oliowed by a slow rate
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ol digappearance. PThe rale conzmtanl Lo slower  rate
(kl) was determined from the slope of the later portion.
The slow disappearance portion was then extrapolated
to zero time and a diffcecrence plot was constructed

to meassure the rate constant for faster step (kl).

Actual examples of bound pesticides were
reported as early as 1971 by Bartha and later by Hsu
and Bartha (1976) and Vishwanathan et al. (1978) for
didilaraniline. Katan et al., (ly76) and Liechtenstein et
al. (1977) investigated the binding of 14C—parathion
and methyl parathion respectivaely to soil. Liechtenstein
et al. (1977) and later Khan aond Hamilton (1980) demons-
trated +the presence of intacl wethyl pargthion and

prometryne in the bound pools.

fhus, in soils and in plants, bound pesticide

residues may constitute & polential problew because
the nature and/or identity of bound pesticides are
difficult to establish and voery little 1s known about
the significance of bound rosidues in terms of their
hicavailability, Loxicily I gacvummulabivao nature,
Whether bound pesticide residuws crce of any environﬁen—

tal significance will rewmain a watter of conjecture
until meore data ts available, However, judging from
the limited information avatlable, it appcars that

hound residues may not pose nuch problem as long as
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such residues do not accumul:.te 1n significant amounts
(Capriel et al., 1985; Khan, 19%22; Khan and Hamilton,

1980).



MATERIALS AND METHODS



CHAPTER [E1

3.1 SOILS :

‘The s0il samples uced in this investigation
were collected from well characterised soil  seriles
of ICRISAT and APAU campus al Patancheru and Rajendranagar.
locations vrespectively. The Jdetails of  samples  are
given in ‘vable-2, Approximalely B kg of solls were
collected from each of the five Lo Lun spots, guartered,
air—-dried under shade, pounded in wooden mortar with
pestle and passed through 2 nm sieve. This 2 mm proces-
sed soil was properly Llabelled and stored in cloth

bags until further use.

The < 50 u fraction consisting of silt plus
clay was separated from these soils by wet sieving
-method (Jackson, 1956). Suitable quantity of soil
was suspended in distilled wvater for 24 h and then
stirred on a mechanical stirrer for 30 min. The suspen-
gion was sieved through < 50, sivve and the residue
vas  again sieved with a Ifrosh  auount of distilled
water till +the filtrate was f[reoe of silt plus clay.
The filtered suspension was transfered  to reagent

bottles and allowed to stand overnigyht for the settling

70
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of silt plus clay. The clear supernate was siphoned
off and the residue containing silt plus clay was,
air dried under shade, pounded and stored in reagent

bottles until further use.
3.1.1 Physico-chemical properties of soils :

The physico-chemicil properties of solls
are given in Table-2. These were dotermined as detailed

below
3.1.1.1 Soil reaction :

Spil pH was determined in 1:2.5 soil : water
suspension after 30 minutes eguilibration using "Digisun”

digital pH meter with combined electrode assembly.
3.1.1.2 Total soluble salts

The total soluble salts were delermined
by measuring the electrical conductivity of 1 ¢ 2
soil : water extract after 30 minutes of equilibration
on "Digisun" conductivibky buidge  and  expressed as

Sm_l .

3.1.1.3 Organic carbon :

Organic carbon content of the soils was
determined by Walkley and #lachk wethod as described
by Jackson (1967) and expressed in percentage of organic

II'IEH TN A
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3.1.1.4 Cation exchange capiacily :

The cation exchange capacity of soil samples
:Qas determined by the method of Lowers et al. (1952)
as described by Richards (1954). A known amount of
souil - sample was taken In LU wl, contrifuge tube  and
three washings were given wilkh 1IN sodium acetate {pH
8.2) solution. The excess sodion was rremoved by washing
with alcohol and sodium on the exchange complex was
replaced by three washings with 1H ammonium acetate
(pH 7.0). The sodiuwm content in  ammonium acetace-
extract was determined on an ELICO flame photometer

and the CEC of soils was expressed as ¢ mol kgml
3.1.1.5 Mechanical analysis of soils @

Mechanical composition ot the soils was
determined by Cho Fntornational  phipet e omelhod  (Phpes,
1950). The relative proportions of sand, silt and
clay of soils were determined to decide their textural

class.
3.1.1.6 Moisture retention characteristics of soils:

Moisture retention chaj acteristics were
determined in the disturbed samples for two solls,
an alfisol (So0il-5) and a wrtiscl (Soil-6) at 0,
0.1 and 0.3 bars ({(Richards, 1451) ucing pressure plate

apperatus., Alfisol (S0il-5) sample was found to retain
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26, 16 and 8 per cent moisture at saturation, field
%?Pacity and 50 per cent [icld capacity respectively,
while 'vertisol (Soil-6) contained 40, 30 and 15 per
cent moisture at saturatioen, field capacity. and 50
poer cent field capacity respoolivaly,
3.1.2 Extraction, Isolation and Purification of.

Humic Acid :

Tyurin's method us desceribed by Kononova:
(1966) was followéd. The extraction and purification
involved the following proccldure: Suitable quantity
of soil (Se0il-1l) was moistuencd with & small guantity
of 0.5N : HClL and then covered with 0.0ly - HCl. The
contents were stirred intermittantiy and undecomposed
rootlets were removed. After 4 h, the clear supernatant
was siphoned off. This tyealment was repeated till

supernatant was free of calcium. Soll was then washed

with 0,1N H2804‘
3.1.2.1 Exbraction and purification of huwmic acid:
threa lerd b Loz :-5.;;!“1.;.1.(:;. Weloeo oot e wilLll u.lt

N NaOli and kept for 5 hours with occassional stirring,

About 10 g of finely powdered Na,50, was added, stirred
vigorously till the added salt was dissolved and kept
~aside overnight for settling. “The dark ceoloured super-

natant of humnic material was siphouned out. The clay
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material that came along with ithis humic material

was removed by centrifugation.

Humic acid and Fulvic acids were scparated
using the differences in the solubility of these frac-
tions in inorganic acid. The:  alkaline oextbrack was
transferred 1into a beaker and appropriate amount of
concentrated H2304 was added to humic material to
give a pH of 2-3. The solution was stirred at 80°C
for 30 min. On cooling, the coagulated humic acid
settled at bottom and fulvic acid remained in solution,
The fulvic aclid  fraction  was siphomed oul wibthoutb

disturbing the humic acid fraction.

The  humic acid fraction  was  redissolved
in 0.IN NaoH, centrifuged 3 Lo 4 CLimes to make it
free from <¢lay and then veprecipiktated with 1IN HCI.
This material was shaken with HF + HC1 (5 mlk, 48% HF
+ 5 mlL conc, HC1 in one litre of distilled water)
and the residue was made free of flucride with the
use of O0.1N . HC1. This material was transferred to
dialysis bags and dialysed exhaustively against water
until the water outside the dialysis bags was free
of c¢hlorides and then drieda. This purilied humic

acid was used in adsorption studies,
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3.2 CLAY SAMPLE :
The clay sample, o cdominant Ty montmorillonitic

obtained from Sri Rangapur clay Jdeporxit in West Godavari
district of Andhra Pradesh was used in  the study.
The clay was ground to a fine powder using porcelain
pestle and mortar. The sampliz wa::  then transferred
to a sedementation cylinder afcter Lhorough dispersion
in 0,05N .. Na2C03 (pR 9.5). Yhoe cylinder was filled
with Na2C03 solution and was shaken oad over end for
a minute and set aside after noting down the time.
The sample was taken at 30 om deplh alb suitable time
"ag determined by 8toke's Law tory ¥ fraction, Aftevr
the sample was decanted at desairved depth with an upward
bent siphon the cylinder was refilled with Na2CO3
{pd 9.5). The process of setltling for predetermined
time and decanting at 30 cm depth was repeated till
the yields became very small. The sample was collected
in a large container and sodium chloride was added
at the raie 0of 20 g per one litre volume., After floccu=-
lation of the clay, the supernatant wvas easily siphoned
of £. The clay was collected and stored as suspension
after removing the excess sales with distilled water

(Jackson, 1956).

3.2.1 Preparation of howotonic  montmorillonites:
Suitable amounts ol (hn suspension of the

2 f fracticn were taken sopacately in 500 mb conical
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flasks. To these, IN solutions f AlLCL FecCl CoCl

3!
X cacl.,, mgel,, BaCcl

3’ 27

“and NaCl were added. Thesc were shaken  thoroughly

NiClz, CuS0 ZnCl
and set aside for 24 h The: bon saturated clays were
washed free of excess ions with distilled water and
were redispersed in distilled waiter and used in adsoxrp-

tion studies,
3.3 PREPARATION OF ION SAYWULATED RESINS :

Suitable amounts ot rubortite TR=120  resin
was taken in separate 250 ml, beokers and were saturated
with the desired cation by c¢guilibrating with one
molar solution of either c¢hloride or nitrate for 12
h and washing them free ol c¢xeoss jons with distilled
water. These were air drlicd and used in adsorption
studies. The cations choosen for the study were same
as those used for the montmnorillonite,

3.4 SPECTROPIUOTOMETRIC DEVCHMINATION OF METOXUORON

AND TEBUTHIURON : .

Technical grade metoxzuron (>99%) obtained
from M/s. Sandoz (India} Ltd., and technical grade
tebuthiuren (>99.5%) obtained from M/s.Eli Lily & Co.

UsSA, were used without further purification.

Spectra of solulivi ol wmeLoxuron and tebuthiu-

ron were scanned in the W range  to determine  the

L4
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wave length of maximum absorption. Standard curvés
were constructed ~ for ahsorbaace V3 concentration
for 0 to 10}xgmL-l solutions of metoxuron and tebuthiuron.
''he equilibrium concentration Lo adsorption and peorsis-—
tence studies were determinced with lrespect to these

curves. The effect of pH on netuxuron and tebuthiuron

was also studied by observing inhe spectra at pH 1
to 12.

3.5. ADSORPTION STUDIES :

J.5.1 Aduorption on soilg @

Adsorption was conducled by  equilibrating
2 g soil with initial concentration of metoxuron ranging
1 -2 |

in 2 x L0 N CaCl

from € to 40 M gmL 2 solution in

plastic containers. These were incubated at  27¢C
for 24 h with intermittent shaling. Identical soil
blanks minus the herbicide were also maintained in
every case, 'The suspensions werce centrifuged at 4000
rpm for 15 min. The amount adsorbed was determined
by analysing the equilibrium concuentration of metoxurdn
and calculating the difference between this and the
initial concentration after correcting for soil blanks.

The soils (1, 2, 3 and 4) were used 1n  adscrption

sludies,

Adsorption was carvicd et by equilibrating

2 g so0il with initial concentration ranging from 0
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to 40 pgmL~ ' of tebuthiuron in 2 x 1077

N CaCl, gsolutions,
The procedure explained carlici wasg followed for measu-
ring the equilibrium concentvaticn and amount adscrbed

was calculated as detailed earlier, The soils (1,

2, 3 and 4) were used in adsorplion sludies,
3.5.2 Adsorption on < 50y fbraztions :

Adsorption was cacvicd out on 0.5 g portions
with the initial concentration ranging from 0 to
15 ugmL“l for metoxuron and 0 to 50 ugmLFl tebuthiuron.

The amount adsorbed was calculartad as explained earliew.
3.5.3 Adsorption on humic acid :

Adsorption was carrivd out by equilibrating
10 wg of humic acid with solat:ons of metoxuron with
initial concentration ranging {irom 0 to 15 ugmL*l
and with tebuthiuron (0-50 pgmL"l) for 24 h at 27°C.
e amount adsorbed  was  detorwined by delernining
the eguilibrium concentration apeclhrvophotometrically.
Compensation for identical! blanks was done as explained

carlier,
3.5.4 Adsorption on Homolonic Montmorillonites:

Adsorptiaon on bowo T oni e wontmorillonites
was  carried oul in  guadouplicate  hy equilibrating

5 wlL of suspension (containing approximately~50 mg
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clay) with metoxuron and tebuthiuron solutions such
that the final wvolume was 10 ml. and the initial concen-
tration of metoxuron and tebutiiuron ranged from O
to 100 1gmL"1 and 0 to 200 “gmL“1 respectively. These
were incubated at 27°C for 24 h with intermittent
shaking and centrifuged at 12,000 rpm for 15 min.
The amount adsorbed was obtained! from the difference
between the initial and the woquilibriam concentration

after correcting for blanks,
3.5.5 Adsorption on Ion saturaled Resins :

Adsorption studies on iLon saturated resins
was conducted in quadruplicate by equilibrating 100
mg of the  corresponding catloni~ resin with varyiﬂg
levels ranging from 0 to L00 qqufw' of metoxuron ard
tebuthiuron respectively in 10 wml. total volume, These
were incubated at 27°C for 2?4 h and centrifuged at
5,000 rpm for 15 min, Thes amentnt) adsorvbed  was deler-

mined as explained carlicr.

The ions used to sarturate  the clays  and
resins belonged to three cach of the highly polarising
ions, f(Al-, VTe~) alkaline earth ions (Ca-, Ba-, and
Mg-) divalent 3d transition group ions  {(Cu-, Ni-,
Co- and ¥Zn-}) and the monovalent Jons {Na-, K-, NH£

and - .
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3.6 T QUANTITATIVE TREATMENT OF ADSORPTION DATA

Phe adsorption dati waz treated wmoslly by

means of Freundlich equation {(Fgnn [).

A = Kc® -1
where A = amount of substance adsorbed per unit mass
of adsorbent, € = equilibrium concencration, K and & are

the empirical constants dependent on the nature of
adsorbent and adsorbate. The counstants K and & were
obtained by expressing the above eqguation in logarithmic

form,
lJog A = 1log K + a log C ~-II

The relationship between log A and log C is linear

with intercept being log K and «lope o .
3.6.1 Mathematical treaztment of S-shaped Isotherms:

A new mathematical ocquation  developed by
Sarcoja Raman (1%81) was uscd Lo znalyse the S-shaped
isotherms. According to this,
df 2/3
—e-— = kf (1-1) -T1X
dc
whare
ar

-—- = rate of change of adsorption sites, £ = fraction
de
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adsorbed and (1~f) fraction remaining in solution
at  cquilibrium concentvation O, This egual ion wan
derived from the similarity of the S-shaped isotherms

to growth curves in heterogencus precipitation.

Adsorption data was flitted to equation-IIX

by using its integrated form {Bq.IV).

) L (2817347 o1
X & mrmmm T e s +73 tan T mmemmeenn =kC+/3tan ~--
73

-1V
For appl?ing the equation (-IV), % was calcu-
lated for £ = 0.1 to 0.8 and for each value of £,
C, the equilibrium concentration was read from the
adsorption isotherms. The values o! k were calculated

from the slope of the plot of ¥ vs. (.
3.7 POLYMALEYC ACID :

Polymaleic acid (PMA) was suggested as  a
model for soil fulvic acid (I'A) by several workers
(Anderson and Russell, 19076; inchon, 1977; sSpitellex
an®l  Schnitzer, 1983), Polymaleie  acid has an  added
advantage of structural howogencity, while being struc-
turally similar to fulvic acid. Lt 1is the product

of a well defined polymerization proccos.

3.7.1 Preparation of PMA :

24,5 g of maleic anlydiide {(99%) was dissolved

in 50 mlL acetone. To this, 50 mb of pyridine was
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added drop wise (through a separating funnel) with
stirring over a magnetic stirrer, the reaction vessel
was cooled in a water bath Lo madintain a temperature
of 25°C throughout. The reactiwn vag allowed to proceed
for 24 h. The polymer wag covaguiated by the addition
of an excess of chloroform, Following filtration
under vacuum, the DPMA was roedissolved in  acetone,
The: MA insolable 1o aootosee waor sepiaoralod by vaouum
filtration, washed repeatedly with chloroform and
dried at room temperature (Spitaller and Schnitzer,
1983). This fraction was labelled, stored in a plastic

container and used for further studics.

3.7.2 Properties of polywmateic acid :

3.7.2.1 Total acidity :

Total acidity in PMA was determined by Ba(OH)2
method. Wright and Schnitzer (1959}  applied this
method for humic substances. In the modified procedure
of Schnitzer and Gupta (1965}, the. sample was allowed
to react with an excess of Ba(OH)z. The unreacted
Ba(OH)2 could be determinad by hack titfation with

standard acid.
Ba((}f{)2 + Z2 HA -— U.:"u’\,) + 2 1i0OH

-

50 mg and 100 wy of PMA alongwith blanks

in duplicate werce taken in sSoeparate stoppered flasks
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and 20 mL of 0.2N . Ba(OH}2 was  added. The flasks
were shaken for 24 h at room temperature. The suspension
was filtered and the residue was washed with co, free
distilled water. The filtrate and washings were titrated
against 0.5N . HCl to pH 8.4 porentiometrically. Tdenti-

cal blanks were maintained simultaneously.

(TV for _ {1v for
Total acidity = --223BKl________ zample) o ¢ 0.5 x 1000
{me/qg} wt. of sample {(mg)

3.7.2.2 Carboxyl groups :

The method 1is based on the liberation of
acetic acid when acids are trceated with CaOAc and
its titration with standard NaoOfi
2 RCOOH + (CH

3 C00)2 Ca --—3 (RCOO).,, Ca + 2 CH,COOH

3

To 90 mg and 100 wg portions of PMA in a

stoppered flask, 10 npL of IN <CaOAc and 40 mbL of CO

2
free distilled water were added. Blanks were set
up simultaneously in duplicate. After shaking at

room temparature for 24 h, the suspension was [iltered

and the residue was washed wilh Cuz free distilled

wator. The fLiltrate and washing:s woere titrated pocoen-
tiometrically with standard 0.104dn - NaOll to pH 9.8.
C - COOR (1V for sample) -~ v Lor Blank)

groups = = sl T e x0.104x1080
(mc-z/g) wt. of somple ()

I
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3.7.2.3 Phenolic - O groups :
The phenolic Ol was cateuwlated as the diffe-

rence between total acidity and -~ COOH acidity.

Phenolic O = (Total acidity) - (~COOH groups})
groups (me/qg) {me/g) (me/g)

3.7.2.4 Digsociation constant {(pa) of PMA :

bissociation constant »f PMA was determinoed

using Henderson - Hesselbalcnh eguation
Kt - - ]
HA Tz A+ -V
- +
(A ] (H]
Ka = mwewmmew——- - VI
[BA]
ta ]
Thus pH = pK + log —--- - V1l
{HA)
From the potenriometric titration data,

fHA] and [A ]} were obtaincd at different pll. Thus
pKa was determined as the ¥X-intercept of the plot

of log (a1 vs., pH.

