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The studies on the "Adtiorption and Persistence 

of metoxuron and tebuthiuroa oii soi 1 colloids and model 

clay-organo Complexes ~ A Physico-cheinical study" v/ere 

undertaken to understand the nature and mechanism of 

interaction of these cheniic:,i.l s wi IIY soJl coLloids in 

dilute suspensions and to eval.u:ii-e the role played 

by clay-organo complexes in the adsorpL-ion of these 

chemicals, using model clay-organo <;omplexes. Polymaleic 

acid was characterised as a modo] for soil FA cind its 

interaction with horaoionic clays to form model clay-

organo complexes was studied. Detailed adsorption 

of metoxuron and tebuthiuron war> studied on homoionic 

resins to assess their suitability as model adsorbents 

for homoionic clays. Kinetics aiid mech£inism of persis­

tence of mi • toxvi ron and t r't>ii i: h i u i i m v̂i.iii wiii-lâil nu I umliM 
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and carefully controlled conditions of moisture 

temperature as a prelude to using these siiflple 

experimental parameters to predict pesticide residiues 

under field conditions. 

Montmorillonitic clay was chosen for the study 

because of large specific surface area and charge, and 

the effect of cation saturating the exchange complex jwas 

evaluated. The clay samples (predominently monmotri-

llonitic) were fractionated to < 2 p fraction. Homoiohic 

montmorillonites/IR-120 resins were prepared by saturating 

them with IM nitrate salts of these ions. The iOns 

chosen belonged to a wide range with respect to io)iic 

properties like charge, size, tendency for complexation 

and ease of hydration and comprised of H , trivalent (Fe 

- and A1-) divalent 3d ions (Ni-, Cu-, Co- and Zn^), 

alkaline earth ions (Ca-, Ba, and Mg-) and monovalent 

ions (K-, Na- and NH.). Adsorption of metoxuron and 

tebuthiuron was conducted on these homoionic clay 

suspensions and resins. The extent of adsorption of b<i)th 

metoxuron and tebuthiuron was governed mainly by the 

charge and polarizing power of the cations and followed 

the order H- and trivalent > divalent > monovalent. Am4)ng 

the divalent ions, transition metal ions had a mxich 

higher capacity for adsorption as compared to alkaline 

earth ions. The adsorption isotherms of metoxuron 4nd 

tebuthiuron on homoionic montmorillonites gave S-shaf|ed 

isotherms indicating a stronger competition by watjer 
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molecules to the surface as compared to the herbicjldes. 

The data was analysed by Preundlich equation and a now 

mathematical equation was used for the analysis of 

S-shaped isotherms. The analysis of effect of different 

ionic properties of the exchange cations on tlio 

adsorption parameters indicated distinct differences in 

the nature of binding. Crystalline ion potential was 

found to be the most important factor governing 

adsorption, mainly for alkali and alkaline earth ions. 

The possible mechanisms of bonding include dipole-di^ole, 

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 adsorjjjtion 

parameters for these ions may be deemed as indirect 

evidence for such interactions in suspensions. In the 

case of Fe- and A1-, bonding through hydroxy bridged may 

be an additional factor to reckon with. Apart from 

enthalpy considerations, changes in entropy during 

adsorption may be critical. 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 rdsins 

were more similar to organic matter because of extenlsive 

organic net work present on them. Hence the effect of 

exchange cations may be overshadowed. The exchange 

cations are likely to be involved in similar mechanisms 

of bonding as in the case of homoionic montmorilloniites. 
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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 surface saturation. 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 n6t 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-PMA 

complexes. 

The studies on the persistence of metoxuron 4nd 

tebuthiuron in an alfisol and vertisol under well defined 

conditions of moisture and temperature showed that thetse 

herbicides distribute themselves into two compartmentjs, 

which may be termed labile and bound pools, as suggested 

earlier by Hamaker and Goring (1976). There were two 

distinct path ways for disappearance, a faster one and: a 

much slower one. The rate constants were calculated fbr 

the different steps. As a first approximation the rate 

of re-entry of herbicide from bound pool was considered 

negligible and first order kinetics was used for entiry 

into bound pool and disappearance from labile pool. The 

rate of entry into bound pool was high for vertisol gis 

compared to alfisol and decreased with decrease in soJLl 

moisture. The rate of degradation was high for alfisĵ l 

as compared to vertisol. These were related to clay ahd 

organic matter content. 

Adsorption of metoxuron and tebuthiuron w^s 

studied on 2 mm soil fraction, < 50 p fraction and Humic 

acid of four soils of Hyderabad. The amount adsorbed p#r 

gram of adsorbent decreased in the order HA > < 50 u so^l 
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fractions > 2 mm soil fractions. The adsorption of 

metoxuron and tebuthiuron as cominitod 1rom the 50y fraction 

and HA was higher than 2 mm soil fraction. This was attri­

buted the larger specific surfiice cirea of the colloidal 

fraction and the formation of t;l..y-oryano compJexes 

in soil. 
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CHAPTi:i( 1 

INTKODUC'I'ION 

With ein increase in Lhe iiitensity of cultiva­

tion, the use of chemicals for control of weeds has 

become immimnent especially in irrigated agriculture, 

Most of these chemicals are iidded to the soil , where 

they interact mainly wiMi IIK^ I'olloiilal ffai't ionti 

of soil. Thus, clays, wliich ci.M-istitute the major 

minejral fraction, and humu.s, the orijanic matter fraction 

are the most important participants in these interac­

tions . 

Although it has bocomt' necessary to use 

more and more of these chemicals to meet the growing 

demands of agricultural productioii, it hcis now been 

clearly shown that, indiscriminate use of these chemi­

cals may pose a danger to the environment (Saroja 

Raman, 1985). Hence, to strike a balance between 

these tv/o factors, it is inifieritive that complete 

details of their interactioruj \v Ltri soil components 

be known. Det.=iiled phys i cui--t:lieiii i ca 1 studies on the 

interaction of these chemicals can successfully jiredict 

their fate in soil, for luoro efficient and safer 

use. Soil adsorptj.on-dosorpt i.oii i:.; the most important 

factor that controls directly or LncLi.rectly all other 



factors deciding the fate of soj1 applied chemicals. 

Adsorption of a soil applitcl f:liciiilcal is an indication 

of its bioavailability and phyLoLoxicity. Although, 

adsorption generally helps In protecting ttie chemic^ils 

from microbial activity and tuivironmental factors 

like temperature and moii;tii.re, i.t may enh^vnce their 

degradation to non-toxic pi:odu'ts in some cases* 

like, chloro-s-triazines and c;.?i rpa,nates . 

Although invesLiga t i <jn;: to determine the 

exact role of soil coilloids, both mineral and organic, 

and the mechanism of adsoipl.ion of organic chemicals 

have been going on activt.;!y for over two dc^cades, 

ii lot more ground stilJ i.i-iaaii.s to be covered in 

this area. 

It h..i:; been shown, that, when organic miitter 

content exceeds six per cent a :i is generally found 

in .viiiLis i.)J t<,-.'mpt::.Lrt te and iwia ii.-jiiius, i lie i n t,ei. actions 

of soil-applied chemicals are mostly dominated by 

organic matter. However, when the. organic matter 

content is less than six pei: coat, both mineral and 

organic surfaces are involved J n adsorption (Walker 

and Crawford, 1968). Thus, in i-ropical soils, v\7hich 

often contain less than six poc t-ent of organic matter 

and where mineral colloids consi.itate a mucli larger 

percentage, the latter may play the lead role in 

soil pesticide interactions. 
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Several earlier wot;ki-r;. (Mustafa and Gamar, 

1972; Stevenson, 1976; rhcDcj, 1974 and 1979) have 

shown that mineral surfaces ji! ay a very important. 

role in the interaction of soil-applied chemicals. 

The expanding lattice min^r.-als li.ke montmorillonite 

and vermiculite are active in adsorption since they 

have large and active surl.ici' .la coiiiparc.?d to illite 

and kaolinite (Khan, 197H; YUCMI and Hilton, 19G2). 

IM .1(1(1 i I i 1)11 I D mil! ••••• •\]<.\ ,IIM! I'II,HI |< ', it h.i;; 1IC«MI 

shown that the nature of cation Ln the exchange complex 

of clays, especially in niontriioi.i llonites, is important 

in deciding the extent and iiir;(:-ii,jnism of binding of 

organic chemicals. 

Specific types of bonding between the exchange 

cations and adsorbed organic chemicals have been 

verified especially through IK techniques in systems 

containing very little wal.i-T, indicating that metal 

ions can bind wiLh tlin adsorb ile througli the iiighly 

perturbed water molecules iii the co-ordination sphere 

of exchange cations or evotj directly through co-ordi­

nation bonds (Green, 1974; Mijr t iand, 1970). 

However, much icr,3 in I'ormcation is available 

about the nature of such inti-j actions in suspensions 

which are more realistic in f i.eld conditions. Under 

ti'^se conditions, the in I .MSII't i ons are clouded by 

i'le dominating and meditiLory j'̂ lo of v\/ater molecules. 



present in the hydration spliere of the cations and 

outside it. Although scattered accounts on the effect 

of these cations are available in literatures, no 

systematic investigation seems to have been carx'ied 

out to test the importance of dilferent ionic properties 

like charge, radius, ion potential etc. in the binding 

of these chemicals. In this contc^xt, the adsorption 

on ion saturated resins may serve as important models 

for studying the interactious bcUwecn clays and pestici­

des . 

In recent times, i. L ha:; bi>i-in realised that 

tlie inorganic and organic cir/iloids of soil exist 

mostly as an intimate comj:ilo>: }liase which may be 

of more relevance in the adsi.j:i:[Jtiori of organic chemicals 

than either of them alone. Vi i:y liltlo intoriria lion 

concerning the nature, behaviour and import^lnce of 

cJay-organo complexes in tlie adsciri)!: ion of soil applied 

chemicals is available in litoraiare. The possible 

forination of clay-organo conii./] t xes through the interac­

tion of homoionic montmori] bniitt s and soil HA and 

FA have been reported by 'J'hemj and Scharpeni'-:eel 

(.1975) and Chnlla ond K.uii.iu (lOH'i). MMK> folo 

of clay-organo complexes as adsorbents for soil applied 

chemicals, is relevant in tiopiral soils v/hich are 

mineral dominated and in which organic matter is 

intimately associated with the i;l.iy fi-action as clay-



raetal-OM complexes. Haiic;i-- (i')G9) KugyesLod tluit, 

in tropical soils, clay and organic matter may associate 

in such a manner, that, litllo of clay mineral surface 

is accessible to pesticide molecule. The dominant 

factors determining the nature o( 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). I'hus, a study on ti>e 

formation and binding of model clay-organo complexes 

and their role in adsorption of soil applied chemicals 

needs lot more attentJon tliaii hitherto provided. 

It is quite clear that polyvcilent cations of the 

soils determine the nature and extent of binding 

of HA and FA with the flay system (Theng and 

Scharpons eel, 1975). 

Since soil organic --onrftituents like FA 

and HA are highly complex and (i;i i i j.cult to characterise 

on account of their complex struotnres and the confor-

m^itional changes they undergo, Ll,e use of model organic 

polymers of well character .l.'.ed prtjperties may serve 

as an important starting poJiit to understand the 

more complex interactionK or tJu-ir naturcally occuring 

counterparts. Anderson an. I i;ii;sell (19 7G) proposed 

that polymaleic acid (PMA) can serve as a model for 

soil fulvic acid (FA). 'J'hey observed similarities 

bc'twoen PMA and FA in I In .-̂  I (Miien lal au.i lysis, TR 



spectra and a number or acid hydrolysis products. 

Linehan (1977) stated that;. PMA, v/hile structurally 

similar to FA, has an added a<lvantctge of its structural 

homogeneity, because it is a prndiict of a well defined 

polymerisation process. 

Experience from liberal use of the organic 

chemicals in more advanced countries has shown that 

a i u L I) J: hui i . t i i c a n b o I I I J I H i n I I n - I i M. m u{ | u -1 iiui l u . - a I 

environmental and ecological daifiagc if their use 

is not carefully controlled. One of the most important 

properties of pesticides pertaining to the environment 

is their persistence, which may be defined as their 

"residence time" in the soil. It is noy well realised, 

that pesticides should persim in tlie soil long enough 

to achieve the intended acti.on but not longer than 

desired, causing damage to sul̂ -sequent crops or environ­

ment. Persistence of soil applied chemicals is related 

to their structure, soil prcper t. i. :s £tnd other environ­

mental factors like moisture and temperature. Conven­

tional methods of quantifying ptnrsis tence through 

periodicd^l analysis of scei 1 samples is ompirical 

and cumbersome and not capauie ot leading to unified 

concepts and possible forecasts. In this context, 

the work initiated by Waikr-r, [197 4 and 1976;) Walker 

and flmith, (1979) to deduce .:ina l L matheniatica J models, 

based on experiments \;ith ;;>.n. 1;, incubated in the 

1 rdjoratory under wc?ll eleriiiid (juulilions, to predict 



pesticide residues jn j-ic]d c:ouditions is of 

yreat significance. 'I'lie pi:o;,ent: day aviiilabili ty 

of sophisticated computers CVL'H J n developing countries 

holds out a great promise to test these hypotlieses 

and models, with the aim oir u.s i ng them for predictions 

under field conditions. 

Tht.i prosiMil. iiiN" • I i.|,)i iiin \^l:^r^, uiuli T I OKPI\ 

keeping in mind the above.- pj lot. ities, Attempt has 

been made to make a beginning iii these frontier areas, 

which are still nebulous and need more attention. 

Metoxuron and Tebuhhiuron, which are substi­

tuted urea herbicides, wi;rc cliosen as models for 

the study. Their choice i.n l:ii..' current investigation 

stems from the fact that ttir̂ y remiiin structurally 

neutral and unaltered over a w.id>̂  range of pll conditions 

prevalent in soils and are free from otlier complications 

like hydrolysis, oxidation aiid isomerisation which 

may vitiate the results. 

The substituted attii , herbicides are of 

ret;en t origin and are- in.w vviiii-ly uŝ xl in Lndl̂ i cini.1 

other places as soil appj. ied herbicides for control 

of broad leaved weeds and cjĵi?:-:.( •-. 

The present xii'/. .. t i jo l i.sm was undertaken 

to study the pliysico-cJieniK • i j ,:::,;>..( :Cs of interactions 

of metoxuron and tebutJii i; r i r: with soil colloidal 



constituents with the fol.lowincj objectives. 

I To study the riieclhui t:.ua of interactions 

of metoxuron and tebuthiuron v/ith homoionic clay 

suspensions iind to evaJiKiii) tin- ro"le of oxchaiufe 

cations on their adsorption, 

II To study the nature and quantum of adsorption 

of metoxuron and tebuthiuron on homoionic resins 

as model adsorbentsj 

III To synthesize and characterize polymaleic 

acid (PMA), a model organic pt)lymer and study its 

interaction with homoionic rafnitmoril! onite and also 

with cationic resins, 

IV To prepare model clay-organo complexes 

with clays by the interaction of PMA with homoionic 

montmorillonites and to study i;he nature of adsorption 

of metiixuron and tebuthiuron >>n thĉ r.e complexes, 

V ']'o study the per sJ,s l:eiice of metoxuron and 

tebuthiuron in two diffc^rcmi: soils keeping in view 

Walker, (1974 and 1976) and iiainaker and Goring (1976) 

model of using laboral.Oj:y nicnbarod soils for predic­

tion of residvjcs in soil , >iii i 

VI To study the natui*. • jod quantum of adsorption 

of metoxuron and tobuth Lm on on indiv.i,dual mineral 

and organic colloids of J'our different soils from 



liydereibad and a l s o on t h e v.'h.j.l^' s o i l s t o c i s sess t h e i r 

i n d i v i d u a l and a s s o c i a t i vr- e J f i e c t s on t h e a d s o r p t i o n 

of t h e s e p e s t i c i d e s . 
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CHAPTEK II 

REVIEW OF I.;i'J'i;i(A'l'UHE 

Existing statistics; pro-licts that pesticides 

worth about 90 billion dollars are likely to be used 

in 1990's in world agriculturtj at; herbicides, insect.ici-

t , | u [ i V-U'MI I'tllMJ i i ; i i l l - ! ; ( K h . i l i , l . ' I IKl ) . ' I ' U i : , ;i|>''S>';i U u . ; ( n u u t u L l y 

of the problem facing mankind, in Keeping these chemicals 

under proper control so that l;lĤy do not create more 

problems tlian they are intended to solve. The interac­

tion of these chemicals v\7ith soil colloidal constituents 

viz., clays and organic matter is an important factor 

affecting the fate of these chemicals in 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 dn the adsorption of pesticides 

and their bioavailability. 'J'lû  r^omplexity of natural 

organic matter precludes a clĉ ir undei-standing of 

interaction liotwecn tliem and ".-iay:; and |)esti rides. 

Hence, model polymers like Pf., i.yiualeic Acid (PMA) are 

considered useful in getting a riiorc' fundamental knowledge 

about these interactions. Reii.tlih nn'thods of predict.! riq 

residues in field from more y'i\^(n.: o and simpler studies 

on the laboratory incubated ;.o:i J ; v.'.i 1 1 go a long way 

in aluating îtnd combatinc) mr'ny' of the envi ronmentiil 

10 
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problems which have nov7 surfaccKa, due to extensive 

and sometimes indiscriminate use of these chemicals. 

This review pertaint; mostly to the factors 

mentioned above which have formed the basis for defining 

the objectives of this investigation. The review 

is organised under the following breads : 

1. General structure and properties of substituted 

urea herbicides with emphasis on metoxuron ahd 

tebuthiuron. 

2. Physico-chemical studies on the adsorption of 

herbicides with soil and ics constitxitents. 

3. Factors affecting adsorption-dosorption of herbi­

cides 

4. Mechanisms of adsorptioji of herbicides on clayfe, 

organic matter and soils 

5. Characterisation of humic- substances 

6. Polymaloic Acid as a luodoL r.ov stiil fiilvic acid 

7. Clay-orgemo complexes 

8. Adsorption of posticidths on c'J ay-organo complexes. 

9. Persistence of pesticidt^s in :-;oil 
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2,1 GENEKAL STRUCTURE AND PROPERTIES OF SUBSTITUTED 
UREA HERBICIDES : 

The substituted ui:ea licrbicides may be conside­

red as derivatives of urea, thi' fiint synthotic organic 

chemical. Most of these hei;bicides are relatively 

nonselective and are directly applied to the so.i.1. 

However, some are active through the foliage. 

The general sc.riK.M,. Mre of asymmetrically 

substituted ureas is as fo].lov.'t. : 

R, 

" \ 
•>N t- N < 

/ 3 2 1 \ 

where R.. represents a non • baJ ogenated or halogenated 

aromatic hydrocarbon or IKM, (..i ocyclic moiety and: R,̂  

and R-j represent alkyl/H groups. 

In gfĉ neral, substituted urea herbicides 

exhibit intermediate melting ranges, low v/ater solubi-

besides determining their use in the field, may alscj 

affect their behaviour in various biological environments. 

Tliese herbicides are stable towards oxidcition and 

hydrolysis under conditions normally prevalent : in 

agriculture. Tlie wate,'r and lipoid solubilities of 

tliese herbicides are gre£ttly changed by the successive 

substitutions cd' hydrogen on llu.' nitrogen groups^ by 

a variety or substituents (Worthing, 1979). 
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Inhibition of Hill joacLion of photosynthesis 

is generally acknowledged as the primary site of action 

of urea herbicides. Tliis involvi;:; the alLe of ox.ygen 

evolution in photosynthesi i,-II. This prevents the 

form£ttion of ATP and N.ADPH Vvfhxch are required for 

CO^ assimilation (Rao, 1983). 

Two urea herbic-ldes vi;^., Metoxuron and Tebu-

thiuron were selected for study, in the present inves­

tigation. Their structure and detailed properties 

are presented below. 

2.1.1 Structure and properties of Metoxuron : 

S t r u c t u r a l fo rmula 

CH3O 

C I 

-<' ^ " ; > - • - N • 

C) 

II 
-- c -

C?I 

C[f3 

I.U.P.A.C. Name : 3-( 3-Chlor(:)-4-mt: thoxy phenyl)-l, 
1-dimethyl uxoa 

Molecular formulsi : C. , H,,, C.l N„0„ 
I u iJ 2 2 

Molecular weight : 2'.'.'<i . 1 

Trade name : lj<;3£.nex w.p. 

Appecirance : Coj i,>!i.i-i c-ss cyst:allino powder 

Melting point : J2b-L27'^C 

Vapour pressure : ',.2 x lO" \iim Hg at 20"C 

Solubility : 678 mg/l, water at 24°C. 

.';;oJul)lo in acetone, hot 
-: U i l < 11 ioi and cyclo hexanone. 
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Mode of action 

Uses 

Inliibits Hill reaction 

Selective herbicide pre and 

tJt).'jL t'luercjtuico i,u ccicoiis 

and carrots against black-

grass, silky bent grass, 

wild oats, rye grass and 

most annual broad leaved 

weeds. Dosage @ 1.2 to 

3.2 kg.a.i./ha. 

2.1.2 Structure and prof)erties of Tebuthiuron 

Structural formula : 

CH. 
N- -W Cll-
I 

CH. C 

S 

N 

I.U.P.A.C. Name 

Moleculai" formula 

Molecular weight 

Trade name 

Physical appearance 

Molting point 

Vapour pressure 

Solubi]ity 

c 

o 

— N cn. 

l - ( J L . ; ; ijiiLyl 1, - , 3 , ^ - t h i a d i a z o l -

2-yJ, ) - i , 3~d.i m e t h y l u r e a 

S"l..^^4^^'' 

2 2 a . J 2 

P o r t La,1 ( E u r o p e ) S p i k e ( U . S . A . , 

Cunud.,1 ) 

C o l i ) i i r J etJS c i y s t a l s 

1 6 1 . •) [(..> l6 r>C 

2 . 7 V lO ' ^ ' i i nn [ Ig a t 2 0 ° C 

2 . 3 t j / 1 . \jHlrr a t 2 5 ° C 

G . l y / 1 . b e n . i e n e : 17U g / l , i i i o thaup l 

'• I M ' I \...:. , , ) , • (..II .-.It .."j"f) 

file:///jHlrr


Mode of action 

Uses 
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Soil herbicid.' with lov; selecti­

vity; inhibits photosynthesis. 

Total control of herbaceous and 

woody pl.intH in non-cropped eireas; 

control of woi.dy plants in grass­

land and pastures. 

Some other members of substitnted uroa lierbici-

des are: 

M e t h a b e n z t h i a z u r o n [ 1 - ( b e n z o t h i a 2 o l - 2 - y l ) - 1 , 3 , - d i m e t h y l u r e a ) ] 

;nfjoprotU4,'ou [ 3--(-1-ifiopr i)j»y 1 | hiiiyl.) 1 , I cliiiK-Uiyl iiri'..i) i 

Meto bromuron [ 3 - ( 4-bromopheri''l-)--l -motlio: y - 1 - m e t h y l u r e a ] 

L i n u r o n [ 3 - ( 3 - 4 - d i c h l o r o p h e n y J ) - • 1-moLhoxy- l -methyl u r e a ] 

Monol inuron [ 3 - ( 4 - ch l o r o p h e n y l ) - l - m e t h o x y - l - i n e t h y l 

u r e a ] 
o 

Monuron [ 3 - ( 4-chlo3^jhonyl ) - I , 1 -•.1 i iii.:tli / I u roa ] 

2.2 PnYSICO-CnEMTCAL i3TiJl). i:S on THE ADSORPTION OF 
HERBICIDES WITH SOU, Atiii ITS CONSTITUENTS 

Several factors axe- kni:A/ii to influonco the 

fate of soil applied chcMiii cii is. All soil applied 

orcjanic chemicals must eventuciLiy b.> alt.ered to become 

a part of the soil complex. Uoi. aiiod physico-chemicai 

studies on the interaction or iierbi.i ides with physical, 

chemical and edaphic factors ui: soil., can successfully 

revetil the actual behaviour and f£;te of soil applied 
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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) PGrsistcnce and degradation, 

3) Transport properties and 4) l̂ lauL uptake. Adsorption 

directly or indirectly conLrnls the magnitvide of ttie 

effect of all the other factcrr;;, and is of prime impor­

tance. Adsorption is a .suiriace phenomenon, which 

reduces the concentration of soil applied chemicals 

in soil solution, thus rci\di r.i CKJ only a part: of tlie 

applied chemical available to tli-̂  target species. 