{HA]
3.7.2.5 Spectral properties :

The spect rum of  I'MA  was recorded in pi
range 1 - 7. The pH was  adjusted wikh 0.1 N NaQi
and 0,18 HCL. In the UV vange, PMA showed a well
defined peak at 255 nm (Fuig. 23 ) vill pH 4.0. Standard

curve was constructed in the concantration  ranging
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-1 : Cq e
from 0 - 100 pygulirwith, seforenec o which the eguilibrium
concentrations in adsorption studics were determined.
Infra Red spectrum was rueeorded on KBr pellets on

a SP-1200 IR spectrophotomctcr from 400 to 3500 Cmﬁl
3.7.2.6 Potentiometric titrations :

200 mg of PMA was dissolved in 50 nlL distilled
water. This was titrated against 1.04 N NaOH potentio-
metrically on ‘'Digisun' pll meter using a  combined

electrode assembly Lo a pH 12.0.
3.7.2.7 Determination of cquivalent weight :

The equivalent weight of PMA was determined
by titrating =~ - ., conductimetrically 200 mg PMA
with standard 1.04N NaOH. A sharp break was obtained
at the end point. Equivalent weight of PMA was determined

from the titre value of 200 mg PMA with standard NaOH.

Ecg. of NaOH required 1.872
for titration

3.7.3 Adsorption of PMA on homoiounic montmorillonites
and resing 3

5 ml, of homolonic olay suaspension conlaining

approximarely 50 mg clay were oguilibrated wibhh PMA
-1 - . .

{0-1060 pgmL ), the total volum: of the [inal suspension

being 10 mb (in quadruplicatae). These were incubated
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at 27°C for 24 h with intermittoent snhaking and centrifu-
ged at 12,000 rpm for 15 win. Th> concentration of
PMA in the supernatant was dJdoeterndinaed at 255 nm and
the amount adsorbed was deiocimined lrom the difference
betweean the initial and equillibrivm congentration
after correcting for Dblanks. Aduorption data was

analysed according to the equations described earlier.

Adsorption on resing  was  carried out  in
the same way by equilibrating 0.1 g of cationic resin
(saturated with different «cations) with PMA (0 to
500 uganl) at 27°C for 24 h, th total volume boing
10mi.. The equilibrium concentration was determined
in the sdpernatant at 255 am after centrifuging at
500 rpm for 15 min and the amount adsorbed was deter-

mined as explained earlier.
3.7.4 Preparation of Model Clay-PPHMA cowmplexes:

150 mL aligquots of differcent homolonic montmo-
rillonites (containing approximately 1.5g of clay)
were equilibriated with 300 mL of 100 ugmL—l PMA for
24 h with dintermittent shaking in separate conical
flasks. The clay-PMA complexes were washed free of
excess PMA with distilled watcer. ‘'These clay-PMA comploe-
xes suspended in distilled wator were used for adsorption

studiecs.
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3.7.4.1 Comparison of adsorption of metoxuron and
tebuthiuron on homoionic c¢lays and model

clay~PMA complexes 3
To compare the adsorption of moetoxuron and
tebuthiuron on different homoionic clays and the corres-
ponding model clay-PMA complexes, adscorption of metoxuron
and tebuthiuron was carried out simultaneously on
suspensions containing 50 mg of homoionic clay/the
corresponding clay-PMA complex, For this two initial
concentrations viz. 20 and 50 pgmL_l of metoxuron
and tebuthiuron were used and the suspension was shaken
for 24 h at 27°C and centrifuged at 12,000 rpm for
15 min. The absorbance of supernatant was determined
at 240 nm for metoxuron and 254 nm for tebuthiuron.
Identical treatments were carried out with the homoionic
clays and clay-PMA blanks, minus the herbicides and

corrections for blanks were carried out. The amount

adsorbed was calculated from the difference between

intial and the equilibrium concentration and expressed

in pg/100 mg.

1

3.8 PERSISTENRCE OF METOXURON AND TEBUTHIURON IN SOIL

Two soils, an alfisol (S0il-5) and a vertisol
{S0il-6) were used for the study. These soils were air
dried and passed through 2 mm sieve. About 2.2 kg éoil
sampleé were treated with methanol dissolved metoxuron
and tebuthiuron in a fine and uniform spray to give a
final concentration of 20 pg/g of dry soil. The soil was

thoroughly mixed and methanol was allowed to evaporate.
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In order to study the effect of moisture,

10 g of duplicate portions of herbicide treated soils
were weighed into polythene bags and distilled water
was added to give soil moisture levels at saturation,
field capacity and 50 per cent field capacity. These
bags were sealed air tight. Identical soil Dblanks

without the herbicide were maintained simultaneocusly.

The samples after moisture treatment were
incubated at 27 * 1°C and 10 + 1°C in BOD incubators.
The s0il samples were extracted at 4 day intervals
upto 40 days, 8 day intervals till 80 days, 15 day
intervals till 125 days and 30 day dintervals till
155 days with c¢old methanol to measure the guantity
0of herbicide extracted. The procedure followed was

as follows

The‘individual soil samples at each interval
were transferred to screw capped test tubes and shaken
with two 20 mL portions of methanol for 30 minutes
on mechanical shaker and filtered Lhrough Whatman
No 1 filter paper. The final volume of the extract
was made upto 50 mL and the absorbance mealsured at
240 nm for metoxuron and 254 nm for tebuthiuron. The
concentrations of herbicide in methanol weré determined

with reference to the standard curves.
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3.8.1 Kinetics of disappeacance of metoxuron and

tebuthiuron from soit =

The concentrations ot  methanol extractable
metoxuron and tebuthiurcen at  different molsture and
temparature levels at variou:s (IR () tntervals wero
plotted against time. Thesoe  were  then  plotted as
logarithm of the amount rccover.d ve  time to detormine
the rate of disappearance. The  disappearance curve
consisted of two typical soguents, a  steeper line
followed by a path of much sgwaller slope indicating
two paths of disappearance. e disappearance  curve
in each case was interproetoed b coamns af 0 the modoed
suggested initially by Hamawew  and  Goring (1976),
According to this model, a soil applicd chemical distri-
butes itself in two compartments, which may be t:rmed as’
Lubitle and  bound, The  choewteal o the  labile  pool
is easily degradable and extractable in suitable organic
solvents. The bound pool cungigts of  the chemical
adsorbed on more restricted =ites i soil and is not
extractable by mild organic solvents, The scheme of
events that takes place Jduring the interaction  of
the chemical with the soil can bLe pictuced as

I

Organic + 50il ~——> Lablle pool =w-——s  Degradation
chemical ; r
ky % k..,

U

Bouud poal



91
where k is the rate constant for degradation rate

of the chemical, kl for entry into the bound pool

and k_; for reentry into labile pool. The constants

k, kl and g were calculated as per the method of

Hamaker and Goring (1976) as defined below :

k

ky = =m-k- (1+=--=2)k_,

k B e S S e el e ek S e et S et ket L el L Sk b S
-1 2a
Negative values were neglected
Where 2
(R°=1) x k
a 2  emememweacoeaome—e———
2
m
-4 x? "
b T emm—me———— - 2 (R® +1) k
m
2 2
c = (R%-1) m = 4mk -4k
21
G
o
k = difference slope of semilog plot
m = slope of the steady state line or smaller
slope
1 = antilog of intercept of extrapolated line of
steady state line or smaller slope.
Co = Initial concentration of the chemical.

The above calculations involve a number of
interdependent steps and thus lead to large cumulative

errors. Since a clear two stage disappearance of the
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‘herbicides was seen in the time over which the experiment

was conducted and since the rate of reentry of herbicide

from bound pool to labile pool can be considered

negligible, as a valid approximation, the steeper

slope (k) can be considered as the rate of decomposition
and the smaller slope (m) as the rate of entry intoé
bound pool. These were determined from the slope E
of flatter portion of the curve and from the difference

slope of the =steep and flatter portion. This is

explained in Fig.2 given below :

!
0
L)
3__ 200 -
A
'gv
o,-|r8
-§.p Slow step
g 100 I
= \ Slope (m)
Yl
0 \ Slope (k)
~ o - T T ]
| ' 40 8¢ 120 .
Days

Fig.2 : DISAPPEARANCE CURVE FOR METOXURON AND TEBUTHIURON
IN SOIL
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RESULTS

The experimental [(indings  of  lhe  present

study have been presented under the following heads:

1) Adsorption of Mot OxUEQn and tebuthiuron
on homoionic montmorillonites wilh adsorption on ¢cation

saturated resins as model compounds.

2} Adsorption of meLoxuron and tebuthivron

on soils and their constituents.

3) Preparation and characterisation of polymaleic:
acid as a model Ifor soil fulvic «acid, adsorption of;
PMA on homolonic montmorillonites and c¢omparison of}
‘adsorption of metoxuron and tchuthiuron on ‘montmorillo-

nite-PMA comploxes,

4} Persistence of meboxuron and tebuthiuron
in an alfisol and wvertisol, and o evaluare physical
and mwmathematical models to predict residues uander.

field conditions.

93
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4.1 ADSORPTION OF MIPFOXUROM  AND  TEBUWIHIURON ON
HOMOYONIC MONTMORILLONTGES WITH ADSORPTION ON
CATION SATURATED RESING  AS MODEL  COMPOUNNS:

4.1.1 " Spectral characterisaltion  of  metoxuron  and
Lednsblhiitsvasn ¢

Metoxuron does nol erxhibit  any absorbance
in the wisible range. The UV spectra of ageous solutions
- of metoxuron gave a sharp absorption peak at 240 nm

(rig.3). Identical spectra  were  oabtained  in 10—2

NHC1 and lO*ZN NaOH thus ruling oul any changes like
- protonation, dissociatioun  or | cwecomposition in Ehe
metoxuron molecule over the wide range of pH 2«12,
Agqueous solutions of tebuthiurcon were colourless and
gave sharp absorption peak at 254 nm. The spectfa
was scanned at pH 1-12 (Fig.5). The spectra showed
the tebuthiuron undergoes protonration below pH  2.0.
The spectra of equilibrium solutions after .adsorptibn
on homeionic clays, also rulad ont any change in the

chemical nature of the herbicides due to adsorption-

deSorption. Standard curvis Por meltoxuran (Fig,h)
and tebulhiaron (Pig.0}  peenied  Ahcough  thoe origin

and obeyed Ueer-Lambert's law w0 the given range of
concentration. The standasrd ourve had a slope of
0.0625 ahsorbance units per pgmL'L jor metoxuron  and
0.055 absorbance units jpov 1zthnl for tebuthiuron,
The equilibriuvwm concentration: ot actoxuron and tebuthd-

o in  the supoernatact alcoer  adsorption on olays,



‘ Hc._ﬂ_u. yibua) aADM

0S¢ 00¢ 0sZ 0ac
¥ ! 0
010 -~ 040
—— 7 0¢-0
> €0} 080
o
v
o
i 4090
o _
o |
Ln ]
® 050 -1 0S50
41090
0L 0+ 104:0
HODN,.01 Ul wdd i
‘ ur wdd :
19H N ;.01 ul o1 T dos-0
13}om ")s1qQ Ui wdd 0t

060




R e

(wu0y?)

-

NOUNXOLIW ¥04 3A¥ND QYYANVIS [P 914

((-w 5r/) Uo1}1DJUS U0

adunquosqy




NOMNIHING3L 40 WNAHLI3LS (S 914

( wu ) yibuaj aaopm

F=—
oLo
J3IDM ")S1Q 11 02'0 »
09 0! o
05 6 0g0 S
0-€ L 3
0-¢ 9 oy ®
8-} G
9-4 Y 050
¥l £
A Z
01 1 4090
Hd  ©oN-S
i 040




i A —————— ~ baer e o

((WuySZ) NONNIHING3L ¥03 3JAYND AuVANVIS 9 513

-

!

(|- m_,\v UoIDIIUSIU0Y)

I | I

FJuUnqlIosqQy




99
soils, HA or clay-organo comploxes were determined
with reference to their corvesponding standard curves
after sub. tracting for corresponding blanks.

4.1.2 Adsorption of wmetoxuron on homoionic mont-
morilloniteg:

Adsorption of metoxuron wéﬁ studied on agueous
suspensiong of homoionic H-, Al-, ffe-, Ni~, Cu-, 4n-, Ca-,
Ba~-, Mg~ , K-, Na-—, quw oo Lo i L loni e, preaparad
as explained carlier. 5 mL i «isy suspension containiag
~50 mg clay was equilibrated with 0 to 100 pgmLHl
initial concentration of wcboxuron  centrifuged and

assayed spectrophotometrically all 240 n.

Complete adsorption dula comprising of initial
concentration, equilibcium concentration and Lhe amount
adsorbed [or the homoionic nmontworillonite are given

in Table 3.

The difforent treiter Lornn e mondtwori Lionitos
showed widely different adsorptive  capacity. The

amount adsorbed Aincreasoed  with  dbneercase Ln initial
concentration in all the cascs. The.range of adsorption
-for homoionic clays for variatioun in the initial concen=
tration of metoxuron from 10 Lo 100 ugmu“l was o as
follows :

The amcunt adsorbed varicd from 9.8 to 406,0

/100 mg for H-M, 37.7 to 340.7 png/l00 mg for Fe-M,
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35.1 to 290.5 yw3/100 mg fos AL-M, The adsorption
varied from 41.2 to 316.1 3/L00 mg for Ni-M, 16.9
Lo 270.6 . wg/i00 wmg tor Zn-t, 4du.% Lo 231.8 ug/1i00
mg for Cu-M, For alkaline c¢arth metals it varied
From 39.0 to 245.2 pwg/100 wmqg Lo Bo-M, 18,5 to 245.2

/100 mg for Mg-M, 33.6 Lo 239.0 upg/l00 mg for Ca-
M. For the monovalent iens the amount varied from
28.6 to 245.9 /100 my for Nudhmjﬁ.Q to 73.5 uwg/100 mg
for Na-M, 9.2 to 71.2 wg/100 wg lor K-M (Table 3).

Adsorption isotherms constructed from the
above data are given in Fig.7. These isotherms were.
generally S-shaped and were fitted Lo FPreundlich model,
The constants 'K' and a are given in Tabkle 4. The-
value for Freundlich '‘RK*' was lowest fFor K-M  (1.24)
and highest for Cu-M  {11.246). @ rnngedm £rom U.ﬁ?:

(for Cu-M) to 1.22 {(for Zn-M).

Since the adsorption isotherms were S-shaped,
which in general 1is a rcousull of wo driviug forces
viz., the concentration of wctcoxuren in soll solution
and the cooperativity of metonuron already adsorboed
operating simultaneously, o oow matheomatical  equation
Cas  explained under  ‘Review!'  {Savoja Raman,  LYB81)  was
also tried to guantify the adsorpbtion data. TFor applying
the equation, the value of X was calculated for "f"

~ 0.1 to 0.8. For each‘value ot £, ¢, the corresponding
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Talble 4 : Maximum adsorption, uf, ko, and rrewundl o

constants of metoxuron ¢h homeionic wontmorillo-~

nites '
Ion MaxLinum Ko T
satu- adsorption _L “fi Freundlich
rating wg/100 HU 7 it pa b constants
the mg e Rk e
complex K &
H~ 402* - -
Feo- 340 0.0 - 1.10 0.7
Al - 290%* 0.037 - 4,27 0.86

- Cu~- 235 0.0 0.068 1t,20 0.67

Ni- 3le 0.029 3.065 4.62 0.90
AT 2714 0.0 .9 g, 0uh% 1,41 L.as
Ba- 255 0.013% 0.063 4.79 0.80
Ca- 240 0.029 0.048 4,79 0.74
My~ 245 U.u24 0.043 2.09 1.15
K- 71 0.039 0.078 1.24 0.987
Na- 73 0,027 0.075 1.29 0.89
Nﬁqm 245 0.028 0.053 3.55 0,99

* PDid not recach surface saturation
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equilibrium concentration was read dvom Lhe adsovplion ._
isotherms. he wvalues ol I ond the corresponding
C are given in Table 5. In the case of H-M, Al-M
and PFPe-M, surflface saturation was unoht reached and hence
it was not possible to apply ths oquation. k, the
coefficient of increase in adsorption was obtained

from the slope of xg vs C ()Fig.8).

It wvaried from
-1 o -1 - Ky S PURE: 4
0.043 () mE (Mg-M) to 0.078 (W mL. (K -M). N
: f"-"-'t:"‘" -_"ﬁ" I . ’ i - -.1_'.' B ' LWL '

Although the isocthezms wore not completely
of Langmuir type, since a tendency for surface satura-
tion was pres enk, a comparison ol 1The relative binding
strength (KL) was estimated at 50 per cent surface-
saturation, which corresponds Lo unik activity of -
the surface, Since K; = ﬁi; x 1., when@ = 0.5,

) I .
KﬁicU.S)“l where Cy ¢ corvenpords (o the agud Librd
concentration at 50 per cocol cacface saturation. Thoe
values of maximum .adsorptiun, I

[ k, and FProundlich

constants are given in Tablc 4.
4.1.3 Adsorption of metoxurcn on ion saturated resins:

Adgorption of metoxuron was studied on homolo-
nic IR-120 resin satburabed with Lhe same  cations  as
in the case of montmorillionite, to evaluate the role
of ca tion exchange resin oo o wodaol  for Lhe  soil

clays.
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The amount of metoxuroa adsorbed at each
initial concentration and the coryvesponding oeguilibrium
concentration are given in Table 6. As in the case
of homoionic nontmorilloniics, t.he adsorption was
highest for H-R, Fe-R and »~1 I, The amount  ad=orbed
varied from 79.9 to 914.6 ag/l00 mg for H~R, B0.9 ta
890.4 yug/l00 mg for PFe-Rk und 57.3 to 873.8 jq/100

meyp e ALl (radale: W),

The transition metal ions followed -, Al-
Fe- 1in adsorption. It was 37.3 to 763.4 pug/l00 m§
for Cu~R, 26.6 to 736.5 pg/lU0 my for Co-R, 28.5 td
709.0 ug/100 mg for Zn-R, wnd 2v.7 to 664.7 nug/lo0
mg for Ni-R as the initial conceniration of metoxuron

increased from§0 to 500 g !

[*or RocR, Ca-R, Mg { e amount adsorbed
varied from 12.8 to 634.3 pg/100 neg, 6.3 tou 5987.60g/100 mg

13.3 to 586.7 /100 mg respectively.

The amount adsorboed wias  lowest for resin
saturated with monovalent itons  and varied from 9.1
to 397.5 pug/100 mg for K-, 7.3 ta 390,10 py /00
for NH4-R and 10.1 to 310.} 1ng/100 mg for Na-R (Table 6).
Thus the adsorption on resins ol towed the same trooads
as in clays and followed the oider trivalent > Divalent>

Monovalent..
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Adsorption isotherus weie  constructed for
all the ions in the initiu! <oncentration range of
0 to 500 ugTL"l (Fig.9). Those were mainly parabolie_
in nature with a tendency 1o 1 wach swurlace saturation
within this concentralkbion 1 ouge, Thotre was howovoer
a tendency for S-shapje in the initial stage of adsorp-
tion. The adsorption isotherwms weroe analysed according
to Freundlich equation. The relalive binding energy
KL was also calculated. The  Freundlich constants,
KL and maximum adsorption are given in Table 7. Freundlich
constant 'K' varied from 1.02 (for Mg-R} to 2.69 {(for
Al-R) whereas o varied from 0,98 (for Na-R)} to 2.17
(For Cu-wr). The  amwount ol owvesciaon odscarpet oy v o
from 30% wg/100 mg (Na-R)} to 945 3/100 g (H~R).i

The wvalue of K varied from U.004106 |1g~lmL for Zn-R

to 0.0065 pgflmL for Na-R.

4.1.4 Adsorption of tebuthiuron on homoionic monk-
moritlonites :
Adsorption of tebuthiuron o homoionic mont-
morillonites was carried out in Lhe same way as metoxuron,
. -1 . ' C s
with 0 to 200 ugmnmL of tebuthiuron as initial concen-

tration.

The amount adsorhed rfoliowed a similar pattern
as metgxurcon, and was depondent on the charge ol the

exchange cation. Thus, tho icrn. 1t tnto the following
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groups 3 trdvaelent > Jdivalenl Tronsttbon ometal dons

alkaline earth ions > monovalent.

The amount adsorbed for trivalent ions varied
from 61.1 to 341.7 1Ww/100 wmg tor Al-M and 42.8 to

306.5 pg/100 myg for Fe-M (Tablce 8).

Transition metal ions tollowed trivalent
ions in adsorption. Thae axrent of adsorption was
32.0 to 221.1 wy/1l00 mg for Ni-#M, 26,1 Lo 220.0 ,y/100 mg
for Cu;M, 31.0 to 180.7 wy/100 wmg for Co-M and 24.1

to 177.9 pg/100 mg for Zn-M.

Alkaline earth cations showed similar degree
of adsorption. Thus 1t was 21.060 toe 141.6 ug/100 1ag
for Ca-M, 22,06 to 138,1 w/10) mg l1or Ba-Mm and 28.2
to 136.3 pg/l00 wg for Mg-m. oo Lhe wonovatent .Lon_s
the extent of adsorption wasn  again very close and
was 10.5 to 107.% pg/100 my oo Ma-M, 6.9 to 101.7 pug/100

mg for K-M and 11.2 to LO%.} pgstol mg for 1\?]14-M (Pable 8,

The  adsorption isotherms  were constructod
For all the samples and are given Py, L0000 Thoese  woere
mainly parabolic in nature with a toandency to reach
gsaturation within this yange of congentration. fThoere
was some S-character in the inttial stages of adsorption
in most cases. The isotherms wece analysed  according

to Preundlich equation and (he conslants K oand o ace
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presented in 7Table 9. Preovidlich K varied from 1,02

{cu-M) to 14.45 (Al-M) andu Lrom 1.34 (Co-M)} to 0.62

The data was also «balysed by the equation:
af - kf2/3(l~f) as explained carlivr, and the values of.
de¢

f and the corresponding 'C' are given in Table 10.
The plots. of ¥ vs C. for the different metal wmontmorillo-
nites are given in Fig.ll. The value of k determined
from the slope of the curve ¥ vs C varied from 0.018 pg‘lmL

(Na-M and Ni-M) to 0.042 pg ‘mi, (Ca-M).

Li’ maax 1w

adsorption { ug/l00 mg)J 'k' and Vreundlich constants

The relative binding sirength (K

are given in Table 9.

4.1.5 adsorption of  tebuthiuron on fon saturated
resing o
Adsorption of tftebuthigcon on  lon  saturated
resins was carried out 1in the same way as explailnad

earlier,

Complete quantitative «details  of  adsorption
are given in Table 11. As  ooen,  the qmount  adsorbed
increased with increase in jinittilal concentration.
The amount adsorbed was bhighesl 1o -], Al-R and F¢ -
R and varied from _52.8 to iblu.0 pyg/l00 mg for li-R,

25.4 to 1431.1 ug/100 mg for Al-R, 64.1 to 1285.8 pg/l00 mg
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0.012

Takble 9 3 Freundlich constantss, NG K Lmum adﬁorptiun}
K and k vwvalues of tebuthiuron on homoionig
montmorillonites

Ion Freundlich constants Max.:aum

Satura=  —=—c—mmee——— - ads.option Ky, K

. ting { n 7100 _

the K nt ey b { ny { 11

B Do wl., why

Al- 14.4% 0.62 340 0.017 0.035

Fe- 6.16 0.79 300¢ 0.012 0,022

N 1.41 1.01 220 0.0uY O.0L8

Cu- 1.02 1.27 220 0.016 0.030

Co- 1.21 1.34 18y 0.622 0.040

Zn- 1.20 1.11 i 7 0.019 0.039

Ba- 1.67 1,05 134 g.021 0.038

Ca- 1.95 0.87 141} 0.021 0.042

Mg~ 2.69 0.84 L38 0.014  0.023

K- 1.19 1.05 10 0.008 ©0.022

Na- 1.7 1.0 167 0.012 0.018

NH4- 1.16 1,06 iov 0.039
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for TFe-R, For transition w:lal  ion:s, the extent of
‘adsorption was 20.7 to Ll4s.4 pg/l00 wmg  for CO~R,
41.5 to 1145.2 ug/100 mg {for Cu-R, 21.7 to G04.8
ug/100 mg for Ni-R and 17.% to 484.9 ng/l00 wmg for
Zn-~R. The alkaline earth salurated resins followed
next with 18.8 to 612.5 pg/i00 mg for Mg-R, -18.6 to
387.6 Hg/100 mg for Ba-~R  and  20.7to38l.6 wg/L00 mg
for_ Ca-R. For monovalent oppalrd  resins the oxtent
. of adsdrption was 11.3 to 3J6.7 pg/100 mg for X-R,
50.0 to 273.9 ug/100 mg for Na-8 and 11.3 to 308.1

wg/100 mg for NH,~-R (Table 11).

4

Adsorption isotherwms:  for homoionic resins
are presented in Fig.l2, The adsorption isothorms
were qgenerally parabolic in oalie wilth  Londoney oy
S-shape 1in the initial stages. ‘“The data were analysed
according to Freundlich agquat lon. The  wvalues of kK
and o, KL and maximum adsorpltion are given in Pable 12,
Freundlich constant "K' wvariod Lrom 1.02. (Co—1R) Lo
53‘;- (Cq-l'(); a from 0.53 {Cu-R) to 2.88 (Ni-R). Maximum
adsorption { wg/100 mg) varicd Irom 275 /100 mg
(Na-R) +to 1720 wug/160 wg (i-R). fie wvalues of Kp
varied from ¢.0038 LgﬁlmL (Ca~R and Fe-R) to 0.0074

u g"JmL @Zn-Rr).
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Table 12 : Freundlich constants, max Lmum adsorption,
and KI of tehulthiuron on homoionic resins

Ton freundlich conslanta  Maximum T
gatura- =  —mememommeemm— e Adsorption KI
ting —i

the K a {(ng/100 ug “mkL
resin mg )

H~- - - 1720 0.0056
Al- 1,22 1.9 1470 0.,0048
Fe- 1.25 1.73 1370 0.0038
Ni- 1.20 . 2,88 605 0.0071
Ca- 5.24 D.53 1310 0,00%3
Co- ' 1.02 1.90 1190 0.0050
in-— 1,14 .22 480 a,0074
Ca- 1.20 .o 445 0.0038"
M- 1.20 1.18 605 0.0072
. Ba- 1.17 1.06 397 0.0041.
Na- - 1.18 AR 275 0.0063
K- 1.73 0O.88 342 0.0050.

NH - 1.13 1.11 315 0.0049
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4.2 ADSORPTION OF METOXUR(m  AND  TEBUTHIURON ON
SOILS AND THEIR COMGHIVURNITS

Physico—chemical properties of soils :

The physico~chemical jropertics of the soils
used for studying adsorption are given in Table 2.
The pH of scil samples varied from 6.4 to 8.5. Total
soluble salt content as deterwincd by LEC varied from
0.032 Sm—l to 0.144 Sm’l. Organic matter content
varied from 0,19 to 1.02 per c¢ent, cation exchange
capachly  vardloed Lo 13,600 Cmol I-‘\|“.l ber HHL0 0 Chaold ]“J...]'
Clay content varied from 12.5 por cent to 62.9% per
cent.

4,2.1 Adsorption of metoxuron and tebuthiuron on 2 mm
and < 50 soil fracuions @

Adsorption of meboxuron ang tebuthiuron
was carried out on 2 mm and < YU p fractions of soils
1, 2, 3 and 4. Adsorption [(nocedures have  already
been explained under Materials and Methods. Adsorption
isotherms for metoxuron on 2 fractions are given
in Fig.13. The adsorption isotherms were S-shaped
for soils 1 and 2 and were L-shaped for soils 3 and
4. The S-shaped isotherms had «an  initial  plateaun
followed by o stcep risc. Suciace saruraljon waw
not attained in the concentration range studied. Complete

adsorption. data are given' i Yable 13, The amount
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 Soit -3

Soil -4

| | |
0 8 16 24 32

Eq. Conc ( pgmL~")

F1G. 13 ADSORPTION 1SOTHERMS OF METOXURON ON 2mm SOIL
FRACTIONS

13
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adsorbed varied from 3.6 to 26.9 pg/g in s0il-1, 2.9
to 35.0 pg/g in soil-2, 1.8 to.l9.0? P9/9 in soil-
3 and 3.7 to 17.2 pg/g in soil-4. Adsorption isotherms
of metoxuron on < 50 y fractions are given in Fig.l4.
These isotherms were S-shaped in all the cases with
an initial platean followed by steep rise, Surface
saturation was not attained in the concentrat/ion range
studied. The amount adsorbed on < 50 p fractions
are given in Table 14. The amount adsorbed varied
from 17.3 to 120.0 pg/g for soil-l1l 4.1 to 144.0 pg/g for
soil-2, 7.2 to 1l15.1 pg/g for soil-3 and 17.0 to 133.7

pg/g for soil-4,

The adsorption data fitted well to Freundlich
model and the Freundlich constants, K and « are given in
Table 15. Freundlich 'K' varied from 0.12 to 7,00 in 2.
mm fractions and from 0.12 to 2.20., For < 50 p
fractions the 'K' varied from 1.10 to 1.67 and « from

0.76 to 1.18.

The amounts of tebuthiuron adsorbed for
each initial ¢oncentration for 2 mm fractions are
given in Table 16 and on < 50 p fractions in Table
17. Adsorption isotherms for 2 mm fractions are given
in Fig.1l5, These indicated a tendency for S=shape
'in the initial stages of adsorption. The adsorption

isotherms for < 50 p fractions are given in Fig.l6.
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. "Amount Adsorbed - (ug/g)

360

300

Soil-3

FI1G. 14. ADSORPTION I[SOTHERMS OF METOXURON ON -'50.}‘1_

240
180
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60
' 0 | | _|
6 12 16
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Table 15 : Freundlich c¢onstants of metoxuron on 2 qn.

and < 50y fraction of soils
2 mm fractions ; <50 u fractions '
Freundlich - —-mmeeceecwrmeacae e e
constant Seil  Seoil Seil Soii Soil Soil  Soil  Soil
1 2 3 il I 2 - 3 4

x e e e vy b g e m G L W dem b b e

a ¢.12 1.30 1.%u 2.20 1.11 1,18 0.76 0.76

K 7.00 0.12 3.9 2.50 1,11 1.67 1.11 1.43
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Soil -1
200
180
®
Soil~2
160 .
140 1

120 -

100 -

60

L0 r

d | L | ] I 1 1 | !
5 10 15 20 25 30 35 40 45

Eq. Conc ( ppm )
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F1G. 16 Contd . ADSORPTION ISOTHERMS OF TEBUTHIURON ON -50u

SOIL FRACTIONS




Table 18 1

Freundlich constants
and <50p soil

Freun-
dlich
cons-
tant

2 mm fractions

B e e e i e

Soil Soil Soil Soil
1 2 3 4
1.14 1.21 2.3%4 2.18
1.64 1.33 ©0.93 1.¢4

of
tracliong

142

Foelbwthiuron on 2 mm
< 50 w fractions
Soil Scil Scil  Soil
I 2 3 4
15,13 7.07 4.46 2.63
.59 .84 1.48

1.35
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The data was analysod by Freundlich equation.
The values of K and o are given in Table 18, Freundlich
K varied from l.l4 (Soil-l) to 2.34 (80il-3) and a from
.0.93' (Soil-3) to 1.64 (Soil-1). Por < 50y fractions
uﬁhe value of K varied frowm 2.63 (Soil-4) to 1S5.13
(Soil-1l) and @ from 0.59 (Soii~l) to 1.48 (Soil-4).
4.2.2 Adsorption of metoxuron and tebuthiuron on

lumic aAcid

The amount of e Loxuron and tebuthiaron
adsorbed on humic acid is given in Table 19. The adsorp-
tion isotherm of metoxuron iz given in  1'ig.17 and
of tebuthiuvron in Fig.l8. These  isotherms were  L-
shaped in contrast to 2 mm and 50y fractions. These
were analysed by Freundlich model. The Freundlich
constants K and a for metoxuron were 22.43 and 0,92
respectively. These constants wera 28.84 and 0.88
for tebuthiuron. '
4.3 POLYMALEIC ACID (PrMA) AS A MODEL FOR  SOIL
FULVIC ACID :
The results of the investigation with PMA

are presented under the following hcads :

1, Preparation and propoerties of PMA

[1%

Interaction of PMA with lhomoionic montmorillo-

nites.
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Table 19 : Adsorption of e LoRuTan and tabuthiuron
on Humic Acid

Metoxuron PTebuthivron
Tnitial Eq.c BB, tnitial  Bq.C  A.A.
concen- -1 . concen- -1
tr:at:.c:.n_l ¥gmL ng/g tration w gml vg/
W gmL B I 100mg
2.5 1.48 565,90 4. 3.21 78,148
5.0 3.33 831.9 4 6.54  145.45
7.5 4.67 1413.9 [ 10,09 L98.90
10.0 6.94 1528.6 Po 13,54 245,45
15.0 11.07 1816.5 20 16.72 327.27
24 19.09 409,09
28 23.09 490.990
32 26.67 578.18
36 29.99 609,09
40 33.54 645.45

%3] 43.54 645,45




Amount Adsorbed (pg /9)

3200

2400

1600

800

Eq. Conc. (Mg mit)

FI1G. 17 . ADSORPTION ISOTHERM OF METOXURON_ON
HUMIC ACID
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00

00

i ] [ K

10 20 30 40
Eq. Conc (ugmL™})

G.18 . ADSORPTION ISOTHERM OF TEBUTHIURON ON 'HUMIC ACID
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3. _Adsorption of PMA on cation saturated IR-120
resin.

4. Comparative adsorption of metoxuron and
tebuthiuron an homoionic montmorillonites
and Lhie CHOT G o L vl ay - PMA comploxes,

4.3.1 Preparation and properties of Polymaleic Acid:

Polymaleic acid was prepared by the polymeri-
sation of maleic anhydride as given 1in 'Materials
and Methods® and was characterised for functional
group analysis and spectral properties. It was dark

brown in colour and soluble in water.
4.3.1.2 Functional group analysis :

Functional group analysis provide information.
about the type of reactive sites on PMA. The method
has already been discussed in Materials and Methodsf
The Lotal acidity as  dolbeswmined Dby Ba (i) 5 e tlhuod
was 11.43 me/g. The carboxyl content of PMA was 7.82
me/g and phenolic hydroxyl group «ontent was 3.61
me/g PMA. The contribution of - COOH  and phenolic
O  groups towards Lbotal acidily  ithas  was 6.4 and
31.6 per cent respectively. %hus, the contribution
of -COORH group towards total aclidity was almost twice

as that of phenolic OH groups.
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4.3.1.3 Potentiometric tilration 3

The potentiometric Cilkration curve of PMA
with standard NaOH is shown in "ig.19, There was
a gradual rise in pH with LUl addition of base, thus
attesting to the high buffering capacity of PMA. This
shows  that  MMA behaves as  woeakh  acld polyelectrolyte
like .FA and HA, A Ffairly sharp break occurred at
2 1.87 meg of NaOl thus corrosponding to 9.35 meq of
titratable acidic groups per gram of PMA. Potoentiome-—
tric titration was also cavriaed out 1in the presence
of 10_2 M, lUFIM ‘and 1M KCl to uotice if there is
a shift in acid-base eguilibrium. These curves are
given in Fig.20. The pika of PMA was calculated from
the potentiomelric titration data os explained under
'Materials and Méthods' using llaiddlerson-Hesselbalch~
equation

pit = pKa + log Lﬂ:l*

[HA]
From the plot of log EE?}} ve pll the pKa was  takon
as the intercept on X-axis (Fig.2l) and was egual

to 5.48,
4,.3.1.4 Conductametric titraticng :

Conductometric tileal.ion curve of  PMA with
standard NaOH 1s depicted 1inn Fig.z. ., From the curve

it can be seen that with thoe addiizion ot NaOll, conductance



12p=

2 b=
| ] ]
0 10 20 30
Drops of .04 N NaOH added ;
( Ten drops = 0.51mL ) o s

/

FI1G. 19; POTENTIOMETRIC TITRATION CURVE OF PMA WITH STANDARD
NaOH (1-04N)
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increased very slowly in  Lihe hegimning followed by
a sharp rise. The end point  was obtained at  1.54
me NaOH. This corresponds to 7.7 wme/g of -COOH groups
and is close to the wvalue obt.lned by the Ba(OH)2

method.
4.3.1.5 Spectral propertics :

Ultraveoilet speact rum ol PMA scanned Lrom
pH 1 to 10 showed a well Jdoelined peak at 255 am till

pi (['ig.23).