2.2.1 Adsorption isotJiernu; : 

Among the various approrn hes to the study 

of adsorption phenomenon, ddsocption isotherms have 

been extensively used. An ,.id.';>.ii |U: i on Jsotherm represents 

the relation between eimount of herbicide adsorbed 

per unit weight of adsorbent .ind t.lu:- eqailibriuni concen­

tration of lierbicide iu soJul loii .ii- i constant t-t'iupera-

ture. Thus the adsorption isoLherius are very useful 

in qucjntif y:i ng the extent of ad;,tJrb(Hi pesticide available 

I »> I h < ' t . I M j ' , ; |. , l!i ifi i I |i ;; ( h i . . , ;. i •','i i ., I . 11 | u : I i m | u . i t , i u 1. 

thermodynamic parameters IJkc IJic I'tandard free energy 

of adsorption, as also enthalpy and entropy of adsorption 

can be derived fe'O'c tl"iG ad;;or:pt .iori data. The slope 

of the isotherm at any point gives some indioiition 
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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 elb aJ. (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 are 

filled, it becomes increasingly difficult for solutefe 

molecules to find vacant 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 isol.httin. are coiuiuoii whua L.he 

adsorbent has a high affinity for the solvent. These 

isotherms usually appear when the solute molecule 

is mono-functj.onal, has moderato inter-molecular attrac­

tion and needs a strong couipetition for adsorbent 

sites from molecules of ;L;ol\/GnL or other adsorbed 

species. Recognition of such isotherms are of fairly 

recent origin in soil systcMua and have been reported 

by Gaillardon (1975) for vidsorption of terbutryne 

on Ca-montmorrillonite, by Obuitipathy (1977) for adsorp­

tion of humic acid on cation sacurated montmorillonites, 

Saroja Raman and Ranga Rao (]:)84) and Shea and Weber 

(1983) lor the adsorption nl Iluorldone on mineral 

clays. 

The C-type curves iru'ii.cate constant peirtition-

ing of the solute between sclnr.j.on and adsorbent riglit 

upto the maximum possible ad.-ji LpL.i on where, an abrupt 

change to ci horizontal plalr-.,, n iuay t,>ccur. This type-

of adsorption is not usually oi .served in soil-pesticide 

interactions except when tiiylity non—polar compounds 

and soils with high organic matter are involved (Chiou 

et. aj_. , 1979) . 

The ll-type curves <;i > o rare and occur when 

there is a very high aflini;\ betvjoen the solute and 

the solid surface. This Ls a spt?cial case of L-shaped 
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curve in which the solute h;is such a liigh affinity,: 

that, in dilute solutions it is completely adsorbed, 

or at least there is no nieitsurable amount remaining 

in the solution. The initial part of isotherm is 

therefore almost vertical. Such isotherms were obtained 

for the adsorption of paraquat and diquat on Na-oi+ 

Ca-montmorillonites and on fen jieat (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 hence E'reundlich and Langmuir 

adsorption equations have been norinally used to describe 

the adsorption of pesticide:.; hy ,;oil, organic mattoi* 

and clay minerals in zx ma jui: i i..y (-1 published reports. 

The Freundlich equation is laarel/ empirical and can 

be expressed as 

X 

m 

where x 
--• amount adsorbed p&\: unit mass of adsorbent 

m 

C = equilibrium concentration, and a is a constant 

which is less than 1. Tlio eijui Librium constant 'V^r,.' 

is related to strength of binding and depends on tempe-

r£iture. a and K^ are deter^mined from a logarithmatic 

t l a n . ' i t : o i iii.'i t i o n o I: I h e > i | u . i r i • m , \^/\\\< h i : i 1 i a c i i " 

l o g x /m = l o g K + a l o g C 
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The Freundlich isotlierm implies that the 

heat of adsorption decreases logarithmically as the 

fraction of surface covered increases. This is attribu--

ted to surface heterogeneity. The empirical nature 

of Freundlich equation is shovjn by the fact that no 

limiting value of the surface concentration of the 

adsorbate is approached as ttie equilibrium solution 

concentration of the adsorbitlo is increased. This 

is hardly a rccisonable 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 Freund I LI,:1I equation has no est̂ i-

blished theoretical basis, ii vv'os l;s v/ell for interme­

diate concentration in most cas>.>s and is frequently 

used in comparing the adsorpt-j.on behaviour of a sê .ries 

of adsorbates, on soil. S i.nco the concentration of 

pesticides hardly reaches a cocicentration of a few 

ppm in soils, the theoretical (•onttraints for Freundlicli 

equation, do not pose any proijl. em in interpreting 

the practical situation. 

Many scientists have successfully applied 

Freundlich equation to the studies concerning adsorp­

tion of substituted urea ln>rl5lr i dos on soil organic 

dtnd mineral fractions. 

Thus Bailey evt ix\_. ( 1.9(.H J"that the adscirption 

of 3-phenyl urea, fenuron, monca .:>n, diuron on 11- and 
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Na-montmorillonite confiniied to J-'t ouiidlich equation. 

Grower and Fiance (1970) usod Preundlich isotherm to 

compare the adsorption of [inuron and atrazine on 

soils in three different soil to water ratios. Carvelli 

et al. (1975) expressed the adsorption of five substitu­

ted urea herbicides in tcMim; of Preundlich K-values 

and showed the following order of adsorption: 

Fenuron < monuron < diuron < liiiuron < neburon 

Usoroh (197G) wliih' dudviiu) the adsorption 

of linuron on soils, obLa.ineci .Preundlich K-values 

ranging from 34 (for soils wJ.tli low clay & OM) to 

109 (for soils of high c-iuy & OM) . Shivo and Wang 

(1977) expressed the adsorption of monuron and diuron 

on Taiwan sugarcane soils in tei:nis oJ P'reundlich equation. 

Peck e_t £]_. (1980) expressed the adsorption of diuron 

on fresh wate^r sediments i JI Ca i.ilornia in terms of 

Freundlich K-values and ccjirreliit ed the adsorption 

with other soil constitu.tfits. Kauaalya et a_l_. (1982) 

observed the adsorption ot terbutryne on different 

homoionic clays to follov; Proiiihllich and L^ingmuir 

adsorption isotherms. 

2.2.1.2 Langniuir adsorption ftjaali<)n : 

In contrast to PreLInd Lich equation , the 

Langmuir equation has a JJIJUUCI coacepLual biisis. It 

was developed for the adsorption of gases on solids 
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using the following assumptious : 

1. The energy of adsorptii.jii is constant and indepen­

dent of surface coverage'. 

2. Adsorption is on loc^tiized sites and there is 

no interaction between adsorb^ite molecules. 

3. The maximum nd!;orf>l i i.n |ii>!ii; i hi t:- is th.il,. of. n 

complete monolayer. 

The Langmuir equiition iiiay be written in 

the form of 

A = 

K-. VC 
Li 

1 + K^C 

Where A is the amount of substance adsorbed 

per unit mass of adsorbent, V is the adsorption at 

full monolayer surface coverage per unit mass of adsor­

bent, K, is the equilibrium constant or constant 

related to binding energy, and C is the equilibrium 

concentration. K can also be wiMtL^ n iis K = x -~ 

1- 9 C 

where 0 is the f rat-i::i.ori (>i' Ih.' :;iii I ,n-n covfiivl. Thu:; 

at 9 = 0.5 which is also tho stare of unit activity 

for the surface, K̂ . = -; - where C is the ecruilibrium 

concentration at 0.5. 

In general the LangRiuii equation is not 

successful in predicting .id :orpt i (.>ii from solutions 
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as it is for gases. For soil, tl.a fiiilure of Lancjmuir 

equation is often due to untt'iiabi l.i t: ŷ  of the rigorous 

assumptions especially the hoinoijenelty of adsorbing 

sites. Nevertheless, it has Lx̂ 'n sometimes used in 

quantifying the adsorption in soils, although the 

exact significance of the consl.ants V and K may not 

be strictly valid. 

2-2,1.3 Mathematical models fv.r S-shaped isotherms : 

TJiere has been no repoct on the mathematical 

C l i a r d C t e r i s a t i o u o l :J :jh.ij-M-i| i ,-..i il I K M uui . '.'> tihiil'thil 

isotherms are infact a combinati.on of the Freundlich 

type A = KC°' where a is > 1 in initial stages and 

< 1 in later parts. Quantitatively an S-shaped isotherm 

represents an initial slow Increase .in adsorption 

followed by a steep rise and eiuiing with a slower 

increase and finally a level ILIKJ off in adsorption. 

An attempt was madr- Ijy Saroja Raman (1981) 

to mathematically ciiaractetiso a complete S-shaped 

isotherm from an analogy of the grov/Lh curves of crystal 

growth or heterogenous precipitation of a sparingly 

soluble substance from a :;atiiralod solution. The 

similarity lies purely in Liic ; hapc- o 1" growtli crurver. 

in all these cases, so that similar mathematical equation 

can be applied. Thus equalxon-l was used to describe 

an S- '̂.-M'ed isotherm. 
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•-= kf ^ (1-1 ) 
dc 

df where -̂ --is the rate of lucrecise of adsorption dc 

sites with concentration and f is the fraction of 

herbicide adsorbed at equ.i i Ibrium concentration 'C', 

•f' is calculated as the riitit) or the actual amount 

adsorbed to that adsorbed at: niaxinium surface coverage. 

According to this, the factor f ' may be considered 

as a function of t-ht.; r.m l\p'c iircadv CDVOI r;d with 

the organic compound and (1-f) ).s the fraction of 

solute present in solution and :̂;ffuctive in adsorption. 

Equation 1 satisfies qualitative^ly the events in S-

shaped isotherms. At very low concentrations in solution 

f i, 0 and so the rate of change of adsorption sites -~ 
dc 

also tends to become zero. Similarly at high concentra­

tion in solution f — ^ 1 and so (l~f) — ^ 0 and the 

slope tends to become zero. In tJie intermediate concen­

trations both f and (l~f) ;reinJ:i;)r<;e adsorption and 

there is a. sharp increase in adsoxption. The contribu-
2/3 tion of f term represents tiie cooperativi ty of 

the fraction of solute alreadv adsorbed. The constant 

' k ' is thi.; specific acliioijil i.oii i 11 e >.ni(l deoitlc:; Uu.~ 

ease with which adsorption occurs from solution. To 

obtain the Vcilue of k, the ,i n i.oc)j;ai>id form of equation-l 

vs/as used (Saroja Raman, 1981). 
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+ 73 t̂ lM - -r- - kc V3" tan - — — 2 -

Sciroja Raman and Ranga Rao (1984) applied this equation 

to the adsorption of methaben?^ thiazuron on six soils 

of Hyderabad and obtained K VciJues ranging from 0.0700 

to 0.975 ii ĝ -'mL. 

2.3 FACTORS AFFECTlNC ADSORPTION-DESORPTION 
OF HERBICIDES IN SOILS 

Since higli speciiic laii L,H C: ait-m iy ariaoc; Uttotl 

with small particle size, tlio cclloidal fraction of 

soil is the dominant factor in tlie adsorption-desorption 

equilibrium of herbicides Lri soil. Thus, clay minerals 

and organic matter fraction are the most important 

in the adsorption of soil applied organic chemicals. 

2.3.1 Type of clay minerals : 

Clays are the most important soil mineral 

constituents in adsorption becausi- of their abundance 

and their surface propertiti.s. The 1 : 1 minerals, 

primarily those of kaolxn gjcjup, because of their 

low CEC and low surface ar.-a, liavv:- '•-'t'cy smal] adsorption 

capacities. The 2 : ]. expansible iiiMiet.als like smectites 

and vermiculites which are lield together by Van der 

Waal's forces between tlie acljiiocait planes of oxygen 

and are relatively weakly lijuncl.ad md can expand, have 
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high CEC and surface area (Khan, 1980). As a result, 

the extent of adsorption is sufficiently high to be 

readily measured, in many cases even the spectra of 

adsorbed molecule may be observed (Russell £t. aj^. , 

1968). 

The greater uptake by niontmorillonite as 

compared with illite and kaolinii.e is partly due to 

its larger hydratable surface (Th> ng, 1974). Its 

capacity to take up herbicide Is greatly enhanced 

when organic species can ptjtu-l vu L̂  • the interJayer 

space of the mineral. Hov/ever, only a limited interlayer 

penetration could be expected with non-ionic s like 

metoxuron and tebuthiuron, iniloiis the siliceite leiyers 

have already been separated, uti i;j the case of Na-

montmorillonite in water or salt ;olutions. Farmer 

and Mild-vs (1969) reported that phenyl urê . herbicide adsorp­

tion by montmor illoni te may be .J t: li'lbuted to an interac­

tion of the carbonyl of the her!:> i.c-i de with exchangeable 

cations on the eixternal surfaces .md with edge aluminum 

groups because phenylureas were- not adsorbed in the 

interlayer space and, therefoj.o, die not tiave access 

to the exchangeable cations in the interlayer space 

as adsorption sites. 

Petkova (1978) showed th.it clay minerals 

bentonite tmd kaolinite adsorbed prometryne and reduced 
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its phytotoxicity but for otlier herbicides like fluome-

turon and metobromuron, these cleiy minerals have little 

effect in reducing phytotoxicity. Chang (1978) corre-t 

lated the adsorption of simazine and linuron with 

clay content of soil. He showed tiiat the soil mobility 

of herbicides decreased vi/ith increase in the clay 

and organic matter content. 

Terce and Calvet (1978) f.)und that the adsorp­

tion of monuron, isojjrui.iircin, methabenzthiazuron, 

atrazine and terbutryne v\/as lurjtier in smectite followed 

by illite and kaolinite. Mvrŷ r̂ f̂i aJ. (1979) observed 

that sorption of chlofLoluroji,, mcthabenzthiazuron and 

terbutryne decreased with i ncrea.se in clay content. 

Patterson and Buchanan (J 980) showed that highest 

adsorption of fluometuron occnried in a loam^ the clay 

fraction of which contained HO per cent montmorillonite. 

The non-expanding 2 : 1 mineraly like illite and chlorite 

(2 : 2) are intermedieiLe in <idsorption capacities 

between 1 : 1 and 2 : 1 expending types. Weber elj. 

n_l_. (l')7'l) r o p o r l.f :i.l lh>il \ \ ) \ - .n i;;. .r|>l i i-u o f I 1 uoiwi, • t iicuii 

was greatly modified by montmorilloiii.te. 

Yuen and Hilton (lyG2), while studying the 

adsorption of monuron and diui.oii on Dav/aiin sugdircano 

soils, showed that adsorplion of monuron was highest 

in those soils in which montmorilLonite was the major 

clay constituent. 

http://ncrea.se
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Mustafa and Gamar (1971:) concluded 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 lu-rbii-;ides. Though, no 
-fcKe. 

specific reference is available ony influence of the 

surface density on the adsorption of substituted ureas, 

sufficient evidences are there v/hich reveal the influence 

of charge density on adsorption of cationic herbicides, 

like bipyridilium herbicides (Wciod and VJeber, 19G8). 

2.3.3 Orientation of adsorbate : 

It \\?as found that :3;:t ttrrcit od and unsaturated 

ring compounds form two main tyj.»i'S of complexes depending 

on whether the ring lies pare Lie;,; tn 001 axis of mont-

morillonite or paripendicular to it (Green • Kelly, 

1955). Greenland £t a_l ^1962) found that adsorbed 

1-n-alkyl pyridinium cations iK.irm.i i ly lie along the 

surface of montmorillonite, adsoLption of larger amounts 

of these ions giving rise to two to tfiree layer complexes. 
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Weed and Weber (19G8) r e p o r t e d ^ Q O ] t ipac ings 
o 

of 12.8 to 12. Sh for montniorillon i te saturated with 

paraquat and diquat indicating one Layer complex with 

the rings of organic cations pare I lei to the clay. 

2.3.4 Nature of Adsorbate : 

Bailey e^ a_l̂ . (1968) showed chat the properties 

of adsorbate that affect ad:j<,ji;[.>Lion are clieiiiical 

character, shape and configuration, tcidity or basicity 

of molecule, water solubility, charge distribution, 

polarity and molecular size. The nature of functional 

groups determine, whether a ccjmi;ound is acidic or 

basic and indicates its ability x^> hydrogen bonding 

or coordinate covalent bonding. 'i'ho nature and position 

of substituting groups may affect, the ability of molecule 

to undergo intermolecular liyd rocji.n bonding. teaman 

and Mor'tland (1969) concluded ttiai proton transfer, 

from protonated species adsorbtfd on the cl£\y surface, 

to an uncharged molecule depc-ndcnd:; upon the relative 

basiciti.es and concentration:;. oi the reactants emd 

products. Molecular size ariLl sliap-.i have a profound 

effect on adsoi-ption, especially where access to binding 

sites is restricted by the dimen.si.ons of the pore 

openings, cincJ whut.'t; one nuji < •cu I i • >> i .i chu i-i(>..;d cidijoi, lia tu.-

species covers more than an etjii i. va IAJH t number of charg<_'d 

sites on the adsoirbent surfaci.; (Cteeniand ^̂ nd Hayes, 

1978). 

http://basiciti.es
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2.3.5 Soil reaction : 

Eiailey and Whil.c (L!JG4) postulated that 

the effect of pH on the aat.c;irpti on of a particular 

he,rbicide may be related tu LI.S dc'<jree of dissocia t-ion 

or association with protons. TliIs would affect the 

amount adsorbed and the a ( t OIKJ Lh with v\?hich it is 

held, since the energy and cho changes of adsorption 

may be vastly different for tlie dissociated and associa­

ted forms. 

Bailey e_t aj^. (19C)3) sli;aved that many urea 

herbicides (fenuron, monuron, diuion) and s-tria:2ine 

herbicides were adsorbed more by the highly acidic 

H-montmorillonite (pH 3.3) than near neutral Na-mont-

morillonite (pH 6.8). The recict ion of urea with acid 

montmorillonite gave evidencti of jrotonation of amino 

group and subsequent reaction witli silicate surface. 

Increas3.ng the H xon concentration xn solutron was 

found to favour an increase in the adsorption of certain 

substituted ureas on cellu].o;ir> by Coggins and Crafts 

(1959). Gaillardon et a_l. (1980) found that the adsorp­

tion of certain phenylurea herbicides (diuron, linuron, 

metoxuron, isoproturon) l.jy hnniic acici increased as 

the pH decreased. They at: LJ: i bu tod this to the establJ.-

shment of H--bonds betv/een iK-rbicide molecule and the 

undissociated carboxyl group 'if iiumi.i acid. 
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Bottger et a_l_. (1977) lonnd that the adsorption 

of MUT and chlortoluron wat; i,uia£i:. cted by pll. Weber 

(1980) found that adsorption of buthidiazole, VEL-

3510, tebuthiuron and fluridoneincnjasod with decreasing 

pH suggesting that the adsorption niectianism was molecular 

under neutral pll condition and ionic under acid condi­

tions . 

Raroja Raman and U.cniqo Rao (1984) found 

that decreasing the solution ph from 7 to 5 resulted 

only in minimal increase in tho iid;i>>rpti.on of ruethaben-

zthiazuron. Saroja Raman and Reddy (1987) reported 

that the changes in pH of soil :joliition did not modify 

the adsorption behaviour of J.soproturon significantly 

because of its non-ionic nature and low pKa. 

2.3.6 Temperature : 

Adsorption is generally an exothermic process, 

and hence tlie higher the temperature, the lower tlie 

adsorption (Harris and Warren, 1964). Temperature 

may also influence the adK'irptitjn through its effect 

on solubility and vapour presyure. Under some situations, 

an increase in temperature may increase the tidsorption 

(Freed e_t âl. , 1962). Tlie varlâ •.ion in temperature 

affects surface - solute Jnteractioas as well as v/ater-

solute interactions. It is tih- b.;lance between these 

two effects which detoriiiinL ,:• i:,iie observed beViaviour 
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and this may result in adsorpLloii inircasing, decreasing 

or remaining unaffected, with an increase in temperature 

(Calvet, 1980). Studies of P̂ -ck et, £ij_. (1980) indicated 

that adsorption of diuron by fro.;h water sediments 

decreased as the temperal;ui:e incroased from 5'̂ C to 

40°C. Burns e_t al_. (1973) d ni not observe much change 

in the adsorption of paraquat on humic acid over a 

temperature range of 30 - 70"C. 

Kausalya e_t a_L_. (I')82) found a decrease 

in the values of equilibrium constants with temperature 

for the adsorption of terbutryne on a series of homoionic 

montmorilloni tes. Gupta et al . (J 985) reported tliat 

adsorption and Freundlicli K deci eased slowly v̂ ith 

an increase in temperature for t( rbutryne on soils. 

2.3.7 .Soil Orqanic Mailer : 

It is well established from several studies 

that soil o:rganic mattoc fjJays a major role in the 

adsorption of herbicides. Wlien it is more than six 

per cent, it is the only factor that: governs ^^dsorption 

(Stevenson, 1976). Even for soil:: with low organic 

matter it is often the most important factor governing 

the adsorption. 

Ther;e are a number r)f reports in literature 

about the positive effect of organic matter on the 

adsorption of urea herbicides. The adsorption of 
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urea and a number of its cltMivatlves by different 

soils was investigated by liance (1965). He found 

that organic matter content is lhf only soil property 

that could be related to adsorpLion capacity. Linuron 

adsorption by ten New Jersey soi-Ls was generally higher 

in the A than the B horizon indicating that organic 

matter may play major role in adiioiption (Mac Namara 

and Toth, 1970). 

Bottger _e1; ad̂ . (1977) sliov/ed that the adsorp­

tion of methabenzthiazuron and chLortoluron increased 

with increasing organic matter coritent of soil. The 

rate of adsorption these two in :i:tai c ides were unaffected 

by pll. Chang and Stritske (1977) observed that the 

adsorption was more in soil having high organic matter 

ronl:f)nl. and dfii'iifd: J on v,/,ii, iii'Uf dilTiiMill in ;;i)iln 

having high organic matter conLent than in the soils 

with low organic matter content. 

Meyer e_t aĴ . (1979) in their examination 

of the beiiaviour of mothaljenL< th Lazuron, terbutryne 

and chlortoluron showed that sorpl.ion increased with 

increasing organic matter conLerst but decreased with 

increasing clay content. Gajanan (1978) found that 

adsorption of simazine, monuron and '.',4-D were influenced 

by the organic matter contour., f-.ll and nal.i:n:e and amount 

of clay content in the soil. Chang (1971) in trials 

with clay loam, loam and sandy loam soils found that 
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adsorption of siniazine and Imuron ccrrelated positively 

with soil organic matter and clciy contents. Peck 

et a 1. (1980), in their experiments v/ith the adsorption 

of diuron on fresh water sediirionts, found that Freundlich 

constant K was positively correlated to the amount 

of organic carbon present. Patterson and Buchanan 

1 4 (1980) found that adsorption of C-fluometuron was 

greatest in soils with high organic matter conterit 

and montmorillonite. Petkova (1981) correlated adsorp­

tion of metobromuron and fluomcLarcni with soil texture, 

the quantity of loamy fraction, organic matter content 

and the specific surface arc;a. Chang (1981) found 

good correlation between tlie adsorption of diuron, 

isuron, monoisuron with soil orgariic 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 Hyderabad. Kosak and Weber (1983) 

found that soil organic mattt;r content is the most 

important factor inf luoncliKj i, lie iich.firjjt i,on of iiictalvro-

muron, monolinuron, linuron and chlorbromuron. 

Briggs (1981) related the adsorption of 

several non-ionic organic: i.;h...>iiii.i.'.. I s including uj."ea 

herbicides from 17 Australj.-ui soj Is to the organic 

matter content of soils. lu-ddy (J984) reported a 

significant correlation betvvc.'n 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 Sarojci Kaiiuiti and Laximinarayana 

(1986) for the adsorption of atrazLne and isoproturon 

on 16 black and 11 red soils from Andhra Pradesh. 

Savage (1973) found that tlior'e was no signifi­

cant linear correlation bocv/etui adsurption of chlorbro-

muron and soil texture, organic matter content, pH 

or water holding capacity. Carvelli £t aA_. (1975) 

did not find direct or exponr-nt; i al relationship between 

the Freundlich K values and soil, organic matter content. 

2-4 MECHANISMS OF ADSORi^TION ON CLAYS : 

It has been customary to describe adsorption 

as physical adsorption and chomi::oxption, depending 

on the strength of the forces that bind the molecules 

to the surface. Physical acLsoriJtJ on usually involve 

weak forces like dipole-dipole interactions, Van der 

Waals forces, dispersion force.'; etc., which are short 

range forces and result .Lu interaction or binding 

energy of < 80 kJ mole ' . PhyijLcal adaorptJ.on Ls 

generally noi oi'.i nii I ("I i;|Mn'i( ii'-il Iv 'Uui ni (• UiMin I !y 

spread over the polar and non-polar regions of the 

molecule. Although indiv-i dual I y I. hey may bo weak, 

their spread over a xnimbej- of alomi.c centres 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, li(^ nd exchiinge, hydrogen bonds which 

involve binding energy of > 80 kJ mole . Chemisorption 

takes place at specific adsorption sites and generally 

involve an activation energy. 

The mechanisms of £~idsorption of pesticides 

on clays have been already r.viev/ed by Mortland (1970)^ 

Green (1974) and Sposito (l'.';;!), Si.nce clay minerals 

constitute considerable u>M:ivi' ;;i. tos within which 

th€-5 negative charges are lidlanced by cations, the 

adsorption of organic chemi.cMLs to clays are invciriably 

mediated through the exchange- cations and can be termed 

as most by chemisorption. In acdition to adsorption 

on the edges or the exLfiual ,:;urfaces, expansible 

minerals like montmoril lon.i Les i.nd vermiculites can 

also give rise to interlayer adsorption of organic 

chemicals, when condition;.-; are favourable. Thus, 

the nature of cations and i.ho hydration status of 

the system become highly important in determining 

th<> extent and naUiia' ni. ,Mh,iM|)i iim ^tf laganii' iMn-iii 1 i-.i I .-| 

on clay minerals. 

The exchange cat-iona on clays can be broadly 

divided into two classes 1) the main group cations, 
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with filled ionic orbitals lik.i cTlkali, alkaline earth 

3 + ions and Al which have filled inner orbitals and 

2 + '̂  + 2 + 2) trant3itioji metal J.ons like ('!u , Ni , Co' and 

? + • . 

/, 11 ' wli I t ' l l h ' ' i v i ' v . n M i i l - il i i i l i i l . i i i ; W i l l i l i 'vv iMH'i-'ijy 

d orbital electrons. The foniier generally acL throughi 

their polari2:ing power. Russell e_t_ al_. (1968) found 

protonation of 3-aniino triazole to increase in the 
2 + 2 + li-order of Ca < Mg < Al~ and attributed this to 

increased polarizing power of cations. The latter 

can form strong ligand exchange Ix̂ nds or coordination 

bonds which can be considered as direct ion interaction 

with ligand dipole. 

Binding of polar pesticides to clays is 

mainly electrcfetatic in nature v/hich are genc^rally 

stronger than Van der Waal'b forces. These can be 

broadly divided into 1) Ionic bonds 2) Cation-dipole 

and coordination or ligemd exchange bonds and 3) dipole-

dipole bonds. 

2.4.1.1 Ionic Bonds : 

These are impor tun i.. Îor cationic pesticides 

like par^iquat and diquat aiul ._; !.;;() for basic pesticides 

like triazines which can 1J.' prcLonated at low pH. 

Cation exchainge occux-s in tliesc; cases with exchange 

cation on the clay surface ;:,u<l) ciM 

P-̂  + M^l-clay -z^^:^ P^- clay + M^^ 
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2+ 2+ 
where P i s t l ie c a t i o n i c pr':; i i .• LCJC ,,.i)d M , t h e exchange 

c a t i o n . 

In the case of b.:is.i-c pesticides, cation 

exchange occurs between proLonated pesticide and exchange 

cations. Considerable protonation of pesticide can 

occur in solution if the pH is lover than pKa of the 

pesticide. Alternately, pr r;Lona L:.Lon can also occur 

at the clay surface, where (.ho pil is generally two 

to three units lower than the bulk. Protonation of 

]j(:n I- i I'idf • u n Ljl.iy j.tn i I >M.'I • .'.m l.il.u |i|.iiji: in U h n i c 

ways : 

i) exchangeable hydrogen ions protonate the base, 

ii) water of hydration of a stroncjly electro positive 

exchange cation like Al , nu.iy dirisociate to produce 

a hydrogen ion which can protoi.i le tije base. 

Clay— M — (H2O) + B -=; :~:'l Clay-M-OH + BH*" 

The equilibrium depends on the electronegati­

vity of the cation and pKa of the base. Por exavnple, 

3-1- 3 + 
urea is protonated on Al cn'ui Po montmorillonite 

2+ + but not on Ca or Na montmorillonite (Mortland, 

1968). iii) A proton may be ti:ansferi:ed to the pesticide 

from cinothor protonated bnr.i,' •<( I<-VA r h,);; i f i t y, 

Clay B-, ll"̂  + B,, ;::; :•- CLay-B, M*' + B, 

P r o t o n a t i o n of B-aiuinr. !:r.iaL!:ole by Nl l . -mont-

mox- i l l on i ce v/as shown by Rus.-;<'iL e l a l . (J 9 6 8 ) . 
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2.4.1.2 Cation-dipole and coord ination bonds : 

CaLion-dipole in i:ii:<.ot i ./n refers to direct 

interaction between the cil i>pii uni ptistlcide without 

the mediation of water of hydrntion. This is possible 

mainly in dehydrated clay ;.idso.rbat̂ i systems upon exposure 

to water vapour or water, llio hUjIily polar and better 

nucleophile v/ater displaces the orijanic molecule. 

The coordinate bond can he seen as an extension 

of direct ion-dipolo i ri (c i act i i )ii:; involvimi .stroiuier 

orbital overlapping and electron distribution between 

the metcil and the ligand. Thi;; type of bond is more 

probable for the transition melal ions like Cu , 

. 2+ 2 + 

Ni , Zn etc. The basic diutereace between lon-

dipole and coordination bond wen:, dumonstreited by Mortland 

(1970) in the case of clay-amino triazine complexes. 

While clays saturated with Al'' released 73% in six 

washings with O.OlM MgCl,, only 30% was desorbed from 

2 + 

Cu -clay. lon-dipole or coordin< i tion types of interac­

tions have been noted for a v/icie group of polar molecules 

viz., Nfl-i > Mortland, L')7tJ / urea and amider. 

(Mortland, 1966; Tahaun and Mortland, 1966) EPTC 

(Mortland and Meggitt, 1966). 

2.4.1.3 Dipole-dLpole intcjaclions : 

Dipole '̂  dipole inti:;ractions are the most 

important in the normal oivironmerit in which pesticides 
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act. Most of the pesticides arc polar in nature and; 

may compete for adsorption wJ.i h water molecules. 

In the presence of water, the exchange cations are 

in a hydrated state and direct ion-dipole interaction 

is not possible, unless the ligand is very powerful. 

Interaction between cation and pesticide is mediated 

mfiinly through polarised wntor molecules around the 

cation. 

2.4.1.4 Hydrogen bonding : 

It is a special tyjii dl: il i polo-dipole interac™ 

tion in which H atoms sotvi; .t« a bridge between two 

electronegative a.-lrdrrvs . E.̂a-1 Ler studies have shown 

that these are mainly assocdJted with N-H and 0-H 

groups and N and 0 atoms so that most herbicide molecules 

can form hydrogen bonds. 'WJO l. i.uds of hydrogen bonds 

have been shown to occur :i n the adsorption of organic 

molecules with clays 

a) between the adsorbed. wati;;r mi.lecules and adsorbed 

organic molecules, and 

b) between surface groups and oiganic molecule. 

Infrared results liave shown that ll-bond 

j.s associated more often v̂ itii tin- water bildge between 

the exchange cation and et polar pesticide. 

„ X. •->..-- r,'' > — ^ - M Clay 

> C = Q + II2O-M Clay vt /C- - '^^^ / 
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As aeeu cibove, Lin,.' Iiyi 11. .11 ioii L>LaLu.'j oi (..'i-i Litiut; 

are important in deciding the i,a tare and extent of 

binding of pesticides. It also assists in interlayer 

penetration of pesticides duo 1.0 expansion of tlie 

interlayer. 

2.4-1.5 Interlayer penetration and hydration status of 
clay minerals : 

Hydration status of clay minerals is important 

in deciding the nature and extent of binding of pestici­

des. It also assists in interlayer penetration of 

pesticides due to expansion oi t.he interlayer. Thus, 

Bowman _et £_1. (1970) found thial: 40 per cent moisture 

was necessary for the entry of maJ.athion into interlayer 

space. It \\fas shown by Sclail t .rcu: and Kodama (1966) 

in the laboratory that a fuivic î cid would penetrcite 

the interlamellar regions of inontraorillonite. However 

a different example of iiupijr l..:uK,:e of water at clay 

mineral surface has been providiMl by Yaron (1978) 

who demonstrated that thc,i:c w£iS a decrease in tiie 

amount of p^irathion cidsorbed by attiipulgite with ,in 

increase in liydration stain:-, oi mineral. The high 

cidsorption in a dry system v̂ 'as ci l.trrbuted to the effec­

tive competition of polar pacetthion molecules for 

adsorption sites on clays. Iiut in partially hydr.ated 

systems, water molecul(:iS (;O)II|.JI.•! ;.; with parathion for 

the adsorption sites on clay,:, resulting in a decrease 

in adsorption capacity of att.ipulgito for parathion 

file:////fas


42 

2.4.2 Mechanism of Adsorption of Urea Herbicides: 

The previous stM.-ticjn icviowcd in general, 

the types of possible mechanisms of interaction between 

pesticides and clay minerals. The types of mechanism 

that have been specif leal Jy postulated by different 

workers, for the adsorption of urea herbicides on 

clay minerals have been reviev/od in this section. 

In the case of urc-u herbicides, apart from 

physical adsorption, liganci exciiange and H-bonding 

have been reported by m£tny workers to be the major 

modes of interaction with clays. In addition to this, 

protonation of amino group of tliese herbicides have 

+ 3 + also been confirmed in the case oi mainly H- and Al 

clays. 

Mortland (1966) rriported evidence for the 

protonation of urea amino groups Jjy the acidic montmo-

rillonite systems. This vj.a, £)t:uved by IR spectra 

of the adsorbed urea, which was identical to its HCl 

salt. Hance (1969, 1971) and Khan (1974) suggested 

I ||,t I iiUl),') I i I U I 1 M i II I 1 -.1 I l< • I h i 1 i 1 |i ; , Ui.: I >•- 1 i n U J 1 l U l I tj(l 

to exchangeable cations on bentonite and montmorillonite. 

They obtained the following sequence for the adsorption 

of linuron 

te > ce^ > Cu > Ni > Cii" (hance, 1971) 

3+ 2+ . "?+ + '>'\-
hl > Cu ^ Ni > II > Mg" (Khan, 1974) 
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However, Farmer and Ahlrichs (1.1)69) obtained evidence 

for interlayer adsorption of dcail .MiuLed urea on montmo-

rillonite through coordination of: cu i-bony] group witli 

the exchange cations. 

HUUCO (iLi'/J ) a.lao ;; lujiji •;: I < d thai L hu it-uulLrj 

of adsorption of linuron with soiJs were consistent 

with complex formation with exchangeable cations as 

possible mechanisms of adsorption. 

Purkayastha and Mishra (1985) reported that 

the amount of methabenzthiazurun adsorbed by homoionic 

3+ 9_|. 2-f 2 + 
clay decreased in the order Al' > Zn' > Mg > Ca . 

Thus the mode of adsorption was mainly due to polariagLng 

power of the ions. 

The IR spectroscopic studies of Shive and 

Wang (1977) showed that monuron and diuron were adsorbed 

on hiumic substances by chemisoriU. i on. The study of 

IR spectra of adsorption of linuion by Cznchajowska 

(1978) indicated that besides ligand exchange, H-bonding 

of linuron to soil constituenLs occurs. Senesi and 

Testini (1980) obtained IR spcicbroiicopic data on the 

adsorption of some substituted ucea ho;rbicides indicating 

that the adsorption occurs ins'C'I v i ng such mechanisms 

as H-bonding J Van der Waal'::: it^ 003 in substituted 

uxua-liumic acid complexes. c;;.i,i i I at don at al. (19B0) 
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attributed the increase in the adsorption of diuron, 

linuron, metoxuron, isotoproturon by humid acid as 

the pH diminished to the establishment of fJ-bonds 

between herbicide molecules and i.he functioncil groups 

not dissociated with humid acid. 

Maier-Bode and Ilnrtol- (1981) indicated that 

essential mechanisms of sorptic n to clay minerals 

are ion-exchange, px'otoneition, idjinaL Lon of coordination 

complexes and H-bonding. In I IK- /liisc-irpi-i on of ]inuron 

to clay minerals, the foruKn; Lun of complexes with 

exchangeable cations seems to play a major role. 

2.4.3 Mechanisms for the iidsorpLion of herbicides 
on organic matter ; 

The complex nature oi .̂oil orglanic matter 

and the varied nature of r>i',ri(ijc herbicides suggesl. 

that several adsorption mechanism;: could be opeirative, 

frequently in combination. The piocess is more complex 

than adsorption on clay min>M,ri:. since t ht> (,ir(|,iii Li;' 

surface is less rigid and iLs properties vary with 

the exchange population (Weed <ind Weber, 1974). Mecha­

nisms proposed by the various VJork̂ •rs as being responsi­

ble for the retention of lii.-i. bi c j (it:s by (.irganic matter 

include, a.) cation exchange applicable for cationic 

herbicides and those which can acc6!pt a proton (Bailey 

and White, 1970); b) Jiydroyen bonding applicable 

whore tli • ' is an abundance o1 cartaoxyl, hydroxy!. 
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and amino groups present on the organic matter. Carboxyl 

oxygens on herbicide may be bondcnl to amino hydrogens 

or hydroxyl groups on orgfuiic matter. Bailey and 

White (1970) and Mortland (1970) have shovm that more 

complex attachment involving hydrogen bonding may 

consist of a water bridge l)i.'lvv''eii an excliangeable 

metal cation and the ?ierh:uû ic- liioleculo as in clay 

organic systems. These waLer molecules held by the 

cation by ion-dipole bonding c;-,n uond to the carbonyl 

oxygen of the herbicide molecu'ios by hydrogen bonding 

which are not strong bonds and thur. the adsorbed molecu­

les can be readily desorbed, c) Non-polar Van der 

Waal's forces though very weak operate in all adsorbent-

adsorbate relationships (Adamson, 1960). In this, 

each atom of the molecule and CJL an adsorbent contributes 

to the total bond energy. Con t L-Lbu Lion of these forces 

increase with its parachor and îlso Vi/ith its capcicity 

I. o ad<X|il.. iTi I hi- Ku ifiKH- (d Ml' . id;.( uin >ii I . d ) 1 ii|.iiul 

exchcinge - incompletely che-latcc! transition metals 

have been suggested as sites fc:ii: L-Uicii adsorption (Hayes, 

1970; Green, 1974) e) reaccJ^ons involving stable 

organic free redicals i.e., molecult-s containing unpaired 

or odd electrons have been showri Lrj occur in relatively 

high concentrations in soj.l huinic mcitter (Steellnk 

and 'i'ollin,i9G7) . f) Hydrcv̂ pli(.;bj c bonding - Mon-polar pes­

ticides or compounds whose moJecules often have non-
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polar regions of significant sizo in proportion to 

polar regions are likely to adsorL) onto hydrophobic 

regions of soil organic matter. Water molecules present 

in the system will not compete with non-polar molecviles 

for acisorptJ.on on hydropliob i c :,\n I .iccs . 'I'ln:- i>oivM\l iai 

importance of hydrophobic fractions of organic matter 

for retention of pesticides v/a.s cited by Hance (1969). 

This type of bonding may also be largely responsible 

for strong adsorption of DDT and other: organochlorine 

insecticides (Stevenson, 1966). Tiie association of 

non-polar pesticide with lipid flaction of humus might 

be described by hydrophobic bondinq (Pierce e_t al. , 

1971). Non polar portions of the liumic polymers and 

hydrophobic molecules trapped williin (:he polymer could 

also provide hydrophobic bonding sites for pesticides 

(Pierce et_ iLi* ' 1971), The liydrophobic portions of 

peats can significantly adsorb. phenyl ureas (ilance, 

1969; Morita, 1976). The ads(jrptLon of pesticides 

involving this mech^inism would be Independent of pH 

(Walker and Crawford, 1968). Cariringer _e_t a_l_. (1975) 

suggested that adsorption of fluometuron is by hydropho­

bic bonding. 

Chiou e;t. a_l. (1979) pi oj.oiu d Lhat soil uptake 

of the organic compounds was a siinple partitioning 

of these chemicals between hydroiiliobic orgc,uiic matter 

phase and watex". The adsorptioii ol ncHitral chemicals 
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from water by soils from ('lurope and North America 

was; best correlated with the i.i.il. oi cjnnic iiuittor content 

(Hamaker and Thompson, 1972). Briggs , (1981) found 

that the uptake of several pe:j ticides including phenyl 

ureas from aqeous solutions by seventeen soils of 

Australia was highly corroJaLod to tlie organic matter 

content of the soils. The soil organic matter/water 

distribution (K ) for each chc-inical was similarfn cill 
om 

the soils and couJ.d be predicted from the Octanol/water 

distribution (K ) of the chcmjcal. An objection 
ow -' 

to the concept of simple part 11ioning of non-ionic 

organic compounds between soil-organic phase and water 

was raised by Mingelgrin aiui Corstl (1983) on the 

bcisis that soil adsorpticvn of these chemicals iire 

not often linear but may appear linear at lovi surface 

coverage. To overcome this Saroja Raman (1987) indicated 

the possibility of estimating tl:e sorption capacity 

oF diPrrTent |"I.-H t i c;"l o i\\::y li.-|.l i iiiM Ciinii ,i |., lu'W) i>>lii(-

of their organic carbon content and Freundlich constant 

in a single or limited number of fractions. Dzombak 

and Luthy (1984) have di;:-.cu:3yed the possibility of 

predicting the adsorption oi a number of polycyclic 

aromatic hydrocarbons in soils, bused on soil organic 

carbon content and characteristics of organic compound. 

2.4.4 Mechanisms of Adsorption of Herbicides in Soils 

Tlie mectianisms oh,sv,.'i;v(.;d for the euisorption 

of herbicides in soils are complex because of the 
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adsorption on clay and organic indLter. The main modes 

of binding and various forces influencing adsorption 

depend on the nature of adsorbatc^, type of clay, nature 

of exchange cations etc. Besides, the adsorption 

on clay organo complexes also neods to be considered. 

Almost all types of mechaiiisms proposed for clay 

and organic matter can be siniui taneoasly operating 

in soils. Excellent reviov;s hdve been written by 

Sposito (1984), Calvet (1980), Khan (1980), Greenland 

and Hayes (1978) . 

2.5 CHARACTERISATION Ol* HUMIC SUBi]TANCES IN SOIL : 

Soil organic m̂ t̂ter Is a complex system consis­

ting of myraid of products, v;tilch range from undecomposed 

plant and animal residues, Mnou^jhi empirical products 

of decomposition to fairly sL.ible amorphous black 

to brown materiiii bearing no rr.:,i t: of aniitomictil struc­

ture of the material from wiiLcli ii derived. To simplify 

this complex system, organic luai (AT is divided into 

two groups : a) non-liumi.c ;;ab; cances and b) luiiiiic 

substances. 

Non-humiC, substances inciude the compounds 

111 at e x h i b i t s t i l l r e c o g n i z ̂  i) 11 • • i.* h > 111 i c a 1 c h a r a c t e r i s I. i. c t-:. 

To this class of compounds boJ cng I'arboiiydrates, proteins, 

peptides, amino acids, fats, waxes, pigments and other 

low molecular weight organic Liubstcnces. 
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The bulk of organic niatter in most soils 

consist of humid substances. 'L'hese are amorphous, 

brown or black, hydrophiiic, acidic, po].ydi sparse 

substances' of molecular weights rrmging from several 

hundreds to tends of thousands. Based on their solubi­

lity in alkali and acid, humi c .substances are divided 

into three main fractions : i) iiiimid ticid (HA) v/hich 

is soluble in dilute alkaline solution but is precipi­

tated by the acid. ii)' Fulvic acid (FA) that which 

is soluble in both acid riiul bd; e and iii) tlie humin 

fraction that can not be extrcicted in dilute base 

and acid. Column chrc-iiuil og r.iplii c techniques have 

been used to separate humic a(,Mdf: into more homogenous 

fractions (Khan, 1970; Scliniti;ei and Skinner, 19G8). 

Purification of humic acids auil inlvi.c £icids by adsorp­

tion on activated Charcoal (Sinha, 1971) gave fractions 

of sufficient purity for analy L i.cct.l works. 

2.5.1 Characterisation : 

Humic substances arc characterised on the 

basis of their elemental composition, functional group, 

molecular weight, spectral prijj.)e,i Lies, X-ray analysis, 

tliermal analysis and degrc'idat ion uî .-thods. 

Elemental composition provides useful inventory 

of the distribution of major olemejits in humic substances, 

l-'ulvic acids contciiu Itiss i.:,u'l)nn and nlLrogon but 



more oxygen than humic acixls. A variety of functional 

groups, including-COOH, phe;nolic (II, onolic OH, quinone, 

alcoholic OH, have been reported in humic substances. 

Most methods for determining rctictive yr-oups in humic 

substances have been based on acidic properties of 

the group involved. Khan and iowtieii (IbJ'/l) reported 

aspartic acid and glycine to be irresent in the largest 

amounts with smaller amounts of alanine and glutamic 

acid. Threonine, Serine, Valine and Leucine were 

present in the amounts equiviilont to half of those 

of glycine or aspartic acid. Ij^narjee and Mukharjee 

(1973) reported fulvic acids to contain sugars and 

amino acids in varying quantities. 

Excellant reviev/s on the characterisation 

of humic and fulvic acids are reviewed by several 

workers (Gieseking, 1975j Schniizer and Khan, 1978; 

Stevenson, 1982). 

2.5.1.2 Spectral Properties : 

Adsorption spectra of HA £ind FA were feature­

less with neither maxima nor iuJnlma. Higher absorbance 

at shorter wavelength was attribuued to the increased 

mobilities of electrons over ' a t-oiuatic' nucleii and 

over unsaturated structuios i-oii jugated witli tliose 

nucleii. The ratio of absoibaiice:; at 465 and 665 nm, 

referred to as E4/E6 ratio, iinxi );-een widely used for 
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char£icterisation purposes. The E4/R6 ratio humic 

acids are usually < 5.0; thosi' for iulvic acids from 

6.0 to 8.5 (Schnitzer and Khan, 1978). According 

to Chen £t. al^. (1977) the best prcjcodur.; for determining 

the E4/E6 ratio is to dissoJv.' 2 tc, 4 mg of HA or 

FA in 10 ml of 0.05 N NalfCO. v^hich gives optimum pH 

range for absorbance measurements, 

'i'Jitj IK spectra prov.itli.: xiiJ < u:mu Lion on Llie 

nature, reactivity and structiirai arrangement of oxygen 

containing functional groups. I''ulvic acids extiracted 

from peat and fractionated by anion and cation exchange 

resins showed the presence of amino groups. The IR 

spectral study confirmed the presence of carboxyl, 

phenolic and amino groups (MacCarthy and O'Cinniede, 

1974). 

Electron spin resonance spectra of humic 

substances have revealed tlie occur rance of stable 

free radicals. The origin of free radicals is unknown, 

but quinone groups of various Lypes are suspect. The 

technique of NMR spectroscopy can he used as a research 

tool in the study of soil organic matter (Stevenson, 

1982) . 

The e lee t r o n ni i a 11;;; (j o ] > i,...: s t u d i e s provide 

direct method for observing Lhe ci uif i, i ma t ional changes 

in sizes and shapes of humic ;,;ubstances (Schnitzer 



and Khan, 1972). Difficulties arise in examining 

HA by these means, because Ihe p-»J'ticlos are transperant 

to electron rays and can not be ea:;ily distinguished 

from the supporting film. Flaig e_t a]_. (1975) have 

made extensive studies on the inorphological features 

of huraic 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 i\ precise chemical 

description, because of their inherent complexity 

and heterogeneity, in contrast to clays wliJcli are 

crystalline and can be had inpure forms. Anderson 

and Russell (1976) proposed thiat polymaleic acid (PM?\) 

could serve as a model for fulyi,c ac.il, after observing 

remarkable similarities betvAJCii tfvj two materials 

in elemental analysis, IR wivO'Ctra and a number of 

hydrolysis products. Polymaleic atid was prepared 

by the polymerisation of maloic anhydr.idê  in the presence 

of pyridine and washed free.' ..i.i e;- (...-oss of pyridine 

with chloroform and acetone. The similarities to 

soil fulvic acid which were lound to be especially 

striking were : a) the occuirreace ol vicinal carboxyl 

groups readily converting to anlr/dr i dc::; (b) unsaturatiori 

which accounts for IR absorpL;i.(-;n bands near 1620 cm" , 

On the basis of their analytical data, they concluded 

http://ac.il


that FA consisted of mainly PMA type structures. Linehan 

(1977) stated that PMA whJJ.e :;tructurally similar 

to soil FA, had the add^d advafitage of structural 

homogeneity, and suggested that iL could be possible 

to obtain structural modifications during the polymeri­

sation of PMA for bettor understand lug of the relation-

sliip between nature and grov/th promoting properties. 