A plott  of  absovbooiee  va concenlratcion  of
PMA in the range of 10 to 100 ugmL_l (Fig.24) followed
a straight line and obeycd Ueoi-Lonbert's law. Thae
astandard curve had a slope ot U 01P3h absorbance units
per ugmL-l of  PMA, The concentration of PMA in  the
experiments on resins and wmonlmorillonites was  deoler-

mined with reference to this factor.
4.3.1.6 Infrared Spectrum :

Infra-Red sprectrascopy provides rnlocmikian
regarding the nature, reactivity and struclural arrange-
menl ol wxygon conbalubieg Dol boeedh g onagna, Piet e anend
spectrum of PMA obtained ia KB pelicol is presentedin
Fig.25. The spectra showed o bunber of bands al vartous

wavelengths. The ' as signuent ol various peaks in
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FIG. 24 . STANDARD CURVE FOR PMA ( 255 nm)
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the spectrum was done with Lhe hetp ot data avallable
in’lthe literature. In gencral, the spectra showed
the presence of aromatic ring with phenolic, carboxyl
and éarbonyl substituents. “The spectrum showed shoulders
at 1780 and 1850 Cm“l due to cyclic anhydrides, The
spéctra exhibited a number of bands at 1640 cmul (medium,
C = ¢ stretch of okfin or pyridine derivative), 1490
cm™l (medium, C = C stretch of aromatic ring), 755 em™ L
{medium, C-H oﬁt~of-plane deformation of alkyl pyridine)
and 680 em™ 1 (pyridine doerivatbive). The  presence

of these bands have been voported by Spiteller and

Schnitzer (1983) also.
4.3.2 Adsorption of PMA on howmolonic montmorillonites:

Adsorption of PMA was o sloadied on aqeous
suspensions of homoionic wmontwmorilionites gaturated
with Fe-, Al-, Wi-, Cu-, Ln-,  Co-, Ca-, DBa-, Myg-,
Na+, I\Ili4~ and K-. Five mt. ol suspension (containing
~50 mg clay) was equilibrated with initial concentra-
tion of PMA ranging from 10 vto 140 ugmL“l. After
equilibration for 24 h at 27¢C and centrifuging, the
amount left in supernatant was dotermined spectrophoto-
metrically at 255 nan. The  gwount  of PMA adsorbed
on different homolonic monbtmorillonites Lell into
four distinct groups : Crivalenl > Lransition d  jops>

alkaline carth 1ions > monovalont, a4 in the case of



adsorption of metoxuron and toihwlbhinron opn wetald monbmos

rillonites and resins.,

For trivalent ions Lhi: amount of PMA adsorbed
varied from 261.7 to 2132.8 upy/l00 my for Fe-~M, 76.5

to 1425 ug/100 mg for Al-M.

Transition metal ions foullowed Fe-M in amounts
adsorbed and were of the order 116.1 to 1125.3 ug/100
mg for WNi-M, 2341 to ‘6¥3.0 1g/100 mg for Co~M and

73.3 to 851.1 ug/mg for Cu-M.

Alkaline earth metal Lons followed the transi-
tion metal ions and the amocunts adsorbed varied from
7.4 bt 27708 pag/Z100 qug oo Mo BN ba AN, g 1

mng for Ca-M and 67.9 to 252.6 juqg/100 mg for Ba-M,

For monovalent ions, the oxlenk of adsorption
was B83.8 to 340.6 Hg /100 mg ior er4'--M, 29.5 ko 165.1
ug/1l00 mg for K-M and 9.5 to 141.1 #g/100 wg for Na-
M (Table 20). Adsorption isotherms were wmostly L-
shaped (Fig.26). Adsorption increascd with  jncrease
in initial concentration and tend to reach saturation,
A slight S-~character was seen in the initial stages

of adsorption for Co-M and Na-M.

The adsorption data was Ffitted to Freundlich
equation, The Freundlich oonslanis, K and o , the

value of (CO 5)"1 whtich corresponds to binding constant
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Table 21 : Freundlich congiants , maximunm adsorption
and Ky of PMA on homoionic montmorillonites

Ton Mo X Lmum

Batucaw- Freundlich Adsop- KI

ting constanty {iwon -

the L { po/ -1

- Complex ‘"E* """""""" a 100mg} pa Tmb
Al- 27.23 0.60 1420 0.0714
Fe- 199.52 0,78 2200 0.1430
Ni - 29.51 0.96 1150 0.0541
cu- 2,09 0.81 900 0.0435
cCo~ 2.30 0.76 710 0.0294 .
Zn- 14.79 0. 85 950 0.055%6
Ca- 23,44 0.54 270 0,0400
Mg- 10.35 0.73 260 0.0253 "
Ba- 21.30 0.060 260 0.0571
NH ,~ 25,11 0.64 310 0.0714
Na- 6.09 0.88 145 0.0317

K~ ' 1.15 .oz 145 0.0435
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K., of fangmuir equation calculated from the isotherms,
along with maximum adsorptiopn are given in Table 21,
Freundlich constant ‘'K' was highest for Fe-M (199.50)
and wags lowest for K-M (1.15) and & was highest for

Ni-M (0.96) and lowest for Ca-M (U.54).
4,3.3 Adsorption of PMA on Homoionic resins :

Adsorption was sludiaed on the samne set  of
representative cations as in  the case  of  mpetoxuron
and  tebuthiuron. Surface saturation was attained

~with wmuch larger concentration ol MA and hence  the

‘initial concentration range used was 0 - 500 pgmL*l,

The amount of PMA adsorbed on . different
- ion saturated resins are presented in Table 22, The

amount adsorbed decreased in Lha ovdoer

trivalent > divalent > divalent > maenovalent
¢ 3d tran- alkaline rLons
gition carth '
metal : me ol
ions _ LCHS

The amount adsorbed was highest for Fe-R, Al-R and
H~R and varied from 69.4 1o 1068.9 pg/l00 mg, 85.5
to 910.3 pg/1l00 mg and 100.6 to 983.8 py/l00 mg respecti-
vely. Trangition metal Jont otozely rollowed trivalent
ions and the amounts adsorbed varied from 27.5% +to

962.0 ug/100 mg (Cu-R), 44.8 o 98L.7 y/1l00 wmg {(Ni-R),
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57.7 to 848.2 ung/1l00 mg (¢o-rR)  and 57.7 Lo 824.1

ug/lOU_mg {vn-RR).

Alkaline earth metal ions followed transition
metal ions and thé amounts aduorbed were 45,2 o 637.9
Hg/100 my ’for Ca-R, 51.6 tvo 62,0 pg/l00 mg for Mg-
"R, and 10.2 to 53%2.0 1wy/100 mg for Ba-R. Monovalent
ions showed least adsorption and varied in Lhe order
3.1 te 137.9 pg/l00 mg (KR} 6.8 to 125.8 ug/l00 mg

(NH4~R) and 6.8 to 68.2 ug/100 mg {(Na-R).

Adsorption isotherms {or difforent homoionic
resins are presented 1in Tig.27. Adsorption isotherms
were parabolic showing a tendency to reach surface
saturation within the concentration range studied.
There was some S character in alnost all the isotherms
in the initial stages. The adsorplion data was Littoed
to Freundlich egquation. Foraeundlioh constants 'K
and a alungwith the valucs o maziwuam  adsorption,

K, are given in Table 23.

4.3.14 Comparison of adsorption of wmetoxuron and
tebuthiuron on homa bonic wontuoritlonite
and metal montmerillonite-PMA complexes :
Montmorillonite~PMA comploxes  were  prepared

by treating suspensions of  bhowoiondic monlunorid lonites

with PMA and washing free the cucess PMA with distilled

watoer, Adsorption wag carvicd oul under ddentical
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Table 23 : Freundlich conslant s, maximuin adsorption
and KL of PMA on homoionto resins
Ion Freundlich constants Max imum K
satura- T TTTTTooToom T rdsorption E]
Ling K ) { wy/100 HG b
the ' my )
resin
f1- 1.74 G.98 1040 0.0038
Al- 2.24 - 0.yl 1020 0.0035 -
Fe- 1.01° L.GO - 1200 0.0036
Nl .12 (AL 6N 0, 0uL0
Cu- 1.04- 1.448 990 0,0052
Co- 1.19 1.19 855 0.0057
Zn- 1.07 I, 37 Biu 0.0057
Ca- 1.67 1.3i 640 0.0054
Mg~ 1.17 1.17 565 ¢.0057
Ba- 1.19 1.07 520 0.0063
Na- 1.16 0.561 65 0.0100
K- 1.22 0.93 135 0.0053
NHJ‘ 1.25 0,75 - 110 0.0055



file://'/diiorption

172

conditions as explained under ‘Malerials and Melthods!
withh 20 and 50 HgmL_l initial concenlrabion of metoxuron
and tebuthiuron. The amount adsorbed on metal clays
and corresponding metal clay-PMA complexes 1s glven
in Table 24. ‘there was  ooan. kot el Lucreaad in  amount .
adsorbed on clay-PMA complexes as conpared to correspon-—
ding metal clays. The per conl increase in adsorption
on clay-PMA complexes is given in Table 25, In order to
derive information about the rvoloe of exchange cations
on the shape, extent and mechanism of adsorption of
metoxuron, tebuthiuron and PHMA on resins and c¢lays,
relevant adsorption pavametess ike waxismm  adsorption,
Freundlich K, Langmuir K and lLveo cnergy of adsorption
were analysed qualitativoely «and  guanbitatively  with
respect to ionic properties like crystalline ionic
radius (CIR), crystalline ionic polential (CIP), hydrated
ionic radius (HIR), hydrated ionic potential (HIP),
and charge on the ions and are pres ented in Table
26. The results are summarised for individual adsouvbonls

and adsorbates as follows :

4.3.5 Adsorption of metoxuron and tebuthiuron on
homoionic montworillonites ;

Fi

The adsorption Leobhering constructed for
all samples (Fig.?7 and 10}, indicatad that these isotherms
were mwainly S8-shaped in wnature wirh a  tendency to

" reach surtfacoe saturalion Wit il v condentration
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Table 25 : Per cent increase in Moebosuron and Pebuthiuvron

' by montmorillonite - I'MA cumplexes

Ion Metoxuron Tebuthuiruon

saturating % increase at % increase at
the TTTTmTTo T Tt T [T
resins 20 uygmL~ 50 uqgml 20 pugmh 50 ugml
a1d* - 3.8 3.8 14.3 9.3
Fedt 13.0 14.7 25.1 21.2
NiZ?t 9.7 19.0 32.7 20.5
cu®™t 6.9 7.5 19.7 18.0

2t - g .
Co 14.0 32.1 13.6 20.3
702t 21.0 19.9 18.6 1.3
ca?t 20,3 17.8 19.5 20.7
Ba?t 9.8 13.0 14.0 15.6
Mg 258 29.3 11.2 12.9
NH , + 6.3 16.8 18.2 26.8
gkt 19.9 26 .4 29.7 36.1

+

Na 13.4 35.2 12.0 20.9
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range. There was an S-character only din the dnitial
stages of adsorption. However, the adsorption lsotherws
of metoxuron on H-, Fe~ and Al- montmorillonites did
not exhibit any tendency for surface saturation. FPor
the other dions there was a promincnl. S~charac£er in
the initial stages of adsorption particularly for
the adsorption of tebuthiuron. ‘'I'he capacity for adsorp-
tion was consistently dependent on the charge of th;
ions and fell into four distinct groups. 'has for
the adsorptioh of both metexuron and tebuthiuron on
clays, the order observed was

u*> trivalent > divalent 3d Lrawsition iLons > alkaline
earth metal ions > monovalent iorms. Wilthin cach group
of ions, the extent of adsorpticon was very similar
and thus dependent only on Cthe charge of ions  and
not so much on their individual characteristics. The
transition metal ions fbrmed a sceparate group by theomsel-~
ves and the adsorption for these wos highir than divalent
alkaline earth ions. There was an overall negative
correlation between the maximun amount adsorbed and
Fher  sayutallipo b b vadliones b vt bones amd a
positive correlation with the crystalline lonic potential
(Fig.28 and 29), For both metoxuron and tebullhiuron.
The correlation coefficients wore O du7xs and  0.9¢64%%*

for metoxuron and tebuthiuron respoechtively.,
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Since the diffcronos: within  each group
of ions was 1insignificant, Lhere was no  purpose  in
correlating the amount adsovhod with ilonic properties
within each group. The varijialion within Lhoe transition
metal lous was however el sleejser Ulial o Lhe obher

groups.

It was found that Cthe maximum adsorption
varied positively with hydrated ionic radius and inver-
sely with hydrated ion potential for alkali and alkaline
earth ions put together. Since the concept of hydrated
ionic radius is not well suited for easily hydrolysable

Fe3+ 3+

and Al and since for transivion metal ions,
the precise wvalues were not available, the overall
analysis of the adsorption parameters with respect
to these properties 1is not wmeaningful and hence not

reported,

Freundlich constant (X)) whieh s an indicuabor
of adsorption capacity and strength of binding also
gave a consistently negative and positive overall
correlation with CIR and (TP vespectively (Fig,30).
The correlation (Fig.31) was however significant only
for tebuthiuron (0.814**). The correlalion with respect
to HIR and HIP was again positive and acgative respecti-
vely when the group of alkalt and alkaline carth  tons

were considered (Fig.31}. The corvolacion was howevor
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not significant.

The Langmuir K, (K ) which in this study was
_ caleulated only at 50 per cent surface saturation,
.also followed the gsawme anotilative troends (Figs,29
and 32) with respect to Cik, CIP, IR and HIP as in
the case of KF. The correlation coefficients were

however not significant in .any of the above cases,

The constant k which desor ibes the specific
rate of change of adsorp:ion with jucreise i1n oguilibrium
concenlbkration (Saroju Raman, 1981} showed exactly
the reverse relationship with CTR, CIP For both metoxuron
and tebuthiuron and was tl.. . positive  and noegative
respectively for CIR and i, I'er  the alkali and
alkaline earth group ions putltogevber, K ovartoed positi-
vaely and negatively with respeclh o i{K and HIP respecti-

valy.

The free energy functions, -R11n K and
-RT1n KL’ were also correlated to CIR and CIP of the
entire range of 1ions. They corrcvlated negatively
to CIR and positively to CILPr for both metoxuron and
tebuthiuron (Fig.28, 30, 31 and 33). 'The cori. lation
coefficient was significant onty For tebhuthiuron and
CIp {r = H.826§**) and  Lebuibhiliwon and  HIR {Table

26).
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The variations i1n all these properties within
Lha sowe group were very sl ] wicepl  for  trasition
metal ions.

4.3.6 Adsorption of moetoxuron and tebuthiuron
on homoionic (IR-120) rosans :

Adsorption isotherms of metoxuron and tebuthiu-
ron on ion saturated resins (Fig.9 and 12} exhibited
a tendency to reach surface saturation and were parabolic
in nature. The wvariation 4in adsorption parameters
with respect to dionic properties, f{or the adsorption
of metoxuron and tebuthiuron on homoionic IR-120 resins
was similar to the adsorption of lthese chemicals on
homoionic montmorilleonites. 'Thus, the maximum adsorption
fell into four distinect groups ag 3 trivalent and
H-> transition metal ions -  Alkaline earth ions >
Alkall metal ions. The variations within each group
was very minor here also except Lor transition metal
ions. Thus the overall cocorveloalion  of  the axidmom
adsorption to CIR and CIP was nigative and positive
respectively  for both metoxuron and tebuthiuron.
The correlation coefficients were also significant

for these parameters.

The qualitative Lronds Tor K ¥, and the

P’ L

corresponding free energy functions also followed

the same trend as that of adsorption bul  were not
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significantly correlated.

4.3.7 Adsorption of PMA on homoioaic moﬁtmorillonites;

and homoionic {(IR-120) resing :

The adsorption isolhoerm:s were wmostly Le-shaped -
(Fig.26) with a tendency Lo vreach surface saturationi
within the concentration range astadied. The exteat -
of adsorption was dependent wmainly on the“”charge and
palarizing power of the cation and faollowed the sane
order as that obtained for adsorption of metoxuron
and tebuthiuroen, The ovarall ro tationship betwcen
the adsorption characterislic:  and  jonie propertios
followed the same trend as that 1or the herbicides,.
The correlation coefficients wore however not significant

in any of the casecs.

Adsorption isotheru: ol PMA an homoionic
(IR-120) resins were wmainly L-shoped  (hg.27)  with
a tendency to reach saturation of  Lhe surface within
the concentration range studicd. ‘'fhe maximum adsorption
of DIPMA was sgignificantly and pocitively  corrvelated
to CIP and CIR respectively, Prewndlich K. (KF)- and
KL also followed the same trend. For alkali and alkaline
carth tons however, he b bat Ton b wans gt e
for adsorption and positive [or all others with respect
to  HID. The maximum adsocplion  was  significantly

corvelated to ML only.,
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4.4 PERSISTENCLE or MEOXURON AND THBUTHIURON.

IN AN ALFISOL AND A VERPESOL AND EVALUATTON

GPF PHYSTICAL AN MATHEAATITOAL MODELS TO0 PREDICY

KESEDUES UNDER 28 ELD COND LY TONS @

The period during which o pesticlde remains
intact and biologically aclive is  of  iwportance in
determining the efficacy of pesticide, its effect
on subsequent crops, environment and ecology. It
is called the time of residence of the chemical in
soil. In addition to specific wmicrobial population,
moisture and tempera ture are the two important environ-~
mental factors influencing poersistence and degradation
of soil applied poesticides, An ol Fisol Hod -9 0 andd
a vertisol (Soil-6) were soelecled  for  studying thie
persistence of metoxuron and tebathluron. As explalined
earlier, 109 portions of the herbicide treated soils,
incubated at 10 + 1°C and 27 ) t°C under three moisture
regimes were extracted with wethanol at  different
time intervals. The amount: of methanol extractable
metoxuron and tebuthiuron al diffverent time intervals
is given in Tables 27 and 28 rvespectively. The quantity
of herbicide exrtracted was plotted against time for
the different experimental conditions and these are
given in Fig.34 and 35 for metoxuron and tebuthiuron
respectively. Thus, the peorsistence  curves consist
of two distinct phases and suggesnboed Lhatt the disappea-

rance of the herbicides took place at two diffcrent
-
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rates wviz., an initial fasltcr wvate and followed by
a slower and more gradual disappoacance.  'I'his  indicated

two different pathways for disappcarance of herbicide,

o  calculate the  aates  of  disappearancog,

.the data was treated according to first order kinetics
by plotting the logarithm of concentration vs time.
These are given in Fig.36 for wmotoxuron and Fig.37
for tebuthiuron. The first ordoer kinetic pleot confirmed
ﬁwo distinct rates of disappcarance., The faster mode
of disappearance continued only Gtitl about 40 days
whereas slower rate of disappearancs continued  i1l1
th & end of study. Pha  specilic renetion  valas op
rate constants for these wieps were  ealoulatad Dy
resolving the fast and slow steps of disappearance
ag  explalned under  "Material:s  ogod Methodus?, A a
first approximation, as definced by Hamaker and Coring
{(1976), tLhe rate of reentry into labile¢ pool was consgide-
red negligible and the faster rate anda slower rates
of disappearance were calculated as c¢xplained earlier.
A  finer refinement was later attempted to include
the rate of reentry of pesticide into labile pool.
Thus Kk and _kl correspond to the rate of entry of
herbicide inte bound pool (noon-oexlractable) and the
rate of decomposition of the hevbicide respectively.
A complete analysis of the persidlonce data was coarried

out for resolving the constants Kk, h] aaridd k*l according
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to the method given by Hamakaer and Goring (1976) and
explained 10 ‘Materials and Bo Ul ', “he det Tailed
values are given in Table 2% for metoxuron and Table

30 for tebuthiuron.