Spiteller and Scluiitzer (1983) reported 

that there \\iere lot of similarities between PMA and 

Soil FA in a number of cliar.u'L ̂ ..-ribtics, but minor 

d i-('1 c: J., c; 11 Ci-! ti CLJLI.1.1,1 bti u lj;,i i; I v i :d i n I I ui 11 < •;:iL;t--lu.."!.: , I' NM.lv 

spectra and in oxidation product;,. Compared to PA, 

PMA appeared to be better organised and more homogeneous 

at the molecular level, riclier .in olefin structures 

and less aromatic structures. 

2.7 CLAY-ORGANO COMPLKX];:S IN SOIL : 

Soil is a complex system comprising of tlie 

surface reactive organic and inojganic colloids. The 

intricate manner in which soils are formed through 

interaction of a number of factor;, and forces, ensure 

that colloidal clay and organic fractions do not exist 

in pure form, independant of each other, but, form 

stable; c lay-cjjryano c imp .1 ovi •;, . 'i'ib y i'.\t.M I a (Moliniiid 

influence on the soil env.Li oiuinn-it )-)y controlling tiie 

physical, chemical and biological properties of the 

file:////iere
http://NM.lv
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soil. Soil physical propcrtirs Iiki' deration, porosity, 

water holding capacity which cle|jeru.i on size and extent 

of aggregates, weathering process and soil formation 

are largely affected by clay-organo complexes (Mortland, 

1970). Similarly stabili sat, i < lU and immobi 1 izcition 

of soil enzymes are known Lo t;:ike place on soil clay-

organo complexes (Ladd, 1978, 1'J85). 

2.7.1 Bonding Mechanisms o£ Ciay-organo Complexes: 

Mechanisms governxny tlu reactions between 

clays and known organic conipoi.uids and humic substance 

have been reviewed by Mortland (1970), Greenland (1971) 

and Theng (1979). The main iiiocaanisiiis that relate 

to reactions between clays and Iniiuic substances are: 

a) ion-dipole, anion exchange reactions, b) ligand 

exchange reactions and c) hydro'ion bonding. These 

h.- tV*-: l j i . . - i : i i d l , . - , i i ,Ml; . iUi; i l 111 ,i i m l , a i . : l I h y ' r h L M i i j ( I !.' / ' J J 

(Table 1). 

The role of Fe' and Al at the clay surfaces 

has been considered to be vt;a:y jiiiportant in binding 

of MA to clays. These ions furni j.olyhydroxy complexes 

which can be protonated below ph 8.0 cand can associcite 

with organic anions througli coluiiii:)ic fojrces. At higher 

pll they can facilitate anion exoh.inge with HA and 

FA. Alexandrova (1981) stuiiied the humic complexes 

in soils and reported that \:\t(: ojaianic part of organo 
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Table 1 : Possible modes of bonding between humic substances atu) clay mineral surfaces (Tlieng, 

1979) 

Group on 

polymer 

Groups and sites 

on mineral 

Remarks 

A.Primary interac­

tions', lon-dipole 

including 

(a) Cation Anionic (carboxy-

bridging late) and unchan­

ged polar groups 

such as ami no, 

carboxyl, liydro-

xyl 

Anionic (carboxy-

late) and uncharged 

polar groups, such 

as amino, carbonyl, 

hydroxyl 

Anion exchange Anionic groups 

(b) Water 

bridging 

Exchangeable cations 

at external, basal 

surfaces. At low pH 

(<1.'i) ,)!';» IhoM- ,;ll 

inter-layei iurlaces 

Exchangeable ca i un;: 

at external, basol 

surfaces. At io,; pH 

(<4.5) also tiiose on 

interlayoi" '^url.u.es 

Crystal ediju -.iiiM aci'S . 

Polyhydruxy c.)iii|joiir,d;) 

of iron and u lij.ni n iuiii 

at extenij 1, i.u'.al 

surfaces 

Weekly hydrated and non-

hydrated monovalent ca­

tions. Polyvalent cations 

In ilcliydral I'd systems. 

Desurbable by sodium salts 

Polyvalent cations in hy­

drated systems. Desorbate 

by sodium salts, water, 

and ultrasonic treatment. 

Acidic pM conditions and 

when exchange sites are 

occupied by iron and alu­

minium ions. Desorbable by 

other anion in solution, 

such as chloride, nitrate 

1. igand 

exchange 
Anionic groups 

.Secondary Interactions 

Hydrogen bonding Amino, carboxyl, 

hydroxyl 

Van der Waals Uncharged portions 

of polymer chain 

C.Indirect Interactions 

Entropy effects 

Crystal lidyo ;,urracf , 

Polyhydroxy compiiunds 

of iron and aluiiiinUini 

at external, b>isul 

surfaces 

Oxygons of uxti-rnal 

basal s II r I a u L s 

(siloxane sheer) 

Mainly at external, 

basal surf art".. 

When exchange sites are 

occupied by irun and alu­

minium ions. In soils, on 

hydrous oxides of iron and 

aluiriiniuin. Desorable by 

other specifically but more 

strongly adsorbed anions, 

such as hydroxyl 

Weak 

Not very important in hy­

drated systems. The/ become 

- I D i l i I !• .till ,11 h l«.ih I " I I I I 

strength and when the sys­

tems is allowed to dehydrate. 

Short-rangu weak but additive. 

Arising from the gain in 

entropy by the system due 

to displacement of many 

water molecules from the 

clay surface by a single 

polymer chain 
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mineral complexes consist of fuJvic dicid forming complex 

heteropolar salts with Fe-and Al- as well as phenols, 

and low molecular weight acids vjhicli form hetero-polar 

and complex heteropolar salts. Emerson and Oades (1983) 

discussed organic-clay comple^xes in relation to soil 

aggregation and soil structure and reported that polysa­

ccharide fraction is reaponiji.blc; f.jr binding to clay 

fraction and fulvic acid ,il:,:i; inioracts w.i th clays 

through cation bridge. The IjijidLng oi: smaller aggregates 

plus silt and cl̂ iy par Lie-1 i.-s int.(. larger aggregates 

depend on the possible interactions betv/een Fe- and 

Al-and organic materials. Av.-cord i. ng to Edwards and 

Bremner (1967), the soil organic matcer and clay parti­

cles are linked via polyvalent iivital ions to form 

microaggregates. 

Similarly the jjolyliydroxy nature of Fe & 

Ai at the clay surface makes tliem potential c^indidates 

for H-taonding. They can a],so act as centres for covalent 

bt^iidt-i L u f u l v i c : .̂ tcl.tl (t; 1 ti-11 i , 11111 , I'1/1 ; I'll hva i, Cl ti a m i 

Bremner, ]. 967 ) . 

Green (1974) considered H-bonding to be 

the main force between huniic polymoi s and clay surface. 

The possibility of availability ef large number of 

such sites on MA and FA preducos relatively stable 

.-bjgregates. The li-bonding may be through centres 

containing--NH^, -COOll, -C=0 groups on HA. Mortland 



(1970) opined that H-bonding between the bridging cations 

uiid IJA or FA takes place through the formation oi water 

bridges with the help of molecules present 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 

iicidity 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' linking polar organic 

molecules to exchangeable metal ions through water 

molecule in the primary hydration shell. 

_L. p +5 +^ • + - ^ 

Transition metal ions like Cu , Ni , Zn , Co 

etc., which have vacant d orbitals can directly enter 

into cooordination bonds with HA and Fa or they may 

form bridges through solvated water molecules. B-
2 + diketone groups m fulvic acid reacted with Cu -



58 

in or on the clay to forra aceLy I acotonate type chelates 

(Schnitzer and Kodama, 1972). 

Theng (1976) and Thenj and Scharpens eel 

(1975) from their studies on formation and stability 

of clay-humn& complexes found out that the extent to 

which fulvate sample was adsorbed rose with an increase 

in cation valency. This aqairi indicates that cation 

acts as a bridge between functional groups on fulvate 

and negatively charged clay surface. Obulpathy (1977) 

observed the adsorption of flA and FA on homoionic 

clays followed the order : C'u-> Zn-> Mg-> Ca- ;i n tho 

case of HA and Cu-> Zn-> Mg-> Ca- in the case of fulvic 

acids. He reported that the amount adsorbed in the 

case of fulvic acids per gram of clay was more than 

the corresponding humic acids. 

Effect of saturating inontmorillonite with 

different cations on thc> inter layer adsorption of 

humic acid was studied by Kodama and Schnitzer (1968), 

the d̂ î i spacings decreased in tho order 

2+ 2+ + 2+ ?+ '>+ 2+ 7+ l4- 7 + 
Pb - > Cu > Na > Zn > Co > Mn'" > Mg > Ca >Fe >Ni 

They suggested that variations in d̂ „-j spacing 

were not a function of capacity of different ions 

to form stable complexes with PA nor were they related 

to ion potentials of meteils. 
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Humic acid and fulvi.c cicid can also enter 

into interlayer spacing of expanding clays through 

the help of exchange cations present on the clays. 

This is especially true at low pH where FA and HA 

OKliiL iii uudissociated loi.ui ('rK_;nij, \'J/'J). Ttiutj :iohuLl:zei. 

and Kodama (1972) observed Uiat at pH 2.5, the FA 

entered the interlamellar upaci.ng cil Cu-rnontnnorilionite 

o 

and increased its dnn-i spacing from 10.0 to 15.1 Â  . 

Interlayer adsorption of humic acid by homoionic montmo-

rillonite was also observed by Theng and Scharpens eel 

(1975) and Theng (1976). obalpathy (1977) has also 

found an increase in interlamellai spacing when humic 

acid was adsorbed on homoionic montmorillonites from 

his studies on \-ray diffrdiction piittorns. 

2.8 ADSORPTION OF l'Ei:TICIDi:S ON CLAY-ORGANO 
COMPLEXES : 

Walker and Crawford (1968) quoted that upto 

organic mcitter content of about C per cent both the 

mineral and organic surfaces ui.e involved in adsorption. 

At higher organic matter crn'itoui--- , adsorption occurs 

mostly on the organic sui faces. Stevenson (197G) 

indicated that the amount of organic matter required 

to coat the clay depends on .soil type and the kind <a.ne\ 

amount of clay that is prestinl. 

file:///-ray
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In soil, clay and oiijairic iiuitter are present 

as intimate associations. This intimate association 

of clay with organic matLer- iriiiy cau,;e some modification 

of their adsorption capacil i.;;, or I li<-'y may cumirliimnU 

one another in the role of pesticide adsorption. Hance 

(1969) suggested that in soil, i:;lay and organic matter 

associate in such a manner Lliat little of clay mineral 

surface will be accessibli.' to jjesticide molecule. 

Thus, the contribution of the clay fraction in soils 

would be much less than studies which the isolated 

minerals would indicate. On the otherhand, Mortland 

(1968) is of the opinion that organic compound in 

soil organic matter, upon interaction with clay, may 

facilitate and stabilise a<isorpt ion of pesticides 

beyond that observed is purely inorganic clay systems. 

Burns (1972) pointed out that humus-clay micro enciron-

ment is a site of high biojr-jgica] and non-biologicfil 

activity and more beisic intcn.iiurtiori concerning soil 

pesticide interaction can be oi/iained here. The adsorp-

tive capaci.ties of sedimentary orgajio-mineral complexes 

ior lindane and pax'athi.on vyoo Jcnuui to be mucti grê fiter 

than those corr"esponding riiin<.M ,j 1, i,r.K, Lion. 

Khan (1974) i nv^r/t i,g£ite.'i the adsorption 

of 2,4-D by f'A-clay coiiipl<-'X .iinl oij-jorvod that FA-clay 

complex adsorbed about 6.5 caul 5. ! n moles of 2,4-

D j.)er g of complex at ^"C and ?',;'(' respectively. This 
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FA complex was similar to the nciiurally occuring organo-

clay complexes found in the sui 1 {Kodaraa and Schnitzer, 

1971). 

Khan (1973) found that diquat and paraquat 

were present in the form of organo-clay complexes. 

He reported that FA, which is the m )St prominent humic 

compound in soil solution on iritv-raction with clay 

minerals will facilitate adsorption of pesticides 

on clays in soils. Saltzman ot âi . (1972) suggested 

that mineral OM interaction determines the adsorption 

(Japaci. Ly tjl c;adi i-jijii. 

2.9 PERSISTENCK OF PESTICIDKS III SOIL : 

The term 'Persistence' has been employed 

for the pesticides that retain thexr biological activity 

for a much longer period than oiriginally intended. 

It may be interpreted as the reLjj.doni:e time of pesticide 

in soil environment. The residence time may be conside­

red as the period in which the pesticide remains in 

soil regardless of the method by v>?hirh it is quantified. 

It may be expressed in terms of units of time. The 

persistence of soil applied chemical is dei.e.ndant, 

on a host of conditions, sucii as soil type, organic 

matter content, clay content, pil, nal,nre of soil colloids 

structure of pesticide mo] ecn̂ l.o, and environmental 

factors like moisture and temperature. 
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The concept of ha.l f life is widely used 

for prediction of persistence of pesticides in soil. 

The term half life has the characteristics of being 

a constant inversely proportional to the rate constant 

and independant of concentration. It 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 time '̂ TÎ A/ have been found 

to give an idea of persistence (Ilamaker, 1972) of 

a given chemical. 

Plerbicides show a v/ide spectrum of persistence 

ranging from a few weeks lor carbamates to a year 

and a half for certain s-triazint:a and urea herbicides 

(Khan, 1980). 

There £ire marked diiferences in the degree 

of persistence of various SLilxst i Mitr.ed ureas. In this 

class, increased ring cliJoi inatj on and increased • N-

alkylation appear to increase-' the persistence (Kearney, 

l'J76). Khan ot a_l. (197G) :i ii vest i. gat eel the porsistencu 

of diuron and its degradation product, 3~4-dichloroani-

line, in an orchard soil, wlii ch re;;eived diuron annually 

& 4 Ibs/ac for seven years. Act umulation of residues 

was not observed at signii lean i lovo.'ls, altliough carry 

over of herbicide occurred botwec-n years. The degra­

dation rate of diuron generally followed first order 
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Kinetics and residual levels in l:he soil were highly 

phytotoxic to oat plants duriiuj tlie three years after 

last application. 

Besides, the nature ol: pesticide, environmental 

factors like soil type, nature and extent of clay 

and organic matter, temperature and moisture affect 

the persistence of a given pesticide. The soil environ­

ment, into which herbicides are introduced, determines 

to a large extent, the rate of disappearance and many 

differences in persistence, ainonq soils can be attributed 

to variations of temperature and moisture levels. 

The effects of soil temperature, inoisture and herbicide 

concentration on the rate of degradation of Dinitramine 

weree measured b\' Poku and Zimd;ihl (1980) in sandy 

clay loam and sandy loam sc, il and reported that the 

rate of degradation increased with increase in tempera­

ture and attributed it to noii-t;n::.yiiui t i.c chemical degrada­

tion. Majka and Lavy (ly//) tbsecved thc'it diuron 

degx'aded slightly faster at. hicjiuM; temperature, hollist 

and Foy (1971) suggested ttiat incL-easing soil moisture 

content blocked the adsorptJ-ve sites for tr if lural in, 

thereby i.ncreeising the amouivL: available for degradation, 

The participation of soli <,:M:g,.iti ic matter fractions 

in atrazine degradation has ]:)een : hr>\'ii by many workers 

(Khan, 1978; Schnitzer and Khan, 1972). Khan (1978) 

Stiyy<;;ri t u d L l m L lilt.- I.uly.u,.' a>iil <.a i h.i i u •!.:;-> t h e hy( ti i j 1 y tj L̂;j 

•f atrazine in aqeous solution. 
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Persistence of a given pesticide in soil 

is generally quantified 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 decomposed by abiotic mode 

(Armstrong _et al_', 1967). Even whore the decomposition 

is microbiological, moisture, 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 \/arm, moist climates 

than cold and dry climates (Burnside £t. aA. , 1969). 

s 
Kulshre|tha (1983) had shown that soil moisture 

and soil tempeirature pl£iy an iiupc)rL.:int role in isopro-

turon dissipation in fine loaniy soil. Briggs (1983) 

suggested a model for degradation in soil, temperature 

and moisture effects on degrada l-ion, effects of soil 

properties on the persistence of ;i nsecticidal esters, 

Vacher and Farbe (l̂ JiJj) evaluated the influence 

of temperature and soil moistui:̂ - on atrazine degradation 
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in a clay loam soil in the ] uL)i )i (U;'iry tmd the constants 

derived from laboratory result:,; wero used in conjunction 

with meteorological data rocordoci during field experi­

ments to construct a model siiuuliiting atrazine persis­

tence in the field. They obtaitied good correlations 

between persistence from the field as that predicted 

by the model. Conventional methods of quantifying 

persistence through periodical analysis of soil ŝ imples 

is empirical, cumbersome and not capable of leading 

to unified concepts and possible forecasts. To overcome 

this, predictive modelling for pesticide persistence 

was attempted by Walker and eowonkers. A computer 

model for simulation of liorbicide persistence was 

described by Walker (1974) and revised by Walker and 

Barnes (1981), based on studies in soils incubated 

in the laboratory under vvfoll dê fj.ned conditions of 

moisture and temperature. 

Walker (1974, 197C, 197B), used energy of 

activation and moisture levels for predicting the 

persistence of pesticides. Activation energy is determi­

ned from the effect of temperature using Arrhenius 

equation and moisture effects are characterised using 

an empirical equation of the form li = AM , in wliich 

II" is the hiilf life at iiioisl arc c:ontent M and A and 

B are constants. The fit ol: tfiis equation to the 

data was evaluated by lineai; rec|ression analysis of 
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logarithm of half-life against tho logarithm of soil 

moisture content. This equation was also applied by 

Saroja Raman e_t a_l. (1987) for evaluating the effect 

of soil moisture on the degradation of atrazine. Their 

results showed higher values for tht-se constants than 

those reported by Walker and Zimdahl (1981). 

Disappearance of lierbicide in soils can be 

explained by rate curves. Mo;;, t]y fiiist order kj.nctics 

has been employed to describe the disappearance of pes­

ticides in soil (Gingerich and Zimdaal, 1976; Goring 

and Hamaker, 1972; Hyjzack and Ziinilahl, 1974; Khan, 

1980). Although simple first cH\i>;r nineties have lar­

gely been used for quantifyijiy tlio rate of disappea­

rance of a pesticide from soil, more complicated patterns 

have been reported more recently. As early as 1966, 

Hamaker proposed a hyperbolic mode] resembling enzyme 

kinetics, A well characterized dev.isition from simple 

first order was observed by Zimdahl et_ _al_. (1970) for 

atrazine and simazine. These confirmed the existence 

of more than one phase kinc-ti.cs for the disappearance 

of these pesticides. 

In order to describe the situation in soils 

where a simple first order d.i.s>M[jj.L:;£,i.iMm.,'t; is jiot valid, 

Hamaker and Goring (197G) iJi-o[)oso'd a model by which 
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a part of pesticide and its residues are actually 

bound irreversibly to the fioll and are incapable of 

being extracted by simple solvents. According to their 

model, a soil applied chemical distributes into tvio 

different compartments which luciy be termed labile 

and bound. The labile pooJ consJ.-.ts of the fraction 

of chemical dissolved in soi.l ;->olat.ion and that ixdsorbed 

reversibly by soil. The posticide in labile pool 

is easily degradable and extract able in suitable organic 

solvents under mild conditionri. Tht bound pool consists 

of the pesticide adsorbed s i.; loncj ly on more restricted 

sites on soil and unlike lab.i,lo pool, can not be desorbed 

by solvents under mild cnnci i t Lon::i. The scheme of 

events that take place during the intoraction of chemical 

with soil can be pictured as 

k 
Org. chemical + Soil — y - Labi J e pool ->• Degradation 

k Is -1 

hOUitd POi. ;,1 

where k i s t h e r a t e c o n s t a n t ioc degL-adat ion of c h e m i c a l 

k-. f o r e n t r y i n t o bound p o o l nnd k_^ f o r r e en t i r y i n t o 

l a b i l e p o o l . As a v a l i d approx i i i i a t ion t h e s l o w r a t e 

l i M . |. i,!(,.^n I I. y l i i L n I v i h i l . i- j M i i i l ( I-, ) w a u l u i L i - t M i s I > U ; i v^tl 

i m p o r t a n t . These r a t e c o n s t . m t s were o b t a i n e d from 

a s e m i - l e g p l o t of h e r b i c i d e e x t r ( , c t e d vs t i m e . The 

d i s a p p e a r a n c e p l o t c o n s i s t s of two : ; i ,eps, one c o n s i s t i n g 

of cin i n i t i c i l f a s t e r r t i t o iLillowi'd by a alow r a t e 
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ui: diau|jpc;arcince. 'i'liu iralc- i'MUJ i .111L ioi: Blowei' ralie 

(k-.) was determined from the slope of the later portion. 

The slow disappearance portion ivas then extrapolated 

to zero time and a diffaronoc plot was constructed 

to meassure the rate constant for faster step (k, ). 

Actual examples of bound pesticides were 

reported as early as 1971 by BarLha and later by Hsu 

and Bartha (1976) and Vishwanathan jet aj^. (1978) for 

didilicrcanilire. Katan et_ al.. (1976) and Liechtenstein et 

14 â l. (1977) investigated the binding of C-parathion 

and methyl parathion respectively to soil. Liechtenstein 

et al. (1977) and later Khan and Hamilton (1980) demons­

trated the presence of int<.ict luothyl parathion and 

prometryne in the bound pools. 

Thus, in soils and ;i n plants, bound pesticide 

residues may constitute a poleni.;i.al problem because 

the nature and/or identity of bound pesticides are 

difficult to establish and v^ry J ittle is known about 

the significance of bound r(;;;Lclas s in terms of their 

bioavailability, toxicxty .iiid . iCi:uiiuiJ iiti ve nature, 

Whether bound pesticide residues are of any environmen­

tal significance will reiuaiu a luatter of conjecture 

until more data is availabile. However, judging from 

the limited information .;i va 1 Irilj] e, it appears that 

bound residues may not pot;o niuch jjroblem as long as 
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such r e s i d u e s do not accumuJ .1 ("(? in s i g n i f i c a n t eimounts 

(Capr i e l ct_ a J . , 1985; Klian, ].'j;52; Khan and Hamilton, 

1980) . 



MATERIALS AND METHODS 



CHAP-JM;:R III 

MATERlALS AND METftODS 

3.1 SOILS : 

The soil samples ufC'd in this inves tigaticM) 

were collected from well charactiirised soil series 

of ICRISAT and APAU campus at Patanchr-rvi and Rajendranagar 

locations respectively. Tlie dotciil-S of samples are 

given in Tatoie-2. ApproxjmuLt.; l.y B kg of soils were 

collected from each of the five Lo ten spots, quartered, 

air-dried under shade, poundeij in v/ooden mortar v̂ ith 

pestle and passed through 2 ram sieve. This 2 mm proces­

sed soil was properly labelled and stored in clotli 

bags until further use. 

The < 50 y fraction consisting of silt plus 

clay v;as separated from these soils by wet sieving 

method (Jackson, 1956). Suitable quantity of soil 

was suspended in distilled waiter l:or 24 h and then 

stirred on a meciianical stirrer for 30 min. The suspen­

sion was sieved through < 5 0 ,.1 si.eve and the residue 

Kjas again sieved with a ii-(;;di aiaount of distilled 

water till the filtrate v/as free of silt plus clay. 

The filtered suspension v̂ â- tran:vl:ercd to reagent 

bottles and allowed to stand overniciht for the settling 

70 
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of silt plus clay. The clear supernate v;as siphoned 

off and the residue contaiuiiig ;jilt plus clay \\ras 

air dried under shade, pounded and stored in reagent 

bottles until further use. 

3.1.1 Physico-chemical properties of soils : 

The phys i co -chemic i i 1. p r o p e r t i e s of s o i l s 

a r e g i v e n i n T a b l e - 2 . These v/ere d o t e r m i n e d a s d e t a i l e d 

belovvf : 

3.1.1.1 Soil reaction ; 

Soil pH was determined in 1:2.5 soil : water 

suspension after 30 minutes equilibration using "Digisun" 

digital pH meter with combined electrode assembly. 