NN ITS bl val e ety R Al vigy Lt bial e
for all the rate constants, in tle case of metoxuron,

from the Arrhenius equation

: k. T, x T
Ea = R x |In —==~ L
X2 =1
where kl and k2 are the rate constants at temperatures

Ty and T2 and R is the gas constant. and Ea is the
energy of activation in kJ wole”'.  These values are

also given in Table 29,
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CHAPTER V

DISCUSSION AND CONCLU5TONS

Herbicide behavicur in =oils is  complicated
by numerous interactions between the solid, liquid
and gaseous phases of s0il and between living and
inanimate components. The complexity of the system
"is a hindrance to understanding Lhe precise nature
of these interactions. The key Lo precise understanding
of herbicide behaviour in soils shoald lie in resolving
the various factors involved, inlLo simpler and unitary
steps which dominate the overall interactions. As
explained earlier, the objeciives ol present investiga-
tions are based malinly on the presumption, that, a
better understanding of these  fundamental processes
occurring in soil components, s a prelude to cracking
the more complicated picture Lhat i85 usually present
in soils. Thus, detailced cuantital ive and mechanistic
aspects of Lhe adsorption of wetoxvron and tebuthiuron
were studied on the two adsorption-intense colloid

fractions of soil viz., clays and organic matter.

Since  expansible  olays bike  smecbiles and
vermiculites are the most active sites of pesticidoe

interaction, fairly pure  sawples  of  monbworillonite

207
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were selected for the adsorption studies. Emphasis
has been laid on understanding the role of exchange
cations in clay suspensions which are¢ nearer to actual
field conpditions, in conbtrast o wost of Lhe cavlicr
attempts which were related 1o low nmelsture stalus,
Predictive modelling for herbicide residue problems

have also been attempted.

The complex role of PFA and HA on Lthe fate
of herbicide has Dbeen sought Lo be simplificd with
the help of well defined and simpler model, PMA. Thus,
systematic investigation on the properties  of  PMA
and its 1interaction with homoionic  alays  have  bhoen
carried out. Synthetic montmorillonitefPMA complexeas
~have been tested as model siwulanls for naturally
occurring clay-organo complexez, which are difficult

to characterise.

Persistence of 01 applied chemicals is
‘a very important environmental, ecological and economic
factor and predctive modelling incorpoarating the effect
of wvarious environmental faclLors for the estimation
of residue levels has to replace lLhe existing cumbersine

and repititive empirical mecasurements. Thus kinetic
studies on the persistence ol mcloxuron and tebuthiuron
under controlled conditions have hoeon Laken up. Withh tho

ave bxk depof the importance ot the cxperiments covvicod
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out, actuai discussion of the results obtained is

taken up in subsequent parts of this chapter, Forx

convenience and cojency, the soguence observed  is

similar to that followed for resulils, with necessavy

integration and cross-linking, whoercver necosngsarvy,

5.1 ADSORPTION OF MEIEAOXURON AND  TEBUTIIURON ON
- HOMOTONIC MONTMORILLONIWES :

Montmorillonites are¢ typical of the soil
clays which affect the adsorption of chemicals signifi-
‘cantly. The effect of exchange cations on the nature,
extent  and  wmechanisms  of  wlcoeplbion was cmphasised
~in the study because, adscrption in goneral has congtan-
tly been postulated Lo oceoar Uinnough Lhese  centres
with or without the mediatory effcct of sorrounding
water molecules. As mentionedd before, this 1s a first
comprehensive and systemalbic albtempt made in understan-

ding the mechanism of adsorption on c¢lays in suspensions.

Cations selected for the  study  belonged
to a very wide range with respect to lonic properties
Liker charge, bonie polential, oo o hydevabtion, olecleon
configuration and tendency for conplexation so that
a systematic analysis of these properties could be
made to arrive at specific bonding mochanisms., Similarvly
the most important adsovrplian characteristics that

vield clues to the possible bonding mechanisms like
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the shape of adsorption isotherms, presence or absence
of tendency for maximum adsorption, extent of adsorption
and adsorption constants like Freundlich constant

(KF), and Langmuir constant (K ) which are thermodynamic

JJ
indicators of the binding steength and are directly’
related to free energy of adsorption (-RT ln K) were

studied systematically.

In order to facilitate overall comprehension’
of the role of ionic paraneters, the relationship
between adsorption paramctay, and ionic  propertics
were individually analysed, as alveady discussed under
*Resules!'. The 1idea was Lhal  he intoervaction botweon
the adsorption parameters and ionic properties should.

throw light on mechanismw of wdaoaplion,

Adsorpticn isotherms (Figy.7) for metoxurcen
on homoionic clays were predominently S-shaped in_
character whereas, the adsorption isctherms for tebuthiu-
ron (Fig.l0) were more parabolic in nature with a
subdued - S-character confined mostcly to the 1initial
stages of adsorption. However Cthe odsorption isotherms
of metoxuron on H-, Al-, and Fe-montmorillonites (Fig.7)
did not exhiblt surface saturalavn e Lhe 0unuuquation!
range studied. Similar S-shaped isotherms were reported .
by Bansal (1983 and 1985) for rhe adsorption of oxawmyl .

and dimecron on  homoionic  montworillonites and by
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Saroja Raman and Ranga Rao (1984) ‘for the adsorption

of methabenzthiazuron on some soils of Hyderabad low
in OC. The tendency for S-shaped character indicates.
stronger initial competition of water molecules to
clay surface as compared to the herbicide. The observed
S-character for adsorption on «¢lays 1is 1egitimate'
as exchange cations have a strong tendency for hydration

and would exclude the organic wmelecule from thelr:

immediate vicinity until the intermolecular attraction

of the adsorbed molecules become favourable for further

adsorption. The S-shape thus reflects the initial
resistence to the adsorption of hLurbicides, OvVercomne

later by the cooperative effect of adsorbed molecules.

The S-shaped isotherms weore also  observed for the

< 50 n fractions of the scils uscd in the study. Saroja

Raman and Ranga Rao (1984) postulate:d that soils low in

organic carbon have a tendency to gilve S—-shaped isotherms

on account of their hydrophiiic nature as compared
to soils much high in organic carbon which tend Lo
be hydrophobic, This has bkcen reasonably corraboratoed

by Weber el al. (1986) also.

The extent of adsorpliva of herbileides was

dependent largely on the charge of the exchange cations

and followed the order : trivaleoal > divalent > nmonova-

lent. H-montmorrillonite was an cxecplion and expressod



high aﬁsorption capacity. Witlhin his overall olaussi-
fication, the ions could furthva Lo grouped as trivalent
> divalent 3d ions > alkaline carth ions > wmonovalent
ions. The divalent 3d ion saturated montmorillonites
had a much higher capacity o0 adorption at compavoed
to montmorillonites saturated with alkaline earth
ions. The differences in maximum adsorption in the
alkaline earth group and alkali group was very small,
except for Nu4~in the case ol metoxuron., rhe quisLLion
metal ions showed much larger difrerences within  the
group. Within each group, the extent of adsorption

was in the order :

H >
Al- > Fe-
Ni-> Zn-> Cu= o

Mg-> Ca-> Ba-~

NH4—> K< Na
FPor tebuthiuron, the extent ol wilsorption was similar
and was

Al-> Fe-~

Cu-~~ Ni-> Co-> %4n-

Mg=2 Ca= 22 Bu-

BHy 5 k- =2 Na-

Although no referencee oxists in llterature,
whore such a detailed and o systendatic study ol the

eflfect of exchange cations has baen made, observations
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recorded by several studices agrce guitte  well  with
bur observations. Thus a simidar sequence was recovded
fd; the adsorption of linuvon on bentonite (Hance,
1971), and montmorillonite  (Khau, 1974). Kausalya
et al. (1982) also reported similar trend for terbutyyne
on homoionic montmorillonites. 'he work of Bansal
{1983 and LyBY%) on aduorplion of  oxoouyd  oid dimeceon
and that of Purkayastha and Misra (1985) on the adsorp-
tion of methabenzthiazuron also indicated the distinct
role of charge on the exchang: cations. As seen earlier
there was an overall positive and significant correlation
between the maximum adsorption capacity of the howoionic
montmorillonites and ClP ot oexchanye cations, for
the adsorption of both metoxuron and tebuthiuron (Fig.28).
This is a categorical confirmation that the adsorption
capacity of metal clays are primarily dicated by the
polarizing power of the cations. Thus, the role of
cations as bridges between the clays and organic chemi-~
cals is Vindicated for the adsorption of metoxuron

and tebuthiuron on montmorilloniie.

Maximum adsorption capacity of homoionic
montmorillonite was alsoc pocitively related to HIR
and negatively to HIP for the group of alkalil undf
alkaline earth idons put together. The reasons for

trying out the relationship  Lelween  the adsorption

and their donic propertie:.  i: dhat Lthe alkalil  and
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alkaline earth ions are extunstvely solvated and oxhibit
a well identified and quantified solvation sphere.
Further, these ions in gencral interact with organic
molecules through their polarizing power as  well  as
the ease with which the solvated water molecules can
be displaced. Since the rolationship of adsorption
capacity with CIR and CIP were opposite of HIR and
HIP, it c¢an be reasonably cooncluded that it is  the
polarizing power of the cations, that are more important
in the binding of metoxuron and teluthiuron on montmori-
lionites, consistent with Plobss obbervalion ls Ll
fact that the adsorption of wmetornvon and tebuthiuron
variced posditively with CipP ot the lons (Pig.28) and
negatively with CIR (Fig.EU). The corrpelation coefti-

cients however were significant only for maximum adsorp-

tion (r = -0.756**%), CIP with maximum adsorption
(r = 0.964 **): CIP with K, (v = 0.814.*%) for tebuthiu-
ron, CIP with maximum adsorption (r = 0,666 *) for

metoxuron {(Table 26).

The fact that overall correlation coefficients
were small and that the i wainly feli' in terms
of PFe-, &l-, transition metal ions, alkaline earth
ions and monovalent ions, which vlear& show that ion
potential 1is not the sole punamvfmr governing adsorb~
tion. The poor and inconwistent relationship between
CIP and adsorption within <coch  group  1s  a  further

confirmation of this fact.
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The observation that pocition of transibion
group of elements was much higher and differvent from
alkaline earth ions 1is likewise ao indication of the
involvement of other factors in the binding of metoxuraon
and tebuthiuron. The varialdon in waximum  adsorption
within this group was sharp although valency and polari-
zing power of these group of ions were gquite similar.
This referred to the strong posasibility of Formation
of voordination bonds betwcen these mebtal 1ons  and

the herbicide.

Falling in line will the adsorption capacily

were the adsorption parvamoeler: K K, ., k and  the

L 1.

corresponding free energy functions ~RTanF and *RTanL.
Thus the correlation of all these parameters with
CIR and CIP were negative and pouitive respectively.
Likewise, the reverse trend was observed for the RHIR

and HIP of the alkali and alkaline earth group of

cations.

As seen From the ‘*Resulls', these relationships
arc at best qgualitative, boecoauss The corvelation coefbi-

cients were not significant in most of the cases except

for maximum adsorption with cCitit (r = ~0,750*%; with
CIP (r = 0.964%; with K, (v =« 0.814u%); with RVInK,
(e = 0.,826**) for tebuthiurou wud CIe with maximow

adsorption for metoxuron (v .eoo!*)  (Table  206),
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It is however significant Lo nole that all the above
adsorption paramneters also Lalib  tuto distinct groups
like H-, Fe- and Al-, transition wmetal ions, alkaline
earth ions and monovalent Jons, as  in the case of
maximum adsorption. However within each of these
subgroups, no quantitative ov¢ gqualitative inference
could be drawn primarily due to the fact that variables
in each group of ions were limibkod and more significantly
the differences in adsorption wilhin each group itself
is limited and the estimated experimental errors preclude.

abtlaching tow wmuch signlilcance to Lo,

Betailed analysis o thoe colationship bolbwoeen
the wvarious l1onic and adsorpiion  paraweters, should
heldlp in anderstanding  the  mcechanism of 0 bioding ol
herbicides with homoionic «¢lays. The poor overall
correlation between any of the adsorption parameters
except maximum adsorption and ionic properties, distinc-
tly brings out the differences in the nature of bonding.
in the case of different 1ions. A straight forward
simple type of bonding would have ma.nifested itself
in a clean and significant clationship between  the
ionic and adsorption constant:. further, in almost
all the cases, the ions fell wnloe same distinct slots
mainly dictated by their charge aod clectron couliguva-
tion as discussed earlier. This iszery strong evidence

-

that dions within the respcctive qroups should have
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similar bonding mechanisms, althoungh individual dibferen-
ces between its members may be Loo small or smothered

by other effects like solvation.

It has been suggested earlier that metal
ions present on the clay surface, especially in the
case of smectites, are roesponsible for adsorption
of organic molecules either directly or through water
bridges (Farmer and Mortland, 1965; Farmer and Ahlrichs,

1969; Mortland, 1966; Theny, 1979).

Specific mechanisms of bnﬁdlng betweon exchange
cations and the adsorbed organic molecules have been
verified especially through I Leochiniques in  systems
cohtaining little water. Such studies have shown
that ions can bind with the adsovbute either directly
or through the limited splhere ol highly perturbed
water molecules of hydration {(Creen, 1974; Mortland,

1870).

Rowever, it 1s difricult to come to definite
conclusions regarding the nature of interactions in
dilute suspensions on account ol Lthe dominating and
mediatory role of water moleoules solvated bto  these
cations, In these cases, indircct coulombic interactions
between the c¢ations and organic molecules or the weak

forces 1like dipole-dipole, ion=dipcle or ion-induced
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dipole types of interactions through the participation
of water molecules will be expected. The pH of the
clay suspensions in this study varied from 5.5 to
6.4. Since metoxuron and Lobuthiuron remain  neubral
in this pH range, ion~dipole typce of interactions

due to protonation of the herbicide are not considered

likely. On the other hand, Uhe presence of  carbonyl
group and -~NH groups on the herbicide make dipole-
dipole type of interaction and il-bondlng most probable

(Fig.38), Thus in the case «of monovalent and alkaline
earth ions, 1t can be infeired Lthat electrostatic
forces by way of. dipole-dipaole and H-bonding through
water molecules may be the main forces binding metoxuron
and tebuthiuron to the clays. These lons have a stable,
ﬂrare gas electronic configuration and do not form
strong .EOmplexes as explaincd latwer for transition
metal ions. The effect of CII' aud DI on the adsorption
parameters of these ions are consistent with this

cxplanation,

The mechanism of wlsorption of moetoxuron
and tebuthiuron to H-, Al- .and  Fe- montwmorvillonites
needs to be looked at differently from that of alkali
and alkalineearth ions, although their high polarizing
power, manifested in the form of their large CIP,
may still be the dominant force. Spccial and specific

types of bonding between these jons and organic chemicals
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bave already Dbuaen postulaled. Thue, Lixoen  (LY77)
obsorved that substituted ureas uare¢ more readily adsorbed
on acld mineral surfaces quite posslbly due to protopa-
tion or hydrogen bonding. 'Thus H-clays have strong
tendency to adsorb organi¢ molecules and the mechanism
may be entirely different from simple electrostatic
bonding as in the case of alkali and alkaline earth
ions. The high charge and ion potential of Fe- and
Al- coupled with their tendency to form polyhydroxy
complexes offers scope for hydrogen bonding with the

adsorbed organic molecules.

The unigue grbuping of transition metal ions
and abnormally high variatiog in adsorption parameters
with ionic properties within this group, unlike other
groups of ions which vary only minimally, point very
categorically to more specific and stronger interactions
than the general coulombic type of interactions.
Thus, there is a possibility of direct ion-dipole -
type of interactions. Transition metal ions have
vacant 'd' orbitals #nd tend to form very strong comple-
Xes with ligands, resulting in intricate orbital overlaps
It is not easy to get direct evidence of complex forma-
tion in suspensions, where the cations are surrounded
by thick sheath of water molecules. However, the

unique variation in the adsorption properties for
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these metal ifons can be decned s indirect  ovidence
for such an intimate intervaction in suspensions also.
The preferential stabilization of complexes of transition
metal ions with neutral ligands like thiourea and.
ethylene diamine on clay soriaco has  beea  shown Lo
occur (Pleysier, 1876). This is probably an indication
that complex formation between pesticides and transition

metal clays can take place.

Some inference could also be drawn .regarding.
the adsorption sites from the amount of metoxuron:
or tebuthiuron adsorbed on homoionic clays. The maximum
amount of metoxuron and tebuthinvon aldsorhed on homoionicﬁ
clays was about 10 to 15 me/100 g which is much less;
tthan the CIC of montnoriltlonile which indicates that
these hervbicides are adgsoriadd oo tho cdges ol uurfdﬁu:

and dou not pencetrabue the intea bayers,

In the end, it must be  added  that  apart
from enthalpy considerations which go with various
types of bonding, change in cntyopy during adsorption’
may also be very critical. It 1s well known that,
the water molecules in the immediate vicinity of cations
are highly perturbed and structured (Sposito, 1984;
Geissing, 1975} and immediate presence of organic
molecules, which in general are  structure makers,

may induce effects opposing or reintorcing coulombic .



221

effects. Since acccording toe Barclay and Butler principle
(Franks, 1973), entropy and anthalpy ceffects generally
oppose each other, the overall free energy effect
of cations which 1s the balance of entropy and enthalpf
factors may not be sharp aid may be more difficult
to perceive.
5.2 ADSORPTION OF MBETOXURON AND TEOUTHIUVRON ON TON
SATURATED RESINS :
The effect off cations satwrating the exchange
sites of IR-120 regin, on the adsorption of metoxuron

and tebuthiuron has been analysaed under 'Resules',

The adsorption isotherims showed a  tendency
for surface saturation, the adsorpbion isatherms
of wmetoxuron (Fig.9) were purabolic in nature. llowc—:ver:
Lhre  dobhocums o oy, Ha aveie Ilil'1 S opatake g lend e b
indicated an S-shaped character. The isotherms of
tebuthiuron (Fig.1l2) were S-shaped in nature. Tn both
the cases the extent of adsorpbion was high for H-,

Fe-, and Al-, followed by divalent 3d ions and alkaline
earth ions whereas monovalcent lons showed the least
adsorption indicating that the adsorption was dependent
on charge and polarizing power ol the cations. Hance
{1971} and Khan and Mazurkewitch (1974) observed that
the adworption of linuron on ¢ation saturated peat;

ITR-12¢ resin, bentonite, montmorillonite and humic
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acid followed the order Fe-> Al-> Cu=> Ni-> Ca- This
order is in confirmity with the suggestion made referring:
to the polarizing power ol oations as bthe main factor
governing the adsorption ol organic moleculos. One
of the major differences betwoon houwoionic montmorillo-
nites and IR-120 resin was that the adsorption of
both metoxuron and tebuthiuron was much higher on
the resins. The maximum adsorptiocn capacity of the
resins however was also largely dictated by the charge
of cations on the resin. Thus, the adsorption followed
the order : -and trivalent > L(ransition ﬁéfal dons>
Alkaline carth ions > monovaleont  dons, Thus, the
formation of discrete clusters  based on charge is

seen in this case also.

The capacity for adsorption as well as other
adsorption paramcters like Koo Ko and frec  conergy

funCt‘.iOns - RT1nK -RTIn K] warre all n{:-gdti\.?ely ‘l.“el.att‘d

P
to CIR and positivély to CIP as in the case of homoionic
montmorillonites (Table 26). Thus, the polarizing
power of ions, was seen to be the mijor factor influen-
cing the adsorption of both metoxuron and tebuthiuron
on homoionic resins. The effects o[ HIR and HIP were
also in line with this tread, .. in the case of mantmo-

rillonites.

Apaurl I rom qualbtal ive vaelatianship, no

lognd Ficant ey b bal Loy e o wl s by vl L hez



adsorption parameters and lonic properties, when all
the ions were considered {Logether. Within groups
of ilions, neither the varviable dif feronces, nor the
number of ions were large onough for a quantitative

treatment.

Thus, the effect of exchange ions on the
resins, are very similar +tc the cffect of cations
on montmorillonites. The eftect of ilonlic parameters
like crystalline ionic potential awd crystaline ionic
radius on the maximum adsorption and Freundlich constant
(KF) was studied.by Shalali (1986). Negligible correla-
tion was obtained with respevl Lo CHR o but .ﬁjgnificant
and positive correlation was obtaised with CIP thus
establishing the limportance of polarizing power of

cations in adsorption of atrazinc.

There 1is however, o basic differchee betweon
the exchange resins and clays. 1o rvesins, the exchange
cations are adsorbed on an iatricate organic network
as the backbone on which the polar groups are present.,
This 1is very distinct from the olays on which the
substitution in silicate and Aluminium hydroxy network
create the charge centres. I'he  organic network 1is
capable of interacting with the herbicides through
a large number of forces oepoectally  Vander Waal's

forces. The silicate and Alowmirrinm hydroxide network
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it alayn hiave lsgzezn mhiowt ITT | Lo dpl el acd wllly Ll
organic chemicals (Dixon, 1977) a.: originally suspected.
Thus the greater adsorption on resin may be attributed
to the large organic nolwork. n this  reupoct,  a
resin serves more like matat Lhumate/fulvate. It is
thus possible that, on account of this, the effect
of cation may be considerably olouded or atlonuated,
Even so, the results have made it c¢lear that the cations
have a specific role to play as in the case of montmori-

llonites.

The bonding mechanisms Lo the cations, may
thus be considered to be simitar to that found for
homoionic montmorilloni Lo, T, woak  olecbirontal te
forces 1like II-bonding and dipole dipole bonds wmediated
through water molecules in casc o alkali and alkaline
earth ions, specialised bonds duv toe hydrolycic nature
of Fe- and Al- and ligand cxchange or coordinate bonds

with transition metal ions, are Ludicated.

A figure depecting Lh.: variocus mechaniswms
of bonding hetween metoxuaron awnd bLubuthiuron on homoionic

montmorillonites/resins is .presented in Fig,38.

5.3 CHARACTERISATION OF rOLYMALILIC ACID :

Polymaleic acid was suggested as a synthetic
model for soil  fulvic acid by Anderson and Rusisoeld

{1977) and Linehan (1977).
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Its synthesis and spactial characteristics
were studied by us. It was taken up as a model compound
for studying the interacticn of soll organic colloids:

with clays.

The sample of PMA, agreed well with the.
general characteristics of the polymer reported by
Spiteller and Schnitzer (1683) and functional group.
analysis corraborated the prescance ol several functional

groups and bonding c¢onsiderations present in FA.

It was rich 1in —~COOH and phenolic OH, thei
.former, contributing to 68.4% of Lthe total acidity.
The infrared spectrum of PMA was quite complex and.
suggests the presence of several vibrational modes. -
Some of the observed trend: have  been  tentatively
"identified on the basis of litcraturce available earlier..

Thus, the band at 1640 cmﬁl is assigned to C = C stret-

ching of olefin or pyridine ovigin. The medium band
at 1490 crn_JL is attributed to C = € stretch of the
aruvmatic ring, small band at 1060 and 1040 cm"l may
be due to = C - O - C = and 74%5% cm_l to C-U out of
plane deformation of pyridine ring. Adsorption at
3020 and 2910 cm“1 indicate olclin N o= ) and aliphatic

C-H stretching. The vibratiunal modes are quite similar
te those reported for Pa Spiteller and Schnigzer,

1983}, and justify the choice of PMA as a model for
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FA. The absorption in the UV region  spectrum  had
a well defined peak at 255 nwm, which was attributed

to the incorporation of a small quantity of pyridine
in the polymer. Other than this, the UV-visible spectrum
of PMA was quite uncharacteristic like the soil organicg

colloids.

The absorption in the UV region (200-300
nn) is mainly due Lo atomic ol wluvnruutulju_yibratiunﬁ
and invelve elevation of clooctrons trowo ., N or non
bonding orbitals to higher encrgy orhitals. Meolecules
containing non-bonding electrons on o oxygen, sulfur
ete., and systems containing conjuaated € = C double
bonds often underge  such  Lrangibbones., rMA baing  a
complex molecule is expoected (o shoew @ serics ob such
overlapping transition in thi  vogion  which results

in a rather uncharacteristic spootrum.

Potentiometric and oconductimetriec titrations
were carried out for the firsiL time and they reflected
several features similar to Fa. “Thus, PMA has a high
buffering capacity which is cvoasistent with the conccpt.
of its being a weak acidic polyulecltrolyte. The titrd".
tion curve clearly indicated the presence of a seriovs.
of ionising groups with closely wvarying ionisation
Cunulanby, congist lug  ob Coull groap ol oy PRa Lo
phenolic -OH qroup of high pKa which do not dissociate
until the pH is quite high. |

1
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.48

[ 9]

The average pKa as shown earlier 1is
(Fig.21). Both  conductimetric and potentiometric
titrations agreed quite closcely and gave a value of
106.8 for its equivalent weight. An important feature
of the potentiometric titration curve was its shift
with a change in ionic strength (Fig.20).
5.4 ADSORPTION OF PMA ON HOMOLONIC MONTMORTILLONITES

AND ‘IHE FORMATION OF MODEL LAY OHGANO COMPLEXES

The interaction i  organite  substance with
clay has a magnitude of conseguoences Lhat are reflected
in the physical, chemical «ud biological properties
of the so0il matrix. The inmportance of c¢lay-organic
interactions in predeminently inocrganic soils, was
pointed out by Grecenland (i(96%) vhoe showed that 52
to 98 per cent of organic carbon in these soils was
associated with the clay [fraclion, Weathering  and
soil formation are largely aillected by clay-organo
complexes (Mortland, 1970). Stabilisation and immobili-
sation of seoil onzymes are known o lake place on
soil clay-organo complexes (Ladd, 1985; Boyd and
Mortland, 1985). Thus, a more odequate knowledqge
of the synthesls, stability and chavacteristics of
clay~organo complexes would Lo ol great  value in a
better understanding of the physical, chemical and

biological properties of goil.
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No  report exisls concvoerping the__adsorption
'of PMA on homcionic montmoerillonites. oue aim ,was
to compare the behaviour of these better delined models
with that of s0il humic and fulvic acids, specially

the latter.

As seen from the 'Hesults®  the adsorption
isotherms of PMA on homoionic montworillonites (Fig. 26 )
were mainly parabolic in natuce with a tendency to
reach surface saturation in the concentration ranée
studied in contrast to the odsocption  isotherms of
metoxuron and tebuthiuron on metal c¢lays which were
mainly S-shaped. However S-shaped character was saen
in the case of adsorption isothcrowm of PMA on Co-montmo-
rillonite. Adsorption isotherms woere mostly L-shaped
indicating a relatively high affinity between PMA
and the clays, Linear isotherms  were obtained Dby
Loevy and Franci o (T9706) Tor woammori tlonites sabturataod
with Na-, Ca-, Al- and Fe- ions. However Evans and
Russell (1959) obtained L-shapoed curve for adsorption
of HA on K-montmorillonite, 'he: oxtent of adsorption
of PMA on homolionic clays was much higher in comparison
to the adsorption of metoxuron and tebuthiuron on
metal clays. The effect of saturating cation wa$
similar to that of metoxuron and tehuthiuron and depends
on the charge of cation. ‘Phus the adsorption decreased

in the following order : trivalent > divalent » monovalent.
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Also, the adsocrption il transitlion metal
saturated montmorillonite wua: figher  as  compared  to
the alkaline earth metal ions. The detailed differencés
in the adsorption brought about by cations can be
summerized as
(Fe-> Al-) > (Ni-> 2Zn-> Co-> Cu-) > (Ca-> Mg~ ==Ba)>
(NH, = > K- > Na-)

The adsorption parameters for PMA were analyse&
with respect to ionic propertivs as explained earligt
for metoxuron and tebuthiuron. Dualitatively, the
adsorption increased with chuarge and polarizing powe}
of the ion. The maximum adsorption, thus was inversely
related to CIR (r =«0.552 } and pusitively and signifi+

as shown in
cantly related to CIPJ NI RTINRY (r = 0,874, Thi
relationship between maximum adsorption and HIR  was
positive and significant for alkali and alkaline eartL
ion group. The variation iu adsorption was negativé
with respect to HIP for this group. Thus, the trend
for maximum adsorption was simitary to the adsorption

of metoxuron and tebuthiuron on monbtworitlonites.

The wvariation of olhei .cdsorption parawmclbers

like K, KL and the free ccnergy factors log KF and

log KL were also essentially similar to that of metoxurocon

and tebuthiuron, Kp was even signa flcantly and positi-

vely correlated Lo HIR foir atkali and alkaline ecarth

group cations, B

e
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Quantitative relalion:hip within  each group
and on the whole, were also attempted although they
do not hold much significance for the reasons explained

for metoxuron and tebuthiuron.

The main points to be considered in arriving
at bonding mechanism between PMA and homoionic montmori-
llonite are discussed below. PMA i:: a polymer of fairiy
low molecular weight (< 1000} angd contains ~COOH and
phenolic Ol groups. The -CoHl  qgroups have a  wide
range of pKa with an average pK“ = 5,48, The pH of
clay suspensions in the adsorption experiments varied
generally between four and five and hence the dominant
fraction of PMA existed in uncharged form. The large
guantity of PMA adsorbed on homoionle montmorillonitﬁ
was in tule with this, because negatively charged
species would be repelled by the clay surface, 'The
polyvalent cations ma;. however, c¢ffect the adsorption
of some of the negatively charged fraction also a$

they can maintain neutrality at the surface by neutra-

lising the charges both on clay and PMA,

Polquleic acid hoeing o p91yanion, containg
more than one polar centre, which can be solvated
by water and which c¢an atso iLnteract wilh  the clay
surface. Thus, a multi centred interaction with clay
surface - would be anticipated. ‘'t'h: high adsorbability

of T'MA to the clays supports this presumption,
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The possible types  ofF  dnteraction  betwoeoen

the active centres of PMA and homolonic clay are summed
beiow : crystalline ion potcncial was found to be
positively related to almost all the adsorption parame-
ters. This leads to the possible  conclusion that
in the case of alkali and alkaline earth ions, the
forces between PMA centres and cations are malnly
ion~dipole and IH-bonding a5 szuggestoed  for  motoxuron
and tebuthiuron, The large abundance of water molecules
in c¢lay suspension, leads one Lo logically conclude
that these interactions should be mainly taking placé
through the mediation of watcer wmolecules. The fact
that K-clay adsorbed more PMA than Na-clay however,
suggests that there may be a possibility of direct
ion—-dipole interaction between ©'MA and the cations
in this case as suggesbed by theosg (1L979) 0 For DA and
FA. Theng and Scharpens eel (1975%) found such order
for the adsorption of Ha. The low hydration energy
of alkali cations, can result in displacement of water
of hydration from around these ions by the polymeric
species like PMA, FA and HA. In the case of the divalent
ions, where the hydration energy is high, the solvating
water molecules are important. The  higher chacge
and polarizing power of Fo- amd Al-montmorillonites,
together with their tendency 1o lTorm polyhydroxy comple-
xes at mineral surfaces oifer scope for H-bonding

with the PMA.
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Transition metal AR aTTYs adgsorbed  much nore
than alkaline earth idons and this can bhe explained
by the formation of ligand coxchange. JYransition metal
ions have vacant d orbikals which can accept electrons
from PMA acting as a ligand. Furlher, these metal
ions can also accept#® electrons from ligands as postu-
lated by Theng and Scharpoens oot (1975} fox JIA, PRrA
has an extengive network of ilectrons as well as
functional groups like - COQOH, -~OCH, C = 0 etc., which

can coordinate with these moetil Jong,

The importance el polyvalent,  cationsg in
the adsorption of humic substances have been emphasized
(Dixon, 1977; Evans and Ruusell, 1859; Kodama and
Schnizer, 1967; Theng and Scharpes eel, 1975). Among
these cations, Fe (IIl) ~ was puarticularly effective
in promoting adsorption because Fe (II1) tends to
form polyhydroxy complexes ol the mineral surface,
offering scope for bonding mcchanism other than cation
and water bridge formation to wcaur, Similar results
were obtained for adsorption ol UA on ho moidnic montmo-
rillonite by Theng and Schaerpens eel (1975) and by
Obulpathy (1977) for the adsorption of FA on homoionic

clays.

In the end 1t 15 lmpcrlant  toe notoe  that

apact  from ilon-PMA interaclion, fhe role ol entropy
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generation which has bheen showan 1o be of the Corcuost
importance in polymer adsorption, needs to be considered
also, These arise from the dislodging of water molecules
in the secondary and successively higher hydration
shells around the exchangeable cations by polymer
molecules. It has been shown that in the case of
polyethylene oxide and polyvinyl alcohol (Glass, 1968)
that the loss of entropy on adsorption of polymer
due to freezing of a translational degree of freedom
18 more than offset by the enlropy of hydration arising
from the release of solvated water molecules from
the polymer due +to the entropy of dilution of the
interphase, The entreopy factor may be the reason
for the reversal of ilon poicotictl eifects in the case
of alkalli metal ions. Such cffcot was shown for poly-
ethyleneglycol adsorption of homoionic montmorillonites
containing Cs- Na-, Co-, and AaAl~- (Pﬁrfit and Greenland,

1970}).

In the end the question of penetration of
interlayer by PMA needs 1o he considered also. Although
negatively charged species will nct be able to penetrate
the interlayer space, the proponderance of unionised
mplecules of PMA under the pii Ca.ndj.tion-s of expe.ifimer:lt
allows the possibility of entyy <l the clay interlayers
by neutral PMA molecules. The: 1arqel adsorption of

PMA on homnaiond e woptie i Yo be dadeeaten Fho progibhi iy
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although no direct proof for this was obtained.

The effeclt of exchange cations saturating
the exchange sites of IR-120 resin, on the adsorplion

of PMA has been analysed under 'Results',

The adsorption dsolhocrms {(Flg,27}) woere walnly
parabolic in nature with a Lleondency to o reach surfacé
saturation within the concentration range Studied;
There was a slight S-shaped characler in the initial
stages of adsorption. The adscrption isotherm of
PMA on Cu-Resin indicated an S-shaped isotherm. The
extent of adsorption was high for H-, Fe~ and Al-
followed by divalent transition metal ions and alkaliné
earth ions and it was least 1in monovalent ions. Thé
extent of adsorption was largely governed by the charge
and polarizing power of the cations on  resi an  and
followed the order H- and trivalernt > transition metal

“ions > alkaline earth ions > altkali wmotal ions.

The positive correlation of the maxinfum
adsorption and other adscorption parameters to CIP
and negative correlation to IR indicated that the
CIP or the polarizing powcr of ions was the major
fackor governing the adsorplion ol FMA on ton saturated
resins. Apart from the this relationship, no significant
correlation could be obtained for any of the adsorption

parameters with 1onic propercies, when all the ions
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were considered together. The effect ”of exchange
iong on the resins, were similar to the effect of
cations on the clays. As explained for the adsorption
of metoxuron and tebuthiuron on ian saturated resins,
the exchange cations are adsorbed on  an intricate
network as the backbone which is capable of interacting
with PMA through a iarge number of forces especially
Van der Waal's forces. The  adsorption on resin  may
be attributed to this the  Jarge organic network,
It is thus possible that tLthe cationic effect may be

clouded on account of this orqganic network.

The bonding mechanisms to the cations mnay
be considered similar to i1hat found for homolonic
montmorillonites, Hencea, pon-dipole and H-bonding
for alkali and alkaline earth iwuns, coordination bonds
t hreaggh Jiqgund s hges el Cranid jon metal .l.nlm
and formation of hydroxy bridge:s for FPe- and Al- are
possible. The possible mwmechanisms of bonding of PMA
on homoionic wmontmorillonites/r:sins i1s depicted in
Fig.40.

5.5 EFFECT OF CLAY-PMA COMPLEXES IN TUE ADSORPTION

OF METOXURON AND TEBUTHIURON : '

The dntimate assovciation of  organic mabter
witﬁ clay may cause some modification of their adsorption

capacities, or they wmay comploment  one  another in
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the role of pesticide adsorplion (Pierce et al., 1971;
csurns et al., 1972; Boyd and Mortland, 1985).
Burns (1972) pointed out that & humus-~clay microenviron-
ment 1is a site of high biological and non-biological
activity and opined that there is need to look !for
the basic information concerning soil pesticide interac-
tions. Hance (1969) suggested that, in- soil, élay
and organic matter associate in such a manner, that,
little. of c¢lay mineral surfacoe will the .accessible
for pesticide adsorption. Althongh there is no direct
evidence so far, the adsorplion of soil applied chemicals
is likely to be controlled by oo complexes.  Morkland
(1970) opined that c¢lays wupon treatment with organic
matter fractions are likely to facilitate the adsorption
of pesticide at 1levels, beyounad that observed in pure

clay systems,

The complexit y of Cthese naturally occuring
clay organo complexes and the difficulty in isolating
them, have precluded their cohoracterisation and the
study of their possible role in adsorption. Hance
for this purpose a simple nodel system viz., clay
PMA complexes was selected, to test how the adsorption
of metoxuron and tebuthiuron was affeccted when homoionic

montmorilloniteg are converted to their organo complexes.