3.1.1.2 Total soluble salIn : 

The total soluble saliis v;ere determined 

by measuring the electrical conductivity of 1 : 2 

soil : v/ater extract after 30 minutes of equilibration 

on "Digisun" conductivity b.i;idge and expressed as 

„ -1 Sm 

3.1.1.3 Organic carbon : 

Organic carbon content of the soils was 

determined by Walkley and HJauk metliod as described 

by Jackson (1967) and expressed in percentage of organic 

mai -c-r. 

file:////ras
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3..1.1.4 Cation exchange cupaniiy : 

The cation exchange capacity of soil samples 

was determined by the method ol Bowers e_t aJ. (1952) 

as described by Richards (1954). A known amount of 

soil sample was taken in JI) ml. (j< iil:j'.Lfugo lube and 

three washings were given wlLli IN sodium acetate (pH 

8.2) solution. The excess sodxuia was removed by washing 

with alcohol and sodium on tne exchange complex was 

replaced by three washings v;iL'.h JW ammonium acetate 

(pH 7.0). The sodium content in ammonium acetate-

extract was determined on an ELICO flame photometer 

and the CEC of soils v/as expressed as C mol kg 

3.1.1.5 Mechanical analysis of soils : 

Mechanical composition ot the soils was 

detenu i nod by the In loi, rui 1. i i >ii.i I pipciti,' inelhod (I'i.pej.', 

1950). The relative proportions of sand, silt and 

clay of soils were determined to decide their textural 

class. 

3.1.1.6 Moisture retention charact«^ri sties of soils: 

Moisture retention chaj acteristics were 

determined in the disturbed samples for two soils, 

an alfisol (Soil-5) and a v^rtiscl (Soil-6) at 0, 

0.1 and 0.3 bars (Richards, 1954) using pressure plate 

apperatus. Alfisol (Soil-5) sample was found to retain 
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26, 16 and 8 per cent moisture £it saturation, field 

capacity and 50 per cent field capacity respectively, 
4)), 

while vertisol (Soil-6) contained 40, 30 and 15 per 

cent moisture at saturation, field capacity and 50 

per cent field capacity respocLivoly . 

3.1.2 Extraction, Isolation and Purification of 
Humic Acid : 

Tyurin's method cis de:i>:ribed by Kononova 

(1966) was followed. The extrncticjn and purification 

involved the following proceldure: Suitable quantity 

of soil (Soil-1) v/as inoiBti.ncNl v;i Mi a smaJl quantity 

of 0.5N : HCl and then covered with O.OlN HCl. The 

contents v/ere stirred intermil; tant Ly and undecomposed 

x'ootlets were removed. After 4 h, the clear supernatant 

was siphoned off. This treatment was repeated till 

supernatant was free of calciaru. Soil v,/as then washed 

with O.IN H2S0^. 

3.1.2.1 Extraction and purliication of humic acid: 

Dĉ iĵ i i (j.i. J. itjil ijauiyii-i- u'JMf utJVt.;|i;U vs/lLh U . L 

N NaOH and kept for 5 hours vn th occassional stirring. 

About 10 g of finely powdered Na^SO , was added, stirred 

vigorously till the added salt v/as dissolved and kept 

aside overnight for settling, 'I'he dark coloured super­

natant of humic material was siphoned out. The clay 
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material that came along wit.fi this humic material 

was removed by centrifugation. 

Humic acid and FulvLc acids were separated 

using the differences in tlie sol.ubility of these frac­

tions in inorganic acid. Th*.; aJkalJne extract was 

transferred into a beaker and appropriate amount of 

concentrated H„SO. i , , . • . -i ^ 
2 4 was added co 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 cicid remained in solution. 

The fulvic acid fraction wa:; s x |jhi,..ned out ViflLhout 

disturbing the humic acid fracticju. 

The humic acid fi:acLi(̂ n was redissolved 

in 0 . JN NaOII, centrif uged 3 to 4 times to make it 

free from clay and then reprecipi tated with IN HCl. 

This material was shaken with HF -i- HCl (5 mJL, 48% HF 

+ 5 ml_ cone. HCl in one litre <jf distilled water) 

and the residue was made free of fluoride with the 

use of O.lN - HCl. This material was transferred to 

dialysis bags and dialysed exhaustively against water 

until the v\?ater outside the dia.lysis bags was free 

of chlorides and then dried. 'i'his purified humic 

acid was used in adsorption stud.t<'S. 
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3.2 CLAY SAMPLE : 

The clay sample, i;i .'ilom i.n,iin I y montiiiorilloni tic 

obtained from Sri Rangapur cJ.ciy deposit in West Godavari 

district of Andhra Pradesli vjas lu.ed in the stvidy. 

The clay was ground to a fine powder using porcelain 

pestle and mortar. The sampJe was then transferred 

to a sedementation cylinder alter thorough dispersion 

in 0.05N .. Na COo (pH 9.5). 'i'lio cylinder was filled 

with Na^CO^ solution and v/as shaken end over end for 

a minute and set aside after noting down the time. 

The sample was taken at 30 cm depth at suitable time 

as determined by Stoke's Ldv,- for 2 V fraction. After 

the sample was deccinted at des.i.red depth vvith an upward 

bent siphon the cylinder was refilled with Na^CO^ 

(pH 9.5). The process of settling for predetermined 

time and decanting at 30 cm vleptl̂  was repeated till 

the yields became very small . The sample was collected 

in a large container and sodium chloride was added 

at the rate of 20 g per one litre volume. After floccu-

lation ot" the clay, the supernatant \;as easily siphoned 

off. The clay was collected and stored as suspension 

after removing the excess saJ ts with distilled v/ater 

(Jackson, 1956 ) . 

3.2.1 Preparation of honK> ionic montmoriilonites: 

Suitable amounts ol, the suspension of the 

2 p fraction were taken separately in 500 mL conical 
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flasks. To these, IN solutJcjiu; cJ: AlCl^, FeCl^/ C0CI2/ 

NiCl2, CuSO^, ZnCl2, CaCl^, Mcjcl.,, BaCl2/ KCl, NH^Cl 

and NaCl were added. These \. ere shaken thoroughly 

and set aside for 24 h The ion saturated clays were 

washed free of excess ioni; vvj. iTi distilled v̂ ater and 

were redispersed in distilled v;ater and used in adsorp­

tion studies. 

3.3 PRKPARATION OF ION SATUliATED RESINS : 

Suital)1e amounis oi /\riiln>rl lie 11̂ -12 0 rosin 

was taken in separate 250 mL Ixn'ikers and were saturated 

with the desired cation by equilibrating with one 

molar solution of either chloride or nitrate for 12 

h and washing them free of exet ss ions with distilled 

water. These were air dried ..ind used in adsorption 

studies. The cations choosen for the study were same 

as those used for the montmorillonite. 

3.4 SPKCTROPIIOTOMETRIC i)E'l'i:RWINAT10N OF METOXURON 
AND TEHUTHIORON : 

Technical grade metoxuron (>99%) obt£iihed 

from M/s. Sandoz (India) Lt:d., and technical grade 

tebuthiuron (>99.5%) obtained fjom M/s.Eli Lily & Co. 

USA, were used without further purification. 

Spectra of soluli.cjii ol lueLoxuron cind tebuthiu­

ron wore scanned in the- \)V range t̂ ) determine th*"! 
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wave length of maximum abfjot.pt.! on. Standard curves 

were constructed ' for absorbancf vs concentration 

for 0 to 10^AgmL solutions of metoxuron and tebuthiuron. 

The equilibrium concentration in .idsorption and persis­

tence studies were deitermined vv i Lh respect to these 

curves. The effect of pH on metoxuron and tebuthiuron 

was also studied by observing l.he spectra at pH 1 

to 12. 

3.5. ADSORPTION STUDIES : 

3.5.1 Aduorpt i on on lio i 1:; ; 

Adsorption was conducted by equilibrating 

2 g soil with initial concentration of metoxuron ranging 

from 0 to 40 y gmL~"̂  in 2 x L0~*' N CaCl„ , ̂ . 
^ 2 solution m 

plastic containers. These wore incubated at 27°C 

for 24 h with intermittent sliaking. Identical soil 

blanks minus the herbicide were also maintained in 

every case. The suspensions were centrifuged at 4000 

rpm for 15 min. The amount ad:;orbed was determined 

by analysing the equilibrium concentration of metoxuron 

and calculating the difference between this and the 

initial concentration after rf;rr€-r.ting for soil blanks. 

The soils (1/ 2, 3 and 4) were used in adsorption 

s Ladies. 

Adsorption was car i L-d out by equi.librating 

2 g soil v/ith initial conctnil r̂ it j on ranging from 0 
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-1 -2 
to 40 \igmL of tebuthiuron in 2 x 10 N CaCl^ solutions. 

The procedure explained earlJei: uas followed for measu­

ring the equilibrium concentration and amount adsorbed 

was calculated as detailed earlier. The soils (1, 

2, 3 and 4) were used in adsi^Lpl ion sludies. 

3.5.2 Adsorption on < 50 ^i I r.ictions : 

Adsorption was cacrlccl out on 0.5 g portions 

v/ith the initial concentrat; ion'. ranging from 0 to 

15 ygmL for motoxuron £vnd 0 to SU v^gmL tebuthiuron. 

The amount adsorbed was calculated iis explained earlier. 

3.5.3 Adsorption on huniic acrid : 

Adsorption was carried out by equilibrating 

10 mg of humic acid Viith solutions of motoxuron with 

initial concentration ranging Irom 0 to 15 vi gniL 

and with tebuthiuron (0-50 pgmL"' ) for 24 h at 27"C. 

Tlie amount adsorbed was (I.M ei mi ued by determiniag 

the equilibrium concentration spectrophotouietrically. 

Compensation for identical jjlanks was done as explained 

earlier. 

3.5.4 Adsorption on Homoionic Montmorillonites: 

Adsorption on liomoi onic montmorillonites 

was carried out in quadcup]icate by equilibrating 

5 mL of suspension (containing approximatelyr^50 mg 

file:///igmL
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clay) with metoxuron and tebutliiuron solutions such 

that the final volume was 10 ml, and the initial concen­

tration of metoxuron and tebutliiuron ranged from 0 

to 100 iJgmL and 0 to 200 )i giiiL ' respectively. These 

were incubated at 27°C tor 24 h v̂ /ith intermittent 

shaking and centrifuged at .12,fi00 rpm for 15 niin. 

The amount adsorbed was obtrjined from the difference 

between the initial and the c-qu tlibrium concentration 

after cox-recting for blanks. 

3.5.5 Adsorption on Ion satuiated Resins : 

Adsorption studies on Lon saturated resins 

Wcis conducted in quadruplicate by equilibrating IQO 

mg of the , corresponding CcuL.i.oni'"- tesin with varying 

levels ranging from 0 to JOO iiij;)il., o(; ineL-oxuron and 

tebuthiuron respectively in !0 ml, Lot-.al volume. Those 

were incubated at 27°C for 2 4 h and centrifuged at 

5,000 rpm for 15 miri. Tlie .nnounl adsorbed was dolor-

mined as exjjlained c;arlior. 

Ttie ions usê d to r;rii:uT-ate the clays and 

resins belonged to three each ol the highly polarising 

ions, {A1-, Fe-) cilkaline earth ions (Ca-, Ba-, and 

Mg-) divalent 3d transition group ions (Cu-, Ni-, 

Co- and Zn-) and the monovalent ions (Na-, K-, NH,) 
4 

and 11- . 
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3.6 QUANTITATIVE TflEATMĴ N'J' OF ADSORPTION DATA 

The adsorption da La wa::. treated mostly by 

means of Freundlich equation (Ecjii 1). 

A = KC°' -I 

where A = amount of sulostance adsorbed per unit mass 

of adsorbent, C - equilibrium concen crat-.i.on, K and a are 

the empirical constants dependent on the nature of 

adsorbent and adsorbate. The coa;;tants K and ot were 

obtained by expressing the above ecjuation in logarithmic 

form, 

log A = log K + a log C -II 

The relationship between log A and log C is linear 

with intercept being log K înd ;jlope a . 

3.6.1 Mathematical treaztuKnit of S-shaped Isotherms: 

A new mathematical i:;-|u,i i: ion developed by 

Saroja Kaman (1981) was usod to ea-ialyse the S-shaped 

isotherms. According to thiu. 

df 2/3 
- kf (l-t) -III 

dc 

whore 

df 
- rate of change of adsorpl: J on :;il:es, f -= fraction 

dc 
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adsorbed and (1-f) fraction remaining in solution 

at equilibrium conconL r.rl i (jn c. Thiii (.u|u.ili<>n \j.u-. 

derived from the similarity of t:he S-shaped isotherms 

to growth curves in heterogenous precipitation. 

Adsorption data was filled to equation-Ill 

by using its integrated form (Eq.IV). 

(£2/3^,1/3^,^1/2 ^ (2fV3,,) 1 

X --= + ̂  3 tan -" =kCV'3"tan~-̂  — 

(1-f) .rS /3-

-IV 

For applying the equation (-IV), X v̂ as calcu- '\ 

lated for f = 0.1 to 0.8 and foi each value of f, 

C, the equi.l ibriuni concentration v/as read from the 

adsorption isotherms. Thu v.il.iu':; c>! k were calculated 

from the slope of the plot of x vs. C. 

3.7 POLYMALEIC ACID : 

Polymaleic acid (PMA) wa;> suggested as a 

model for soil fulvic acid [VA) by sovoral v»/orkers 

(Anderson and Russell, 1976; l,,i ric-iuni, J 977; Spiteiler 

and Schnitzer, 1983). PolYin-ili'if" îcid has an added 

advantage of structural homogeneity, while being struc­

turally similar to fulvic aci..:l. [L is the product 

of a well defined polymerization i.yrocc-.-s. 

3.7.1 Prepciration of PMA : 

24.5 g of maleic anlydride (99%) was dissolved 

in 50 mL acetone. To this, 50 m'' of pyridine was 

file:///j.u-
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added drop wise (through a sep.vrating funnel) with 

stirring over a magnetic stirrer, the reaction vessel 

was cooled in a water bath Lo in.iintain a temperature 

of 2 5°C throughout. The readHJU UAB allo\̂ ?ed to proceed 

for 24 h. The polymer was coagiiiated by the addition 

of an excess of chloroform. Following filtration 

under vacuum, the PMA was j-edissolved in acetone. 

Tin; PMA ,i njjoli.iblu in .nurl i DH- W.;: !;r̂| lar.) ( od by Vi\cvium 

filtration, washed repeatedly with chloroform and 

dried at room temperature {Spi t̂ l̂ler and Schnitzer, 

1983). This fraction was labelled, stored in a plastic 

container and used for further studJos. 

3.7.2 Properties of polymaleic acid : 

3.7.2.1 Total acidity : 

Tot£il acidity in PMA was determined by Ba(OH)„ 

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)^. The unreacted 

Ba(OH)p could be determined by b£ick titration witti 

standeird acid. 

Ba(0H)2 "*" ̂  ^^^ — ^ '"̂''̂•.' "* ̂  ''̂ '̂  

50 mg and 100 mcj • > f PMA alongwith blanks 

in duplicate were taken in ;,i ix:.) attj stoppered fl̂ lSkB 
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and 2 0 nvL of 0.2N ^ Ba(OH),, was added. The flasks 

were shaken for 24 h at room temperature. The suspension 

v/as filtered and the residue was wa.shed with CO,, free 

distilled water. The filtrate and wastiings were titrated 

against 0.5N . HCl to pH 8.4 pi^tentiometrically. Identi­

cal blanks were maintained sim-allaneoui.ly. 

(TV for _ (TV for 

Total acidity =—^l^^l — Z--^^^i^l^l~- x 0.5 x 1000 
(me/g) wt. of sample (mg) 

3.7.2.2 Carboxyl groups : 

The method is based on the liberation of 

acetic acid when acids are treateil with CaOAc and 

its titration with standard MaOU 

2 RCOOH + (CfU COO) 2 Ca —-7 (RCOO)^ Ca + 2 CH^COOH 

To 50 mg and 100 mg portions of PMA in a 

stoppered flask, 10 mL of IN CaOAc; and 40 mL of C0„ 

free distilled water were added. Blanks were set 

up simultaneously in duplicate. After shaking at 

room temperature for 24 h, tJie suspension was filtered 

and the residue was washed with d)^ free distilled 

v/c-;iter. The fjltrate and Wii.sli i iig:; WDIO titrated poteii-

tiometrically with standard U.104w NaOll to pH 9.8. 

- COOH (TV for sample) - ('I'V for Blank) 
groups = --- xO. 104x1000 
(mc/g) wt . of sarii|)|.. (mu) 
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3.7.2.3 Phenolic - OH groupii : 

The phenolic Oil Vi/.i;; I'a 1 nu l.ated as the diffe­

rence between total acidity and - COOII acidity. 

Phenolic Oil = (Total acidJiy) - {-COOII groups) 
groups (me/g) (me/g) (me/g) 

3.7.2-4 Dissociation constant: (pKa) of PMA : 

Dissociation constant of PMA was determined 

using Henderson - Hesselbalch equation 

Ka 

HA ::rr:z±. A"' + ii - v 

[A~] [H""] 
Ka = - VI 

[HA] 

Thus pH = pK + log - Vll 

[HA) 

From the potentiomet i:ic titration data, 

[HA] and [A ] were obtained at; different pH. Thus 
pKa was determined as the X-iirtercept of the plot 

^ -, [A ] ., 
of log -—- vs. pH. 

[HA] 

3.7.2.5 Spectral properties : 

The spect rum of PMA was recorded in pH 

range 1 - 7. The pH was cidijustod with ().] N NaOi! 

and O.IN HCl. In the UV rang.;, PMA showed a well 

defined peak at 255 niu (Frg. 23 ) till pH 4.0. Standard 
curve was constructed in the concentration ranging 
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from 0 - 100 }jcjiii !>'vath. rof OJ cn.-i • lo whicli the enju llibriuin 

concentrations in adsorption r,tucti>.;s were determined. 

Infra Red spectrum was recorded on KBr pellets on 

a SP-1200 IR spectrophotometer fr-vm 400 to 3500 cm" 

3.7.2.6 Potentiometric ti 11 a t ions : 

200 mg of PMA was dissolved in 50 mL distilled 

water. This v;as titrated against 1.04 N NaOH potentio-

metrically on 'Digisun' pfl meter using a combined 

electrode assembly to a pH 12.0. 

3.7.2.7 Determination of eqxiivalenl weight : 

The equivalent v;eighl: of PMA vj'tis 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 titire value of 200 mg PM7\ with standard NaOH. 

w t . of PMA 200 
E q . w t . = = 1 0 6 . 8 

Eq. of NaOH r e q u i r e d ]. .872 
f o r t i t r a t i o n 

3 . 7 . 3 Adsorpt ion of PMA on homoiouic m o n t n i o r i l l o n i t e s 
and r e s i n s : 

5 nil,, of homoion i f cl.-iy siir.|Jcri.';.i on cv>ii U.> in Incj 

a p p r o x i m a t e l y 50 mg c l a y were ( e q u i l i b r a t e d w i t h PMA 

(0 -100 p.gmL ) , t h e t o t a l voJnm.' of t h e f i n a l s u s p e n s i o n 

b e i n g 10 mL ( i n q u a d r u p l i c a t e ? ) . ' i l iese v^'ere i n c u b a t e d 
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at 27"C for 24 h with internii i lent tUiaking and ctniLrifu-

ged at 12,000 rpm for 15 mxn. Tho concentration of 

PMA in the supernatant was tlcLermined at 255 nm and 

the amount adsorbed was doLoriuined from the difference 

between the initial and equ Lli.ijrxum concentration 

after correcting for blank:i. Z\d:;:orption data was 

analysed according to the equations de;;cribed earlier. 

Adsorption on rt;s i us was carried out in 

the same way by equilibrating 0.1 g of cationic resin 

(saturated with different cations) with PMA (0 to 

500 ngmir ) at 27"C for 24 h, lln- total voltime l>oJng 

lOmL. The equilibrium concentration was determined 

in the supernatant at 255 nm lifter centrifuging at 

500 0 rpm for 15 min and the amount .idsoxbed was deter­

mined as explained earlier. 

3.7.4 Preparation of Model Clay-PMA complexes: 

150 mL aliquots of dif f exiiti t; homoionic montmo-

rillonites (containing approximately 1.5 g of clay) 

were equilibriated with 300 ml; of 100 ngmL~ PMA for 

2 4 h with intermittent shaking in separate conical 

flasks. The clay-PMA complexes weie washed free of 

excess PMA with distilled water. Ttio;;o clay-PMA comple­

xes suspended in distilled v̂ attn: were used for adsorption 

studies. 
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3.7.4.1 Comparison of adsorption of motoxuron and 
tebuthiuron on homoionic clays and model 
clay-PMA complexes : 

To compare the adsorption of molox\iron nnd 

tebuthiuron on different homoionic clays and the corres­

ponding model clay-PMA complexes, adsorption 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 of metoxuron 

and tebuthiuron were used and the suspension was shaken 

for 24 h at 27°C and centrifuged at 12,000 rpra 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. 

3.8 PERSISTENCE OF METOXURON AND TEBUTHIURON IN SOIL 

Two soils, an alfisol (Soil-5) and a vertisol 

{Soil-6) were used for the study. These soils were air 

dried and passed through 2 mm sieve. About 2.2 kg soil 

samples 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 blanks 

without the herbicide were maintained simultaneously. 

The samples after moisture treatment were 

incubated at 27 + 1°C and 10 + 1°C in BOD incubators. 

The soil 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 intervals till 

155 days with cold methanol to measure the quantity 

of 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 through 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 were determined 

with reference to the standard curves. 
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3.8.1 Kinetics of disappearance of 
tebuthiuron from soil : 

metoxuron and 

'J'he concentration.s <)t iiief [laiiol extractablc 

metoxuron and tebuthiuron ul ii,il:Turent moisture and 

temperature levels at vacirfus L Line intervals were 

plotted against time. Tliose '.jvro then plotted as 

logarithm of the amount roc;ov>'C. d vr time to determine 

the rate of disappearance. I'tie disappearance curve 

consisted of two typical KI .•ijinen Ls, a steeper line 

followed by a path of much siaajler slope indicating 

two paths of disappearance. The disappearance curve 

in ecich ccise was interprevtcci in ii niirj of liu"' iii(.>dcvL 

suggested initially by Uaiiijri':r and Goring (1976). 

According to this model, a soil applied chemical distri­

butes itself in two compartments, which may be t'rmed as' 

labLLci and bound. The chcjia.i i\i I, in Llie Icdjile pool 

is easily degradable and extraelaLile Jn suitable organic 

solvents. The bound pool ct;nsists of the chemical 

adsorbed on more restricted sittM-; j i, soil and is not 

extractable by mild organic solvents. The scheme of 

events that tiikes place diu.iiKj tlv' interaction of 

the cliemical with the soil can IK? pictured as 

Organic + Soil 
chemical 

Labile pool -̂  Degradation 

^ 1 I ' ''--J 
i 

B o u n d jjiTol 
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where k is the rate constant for degradation rate 

of the chemical, k, for entry into the bound pool 

and k_, for reentry into labile pool. The constants 

, , , were calculated as per the method of K., K^ ana ĵ  

Hamaker and Goring (1976) as defined below : 

k 

m 
k̂  = - m - k - ( l + ) k_-^ 

-h + yp - 4 ac 
k = 

••• 2a 

Negative values were neglected 

Where 

a = 

2 2 
(R'̂ -l) X k^ 

2 
m 

-4 k̂  
b = - 2 (R̂  +1) k 

m 

2 2 
c = (R^-1) m - 4 mk - 4 k 

k -= difference slope of semilog plot 

m = slope of the steady state line or smaller 
slope 

I = antilog of intercept of extrapolated line of 
steady state line or smaller slope. 

Cg = 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 



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 in^o 

bound pool. These were determined from the slope 

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 : 

Days 

Fig.2 : DISAPPEARANCE CURVE FOR MBTOXURON AND TEBUTBIURON 
IN SOIL 
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RESULTS 

The experimental riinlintjs of the proseiit 

study have been presented under the following heads: 

1) Adsorption of niatoxuron and tebuthiuron 

on homoionic montmorillonl to;; v/itli .idsorptLcjn on cation 

saturated resins as model compounds. 