Adsorption of PMA oun homoionic montmorillonite

{as reported earlier) was shown to  attain  surface
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saturation and the adsorption fillowed the order:
Fe->Al- Ni-> ZIn-> Cu->Co-> NIl ~> Ca-x Myg-> Ba-> K-> Na-

The amount of metoxuron adsorbed by homoionic

clays decreased in the order:

'Js

Aly> Ni-> Fe-> Zn-> Cu-> Ca-> Ua-> Mg-> Co=> NH,-> K-> Na->

The amount of metoxurun adsorbod by model clay
PMA complex also followed the same trend as that of
houmolonle alay and decreadoed ta Lhe onder g
Al-> Ni-> Fe-> Zn-> Cu-> Ca-> Ba-» NH,-> Ca-> K-> Na->
Similar observation was 1ecordaed for adsorption

of tebuthiuron also. In the cane of homoionic clays

the order was @

Al-> Pe-> Co-> Cu~> Zn-=> Ba~> Ni->» Ca~» Mg=> NH_ -> K-> Na-

4
and on model clay-PMA complex the order was identical
except for a small change in the case of Zn- and Ni-

Al-> Fe-> Co-> Cu-> NI-> Ba-> 4n-> Ca~> Mg-> NH,-> K-> Na-

4

Thus the adsorption of metoxuron and tebuthiu-
ron on both homoionic clays and their corresponding
c¢lay-PMA  complexes, was  qgqoverned by thoe

charge on the ions.

The per cent increase in adsorption by model
clay-PMA complexes over the corresponding homoionic
clays was calculated from the Jifference between the

adsorption of herbicide on <lay ~PMA complex  and
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pure metal clays. The monovalent  tons showed o gl
increase in per cent adsorpticn apon treatment with
rMA Ffollowed by alkaline «casrlii mekal ions  whereas
it was low in case of Al- and Ni- (Table 24}, ‘Theso
results clearly indicated that there was a consistent
increase in adsorption when the c¢lays were converted
to their clay-PMA complexes. This seem5 to be the
first time that a systematic ustudy of the adsorption
on clay organo complexes Lhas been effected, ‘lhese
results agree with Mortland's (1970) opinion that
clays upon interaction with organic compounds present
in organic matter may facilditabe and  stabilise  the
~adsorption of pesticides at levels higher than those
oboerved in puiroe oelay  nyiitom, Apart Freom Thoe geneecal
increase in adsorption, two @ specific  effects were
evident; 1) the nature of suturating cations and 2)
the relationship between tho amonnl waf  PMA  adsorbodd
by the homoionic clays and per cenl increase in the

adsorption brought about.

The role of cations acting as Dbridges in
the 1interaction of organics with clays, especially
montmorillonites is well accepted (Green, 1974, Mortland,
1970; 7Theng, 1979). The most inleresting point that
emerges was that the alkali and allkaline earth cations,

which generally exert a weak binding of organic chemicals,
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and which adsorb less PMA than the trivalent catiohs
like Fe- and Al- brought aboul o larger increase in
adsorption of metoxuron and tebuthiuron, when converted
te their PMA complexes. To toest thoe effect of actual
PMA &dsorbed by the homoionic clays, percentage increase
in adsorption was plotted against the amount of PMA
adsorbed (Fig.41l). A fairly good inverse relationship
was found between the percentage increase in adsorption
and PMA present on the olay complex for alkati and

alkaline earth metal ions. The transition metal ions

fell into a separate group by thowsclves, Al- and
Fea- {(11I1) were also very ditiferenl,  Thus, the Jlosu
adgorbing calions, scem to boe move cffcelive in enhancing

adsorption when complexed with PMA.

Although these observations are very interes-
ting and constitute a beginning into the role of clay-
organo complexes, more extensive and systematic work
needs to be carried out, before specific categorical
and unequivocal conclusions can be drawn. Though not
directly related to this worlk, the results of Boyd
and Mortland (1985} on the role of clay-organics on
the adsorption and properties of $0il enzymes 1like
urease and phosphatase has opuned up exciting poossibi-

lities of the role of clay-organo complexes.



ot

243

d3q50SQY VWd 30 INNOWY ANV

- NOUAH LAS 31 OGNV NONAXO0I3W 40 NOIJU0SAY NI~ FSVIHINI Y% 30 -107d 93

{ 6UigoL 7 Bn ) paqlospy ViNd

0002 0051 000!
i 1 1
hoe
KA kg
IN® ™
R4 .NcN
At
NOYNXOL3W
%,
uz
%
® N:u ¢Noo
£
INe
o2

[V aiVFat I N E Nty R i |

uoljdiospy Ul asvalau] v,



244

The ohservation that +transition metal ions
have once again taken up a unigque position in contrast
to alkali and alkaline earth ions, tortifies our earlier
stand that there is indeed a substantial difference
in the bonding characteristics ol these ions. Repoeated
evidence of their singular behaviour is a clear verdict
of the decisive involvement of their unique electronic
configuration with wvacant low level d orbitals, with
those of ligand molecules 1like wmeloxuron, tcbuthiﬁron
and PMA, even in clay suspensions, A& number of cascs
have been reported recently which support this stand.
Thus cation-neutral ligand compliexes can be exchanged
against hydrated metal cation:s adsorbed by clays {(Allen
and Metijevic, 1975; Lauvra and Cloos, 1970; Thenyg,
1974). Maes et al. (1977} found that ethylene diamine
complexes of Cu-, Ni-, Zn-, - and Ag- can replace
Ca~ easily, the selectivily coctlicient of Cu-complox
bLbeing 103 times higher as compared to free Cu2+~ions.
The ion exchange affinity of silver thiourea (AgTU)
complex for clays was high indicating increased stability
of AgTU which shows drastic stabilisation of 103
units and can displace Na-, Ca-, und Al- in Kaolinite,
nontmorillonite or vermiculite (Pleysier and Crammers,
1875} . This suggests that the displacenent of wdter
molecules from metal ion-coordinatling sphere of uncharged

ligands occur more favourably on a clay surface than
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in bulk. This may result in Ll more Lroquent formabkion
of stronger complexes  between  exchange  cations and

pesticides than hitherto predictod.
5.6 5011 PERSISTENCE OF MUTOXUDRON AND PTEBUTHIURON:

Herbicides may persist in soll when initial
dosage is large or when repeated dosos  exceed the
rate of degradation. The persistence of herbicldes
is influenced by interaction o! a number of factors
including soil type, clay content, plant uptake and
environmental factors like wmoiusture and temperature.
There are marked differences in the degree of persistence
of wvarious substituted urea herbicides. As clarified
earlier, the direct moniltooing oi residue levels  in
fields through cumbersome and repititve analylical
procedures need to be replaced by predictive mathematical
models, which, with the holp ol components can simplify
the matter to a large axteatl. An attempt has been
made by Walker and Coworkers thecugh computer simulatlion
models for proediction of porsistence lovels in sioils
incubated undex controllied temperature and nolisture
conditions {(Walker, 1974 and lusée; Walker and Barnes,
1981; Walker and Zimdahl, 1981; Zimdahl and Clark,

1982}).

The pres ent study aims at gquantifying the

effect of temperature, moisture ard some soil properties,
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on the persistence of nmetoxuron and tebuthiuron., As
explained under ‘'Results', the disappearance of these
herbicides was studied in s=oils incubated at controlled
temperature and moisture stutus.  The results indicated
that there 1is atleast a lwo phoase kKinetics with which
metoxuron and tebuthiuron digappeared. Initially,
there was a very sharp decrease in the methanol extracta-
ble portion of the herbicides, which was followed
by a much slower decrease, t'he kinetic pattern was
similar +to that observed by Kalan et al. (1976) Tlor

140

the disappearance Dby -  parathion treated under

field conditions, by Liechicnstein et al. (1977) for
T4q_ parathion, fonofos, dicldrin and DDT, Ly  Khan
elooal, (19d]l) and Shaluad e CBL) tor Lhe deyradat ion

of atraszine.

'he persistenco Flonelbicg in the caso of
metoxuron and tebuthiuron could be explained quantitati-
vely in  terms of the wodael suggested  initially by
Hamak.er and Goring {1976}, According to this model,
a soil applied chemical dislributes itself into two
compartments which c¢ould be termed labile naA bound.
The labile pool consists of the fraction of chemical
dissolved in so0il solution and extractable in suitable
organtc solvents under wild conditions. The  bound
pool consists of the herbiride adsorbed strongly on

more restricted sites in coilandunlike  Jabile pool,
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(lﬁbbannot be desorbed by solvenlLs. ‘'I'he scheme of events

Tthat take place during the intoraction of herbicide

can bhe picltured as

Organtic + S0il ——— Labite pool k

chemical \

Ky ko1

J

Bound pool

2% Degradation

Where 'k' 1s the rate constant for degradation of
chemical, k, for entry into boond pool, k_, for reentry
into labile pool.

Namaker and Coring (1976) pubhlished a complato
graphical method for the danalyses obf all  the rate
constants’ viz., k, k; and k_, from the kinetic data

as explained under *Materials and Mevhods',

As a valid approslmation, [or mekboxuran
and tebuthiuron, the rate of reentry of herbicide
from bound pocol to labile pool was considered negligible
compared to the other rates, over the time period
under study. Thus first order kinetics was used for
the entry into bound pool and the disappearance from
lakbile pool as explained undes 'Marerials and Methods',
These values are given in Tables 31 and 32 for metoxuron

~and tebuthiuron respectively.

Complete mathematical analysis was also

carried out for resolving all rhe linetic rate constants
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Table 32 : Rates of disappeacance of tebuthiuron (d*l)

nyo
Soil Moisture contentl k m
Saturation 0.0363 0.00833
Alfisol Field Capacity 0.0493 0.00763
50% Field Capacily 0.0396 0,00701
Pooled value 80.0417 0.00966
Saturation 0.0080 0.00499
Field capacity 0.0187 0.00254
Vertisol 40% Field Capacity 0.0231 0.00251

Poocled valuc U.0156 U.0038%
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including the rate of reentry of herbicide Ffrom bound

pool to labile pool as detailed by tamaker and Goring
(1976) and explained under 'Materials and Methods'.
The rate constants of metoxuron increased with an
increase in temperature from L0°C to 27°C and followed
the order x> k;” k~i' The rate of degradation was
higher in alfisol as compared to vertisol and increased
with increase in temperaturc. Poku and Zimdahl (1980)
reported a slightly faster degradation of dinitramine
in sandy 1loam so0il than in clay loam soil-.. Majka

and Lavy (1977) observed similar temperature effects

SR

éﬁ}L diuron, which degraded in the order 35 »  §°C,
The rate of entry into bound wid was higher for vertisol
than for alfisol and was higher ot higher temperature,
It decreased with so0il moislurc in thoe order : Saturation>
Freld capacity > 50% Field cupactty. However the
clay content and organic matler content o©f vertisol
was high (62.5 per cent clay and 0.59 per cent organic
carbon}, Thereby herbicide may be adsorbed more strongly
on these sites 1in soil and can not be desorbed by
organic solvents, From the rate constants it can

be seen that there was higher rate of disappearance

at 27¢°C than at 1l0°C. 'rom Lhe  rate constants  at
Lwer  loemperabured Lhoe o acldivab o caeer gy waia wanleudaledd
and presented in Table 29. The se values were lower

than those reported by Walker and  Zimdahl (1981).
It may be pointed out hecce L(hat they did not consider

1

, Foray )
;\ WA ’ [_.."V
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the existence of Lwo rales ol disappearance, but fitbted
the whole data to first order kinetics. This may
be the reason for higher predicted levels for residues,
in comparison to the actual [(ield levels, iligher
activation energy was obtained in alfisol as compared

to vertisol. Similar results were reported by Shalali

-

(1986) for the disappearance of akrazine.

The rate of degradation of tebuthiuron from
labile pool was high at higher soil moisture levels

in both the soils and followed Lhe oxder saturation>

Field capacity > 50 per cent PFiaeld Capacity, Similar

results were reported by &imdahl and Clark (1982).
The rate of degradation was  highoer for alfisal  as
compared to vertisol. Holiist and Foy (1971) studying
on the interactions of triflucatin with soll CUnatituﬁnt$,
suggested that increasing :Hoal goisture content blocked
the adsorptive sites for trif}ugaltn, thereby increasing

the amount available for degradation in soll solution.

The rate of entry iuto bound pool was higher
fer vwvertisol as compared to atfisol and cended to

decrease with so0il moisture. ‘The higher rate of entry

into bound pool for vertiscl a: compared to alfisol

may be attributed to higher <lay and high OM content.

Complete mathematical .nalysis  carricd  out

Foor rediotving all tho Kipelio cate: comndanla o hisblog
\ = T vt
5 K tl (_;{,_,‘ { I\\ e TMO/,T !
T : 4t
e o a\
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the rate of reentry from Dbound puol to labil& pool
as detailed by Hamaker and Goring (1976) for metoxuron,
showed that +this ecaleulation involves a number of
inherent approximations and cwnultlative Crrors due
-to experimental constraints as well as method of calcula-
tion, and hence undue emphasis should not be attached
to the absolute values of these rate constants. Never-
theless, some distinct tfends coulit be observed for

both metoxuron and tebuthiuron.

The results of this study are significant.

as they clearly brought gualitativaly and quantitatively,

the concept of herbicides being partitioned into bound

pool and labile pool, Theve e noal oo many  casaes

where the two have been establisted firmly. Although
the concentration in labile pool has all along been
considered more important in hiosctivity of chewmical,
recent investigation have Tocusswed the  importance

of bound pool as well. Kearney  (1970)  opined that

bound residues may be considered botlh as hidden residues -

capable of subsequent release and long term bio-activity
and also as a process of deactivation helping Lo avolid
long term effects. The description of bound residues
being chemically unidentifiable and as a part of soil
matrix has undergone revision sinee Khan and Hamiltaon
(1980) used_ a. new technique involving high temperature
distillatio...hjglnta{c:t bound residues of prometryne  from

AN

o
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treated field and laboralory incubated soil  sawples,
This clearly shows that atleast a part of unextractable

portivn  of herbicide comprises ol parent  molecule.

The bioclogical rolc of bound residues is
also a matter of differing opiniona. Suss and gramp
(1973) showed that unextractablc 14Cﬁ linuron c¢ould
be taken up by mustard plants. On the other hand
Katan et al. (1976) showed that 14C_ parathion would
be taken up from soil by earthworms and oats, This
shows that the soil bound hoerbicides are not excluded

from environmental reactions.

In the end, it 1is relevant to point out
that Walker's model for predicting the persistence
of pesticides did not take into consideration, the
possibility of the pesticide applicd to..soil heinq.
retained in the bound fraction. 'he model suggested
by him assumed a stralght forward one phase Kkinetics
for disappearance of pesticides involving first order
kinetics. This is certainly a lacura and a correction
for partitioning into bound pool 1is necessary, because
there 1is overwhelming evidence now that this happens
in a large number of cases. Thus, 1t 1is possible
that the reasons for obtaining higher values for poesbi-
cide residues through predictive modelling equations

by Walker and his coworkers was acurually due to this
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factor. Thus a two phase kinetic pattern of disappear-
ance of soil applied chemicals was observed by Katan

14

et al. (1976) for the disappecrance of C~parathion,

. \ )
Liechtenstein et al. (1977) tor l4c~parathion, fonafos,

ity
dieldrin, by Khan et al. (1981) and Saroja Raman et
al, (1987) for degradation ol .l ovine.
5.7 ADSORPTION OF MEPOLURON AND TEBUTIHTIURON
ON SOTLS AND THEIR COHCTLTUENTS :
.Adsorption studies wore taken up in four
soils from Hyderabad region, as  explained earlier,
to study the effect of actus]l mineral and organic
colloids present 1in these soils and to see 1if any
of.these could be, integrated (o explain the behaviour
of the whele soils. The  'kRicnltas'  of adasorption on
the siit + clay (<50ypu ), humic acid and 2 mm fraction

of the soils were explained undor 'Results',

Mainly two typos ot adsorption isotherms

were observed in the present investigation,

a) L shaped isotherms exhibiting a tendency to reach
saturation of surface, observed for soils 3 and

4 and HA,

b) S-shaped isotherms with an initial platcau followed
by a fairly stecep rise fur soils 1 and 2, < 50
H fractions. No saturation was scen in the range

of concentrations studied for the latter.
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It was oObserved that ad:orption of metoxuron
and tebuthiuron in all the soils under the same condi-

tions of temperature decreased in the order:
Humic Acid > < 50 fraction > 2 mm - sieved soil,

In order to sce il any weaningful correlation
exists between the amount aduorbed on soil and  the

adsorption(intense)humic acid, clay and s8ilt components,

the adsorption was calculated oo Che basis of individual
contributions of these components. It was found that
adsorption for the whole soil was lower than that
calculated onl!basis of the colleoidal components. The
reasons for this primarily scem to be due to less
specific surface area of 2 mm sicved soil as compared
to the above fractions. This  olearly  proves that
the so0il as a whole is vot Just o wmixluwre of {he consti-
tuents but is a more intricate system involving newer
and more complex features and honve a one to one correla-
tion based on its constituents i: untenable. it may
be stated here again that in 501l the organic and
mllineral colloids exist in o  vory intricate manner
and, thus, the role of organo-mineral complexes may
be dominating the process of adsorption and other

evaents.

The wmajor conclusions that can  be drawn

from the present investigation can be summed as -
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2)

3)
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The adsorption isotherms  obtained  For  metoxaron
and tebuthiuron (with the exception of Fe-, Ai
and H-) on homoionic montworiilonites were pargbolic
in nature with an S-characicer in the initial stages
of adsorption indicating a stronger competition
of water molecules Lo clay usurface as compared

to the herbhicide.

The extént of adsorption was  dependant  largely
onthe valency and polari&ing power of cations
and followed the ovder - ond Lrivalenl > Divalond
> Monovalent. The divalent transition 3d-ions
had a much higher tendency for adsorption as compared:

to alkaline warth ifomns

With a view to understand the mechénisms of bonding
between the herbicides and howmotonic wontworillo-
nites in suespensions the analysis  of  adsorption
parameters with donic propertics was carried out.
The overall relationship was  poor, distinctly:
bringing about the difference in the nature of
bonding in the case of differeat 1ions. In almost
all the cases the icns fell into - four distinct
groups 1.e., monovalent, divalent alkaline earth

ions, transition: 3d dions  and trivalent and H.

Since metoxuron and Lebuthiiu on rematned neutral

in the pH range of clay suspension (5.5 to 6.4), .



[s]

6)

7)

the ion-ion type of inteructions due to protonation
are not considered likely. The presence of -CO
and -NH2 groups on herbicide make dipole-dipole,

H-bonding, don-~dipole or ilon-induced dipole nmost

probable.