2) Adsorptj.on of metoxiirori and tebuthiuron 

on soils and their constituents. 

3) Preparation and characterisation of polymaleic 

acid as a model for soil fulvic acid, adsorption of 

PMA on homoionic montmorillonites and comparison of 

adsorption of metoxuron and teljuthinron on montmorillo­

ni te-PMA comploxeji. 

4) Persistence of metoxuron and tebuthiuron 

in an alfisol and vertisol, rind \ •) cviiJiiatc physical 

and mathematical models to predict residues under 

field conditions. 

93 
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4.1 ADSORPTION OF MK'I-OXUKON AND TEBUTHIURON ON 
HOMOIONIC MONTMOiaLJ.ONl'UlS WITH ADSOKPTION ON 
CATION SATURATED ki;r.lN.S AS MODKL COMPOUNDS: 

4.1.1 Spoctral char^ictor i .sat ion of inetoxuron and 
l.c-.m^i l» i III M u t 

Metoxuron does not eyJiibit any cibaorbance 

in the visible range. The UV spectra of aqeous solutions 

of metoxuron gave a sharj-i absorption peak at 240 nm 

-2 (Fig.3). Identical spectra wece obtained m 10 

NHCl and 10 N NaOH thus rulJiiri oul: any changes like 

protonation, dissociation oi (u.cĉ mposi tion in the 

metoxuron molecule over the wide range of pH 2-12. 

Aqueous solutions of tebuthiuron were colourless and 

gave sharp absorption peak at 254 nm. The spectra 

was scanned at pH 1-12 (Fig. 5). Tlie spectra showed 

the tebuthiuron undergoes protonation below pH 2.0. 

The spectra of equilibrium sc/Iut ions after adsox-ption 

on homoionic clays, also iiihii î ut: any clicingt- in the 

chemical nature of the herhLcicli s due to adsorption-

desorption. Standard cuivc;; .lor iuol-oxuron (r'i.g.4) 

and tcbuLhiuron (Pig.C) |t,i;;:ii.d I. hroiujh Lho origin 

c'ind obeyed hoer-Lambert' s Jr.'./ in I, lie given r.mgo of 

concentration. The standard curve had a slope of 

0.0625 absorbance units pf-r iigmL. ^ for inetoxuron and 

0.055 absorbance units f.cr ]i ginl. for tebuthiuron. 

Tiie equilibrium concentre.! tliJi.::; i.w iiietcxuron and tebuthi­

uron in the supiirnat<:iat af ii.-r adsorption on clays, 
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soils, HA or clay-organo c OIIIIJLOXO.S were determined 

with jreference to their cor ri'.'.|n)iul i ng H l..uii(iaid curves 

after sub. tracting for corresponding l:)lanks. 

4.1.2 Adsorption of metoxuron on homoionic mont-
itiorillonites : 

Adsorption of metoxuron was studied on aqueous 

suspensions of homoionic H-, A1-, \''o.~, Ni-, Cu-, Zn-, Ca-, 

Ba-/ Mg-, K-, Na-, '^"4" MH m l.nu u i I. luniLo, jvceparcd 

as explained earlier. 5 inL oi clay suspension con Laixiing 

'•>-'5 0 mg clay was equilibrated wiLh 0 to 10 0 ygmL 

initial concentration of ruetoxuron centrifuged and 

assayed specti'ophotometrically at: 240 nm. 

Complete adsorption data comprising of initial 

concentration, equilibriuia txinc<'nL r ̂i h i on and the aiiiovint 

adsorbed for the homoionic mon tmor i.llonibe are given 

in Table 3. 

The di.f f oront hi .mo i. 'u i c moiit mot; i 1.1 mii i oi-> 

shov/ed v;idely different adsorptive capacity. The 

amount. adsorbed increased w i l h iu'Tc^ase ,Lu initial 

concentration in all the caf;os. The range of adsorption 

•for homoionic clays for va..riatiun in che inilial concen­

tration of metoxuron from 10 l:o 100 MqinL '" was eis 

follows : 

The amount adsorbed varied fi.-oni 9.8 to 406.0 

^Ff/100 mg for H-M, 37.7 to 340. 7 p g/100 mg for Fe-M, 
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35.1 to 290.5 vg/100 mg i;<>i; M M . The adsorption 

varied from 41.2 to 316.1 H'j/'OO nicj for Ni-M, 16.9 

to 270.6. pg/100 mg for Zn-M, 4o.5 to 231.8 ug/lOO 

mg for Cu-M. For alkaline earth metals it varied 

from 39.0 to 245.2 Mg/100 mg Tor lia-M, 18.5 to 245.2 

Vg/100 mg for Mg-M, 33.6 Lo 239.0 Mg/100 mg for C'̂ " 

M. For the monovalent ions tht; amount varied from 

28.6 to 245.9 jXf/100 mg for NlĴ j-M,,6.9 to 73.5 Mg/100 mg 

for Na-M, 9.2 to 71.2 yg/100 mg 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 l.o Freundlich model. 

The constants 'K' and a are given in Table 4. The 

value for Freundlich 'K' was lowc^st for K-M (1.24) 

and highest for Cu-M (3 1,20). a ranged from 0.67 

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

Since the adsorption Isotherms were S-shaped, 

which in general is a rciuiit of two driving forces 

viz., the concentration of nu-toxuroa in soil solution 

and the cooper£itivity of nu-l.vxuroii already adsorbed 

operating simultaneously, <i (n-u m,. t hematical oquc-ition 

as explained under 'Reviov/' (;;UMIJ.4 Kaman, 1981) was 

also tried to quantify the adsorption data. For applying 

the equation, the value of "X was calculated for "f" 

0.1 to 0.8. For each value of f, Ci the corresponding 
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Table 4 : Maximum adsoi:[>t J < )ii, K , k, and Kround 1 i cli 
constants of metoxiirDn on honioionic luontmorillo-
nites 

Ion 
satu­
rating 
the 
complex 

H-

Pe-

Al-

Cu-

Ni-

Zn-

Ba-

Ca-

Mg-

K-

Na-

NH^-

M 
Ad 

aximum 
sorption 
yg/100 

mg 

402* 

340* 

290* 

235 

316 

2 70 

255 

240 

245 

71 

73 

245 

_ ] 
yg ruL 

-

( J . (J.' 1J 

0 . (J 3 7 

0 . U J 1 

0.029 

0 . II.'1 

0 . 0 3 5 

0.02 9 

0 . U 2 4 

0 . 0 :i 0 

0.0 ;•- 7 

0 . 0 2 8 

" 1 
Ijcj "mL 

-

. „ 

-

0.06 8 

0.065 

0 .(I',', 

0.063 

0.048 

0.043 

0.078 

0.07 5 

0.053 

Frt'undl 

const 

K 

4 .1 (i 

4.27 

11.20 

4.62 

1.41 

4.79 

4,79 

2.0 9 

1.2 4 

] . 29 

3.55 

ich 

ants 

a 

0.9 7 

0.86 

0.6 7 

0.90 

1. 2 2 

0.80 

0.74 

1.15 

0.97 

0.89 

0.99 

* Did not reach surface sal.uration 
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e q u i l i b r i u m c o n c o n t r a t : i o n wa;; I I M I I I, 1.0111 t h e achioi-pLiori 

i s o t h e r m s . 'I'he v a l u e s oC f .nul t h e c o r r e . s p o n d i i u j 

C a r e g i v e n i n T a b l e 5 . I n t h e c a s e o f H-M, Al-M 

a n d F e - M , s u r f a c e s a t u r a t i o n vva.s n o t r e a d i e d a n d l i e n c e 

i t w a s n o t p o s s i b l e t o a p p l y t l u e q u a t i o n . k , t h e 

c o e f f i c i e n t o f i n c r e a s e i n a d s o r p t i o n was o b t a i n e d 

f r o m t h e s l o p e o f x '^^ ^- ( J ' ' i g . B ) . I t v a r i e d froii \ 

0 . 0 4 3 fy gf-^mi:, (Mg-M) t o 0 . 0 7 8 AigT mt ,( K ~M) - ^ T / '> 
> ^ ; : : : t : - ^ ^ ^ - ^ . - ^^. ^ . v^^>^'' 

Although the isotliorms ŵ rre not completely 

of Langmuir type, since a tendtncy for surface satura­

tion weis pros enb, a coinpari;-,<in ol. 1 lie roltiLivt.̂  l)lndliig 

strength (K ) was estimated at 50 per cent surface 

saturation, which correspond:'; to unit activity of 

the surface. Since K, - •*-- x -•--, when 0 - 0.5, 
-1 ' " 

K~<C, c) where C.> ^ corr e;,p( .mi;; lo the equi Libi'i um 

concentration at 50 per eê il -̂.ari loe saturation. The 

values of maximum adsorption, K , 1<, and Preundlich 

constcints are given in Table 4 . 

4.1.3 Adsorption of uietoKurcn on ion saturated resins: 

Adsorption of mctoxurun was studied on lioinoio-

nic IR~120 resin saturated wi.th the same, cations as 

in the case of montmorillon i. te, to evalueite the role 

of ca tJon exchange resin .1;; a inotlel for (lie -ujil 

clays. 
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The amount of ineLoxarcju adsorbed at each 

initial concentration and the cc;ri;t-;;ponding oquil. Jbr J urn 

concentration are given in Table 6. As in the case 

of horaoionic montruorilloni I o;;; , (he adsorption was 

highest for H-R, Fe-R and A i U. M'ip,,' aiuounl ai:ttH)rlHHi 

varied from 79.9 to 914.6 ng/lOO mg for H-R , 80.9 to 

890.4 vig/100 mg for Fe-R and 57.3 to 873.8 y g/] 00 

mg lur Ai -l< (Tcd)l t̂  U ) , 

The transition metal ions followed H-, Al-

Fe- in adsorption. It was 37.3 to 7G3.4 pg/100 mg 

for Cu-R, 26.6 to 736.5 lag/lUO my for Co-R, 2 8.5 to 

709.0 Mg/100 mg for Zn-R, and 2\) .1 to G64.7 ug/100 

mg for Ni-R as tiie initial concen.i ration of motoxuiron 

increased froiafO to 500 yg ml. 

For -Bcc-R, Ca-R, V^y \l i. lie amount adsorbed 

varied from 12.8 to 634.3 yg/lOO mg, 6.3 tu 597.6ug/100 mg 

13.3 to 586.7 yg/lOO mg respectively. 

The amount adsorl:;od was lowest for resin 

saturated with monovalent xons and varied from 9.1 

to 397.5 ng/JOO mg for K-U, 7. i (o 39(,i.l HM/I'H1 lug 

for NH^-R and 10.1 to 310.1 pg/JOO my for Na-R (Table 6). 

Thus the adsorption on .ri-jsin:; [\)J l.i)wod the s.:,uuo trends 

as in clays and follov/ed the oi-.„k:r 1 rivalent > Divalent> 

Monovalent. 
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Adsorption Isotheriu!; \^icro constructed for 

all the ions in the initial com en Lrat ion ranye of 

0 to 500 ygmL (Fig.9). Tlie.-̂e were mainly parabolic 

in nature with a tendency iw î.-.,i(:li .surface s.itu.i.-ation 

v/ithin this concentration i.ui-ji-. 'IMUMO was lic)wevc;r 

a tendency for S-shapj e in tlse inilJ al stage of adsorp­

tion. The adsorption isotherms weni analysed according 

to Freundlich equation. The relative binding energy 

L was also calculated. The Pieundlich constants, 

K, and maximum adsorption are given in Table 7. i^reundiich 

constant 'K' varied from 1,02 (tot Mg-R) to 2.69 (for 

Al-R) whereas a varied from 0.98 (for Na-R) to 2.17 

( f r i r C u - R ) . T h e aiiioi. int o l m.i •, i UMIIU . u t 'UM'p l i o n v a r i o i l 

from 3 05 pg/lOO mg (Na-R) to 94'; ig/lOO mg (H-R) 

r 

''L The value of K varied from U.OO-lb ng mL for Zn-R 

to 0.0065 pg ••''raL for Na-R. 

4.1.4 Adsorption of tebuthiuron on homoionio mont-
morillonites : 

Adsorption of tebutlixuron on homoionic mont-

morillonites was carried out in the s.ime way as motoxuron, 

with 0 to 200 ]i gmL ' of tebuthiuron as initial concen­

tration . 

The amount adsorbed folJ,owc?d a similar pattern 

as metoxuron, and was dependent on the charge of the 

exchange cation. Thus, the ii'n;, \<-\\ into ttie fol]owi.nq 
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qroupti : trivci-I en L: > divuh'iil I i . m;; i I. i on im-l.il iinKS 

alkaline earth ions > monovalenl. 

The amount adsorbed for tcLvalent ions varied 

from 61.1 to 341.7 vig/10 0 mcj tOr Al-M and 4 2.8 to 

3 06.5 ycj/100 mg for Fe-M (Table 8). 

Transition metal i(,>ns followed trivalent 

ions in adsorption. The ox cent of adsorption wcis 

32.0 to 221.1 py/100 mg for NlM, 2u . I tu 220, G jig/LOO mg 

for Cu-M, 31.0 to 180.7 ug/100 rug for Co-M and 24.1 

to 177.9 ng/lOO mg for Zn-M. 

Alkaline earth catioiî "; stiowed similar degree 

of adsorption. Thus it was 2.1.6 to 141.6 |ig/] 0 0 mg 

for Ca-M, 22. G to 138.1 (ig/lOO mg lor Ha-M and 28.2 

to 138.3 ).ig/100 mg for Mg~M. Vor Liu:; iiionovaltjnt ions 

the extent of adsorption w.i.s agtiin very close and 

was 10.5 to 107.5 pg/lOO mg f:o( Na-M, b.9 to 101.7 ng/IOO 

mg for K-M and 11.2 to LOS-.l i,ig/it)() mg JDr N11,~M (Table 8) 

The adsorption isothoruis v/ere constructed 

for all the samples and arc- g i vt-n I'Mg.lO, Tht.'so W ^ T C 

mainly parabolic in nature wiLli a t-uidency to reach 

saturation within this ranges of concontration. There 

was some S-ch^lracter in the inlLlal stages of adsorption 

in most cases. The isotherms Vvfere an.rlysed accord] nvi 

to Preundlich equation anĉl Uu- I-'I.,IIIM L.in ts K and a <u'e 
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p i - e s e n t e d i n T a b l e 9 . F r q u i n n i c h K vcir ied from 1,02 

(Cu-M) t o 1 4 . 4 5 (Al-M) and u i rom I..34 (Co-M) t o 0 .62 

( A l - M ) , 

The d a t a was alt^o c.nalvs ' jd by t h e e q u a t i o n 

= kV^ ( 1 - f ) a s e x p l a i n e d (-MCllti:, and t h e v a l u e s of 
dc 
f and t h e c o r r e s p o n d i n g ' C a r e i j iven i n T a b l e 1 0 . 

The p l o t s of X vs C f o r t h e d . i r j e re i i l : riiol a l uioii t . i t iori l lo-

n i t e s a r e g i v e n i n F i g . 1 1 . Thv? v a l u e of k d e t e r m i n e d 

from t h e s l o p e of t h e c u r v e x v s C v a r i e d from 0 .018 pg niL 

(Na-M and Ni-M) t o 0 .042 pg'-^iriL (Ca-M). 

The relative bind imi :;(r.nq(h (K.), maxinuim 

adsorption ( yg/100 mg) 'k' and i'reundlich constants 

are given in Table 9. 

4.1.5 Adsorption of tebuthiurou on ion r,atuj:ati.;d 
roHxtiJi : 

Adsorption of tebut'i i-uron on ion saturated 

resins was carried out in tiio sanu- wfiy as explained 

earlier. 

Complete quantitative dotciUs of aidsorption 

are given in Table 11. As Mm-ji, the amount adsorbed 

increased with increase in iriit, Lai concentration. 

The amount adsorbed was liighe;;L Lrs iJ-R, Al-R and Fe -

R and varied from 5 2,8 to Jblu.O |; g/lOO mg for H-R, 

25.4 to 1431.1 pg/lOO mg for AJ-Kj64.1 to 1285,8 yg/100 mg 
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T a b l e 9 : F r e u n d l i c h c o n s t d i i I ;;, liiaximum £ idso t :p t iua , 
K̂  and k v a l u e s o i: t u b a t h i u r o n on h o m o i o n i c 
m o n t m o r i l l o n i t e s 

I o n F r e u n d l i c h c o n s t a n t b MaxJ liium 
s a t u r a - a d s o r p t i o n K , 
t i n g ( u-./lOO ^ _^ "^ 
t h e K a nil) i ( ^,1) • ( , , g ~ ! ' 
uu J. (:auc5 mil mil 

A l -

P e -

N i -

C u -

C o -

Z n -

B a -

C a -

Mg-

K-

N a -

N H . -4 

14.45 

6.16 

1.41 

1.02 

1.21 

1.20 

1.67 

1.95 

2.69 

1.19 

1.17 

1.16 

0.62 

0.79 

1.01 

1.17 

1.34 

1 .1 ], 

1.05 

0.87 

0.84 

1.05 

l.OB 

1.06 

340 

3 0(. 

2 2fi 

2 2 (J 

180 

177 

13ii 

1 4 1 

13H 

10.1 

10 7 

10'J 

0.017 

0.012 

0.009 

0.016 

0.022 

0.019 

0.021 

0.021 

0.014 

0.008 

0.012 

0.012 

0.035 

0.02 2 

O.OIB 

0.030 

0.040 

0.039 

0.038 

0.042 

0.023 

0.022 

0.018 

0.039 
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Ĉ J 
•<r 

o 

r-
(>i 

o 

CN 
CM 

o 

CN 
( N 

O 

( N 
CN) 

O 

0 0 
r H 

C.J 

U^ 
f \J 

o 
CT) 
CO 

o 

CO 
CM 

i n 

0 0 
r H 

CM 
C-) 
t-^ 

CM 

CM 

O 

— 
i n 
i~-

o 

i n 
«ii' 

o 

CM 
IX) 

o 

i n 
ro 

C:J 

r H 
ro 

o 

r H 
CO 

o 

en 
ro 

o 

0 0 
(M 

t~) 

CO 
00 

o 

ro 
to 

o 

CM 
Lf) 

i n 

r-
CM 

o 
a-1 
o 

ro 

0 0 

o 

— 
o 
en 

o 

UD 
U3 

O 

•sj' 
0 0 

O 

l£) 

•̂  

O 

r H 

>* 

O 

<y\ 
0 0 

o 

0 0 
s f 

o 
t ^ 
0 0 

o 

CM 
i n 

o 

i n 
CO 

o 

'a* 
r~-

o 

o 
«=f 

CD 
r H 

-* 
00 

" i * 

o 

--
en 
CTi 

O 

r~\ 
a j 

o 

IX) 
o 

O 

CO 
i n 

o 

o 
i n 

o 

CD 
•g . 

O 

(M 
i n 

o 

• ^ 

<v 

(, "J 

r- l 
CD 

O 

ro 
O 
r H 

e") 

CO 
CO 

o 

i n 
i n 

o 
rsj 
i~-

00 

i n 

o 

— 
r~ 
o 
r H 

O 

r-~-
a i 

o 

0 0 
r - l 
r H 

O 

o 
I - -

*.o 

03 
CD 

O 

v l -
Lf) 

o 
0 0 
en 

o 

-vf 
i n 

C ) 

o 
r^ 

o 

i n 
r H 
r H 

O 

o^ 
a i 

o 

r-
CD 

o 
i n 
o 

• ^ ' 

CD 

c:> 

^ 
o 
r - l 
r-1 

O 

Ct 
, 1 
r H 

Cj 

<M 

.--1 

r~) 

C) 
CO 

• 1 

• 
r H 

r-

CD 

m 
Ct^i 

o 

r-
CT) 

o 

•:4' 
CO 

r > 

C)0 

!"-• 

c'.:> 

CO 
^^4 
r H 

c:) 

).') 
r H 
r H 

O 

CD 
1 ^ 

o 
"4' 
M' 

^J" 

r-

c> 

I ' 

CO 
r H 
r-H 

C J 

• 
CO 
r- l 
r- 1 

C) 

l O 
I j ' j 

CJ' 

c:> 
a-, 

^ j 

• 
c\ 
(y\ 

o 
• 

t " j 

( •, 

CD 

CO 
i~-

CD 

i n 
!-• 

1 1 

-
c > 
O i 

l l ' j 

n ) 

c;) 

IX.) 

r H 

O 

CD 
a j 

o 
.-H 
0 1 

• y 

IX") 

c 

121 



122 

O 

o ^ 

o 

E 

c 
o 
o 

LU 

O 
VX3 

o 
O 

Q. 

O 
U. 

:z. 
o 

2: 
o 
Qc 
ID 
X 
»— 
Z) 
m 
UJ 
1— 

u. 
o 
2 
O 
h-
Q. 
a 
o 
en 
Q 
< 

cc 
o 
u. 
CO 
Ul 
ID 
_J 

^ 

2 
O 
o 
cr 
UJ 

ui 
> 

j 

i 

CO 
Ul 
\— 
2 
o 
_J 
_J 
\QL 
o 
12 
•— 
^2 

12 1̂  
!0 

o 
o 
2 o X 

saniDA-x> 



121 

1 

O 

o 
-I *o 

o 
in 

u c o o 

o 

o 

ir> 
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for Fe-R. For transition aid a J ion;;, the exLtnit of 

adsorption was 20.7 to 1 I •! B. i jicj/lOO mcj for CO-U, 

41.5 to 1145.2 yg/100 mcj lot Ca-R, 21.7 to 604.8 

yg/100 mg for Ni-R and 17.') I') 4B4..9 ng/100 mg for 

Zn-R. The alkaline earth sti in rated resins follov;ed 

next with 18.8 to 612.5 |ig/'l()0 mg for Mg-R, 18.6 to 

3 87.6 Hg/100 mg for Ba~R ,iiid 20.7to381.6 pg/lOO mg 

for Ca-R. For monovalent ;;,hu.-ilrd ri-sins 1-he extent 

of adsorption was 11.3 to 3JG.7 Mg/lOO mg for K-R, 

50.0 to 273.9 yg/1'00 mg for Na-R and 11.3 to 308.1 

yg/J.OO mg for NH^-R (Table 11). 

Adsorption isotherms for homoionic resins 

are presented in Fig.12. Ttie adsorption isotherms 

were generally parabolic in IIIIMIM' vvilli I t'nd('rM."v' fi'i 

S-shape in the initial stages. Tht; d.rta were analysed 

according to Preundlich equal. i.(ju. U'lie value;;; of k 

and a, K, and maximum adsorption <iii,' C) iven in Tubl<} 12. 

Freundlich constant 'K' varie<i trom 1.02. (Cerr~-K) to 

S3^ (^M-R); a from 0,53 (Cu-R) to 2.88 (Ni-R), Maximum 

adsorption ( yg/lOO mg) varied f.eom 275 )j;3/100 mg 

(Na-R) to 1720 yg/100 rug (11-R). The values of K̂  

varied from 0.0038 vq" mL (Ca-R and Fe-R) to 0.0074 

— 1 
\x g ruL (Z-n-R ) . 
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Table 12 : Freundlich constant s, meiximum adsorption, 
and K^ of tetnjth i.uron on homoionic resins 

Ion 
satura­
ting 
the 
resin 

Freundlich con;it .ml ;; 

K ex 

MaK.utuim 
A d s o r p t i o n 

( y g / 1 0 0 
mg) 

1 7 2 0 

1 4 7 0 

1 3 7 0 

605 

131U 

1 1 9 0 

480 

445 

6 0 5 

397 

275 

342 

315 

^̂ L 

- 1 T 
y g mL 

0 . 0 0 5 6 

0 . 0 0 4 8 

0 . 0 0 3 8 

0 . 0 0 7 1 

0 . 0 0 5 3 

0 . 0 0 5 0 

0 . 0 0 7 4 

0 . 0 0 38 

0 . 0 0 7 2 

0 . 0 0 4 1 

0 . 0 0 6 3 

0 . 0 0 5 0 

0 . 0 0 4 9 

H-

Al-

Fe-

Ni-

Cu-

Co-

Zn~ 

Ca-

Mg-

Ba-

Na-

k-

1 . 2 2 

1 . 2 5 

1 . 2 0 . 