In the case of monovalent and «alkaline earth ions,
electrostatic forces in the form of dipole-dipole
interactions mediated through waﬁer molecules
may be the main forms of bonding of metoxuron
and tebuthiuron to clays. ' unique grouping
of transition metal idions  polnd to the forwmation
of coordination complexes. i the casce of Yo~

and Al-, charge, higher ion potential coupled
with theilr stronger tendency for hydrolysis and
formation of hydroxy bridges may Dbe lwportant

in addition to electrostatic forces of attraction.

Apart from enthalpy considerations which go with
various mechanisms of bonding, change 1in entropy

during adsocorpticon may also Lo very critical.

The amount of metoxuron/tebulhiuron adsorbed on
homoionic clays was aboubl 10 to 15 mes/100 g which
is much less than CEC of montmorillonites which
indicates Lhat thesoe hosbhoeides; ave adnorbed  on
the edges and do not  jeawclrate the dntoerlayer

of crystal lattice.
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From the analysis of adsorption parameters with
various ionic properties for the adsorption metoxuron/
tebuthiuvron on  howoionic resing indicate  that
ion saturated resins alwo  bohave simildrly “to
homoionic clays. However  boecause of extensive
organic network present oun  Lhem  the adsorption
was much higher and involves Van der Waal's types
wl forooep. Pha shlicate, alvwminium bhydvoxy  nelwork
of clays are fundamentally different from the
organic network. Hence the  effect of exchange

cation may be overshadowed o suppressed.

/bolymaleic- Acid, a synthetic polymer resembling

soill fulviec acid was prepared and analysed for
functional groups, potentiomeitric and conductimetric
titrations were carricd oul for the first time.
These reflected the structural features similar

to s0il fulvic acid.

The interactions between PMA and homoionic montmoril-
lonites were accomplished by .tudying the adsorption
of PMA on homoionic montmorillonites. The extent
of adsorption was much more than that of metoxuron
or tebuthiuron. The effect of saturating cation

was similar to that of moelboxuron or tebuthiutron,

Ton potential or the poliviging power of cation
is  the most important oo alkali and  alkaline

earth fons., 'The poscibic wepuminms ol inboeractions
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12}

13}

14)

can be grouped as ion-dipole  including cation-
bridge, water bridge, IJigand exchange, H-bonding
and Van der Waal's forces.

was
The role of entropy gonerabtionfalso shown to most

important in the case of PMA adsocption, arising
from dislodging of water molecules 1in the secondary
and successively higher  hydracion shells around_
the exchange cation by the polymer molecules,
The extent of adsorption of 0 PMA  does nat rule

out interlayer penetration,

From the studies on adsorption of metoxuron and
tebuthiuron on model clay-organo complexes, it
was found out that thore was a consistent increase
in the adsorption of both wctoxuron and Lebuthiuron
on ¢lay~PMA complexes as compared to pure metal
clays. The alkali and alkaline earth ions which
exert a weak bonding on organic chemicals and
which adsorb less PMA Lthan the trivalent ions
like PFe- and Al- brought about larger increase
in adsorption of  herbicides when converted to

their PMA complexes.

From the studies on the persistence of matoxuron
and tebuthiuron in labcratory incubated soils
under well defined conditious as affocted by moisture
and tempoerature, indicated Lhat Lhere  are Lwo

digtinct palhwiys lars Y N NI TEE o laster
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one and a much slower one. 1The scheme of events
that take place during the interaction of soil
applied chemical can be picturcd as

k
Organic + Soil =~—— labile ———> Degradation
chemical ool

LY

k k

1 -1
E%u)lj;xxi frool
where k is the rate constanl for degradation rate
of chemical, Xq for entry into bound pool and

k--1 for reentry into labilte ool As o Eiliner
refinement, the rate of reentry of herbicide from
bound pool was Ccorns Lo ed noegligible compared

to the other rates, over the time period understudy.

Thus first order kinetics wasgs used for the entry

- into bound pool and dicappearance from  labile

pool. In both the solls at different moisture
and temperature levels, thoese constanks for metoxuron
varied in the order

k > k; > k

1 -1

The rate of degradation was higher in  alfisol
compared to vertisol and incroased with increase
in temperature. The c¢naergy of  activation was

calculated for the rate constants and these values

were lower than that reportad in literature.

Specific rate of entry of tebuthiuron into bound

pool was higher for vertisol than alfisol  and
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tended to decrease with decrease in soil moisture.
The rate of degradation from libile pool was distinc-
tly higher for higher scil moisture, The réte
of entry into bound pool was higher for higﬁer
organic matter and c¢lay <content, The rate of
degradation of tebuthiuron (rom labile pool was
high at higher scil moisture levels in both ﬁhe
scils and followed the order Saturation > field
capacity > 50 per cent {ficld capacity. Thg r#te
of degradation was higher fur alfisel as compared

to vertisol.

16) Mainly two types of adsorption  isotherms were
ohtained for adsorption of meloxuron and tebuthiuron
on four soils, " their 50 p  fractions (consisting
of silt + clay) and Hoawmic acid extracted from
guil-1,

a) Isotherms exhibiting a tendency to reach satura-
tion of surface.
b) 1Isotherms with an initial plateau followed

by a steep rise.

The adsorption of mwmetoxuron and tebuthiuron
per g of adsorbent decrcased in the order

Humic Acid > 50 ¢ fraction > 2 mwm soil.

The adsorption for whole so0il was lower
than 50 p fraction and Humic acid, This méy be  due

to less specific surface area in 2 mam fraction as
compared to the other two fracvions.
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CHAPTER V1

SUMMAKY

Use of herbicides has become an integral
part of modern agricultural production. It has not
only eliminated the drudgary of wmanual weed removal,
bat has assured stabilise& yields and guaranteed income
to farmers. Herbicides constitute 50 per cent of
agricultural chemicals, althouyh  only 10 per  cent
of these chemicals are said to e usned in developing
countries. In India, the use of herbicides is picking
“up fast. Most of these herbicides are applied to
the soil where they interact with soil constituents
and the prevailing environmental faciors. The adsorption
of these chemicals with soil colloidal constituents
i.e., clay and OM fractions is Lhe most important
facbtor L decldlog Lhe Late ol hane: chembooks, Ancny
the inorganic colloids expanding lattice minerals
like montmorillonites are important in the interaction
of these herbicides becausce of Lheir large specific
surface area and charge. n  adcdition, the nature
of cation on the exchange comple:x plays  an lumporiant
role in deciding the nature and oextent of binding

of herbicides.

The complexity of natural OM precludes clear

understanding of iInteractions bebween Lhe clays  and

262
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OM. Hence, model polymers like polymaleic acid were
considered useful in getting more fundamental information
about these interactions. Conventional methods of
guantifying persistence through periodical’ analysis
of samples 1s combersome and does not lead to unifiéd
concepts of possible precasts,. The work initiated
by Walker and coworkers to deduce simple mathematical

models based on experiments wilh soils incubated in

the laboratory under well dceiincd conditions to prodict
pesticide residues under ficld conditions holds great
promise.

The present investigation lays emphasis

on the factors mentioned above, aund experiments were
carried out to 1) study in detail the adsorption of
metoxuro:ir  and tebuthiuron, two urea herbicides on
homoionic montmorillonites with o view of identify
the mechanism of adsorption, 2) prepare and characterise
PMA, as a model for soil FA and study its interaction
with c¢lays, 3)  prepare model Glay-organa comp oo
from montmorillonite and PMA and to evaluate its role
in adsorption of metoxuron and tebubhivuron and  4)
to gquantify the persistence of meioxuron and tebuthiuron

under well defined conditions in the laboratory.

The experiments conduvied and the results

obtained are summarised below :-
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1) Clay samplies (prodominently montmoeritlonitic,
obtained from Srirangapur «iay deposit, ALDLD) wore
fractionated to < 2u Lractioi. lHomoionic montmorillo-
nites were prepared by  saturalting  suitable amounts
of these fractions with 1IN solutions of chlorides
or nitrates of respective ions for 24 h and washing
them free of excess ions with distilled water. These
were resuspended in distilled water and used for adsorp=-
tion studies. Homo cationic resins  were prepared
by equilibrating suitabic  amounl s of TR-1220 rosin
in similar manner and weroe sihade dried. he cations
chosen helonged to a wide range of  properticeos with
respect to charge, radius, .onic potential, ease of

hydration, tendency for conplasation olbe. These could

be greouped as trivalent - fe- ond Al-, divalent 3d
ilons- Cu, Ni, Co, and Yo AlLbaline catlh tons- Cha-
Ba-, Mg- and monovalent .0 - Nl!tl—, K-, Nu--, and

H-. Adsorption studies were coaducted by equlilibrating
clay suspensions {containing approximately 50 my.
of clay) with initial concentration of metoxinon/tebu-
thiuron ranging from 0 - 100 lujiﬁ._l and 0 - 200pqu'l
respectively; for 24 h alk  27°C and centrifuged. The
emount of metoxuron/tebatlibaron Wit doto rnﬁ.nmi in
the supernatant at 240 nwe and  cH4d nm respoctively.
Similar studies were conductoed e oquidibrationg 100

ey, of Jonic resibs with 80 S0n g om, ol meloxaron /
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explained earlier. Adsorption isoiherms were constructed
and the adsorption data wos analysed by Freundlich
equation and a new mathematical coquation was cmployed
as described by Saroja Roauwon (1981} for the analysis

of S-shaped isotherms.

2} Model synthetic polymer - polywmaleic acid
resembling soil fulvic acid was prepared by the polymeri-
sation of maleic anhydride in pyridine and washed
free of excess pyridine wilh acaetone and chlorofoew.
It was characterised for functional groups. Potentimetric
and  conductimetric GCitration:  woeao carcriced  out for
the first time and its intoroctions with homoionic
montmorillonites were studicd by conducting thoe adsorp-
tion experiments with initiul concentration of PMA
ranging from 0 - 100 wg nmnj as explained in the casce
of metoxuron/tebuthiuron. Similar studies were conducted
by eyuilibrating 100 my of hoasosonis regins wich 0
-500 g ;nL_l of PMA, Adsorption dgotherms waere cons-
Prucbed and Lhe adsorpbion ot e wees oo byaoed by Foeand ich

equation and Langmuir equivalant wis calculated.

3) Preliminary investigation was carried out
to understand the role ol olay-organo complexes  in
the adsorption of metoxurcen an!  tebhubthiuron, Model

clay-PMA complexes were prepos o sy salurating howoionic
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montmorillonites with PMA Lhrough adsorplion. Motoaxuron/

tebuthiuron was adsorbed from aqueous solubions conlai-
. -1 . . . L

ning 20 and 50 wug mf under identical conditions

on homoionic montmorillonites and «lay-~-PMA complexes.

1) The effect of wolisture (saturation, field
capacity, 50% Field capacily) aondtemperatures on the
persistence of metoxuron and tobuthiuron was studied
in an alfisol and vertisol. Tha solls treated with
metoxuron and tebuthiuron at Lthe rate of 20 pg ng
soil were incubated from 0 - 155 days, they were sampled
at intervals of 4 days for 40 days, at 8 days for
80 days, at 15 days till 125 days and at 30 days till
155 days. At each incubation interval, the soil samples
were shaken successively with two 20 m1, portions of
methanol for 30 nminutes and lthered.l. The amount
of herbicide was assayed spucirophotometrically after

correcting for soil blanks.

5) The adsorption studies were conducted by
equilibrating 2 mm fraction, < B Lractions of
four soils from fHyderabad and o humic acid extracted

from one of the soils.

The experimental {iluding: ol bhe investigation

carried out are sunmarised bulow
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1) Adsorption isotherms obtained for metoxuron
(with the exception H-, Fe, and Al-) and tebuthiuron
on homoionic montmeorillonites were parabolic in nature
with a S-shape character in the initial stages of
adsorption indicating a sluvonger initial  competition
of water molecules to the clay surface .és compared

to herbicide.

2} The extent of adsorplion was dependent largely
on the valency and polarising power of exchange cation
and followed the order trivaicnt > divalent > monovalent,
H~-montmorillonite being an exceplion. The transitiop

metal ions had a much higher (endeney Tor aduarption

as compared to alkaline carth tons, 'he analysis
: L-'[-,-‘I o

of wvarious adsorption paramctors with lonic properties

indicated a poor overall relationship between these

two thereby distinctly bringing about the differences .

in the nature of binding in the case of different
ions. In almost &all the cascs the dons  fell into
4 groups i.e., monovalent, divilent, transition 34
ions and PFe-~ and Al-. Crysitalline ion potential was
found to be positively corrslataodd to alwoslt all  Lhe
adsorption parameters for metoxuron and tebuthiuron
mainly in the case of alkali and alkaline earth ions.
Thus possible mechanisms  of bunding include dipole
dipole, idon-dipole, ion-induced dipole interactions.
Since, metoxuron and tebut oo remain ticred 1: 1 in

the pH range of clay suspension (5.5 - 6.4), the ion-



268

ion type of interactions due to protonation of the
herbicide are not considered likely. Hence, the intera-
ction may be assumed to be through the mediating effect
of solvated water molecuices, and  these  ions, The
water molecules in the vicinity of these ions are
in a highly polarised state and can result in dipole-
dipole and hydrogen bondig, The uniéﬁe grouping
of transition metal ions and abnormally high variation
in adsorption parameters point o the formation of
co-ordination complexes. Tt 1is not easy to gyget direct
avidence of complex formultion 1in  suspensions, where
the cations are surrounded Ly waloer wmolecules,  The
unigque variation in adsorption  properties for these
metal ions may be deemced ou an indirect evidence for
such an intimate interaction in suspensions also.
In the case of Fe and Al clarye, higher ion potential
coupled with their strong toendency for  hydrolysis
and formation of OH bridges may Dbae important inaddition

to electrostatic forces of atliauvtion,

1) Apart from enthatpy aongiderations, change
in entropy during adsorption is also critical. The
wol e ﬂnﬂt.n]l.rt.'ulu:i i b dwmed it e vl by ol wrat Lo
are highly perturbed and structued and the presence

of organic molecules may induce effects opposing or

reinforeing coulombic effeols. Lnrhalpy and eoentropy
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cffects generally oppose each other, the overall free
energy effect of cations which is the balance of entropy
and enthalpy factors may nol be strong and may be

more difficult to percieve.

4) The amount of muto::m.‘anl L:buthituron adsorbed
on homoionic montmorillonite was about 10 - 15 me/100g
which is much less than fthe CEC of wmontmorillonite
which indicate that these herbicides are adsorbed
on the edges and do not penctrate the inter-layer

of crystal lattice.

3) The analysis of adsorption parameters with
ionic properties for adsorption o metoxaren/tebuthiveon

on homoionic resins indicatiosl that  Lhe Jon saturated
resing are more akin to fon satuvated organic matter
beca ase of extensive organi. network present on them.,
Hence, the effect of cations may be suppressed or
over shadowed. The exchange cations are likely to
be involved in similar types of bonding as in the

case of montmorillonites.

6) e characterisation of PMA for functional
group analysis, the potentionectric and conductimetric
titrations, carried out for the Tirst tine reflected

the structural features similal’ Lo soil A,



2740

7) The interactions of IMA with homoionic clays,
with the object of comparing th: behaviour of better
defined models with those of scil PA indicated that
the extent of adsorption muchc bighoer than those observed
on metoxuron and tebuthiuron. Tiie possible mechanisms
of interactions can be groupcd as ion-dipole interactions
including cation bridge, waler bridge, ligand exchange,
hydrogen bonding and Vén der Waal's forces of attraction.
Ion potential or the poluacising power of cation i3
the most important for alk.ald and alkaline carth lons.
The role of transition metal Loas is unique and point
to the formation of coordinualtion complexes. For Fe-
and Al-, hydrogen bonding may bu possible, The role’
of entropy generatio&?giso consderefl 00 be the most important
in the case of polymer adsorption. The extent of

adsorption does not rule out the interlayer penetration.

8) The studies on the aducrption of metoxuron
and tebuthiuron on model clay-organc conplexes was
attempted for the first tiwe 1o evaluate the role
played by the naturally occuring clay-organo complexes
in the adsorption of herbicides. There was a consistent
_increase in the adsorption of meloxuron and tebuthiuron
on clay-PMA complexes ovot Lhe  corresponding metal
clays. The alkaline and olkabi cactly dons which oxert
weak binding on organic compounds and  which  adsorb

less PMA  than trivalent itoas  fike Fe & AL brought
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about larger increase in wisorption of metoxuron and

tebuthiuron when converted to their PMA complexes.

9) FProm the studies on the persistence of metoxu-
ron and tebuthiuron in taboratory incubated solils
under well defined condilions a- affected by moisture
and temperature, indicated Lhat there are two distinct
pathways for disappearance, a flaster one and a much
slower  one, The  schome: ot cvents that take  place
during the interaction oi organic-chemicals can  be
pictured as :

Organic + Soil —=  lanile [weod ~~~h*$ Degradalb ion

Chemical p
kl !

-,

l
Bound pool
where k is the rate constant Ior the degradation of
chemical, kl for entry into bound pool and k—l for
re-entry into labile pool. tThage  were  calculated
from the first order kinetic plot, In both the soils
at different temperature ool woisture  lovoels these
constants varied in the order k > kl > k_l. As a finer
refinement, the rate of reaentry of herbicide from
bhound pool was considered nuglijible compared to other

rates. First order kinctics wos used for entry into

bound pool and disappearance from labile pool.

10) The rate of degradatlion was higher in alfisol

as compared to vertisol and ipcreased with  increasce
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in temperature. The encrgy of activation was calculated
from the rate constants and these values were lower

than that reported in literature.

11} in the case of {tebuthiuron, rate of entry
into bound pool was higher for vertisol than for alfisol
and tended to decrease with docrease in soil moisture.
The rate of degradation frowm labile pool woas distinctly
higher for higher soil wmoisture in both the soils
and followed the order saturation > field capacily >
50 per cent field capacity. The vrate of degradation
was higher for alfisol as compared to vertisol. The
rate of entry into bound puocl was higher for higher

organic matter and clay content.

12) Mainly two Eypes of adsorption isotherms
were observed for adsorplion ol weloxuron and tebulbhiuron
on four scils, their 50w iractions (consisting of
silt + clay} and Humic aAcid {oxtracted from soil-1):-
a) isotherms exhibiting a tendency to reach saturation
of surface, b) Isotherms wilh an initial platecau followed
by a steep rise.

The adsorption oi wetoxuron and tebuthiuron
per g of adsorbent decreascd in the order: Humic Acid>
S0 p fractions > 2 mm soil. The adsorption for whole
soil was lower than for Hundc aﬁd 50 4 fractions.
This may be due to less =mpocific surface area in 2 mm

Eraction and compared to ihe other Lractions.
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