5 . 2 4 

1 . 0 2 

1 . 1 4 

1 . 2 0 

1 . 2 0 

1 . 1 7 

1 . 1 8 

1 . 7 3 

1 . 1 3 

1 . 9 6 

1 . 7 3 

2 . 8 H 

U.5 J 

1 . 9 0 

1 . 2 2 

1 . 0 A 

1 . 1 8 

1 .0 6 

j ^ . 11 

0 . 8 8 

1 . 1 1 



130 

4,2 ADSORPTION OF METOXlJk(n4 ANIi TEBUTHIURON ON 
SOILS AND TFIEIR COWS'l'l I'OSsN'.l'.'; ; 

Physico-chemical properties of soils : 

The physlco-cheiriical |Jiopoj:t los of the soils 

used for studying adsorption are givî n in Table 2. 

The pH of soil samples varied from 6.4 to 8.5. Total 

soluble salt content as deteriuxi.od l)y EC varied from 

0.032 Sm~ to 0.144 Sm~ '. Organic matter content 

vax'ied from 0.19 to 1.02 per cent, cation eaxchange 

(jiipat; j. I.y varjijil t rum I t.'J ('IIUJI I.(| li> '*li . (J Cmu 1 kg 

Clay content varied from 12.5 per cent to 62.5 per 

cent. 

4.2.1 Adsorption of metoxuron iind tebuthiuron on 2 mm 
and < 50^ soil fractions : 

Adsorption of metoxuron and tebuthiuron 

was carried out on 2 mm and < !JU ]i fractions of soils 

1, 2, 3 and 4. Adsorption pt ocodure.i have alroady 

been explained under Materials and Methods. Adsoi-ption 

isotherms for metoxuron on 2 mm 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 plateau 

foJ.lowcd by a stoop rise;. ;;iu" I.K-I' r.a tirra I i cm was 

not attained in the concentration range studied. Complete 

adsorption data are given in 'I'able 13. The amount 
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Eq. Cone (^gmL'M 

FIG. 13 : ADSORPTION ISOTHERMS OF METQXURON ON 2mm SOIL 
FRACTIONS 
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adsorbed varied from 3.6 to 26.9 yyq/q in soil-1, 2.9 

to 35.0 pg/g in soil-2, 1.8 to 19.07 |jg/g in soil-

3 and 3.7 to 17.2 jag/g in soil-4. Adsorption isotherms 

of metoxuron on < 50 yi fractions are given in Fig. 14. 

These isotherms were S-shaped in all the cases with 

an initial plateau followed by steep rise. Surface 

saturation was not attained in the concentration range 

studied. The amount adsorbed on < 50 ji fractions 

are given in Table 14. The amount adsorbed varied 

from 17.3 to 120.0 pg/g for soil-1 4.1 to 144.0 pg/g for 

soil-2, 7.2 to 115.1 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 ot 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 e< from 

0.76 to 1,18. 

The amounts of tebuthiuron absorbed for 

each initial boncentration 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 

m Fig.15. These indicated a tendency for S-shape 

in the initial stages of adsorption. The adsorption 

isotherms for < 50 p fractions are given in Fig. 16. 
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Table 15 : Preundlich constants of rnetoxuron on 2 mm 
and < 50 y fraction of soiJs 

2 mm fractions <50 \i fractions 
E'reundlich 
constant Soil Soil So.i 1 

1 2 3 
oil Soil Soil Soil Soil 
•I :i 2 3 4 

a 0.12 1.30 1.9U 2.20 1.11 1.18 0.76 0.76 

K 7.00 0.12 J.90 2.50 1.11 1.67 1.11 1.43 
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C Ĵ 

. H 
CO 

o-̂  
i ' ^ 

• • a ' 

1^) 

CM 

CM 

â-
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F IG . i eCon td : ADSORPTION ISOTHERMS OF TEBUTHIURON ON - 50ju 
SOIL FRACTIONS 
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Table 18 : Preundlich constantb of toljuthiuron on 2 mm 
and <50i4 soil ! racl .i r'U!:; 

Preun­
dlich 
cons­
tant 

2 mm fractions 

Soil Soil Soil Soi. 
1 2 3 4 

< 50 y fractions 

Soil Soil Soil Soil 
1 2 3 4 

K 1.14 1.21 2.34 2.!B 15.13 7.07 4.46 2.63 

a 1.64 1.33 0.93 1.04 0.5'i 0.B4 1.3 5 1.4B 
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The data was analy.'̂ ;i>d by fTeundlich equation. 

The values of K and a are given in Table 18. Freundlich 

K varied from l.l4f (Soil-i-) to 2.34 (Soil-3) and a from 

0.93 (Soil-3) to 1.64 (Soii-l). For < 50)1 fractions 

the value of K varied from 2.G3 (Soil-4) to IS.lsf 

(Soil-1) and a from 0.59 (Soil-1) to 1.48 (Soil-4). 

4.2.2 Adsorption of metoxuron and tebuthiuron on 
Iluniic Acid : 

The amount of moLoxuron and tebuthiuron 

adsorbed on humic acid is given in Table 19, The adsorp­

tion isotherm of metoxuro/i iu giv>,'n in Fig. 17 and 

of tebuthiuron in Fig.18. 'i'iiese isotherms were L-

shaped in contrast to 2 mm and 50 M fractions. These 

were analysed by Freundlich mode].. The Freundlich 

constants K and a for metoxuron were 2 2.43 and 0.92 

respectively. These constants were 28.84 and 0.88 

for tebuthiuron. 

4.3 POLYMALEIC ACID (i'MA) AS A MODITL FOR SOIL 
FOLVIC ACID : 

The results of the J,n\Jos t.a gation with PMA 

are presented under the follovvi.ng head ; : 

1. Preparation and properties of PMA 

2. Interaction of PMA with hemeionic montmorillo-

nites. 
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Table 19 : Adsorpt ion of 
on Humic Acid 

inr-Loxuron and tebuthiuron 

Metoxuron 

Initial 
concen­
tration 

. y gmL 

2.5 

5.0 

7.5 

10.0 

15.0 

•1 

Eq.C 

UgmL 

1.48 

3.33 

4.67 

6.94 

11.07 

A.A. 

]i g/g' 

5 6 5.9 

831.9 

1413.9 

1520.6 

1916.5 

'1 

111L t i, a i 

concen­
tration 

4 

8 

1 l"" 

1 b 

20 

2 4 

2 8 

32 

36 

4 0 

"ebuthiuron 

Eq -C 

U gmL 

3.21 

6.54 

1 0 . 0 9 

13.54 

16.72 

19.09 

23.09 

26.67 

29.99 

33.54 

43.54 

A. A. 

yg/ 
lOOmg 

78. ]H 

145.45 

190.90 

2 4 5.45 

327.27 

409.09 

490,90 

578.18 

609.09 

645.45 

6 4 5 . 4 5 
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3. Adsorption of PMA on caLioii saturated IR-120 

resin. 

4. Comparative adsorption of metoxuron and 

tebuthiuron on hoiuoionic montniorillonitea 

and Llie (Jij.i:j:uripLjiii:t I iiij c.l c.iy -I'MA cc)iupiexes, 

4.3.1 Preparation and properties of Polymaleic Acid: 

Polymaleic acid was prepared by the polymeri­

sation of maleic anhydride as given in '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 aneilysis provide information 

about the type of reactive sites on PMA. The method 

has already been discussed in Materials and Methods. 

The total acidity as dcLiM m i nuc) by I,ia(011).̂  method 

was 11.43 me/g. The carboxyl content of PMA was 7.82 

me/g and phenolic hydroxyl group i.'ontent was 3.61 

rne/g PMA. The contribution of - cooil and phenolic 

on gxroups towards total ai;.iiliLy I hut: was b8.-l iind 

31.6 per cent respectively. '['iiiis, the contribution 

of -COOH group towards total acidity was almost twice 

as that of phenolic OH groups. 
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4.3.1.3 Potentiometric titraLioa : 

The potentiometrii:; t.i l:rat. ion curve of PMA 

with standard NaOH is shown in Pig.19. There was 

a gradual rise in pH with the addition of base, thus 

attesting to the high buffering cafiacity of PMA. Tliis 

shows that i'MA behcives as wi-uk acid polyeiectrolyte 

like FA and HA. A fairly sliarj) break occurred at 

1.87 meq of NaOH thus corr otjponding to 9.35 mê q of 

titratable acidic groups per gram of PMA. Potentiome­

tric titration was also carried out in the presence 

- 2 - 1 
of 10 M, 10 ' M and IM KCl to notice iif there is 

a shift in acid-base equilibrium. These curves are 

given in Fig. 20. The pKa of PMA was calculated from 

the potentiometric titration data as explained under 

'Materials and Methods' using Henderson-Hesselbalch-

equation 

pH == pKa + log 1--1-
[HAJ 

From the plot of log v, pH the pKa v̂/as taken 
[IJAJ 

as the intercept on X-axLs (i''ig.21) and was ecjual 

to 5.48. 

4.3.1.4 Conductdmetric ti tra i ion;; : 

Conduotometric ti t rci (,. i fin curve of PMA with 

standard NaOH is depicted in !"ig.2:'. From the curve 

it can be seen that with the viiMil:i()n oi NaOlI, conductance 
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Drops of1.04NNaOH added 
{ Ten drops = 0-51mL) 

FIG. 19: POTENTIOMETRIC TITRATION CURVE OF PMA WITH STANDARD 
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increased very slowly in Lhi- liecjimiing Collov\fod by 

a sharp rise. The end point vjaa obtained at 1.54 

me NaOH. This corresponds to 7.7 me/g of -COOH groups 

and is close to the value obt.lined by the Ba(OH)^ 

method. 

4 . 3 . 1 . 5 S p e c t r a l p r o p e r t i e s : 

U l t r a v o i l e t specti-um oi: PMA scc-inned i rom 

pH 1 t o 10 showed a w e l l ii<;'Finod peak a t 255 nni t i l l 

pm ( F i g . 2 3 ) . 

A p l o t of abso ih . i ill •(' vn conci.Mi I I'a t,i on of 

PMA i n t h e r a n g e of 10 t o 100 ngmL ' ( P i g . 24) follovi^ed 

a s t r a i g l i t l i n e and obeyc-cl l u -e i -bamber t ' s l a w . I'he 

s t a n d t i r d c u r v e had a s l op t j o.i, 0.i)b:i5 a b s o i b a n c e v m i t s 

p e r MgmL of PMA. The coiict jnt j . i t i o n of PMA i n t h e 

e x p e r i m e n t s on r e s i n s and moritiiiOT :i l i o n i t e s was d e t e r ­

mined w i t h r e f e r e n c e t o t h i s f a c t o r 

4 . 3 . 1 . 6 I n f r a r e d Spectrum : 

I n f ra-Ko;;d spectro.'.^c.'oi >y i)v:av i d e s i nlc~u:iua t i on 

r e g a r d i n g t h e n a t u r e , r e a c t i v b(:.y and s t r u c t u r a l a r r a n g o -

I I U T M L (1 I-' !..>:••. y\-j(Ui u i JI 11, u i ii I u g l i i H ' I i i H i . i l ij i i J; I | J . J . 1 u la. ,:t i, a i J 

s p e c t r u m of PMA o b t a i n e d i.n KUr j'>.:l.let i s presoMitcdin 

F i g . 2 5 . The s p e c t r a showed u i,uiiibc r oi. b ands a t v a r i o u s 

w a v e l e n g t h s . The ' £is ' s igniueul o i v a r i o u s p e a k s i n 
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the spectrum was done with IIK; lu-lp at cial.a available 

in the literature. In general, the spectra showed 

the presence of aromatic ring v/ith phenolic, carboxyl 

and carbonyl substituents. The spectrum showed shoulders 

at 1780 and 1850 cm due to cyclic anhydrides. The 

spectra exhibited a number of bands at 1640 cm (medium, 

C = C stretch of otefin or pyridine derivative), 1490 

cm (medium, C = C stretch of aromatic ring), 755' cm 

(medium, C-H out-of-plane deloimation of alkyl pyridine) 

and 680 cm (pyridine derivative). The presence 

of these bands have been reported by Spiteller and 

Schnitzer (1983) also. 

4.3.2 Adsorption of PMA on honioionic montmorillonites: 

Adsorption of PM.A vv.e. s(itdied on aqeous 

suspensions of homoionic ru'>n t:aK)r i I I onite^s saturated 

with Fe-, Ai-, Ni-, Cu-, 'Zn • , Co-, Ca-, Ua-, Mg-, 

Na'-, ''̂ '̂ A" '̂"'̂  ^~' Five ml, of: .'juspenHion (containing 

'^50 mg clay) was equilibrated wi.th initial concentra­

tion of PMA ranging from 10 to li)0 pgrnL" . After 

equilibration for 2 4 h at 27 "C and centrif uging, the 

amount left in supernatant was determined spectrophoto-

metrically at 255 nm. The iiuount of PMA adsorbed 

on different homoionic raoi) tmoii.l loiiites fell into 

four distinct groups : trivali nl > Iran!.; it ion 3tl ion;0 

alkcxline earth ions > monovaieirt, as in ttie case of 
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adsorption of metoxuron iincj i tiini i. i ntcm mi molul uionUmc--

rillonites and resins. 

For trivalent ions L ho aiiiouni: of PMA adsorbed 

varied from 261.7 to 2132.8 ijy/lOO nig for Fe-M, 76.5 

to 14 25 Mg/100 mg for Al-M. 

Transition metal ions foJlowtd Fe-M in amounts 

adsorbed and were of the order 116,1 to 1125.3 pg/100 

mg for Ni-M, 2̂ -11 to 'e.̂ 3-*'̂  iig/100 mg for Co-M and 

73.3 to 851.1 yg/mg for Cu-M. 

Alkaline earth metal i.ons followed the transi­

tion metal ions and the <-iniounts adsorbed varied from 

57.4 l() 277. B lUi/lOO mq (. .i ihi-M M.'.'> \>, ;"M, . 7 )i,|,'liiii 

mg for Ca-M and 67.9 to 252.6 |.ig/100 mg for Ba-M. 

For monovalent ion.s, tlie tixlent of adsorption 

was 83.8 to 340.6 Vg/lOO mg iot NfJ^-M, 29.5 to 165.1 

yg/100 mg for K-M and 9.5 to 141.1 Mg/LOO mg for Na-

M (Table 20). Adsorption isoLlierms wex-e mobLly L~ 

shaped (Fig.26). Adsorption increasod wiLh increase 

in initial concentration cind tend to reach saturation. 

A slight S-character was seen in thui initial stages 

of adsorption for Co-M and Na-M. 

The adsorption data was fitted to Freundlich 

equation. The Freundlich i:on;; l ant s , K and a , the 

valvie of (CQ ) which cor rcMiAiiids to binding constant 
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Table 21 : P ' reundlich consl.<ints , maximum e^dsorption 
and K, of PMA on homoionic m o n t m o r i l l o n i t e s 

I o n 
fcsatura-
t i n g 
t h e 
C o m p l e x 

A l ~ 

F e -

N i -

C u -

C o -

Z n -

C a -

Mg-

B a -

^ " 4 -

N a -

K" 

FreuM 
c o n « 

K 

2 7 . 2 3 

1 9 9 . 5 2 

2 9 . 5 1 

2 , 0 9 

2 . 3 0 

1 4 . 7 9 

2 3 . 4 4 

1 0 . 3 5 

2 1 . 3 0 

2 5 . 1 1 

6 . 0 9 

1 . 1 5 

d l i c 
t a n t 

1. 

a 

0 , 6 (J 

0 . 7 8 

0 . 9 6 

0 . 8 1 

0 . 7 6 

0 . B 5 

0 . 5 4 

0 . 7 3 

O.GO 

0 . 6 4 

0 . 8 8 

0 .9 :^ 

( 

. i x . i i i i u m 

1; 11) 1J -̂  

i (MI 

lOOnig) 

L420 

2200 

115 0 

900 

710 

9 50 

270 

260 

260 

310 

145 

165 

j.ig'-'-mL 

0 . 0 7 1 4 

0 . 1 4 3 0 

0 . 0 5 4 1 

0 . 0 4 3 5 

0 . 0 2 9 4 

0 . 0 5 5 6 

0 . 0 4 0 0 

0 . 0 2 5 3 

0 . 0 5 7 1 

0 . 0 7 1 4 

0 . 0 3 1 7 

0 . 0 4 3 5 
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K, of langmuir equation calculated from the isotherms, 
IJ 

along with maximum adsorpt: ion -iic; g i vun in 'rablt- 21. 

Freundlich constant 'K' v/as Jiiyhest for Fe-M (199.50) 

and was lowest for K-M (1.15) and a was highest for 

Ni-M (0.96) and lowest for Ca-M (0.54). 

4.3.3 Adsorption of PMA on lloinoionic resins : 

Adsorption was studiod on tlie saii\e set of 

representative cations as in lliv case of motoxuron 

and tebuthiuron. Surface saLuration was attained 

with much larger concentrat:. ion nf l/MA and hence the 

initiejl concentration range used was 0 - 500 y'3'i'L 

The amount of PMA adsorbed on . different 

ion saturated resins are presented in Teible 22. The 

amount adsorbed decreased in the order 

trivalent > divalent > divalent > monovalent 
t 3d tran- alkal.Lne ions 

sition earth 
metal iuel;.i.l 

ions Leiui 

The amount adsorbed was highcjst for Fe-R, Al-R and 

H-R and varied from 69.4 i. o 1068.9 p g/100 mg, 85.5 

to 910.3 pg/100 mg and 100.6 to 983.8 pg/100 mg respecti­

vely. Transition met^il i f.jiis i h i.u-j y rellowcd trival^HiL 

ions and the amounts adsorho'd varl.id from 27.5 to 

962.0 ug/100 mg (Cu-R), 44.8 l>. 051.7 Ug/100 mg (Ni-R), 
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57.7 to 848.2 Mg/lOO irig (Co-R) and 5J.7 Lo 824.1 

jig/lOO mg (Zn-R) . 

Alkaline ecirth metaJ ions followed tr^insition 

metal ions and Lhe amounts <)d;joi-|)od v/ero 4!'). 2 to 637.9 

pg/lUO mg for Ca-R, 51.6 to .':.82.0 ng/lOO mg for Mg-

R, and 10.2 to 5^2.0 vtg/lOO mg for Ba-R. Monovalent 

iona showed loc,-tst adsorption and v:ii:ied in l.ho ordei-

5.1 to 137.9 Mg/100 mg (K--10 6.8 t(j 125.8 (jg/lOO mg 

(NH.-R) and 6.8 to 68.2 Mg/:i 00 mg (Na-JO-

Adsorption isotherm;:; for difforenL homoionic 

resins are pi-esented in Fig. 27. Ad;jorption isotherms 

were parabolic showing a tendency to reach surface 

saturation within the concentration range studied. 

There was some S character in aJniost all the isotherms 

in the initial stages. The <Kt,.ot;pL i on d.ita vv'as fittc>d 

to FreundlicPi equation. Ft inmctl i c li constants 'K' 

and a alongwith the vaJuo.s r>r nK'i ;.i.uium adsorption, 

K are given in Table 23. 

4.3.4 Comparison of adsorption of metoxuron and 
tebuthiuron on tuaiiu ionic motiLmori I Lonite 
and metal montmori J ionitt;- PMA complexes : 

Montmorillonite-PMA coiuĵ lexes v;ere prepared 

by treating suspensions oj: lunuu i unif iiioutiuorilionites 

with PMA and washing free the CXCCHH I'MA with distilled 

Walter. Adsorption v/as carr l.'d oul under identical 
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T a b l e 23 : F r e u n d l i c h cons t iu i t . : ; ; , iriaximum a d s o r p t i o n 
a n d K̂ . o f PMA on lioiTu > Li.^inic r e s i n s 

I o n F r e u n d l i c h c o n s t a n t s Maximum K. 
s a t u r a - ' \ d i i o r p t i o n ^^ 
t i n g K '« ( n y / l O U M9 m t 
t h e mg) 
r e s i n 

H-

A l -

F e -

N i - -

C u -

C o -

Zn~ 

Ca--

Mg-

B a -

N a -

K-
NH4-

1.74 

2.2 4 • 

1.01' 

1.12 

1.04 

1.19 

1.07 

1,07 

1.17 

1.19 

1.16 

1.22 
1.25 

0 . i* 8 

0. 'J,l 

1 . G 0 

1 . .'') 

1.4 8 

1 . J 0 

1 . J 7 

1 . :j 1 

i . J 7 

J .07 

0.61 

0.93 
0 . 7 L. 

1040 

1020 

1200 

U ti 0 

990 

855 

8 30 

640 

565 

520 

65 

135 
110 

0.0038 

0.0035 

0.0036 

0 .1) 0 5 0 

0,0052 

0.0057 

0.0057 

0.0054 

0,0057 

0,0063 

0.0100 

0.0053 
0.0055 

file://'/diiorption
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conditions as explained undcf ' M.i i-i.Tiala and Methods' 

with 20 and 50 ygmL " initial < •. uiceii I ra L Ion ot mutoxuron 

and tebuthiuron. The amount adsorbed on metal clays 

and corresponding iriotal cJay-i>MA luiiiiplcxeti it; cjivou 

in Table 24. 'I'liore was con:.i:Ji-nt increase in amount 

adsox"bed on clay-PMA complexes as couipared to correspon­

ding metal clays. The per cent incre^ise in adsorption 

on clay-PMA complexes is given in Table 25, In order to 

derive information about the trolo r.f exchange cations 

on the shape, extent and mechanism of adsorption of 

metoxuron, tebuthiuron and PMA on resins and clciys, 

relevant adsorption paramelfis liki' maKliiuiin adsor}^tion, 

Preundlich K, Langmuir K and I. rec energy of adsorption 

were aneilysed qualitative.! y '"KI ini'J'i t i La Lively with 

respect to ionic properties likê  crystalline ionic 

radius (CIR), crystalline ionic noLeniial (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 Jot: individual adsorbents 

and adsorbates as follows : 

4.3.5 Adsorption of metoxuron and tebuthiuron on 
homoionic inontmoxillon it.es ; 

The adsorption t.'.oi.herins constructed for 

all samples (Fig.7 and 10), indicated that these isotherms 

were mainly S-shaped in nranr\.; wii:h a tendency to 

ireach surface satviration wiihin this COIK.'CU I ration 

http://it.es
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Table 25 : Per cent increase in Mtt.uxuron and Tubnthiuron 
by montmorilloniLe - J'MA complexes 

Ion 
saturating 
the 

Metoxuron . Tebuthuiruon 
% increase at % increase at 

resxns 20 ygniL ^ 50 MgmL ' 20 (.igrriL ^ 50 ygmL~^ 

A l ^ + 

Fe^-^ 

N i 2 + 

Cu2-^ 

^ 2-1-Co 

Zn2-^ 

C a ^ ^ 

2 + 
Ba 

Mg2-

NH4 + 

K+ 

+ 
Na 

3 . 8 

1 3 . 0 

9 . 7 

6 . 9 

1 4 . 0 

2 1 . 0 

2 0 . 3 

9 . 8 

2 5 . 8 

6 . 3 

1 9 . 9 

1 3 . 4 

3 . 8 

1 4 . 7 

1 9 . 0 

7 . 5 

3 2 . 1 

1 9 . 9 

1 7 . 8 

1 3 . 0 

2 9 . 3 

1 6 . 8 

2 6 . 4 

3 5 . 2 

1 4 . 3 

2 5 . 1 

3 2 . 7 

1 9 . 7 

1 3 . 6 

1 8 . 6 

1 9 . 5 

.). 4 . 0 

]. 1 . 2 

1 8 . 2 

2 9 . 7 

1 2 . 0 

9 . 3 

2 1 . 2 

2 9 . 5 

1 8 . 0 

2 0 . 3 

1 . 3 

2 0 . 7 

1 5 . 6 

1 2 . 9 

2 6 . 8 

3 6 . 1 

2 0 . 9 
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range. There was an S-charactc-r only in tlie xjiitial 

stages of adsorption. However, the adKoirption isotherms 

of metoxuron on H-, Fe- and Al- montmorillonites did 

not exhibit any tendency for surface saturation. For 

the other ions there was a prtJin i nont S-charaotor in 

the initial stages of adsorption particularly for 

the adsorption of tebuthiuron. The capacity for adsorp­

tion was consistently dependent on tlie charge of the 

ions and fell into four distinct: <j roups. Thus for 

the adsorption of both metoxuron and tebuthiuron on 

clays, the order observed was 

+ U > trivalent > divalent 3d tr<.m:; i I, i uii ions > cilkaline 

ecirth metal ions > monovalent ions. V\iithin each group 

of ions, the extent of adsorption v\?a:; very similar 

and thus dependent only on the ciharcje of ions and 

not so much on their individual characteristics. The 

transition metal ions formed a SGi>aratG group by themsel­

ves and the adsorption for these v/.ts lii.ghi;.r than divalent 

alkaline earth ions. There was an overall negative 

correlation between the maximum amount adsorbed and 

I J i o t ; j y i . j l ( i | | I U ' j i o i i l u r r n l i u t i • ' ! I In >n\ I n u J i fUi i l a 

positive correlation with the crysta IJ.J ut- ionic potential 

(Fig. 28 and 29), for both metoxuron and tebutliiuron. 

The correlation coefficients v̂ ore O.Cu7**and 0.9 6̂ 1** 

for metoxuron and tebuthiuron respectively. 
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Since the dif f ortMii, o;.; wJihiii each grovip 

of ions was insignificant, Lhert; \va;; no purpose in 

correlating the amount adsorliocl v/ith ionic properties 

within each group. The varial ioa wilhi.n tluj tt.anaition 

luetal ioiiti was howevt.L much ;iLi:tnpc;L I hail in the other 

groups. 

It was found tliat Llie maximum adsorption 

varied positively with hydra ted ionic radius and inver­

sely with hydrated ion potential lor alkali and alkaline 

earth ions put together. Since tJie concept of hydrated 

ionic radius is not well suited for easily hydrolysabie 

3+ 3 + 

Fe and Al and since for transition metal rons, 

the precise values were not available, the overall 

analysis of the adsorption parcimeters with respect 

to these properties is not meaningful and hence not 

reported. 

F r c u n d l i c h const i inL (''̂ ,,.) Vv'liii'li i ;•; an l a d i c a t o i -

of a d s o r p t i o n c a p a c i t y and s t r e n g t h of b i n d i n g a l s o 

g a v e a c o n s i s t e n t l y n e g a t i v e and p o s i t i v e o v e r a l l 

c o r r e l a t i o n w i t h CIR and CIC r e s p e c t i v e l y ( F i g . 3 0 ) . 

The c o r r e l a t i o n ( F i g . 3 1 ) v/as however s i g n i f i c a n t o n l y 

f o r t e b u t h i u r o n ( 0 . 8 14** ) . The co r - r e l a t ion w i t h r ' a s p e c t 

t o HIR and HIP was cigain p o s i t ! V'O ruic] n . ' g a t i v e r e s p e c t i ­

v e l y when t h e gi:oup of eilkaJ i .aid a l k a l i n e eai'Lh ions 

were c o n s j . d e r e d ( F i g . 3 1 ) . Tlio c o i r o . l a L i o n was hov^evor 
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not significant. 

The Langmuir K, (K. ) \/liicli in this study was 

calculated only at 50 per cent .surface saturation, 

also followed the aauie ipij i i i at i vi i rcnui:; ( Fi gr.. 29 

and 32) with respect to C.W, CIP, ifIR and HIP as in 

the case of K . The correlation coefficients V'/ere 

however not significant in any of the above cases. 

The constant k wliii.:h (le;;ct ibes the specific 

rate of change of adsorption wii-h inĉ rtMrie in equilibrixim 

concentration (Saroja T?aman, 1981) showed exactly 

the reverse relationship with CIR, CIP for both metoxuron 

and tebuthiuron and was tl . ; positive and negative 

respectively for CIR and Cj . . J\-M the alkali and 

alkaline earth group ions puit ()<]>;•( he i-, K varied positi­

vely and negatively with respt-ct to H1J< and HIP rospecti-

vuJ y. 

The free energy functions, -RTln K and 

-RTln Kj. , were also correlated to CIR and CIP of the 

entire range of ions. They correlated negatively 

to CIR and positively to CIP for both laetoxuron and 

tebuthiuron (Fig.28, 30, 31 and 33). Tiie corr iation 

coefficient was significant ouiy for tebuthiuron and 

CIP (r = 0.8265**) and tc-l)u l;lii lu on and lllK (Table 

26). 
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'i'he variations in all IIU'SL; pi.opurtieLJ w.i thin 

Dlie tjtuiifa yroufcj were vei y r~.ui.i\ I OKC'C:|JL IUJ. Lrasition 

metal ions. 

4.3.6 Adsorption of uKtoxuron and tebuthiuron 
on homoionic (IR-120) resins : 

Adsorption isotherms of metoxuron and tebuthiu­

ron on ion saturated resins (Fig.9 and 12) exhibited 

a tendency to reach surface saturation and v\/ere parabolic 

in nature. The variation in adsorption parameters 

with respect to ionic propeiM.:.i os, .f<.r tiio adsorption 

of metoxuron and tebuthiuron on homoionic IR~120 resins 

was similar to the adsorptifjn oJ those chemicals on 

homoionic montmorillonites. Thus, the maximum adsorption 

fell into four distinct group;; as : trivalent and 

H-> transition metal ions Alkaline earth ions > 

Alkali metal ions. The variations within each group 

was very minor here also except for transition metal 

ions. Thus the overall (HX r.'I .i L i on uf. llie maxiiuuin 

adsox-ption to CIR and CIP w.is nogatJve and positive 

respectively for both metoxuron and tebutliiuron. 

The correlation coefficients were also significant 

for these parameters. 

The qualitative trends lor K,,, K,. and the 
r L 

corresponding free energy functions also followed 

the same trend as that of ad;:;or pt i on but were not 
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significantly correlate;d. 

4.3.7 Adsorption of PMA on honioioaic uiontmorillonites 
and homoionic (IR-120) rosins : 

The adsorption isotlic) ni:; were mostly L,-shaped 

(Fig.2G) v̂ ith a tendency to rocicli surface saturation 

within the concentration ran<je studied. The extent 

of adsorption was dependent mainly on the charge and 

polarizing power of the cation and followed the Siime 

order as that obtained for adsorption of metoxuron 

and tebuthiuron. The overall i-i lationship between 

the adsorption characte.rib I. i • •:; ciuii ionic prupcj:t.i.es 

followed the same trend as that for the herbicides. 

The correlation coefficients were liowcver not significant 

in any of the cases. 

Adsorption isotherm;:; o,t PMA on homoionic 

(IR-120) resins were mainly l,-s)i.iped (I'iy.H?) Vi?j,th 

a tendency to reach satur.i t: i < in ni ttio ;:;ur[:ace wltlii.n 

the concentration range studied. The- maximum adsorption 

of PiVlA was significantly >UKI (KJ;: I tivi.il y corj-elci Led 

to CIP and CIR respectively. Freundlich K. (K,.J - and 
r 

L c i l s o f o l l o w e d t h e s a m e t r e n d . F o r a l k a l i a n d a l k a l i n e 

e a r t h j o n s h o w e v e r , t h e ii l,il i i i i r ; h i ) ) \v.ii, m'vial iv t ' 

f o r a d s o r p t i o n a n d p o s i t i v e £f>r a l l i . t h e r s w i t l i r e s p e c t 

t o H I P . T h e meiX-imum ciidswipl. i on w.is s i g n i l i e a n 11 y 

c;ori e l a t e d t o l l l l i o n l y . 

http://tivi.il
file:///v.ii
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4.4 PERSISTENCE OF MI-.TOXUKON AND TKBUTHIURON 
IN AN ALFISOL AND A ViMnvf SOL AND I'lVAI.UATTON 
OF PlIYSICAl. AND r̂ .A'nii:H.'Vi'ICAI, MODE!.;; TO l'Ur,DlC:T 
ia-:SlDUES UNDER FIELD lONDlTIONS : 

The period dur.i inj vv/liii,"h .1 pey t.i cidĉ  remains 

intact and biologically aci ivf is of iiuportance 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 iiiici;obial population, 

moisture and tempera tare eirci the two important environ­

mental factors influencing pcrsis fence and degradation 

of soil applied pes t i ci der.. An al(i;;ii| (;;tii1-'"i) .ind 

a vertisol (Soil-C) were si-le(;;ti.Hl for studying the 

persistence of metoxuron and tebnLhiuron. As explained 

earlier, lOg portions of the- lierbicide treated soils, 

incubated at 10 _+ 1°C and 2 7 1 1"C under three moisture 

regimes were extracted witli molhanol at different 

time intervals. The amount of methanol extractable 

metoxuron and tobuthiuron a I difiercjnt time intervals 

is given in Tables 2 7 and 28 respectively. The quantity 

of herbicide exrtreicted was plotteci against time for 

the different experimentiil condi.tions and these are 

given in Fig, 34 and 35 for metoxurcjn and tobuthiuron 

respectively. Thus, the persistence curves consist 

of two distinct phases cind :;uf)g( •-; Led Lliat the disappe^i-

rance of the herbicides to, ,j; filru.̂ ' at two difforenl 
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rates viz., an initial faatti rate and follovtfod by 

a slower and more gradual diyuiJj" M IMUC*.; , 'J'his indicated 

two different pathways for di ;;<ifjpeariince of iierhicide. 

To calculate the i.iie,'; 'vf disappe.iranct;, 

the data was treated accordi.ncj to first order kinetics 

by plotting the logarithm of concentration vs time. 

These are given in Fig. 3 6 for met.oxuron and Fig. 37 

for tebuthiuron. The first order kinetic plot confirmed 

two distinct rates of disapptarancii. The faster mode 

of disappearance continued only till. about 40 days 

whereas slower rate of d isappcjiranci! continued till 

th e end of study. 'llie .spicil ic M-aiMiun lali'S or 

rate constants for the;:>e ;ilc|):j were calculalod by 

resolving the fast and slov; steps of disappearance 

aa explained undur ' Ma Irei" i d 1 ;• .uul Mt-Uiodt;'. Ati a 

first approximation, as defined by liameiker and Goring 

(1976), the rate of reentry into liibilci pool was conside­

red negligible cind the faster rate and slower rates 

of disappearance were calculated as explained earlier. 

A finer refinement was later attempted to include 

the rate of reentry of pesticide into labile pool. 

Thus k and k-, correspond to the rate of entry of 

herbicide into bound pool (non cxtrtictable) and the 

rate of decomposition of the lu-rbicide respectively. 

A complete analysis of the pers i .-; l onci.; data was cai ried 

out for resolving the constants k, k, ..,nd k_., accordiiu] 
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to the method given by flamaker and Goring (1976) and 

explained ̂ " 'Materials and M' lliod:;'. The dot lailed 

values are given in Table 2 9 for metoxuron and Table 

3 0 for tebuthiuron. 

for all the rate constants, in the case of metoxuron, 

from the Arrhenius ecjuation : 

' 

Ea =- R X 
k 

In --
k 

T. 

T, 

'1' 

T-, 
J 2 M 

where k-. and k„ are the rate constants at temperatures 

T-, and T^ and R is the gas con;;tant and Ea is the 

energy of activation in kJ mole" . TJiese values are 

also given in Table 29. 
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CHAPTI^R V 

DISCUSSION AND CONCLUSIONS 

Herbicide behaviour in ;;oils is coinp.l iccited 

by numerous interactions between the solid, liquid 

and gaseous phases of soil and between living and 

inanimate components. The> coinploxity of the system 

is a hindrance to understaiul incj i:ho precise nature 

of these interactions. The k(!y to precise understanding 

of herbicide behaviour in soils .should lie in resolving 

the various factors involved, inl.tj simpler and unitary 

steps which dominate the ovtjrall interactions. As 

explained earlier, the object: i v<:.'> o i; present investiga­

tions are based mainly on Llie presumption, that, a 

better understanding of Lht-.w' lutidamontal pract^Hi-ios 

occurring in soil components, Jr; a prelude to cracking 

the more complicated picture tliat is usually present 

in soils. Thus, detailed cpKiritit.ii i ve and moctian.i st i c 

aspects of the adsorption CJI' UK,-Lcjxurou and tebuthiuroji 

were studied on the tvi/o acilsorpt ion-intense colloid 

fractions of soil viz., clays and organic mattei-. 

Since expansible (..;.Lay::; like smectites and 

vermiculites are the most active sitc;s of pesticide 

interaction, fairly pure sanijtles ol montmorilloni te 

207 
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were selected for the adsorption studies. Emphasis 

has been laid on understand i IKJ thr role of exchange 

cations in clay suspensions which arĉ  nearer to actual 

field conditions, in conLr.-i;;! lo iii(>;;( ol I ho uai I tor 

attempts which were relatc-d lo low moisture stxitus. 

Predictive modelling for herbicide residue problems 

have also been attempted. 

The complex role of FA and HA on the fate 

of herbicide has been sough I to be simp-lified witli 

the help of well defined and siiapler model, PMA. Thus, 

systematic investigation on the properties of PMA 

and its interaction witli hi imn i t>ii i.c cLayii have been 

carried out. Synthetic montiaorillonite-PMA complexes 

have been tested as modeJ sJmulanLs for naturaJly 

occuri-ing clay-organo complexes, which are difficult 

to characterise. 

Persistence of soil applied chemicals is 

a very important environmental, (ecological and economic 

factor and predctive modellinci i ncoi-ptirat i ng tlie effect 

of various environmental factors for the estimation 

of residue levels has to replace the existing cumbersome 

and repititive empirical measurements. Thus kinetic 

studies on the persistence of lutHcJxuron and tebuthiuron 

under controlled conditions Jiav̂  Ix-fu l.iken up. With the 

iix.̂e IjEidc dixpof the importaiicu ot the. ixpcri mcnls carricvJ 
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out, actual discussion of the results obtained is 

taken up in subsequent parts of ihis chapter. For 

convenience and cojency, the s£;quence observed is 

similar to that followed for rt'uu 1 t s, with neoessary 

integrcitlon and cross-linking, vyhiTivt r utK-ofjSci ly. 

5.1 ADSORPTION OF MKTOXIIRON AND TEBUTUIUUON ON 
HOMOIONIC MONTMOKILLONITES : 

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 mechanisms of .nh-i iii>l A on war. oinphvis; i f.od 

in the study because, adsorpt ion in fj.inoral lias constan­

tly been postulated Uo O C M U thiDuyh Lliese centres 

with or without the mediatory effect of sorrounding 

water molecules. As mentioned before, this is a first 

comprehensive and systematic attoinpt made in understan­

ding the mechanism of adsorption on clays in suspensions. 

Cations selected tor tiie study belonged 

to a very wide range with respect to ionic properties 

lik" chiirg^;, iiMiic [XUIHII i<il , i ,i,.i- i. I, hyd r,i t i i MI i t-lo»"l i.i.iu 

configuration and tendency for coniplexation so that 

a systematic analysis of these properties could be 

made to arrive at specific bonding mechanisms. Similarly 

the most important £idsorpti(jn char;jcteristics that 

yield clues to the possible bcjnding 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 I'̂ reundlich constant 

(Kp), and Langmuir constant (K ) whL<?h are thermodynamic 

indicators of the binding .slr-engtli and ^̂ re directly 

related to free energy of adstjcption (-RT In K) were 

studied systematically. 

In order to facilitate overall comprehension 

of the role of ionic parameters, the relationship 

betv/een adsorption paramo Lii;., and ionic properties 

were individually analysed, ds already discussed under 

'Kesults'. The idea was Lluit IIK; in ti.'r̂ iction botweoii 

the adsorption parameters emd ioni': properties should 

thjrow light on mechanism ot .id: ;i upi i < MI . 

Adsorption isotherms (Fig.7) for motoxuron 

on homoionic clays were predominently S-shaped in 

character whereas, the adsorption isotherms for tebuthiu-

ron (Fig.10) were more parabolic in nature with a 

subdued S-character confined mosL.ly to the initial 

stages of adsorption. Howevei- tlie .idsorption isotherms 

of metoxuron on H-, A1-, and Fe-montmorillonites (Fig.7) 

did not exhibit tiui'i'ace satuiut JOU lu the conct'iitiratiori 

range studied. Similar S-shaped isoidierms were reported 

by Bansal (1983 and 1985) Cor the .aisori^tion ol; oxauiyl 

and dimccron on homoionic iu<jn tiii< .r-i I 1 on i tes 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-sliaped character indicates 

stronger initicil competition of wciter molecules to 

clay surface as compared to tlie herbicide. The observed 

S-character for adsorption on clays is legitimate 

as exchange cations have a strong tendoncy for hydriition 

and would exclude the organic molecule from their 

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 herbjcidcs, overcome 

later by the cooperative effect of adsorbed molecules. 

The S-shaped isotherms were also observed for tiie 

< 50 n fractions of the soils used in the study. Saroja 

Raman and Ranga Rao (1984) po.s L ula t;e;l that soils lo\^i in 

organic carbon have a tendency t:o givt^ S-shaped isotherms 

on account of their hydrophilic nature as compared 

to soils much high in organ iir caibun whicli tend lo 

be hydrophobic. This has been rea;.onably corraborated 

by Weber e_t al_. (1986) a J.so. 

The extent of a<i;K..r|'l ,i on uf herbicides v\?as 

dependent largely on the charge; of the exchange cations 

and followed the order : trivct I ent > divalent > monova­

lent. H-montmorrillonite was an ( xc.ption and expre^ssed 
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high adBorptr-ion capacity. Willi in ilri,'-. ovi-r.ill rĴ ui:-;!-

fication, the ions could fui iiui h-e yroupod a.s irivalenl 

> divalent 3d ions > alkaline earth ions > monovalent 

ions. The divalent 3d ion saturated montmorillonites 

had a rriuc-h hicflief Cr'i|><ir-i ty r>'i ad •! JT |»l i on an î oiiipai""d 

to montmorillonites saturated vi/i th alkaline earth 

ions. The differences in maxiraum adsorption in the 

alkaline earth group and alkali <jr<)Lip was very small, 

except for Nll^-in the case o(. uu a oxu i:oii. The LraisiLion 

metal ions showed much lanjca d L (;• liertiiices witliiri the 

group. Within each group, the extent of adsorption 

was in the order : 

11 > 

Al- > Fe-

Ni-> Zn-> Cu- *' 

Mg-> Ca-> Ba-

Niî -> K̂ rrS Na 

For tebuthiuron, the extent of adsorption was similar 

and was 

Al-> Fe-

Cu-:::r̂  Ni-> Co-> Zn-

Mg-^;: Ca-":::̂  Ba-

4 > K- •;̂  N a -

Although no refei CULTI ..'xir.ts in literature, 

whore such a detailed and ;.i syf; ta.>i,i..i t Ln study of tlie 

effect of exchange cations has been made, observations 
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recorded by several studic?.'; <itjt(o qui to woll witii 

our observations. Thus a siin Licit sequence WLIS recorded 

for the adsorption of linuron on bentcnite (Hance, 

1971), and raontmorillonitc! (Khan, 1974). Kausalya 

et al. (1982) also reported siiui lar trend for terbutryne 

on homoionic montmorillonites. The work of Bansal 

(1'JB3 and 19013) c:)ii udjjoipl i i m nl nx.imyJ .iml ti imt-uM-on 

and that of Purkayastha and Misra (1985) on the adsorp­

tion of inethabenzthiazuron a].so indicated the distinct 

role of charge on the exchange cations. As seen earlier 

there was an overall positive^ .uid ;;iqnificant consolation 

between the maximum adsorption capa<-ity of tlie homoionic 

montmorillonites and CIP ot exchange cations, for 

the adsorption of both metoxuron and tebuthiuron (Fig.28). 

This is a categorical conf irai.-iL i on that the adsorption 

capacity of metal clays are primiirily dicated by the 

polarizing power of the cations. Thus, tlie role of 

cations as bridges between tlie clays and organic chemi­

cals is vindicated for the adsorption of metoxuron 

and tebuthiuron on montmorillonLto. 

Maximum adsorption capacity of homoionic 

montmorillonite was also po;;itivî ly related to HIR 

and negatively to HIP for 1 he group of alkali and; 

alkaline earth ions put tocji/tJier'. The reasons for 

trying out the relationsh Ij; bt̂ tv/een the cidsorption 

and their ionic proper tit:;,:. i:: that tlie alkali and 
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alkaline ecirth ions are ex Lerrj i vi-J y .solvated cuici oxhibit 

a well identified and quanlilMc-d solvation spliere. 

Further, these ions in general inLeiract with organic 

molecules through their pola rJ v.in i power as well as 

the ease with which the solvated water molecules can 

be displaced. Since the relationship of adsorption 

capacity with CIR and CIP were opposite of HIR and 

HIP, it can be reasonably concluded that it is the 

polarizing pov̂ er of the cations, that are more important 

in the binding of metoxuron and tel.uthiuron on montmori--

llonites, consistent v/ith ihi;; obsciva Li DU is Lhc 

fact that the adsorption of: mci >)xu i on iind lebutliiuron 

varied positively with CIP oi the ions (l''ig.28) <:ind 

negatively with CIR (E''ig.2'J). 'i'h<. correlation coeffi­

cients however were significant only for maximum adsorp­

tion (r = -0.756**), CIP with maximum adsorption 

(r = 0.964 * * ) : CIP with Kp (r - 0.814 **) for tebuthiu-

ron, CIP v/ith maximum adsorption (r =~ 0.6GG *) for 

metoxuron (Table 26). 

The fact that overal .! corfeiation coefficients 

were small and that the ions taainly fell in terms 

of Fe-, A1-, transition metal ions, alkaline earth 

ions and monovalent ions, v;hich cleariM sliow that ion 

potential is not the sole paiaiiiL-ter governing adsorp­

tion- The poor and incon;.!;; L.TJ i: re I ationsiiip between 

CIP and adsorption w.i t:hiii c\u-h .jroiip is a iurtlior 

confirmation of this fact. 
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The observation thJiL posL Lion of transition 

group of elements was much hicjhor and different from 

alkaline earth ions is likewuu' tin indication of the 

involvement of other factors in \:\\o binding of metoxuron 

and tebuthiuron. The varial.J tjii in maximum cidsorption 

within this group was sharp although valency and polari­

zing power of these group of Ions wore quite similar. 

This referred to the strong po.ssibllity of format Ion 

of coordination bonds between tiiĉ je metal ions and 

the herbicide. 

Falling in line wiLli the tidsorption capacity 

Vi/ex'e the cidsorption paramotui:; K , K , k and thtj 

corresponding free energy funct.Kjns -RTlnK and -RTlnK . 

Thus the correlation of all these parameters with 

CTR and CIP were negative and j)otjitive respectively. 

Likewise, the reverse trend was observed for the HIR 

and HIP of the alkali and alkalane earth group of 

cations. 

As seen from the 'Resul l:.r.;' , these relationships 

are at. best qualitative, bociiiu.i- I lii.> i'ori i> 1 a ti nn coefii-

cients were not significant in most ..-f the cases except 

for m^iximum adsorption with CIU (r - -0.756*^; witli 

CIP (r - 0.964*; with K̂., (r - 0. r; I 4-.>*) ; with RTlnK 

(r " 0.82GV**) for tebuthiut on ciuu CJL' witli maximum 

adsorption for metoxuron ( i: 0. i.Gfi; * ) (T̂ iblc: 26). 
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It is however significant tt) note that all the above 

adsorption parameters also LcM into distinct groups 

like H-^ Fe- and A1-, transition metal ions, alkaline 

earth ions and monovalent i.onti, as in the case of 

maximum adsorption. However withiin each of these 

subgroups, no quantitative or qualitative inference 

could be drawn primarily due to the fact that variables 

in each group of ions were limit*:d and more significantly 

the differences in adsorption wi tlii n each group itself 

is limited and the estimated experimental errors preclude 

atttiuhiug Lou much ii ignl t i(.;aiii i; LU ttotie. 

Detailed cinalysLs i) i I hu re Ui t Loiuili i p l)otwi!en 

the various ionic and ach;r)r|)L i > MI parameters, should 

help in underst£inding the int'iHuin i .sin of binding of 

herbicides v/ith homoionic clays. The poor ovei-all 

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 ions. A straight forward 

simple type of bonding would have ma^ nifested itself 

in a clean and signifa.canl i i,-1 a t i oiiship between ttie 

ionic and adsorption constant;;. further, in almost 

all the cases, the ions fell iiitt:i samci distinirt slots 

mainly dictated by their chaigu and tvloctron couCicjura-

tion as discussed earlier. This is very strong evidence 

that ions within the respective .jroups should have 
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similar bonding mechaniains , a 1 i lnjinjli i luti viduul dilfeicn-

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 sui-face, especially in the 

case of smectites, are responsible for adsorption 

of organic molecules either directly or through v\/ate.r 

bridges (Farmer and Mortland, 1965; Farmer and Ahlrichs, 

1969; Mortland, 1966; Theng, 1979). 

Specific mechanisms oi: bonding between exchange 

cations and the adsorbed organic molecules have been 

verified especially through Hi tecliniques in systems 

containing little v/ater. Such studies have shown 

that ions can bind with the adsorb.ite either directly 

or through the limited spheie o.t highly perturbed 

water molecules of hydration (Green, 1974; Mortland, 

1970). 

Howevex", it is difficult to coine to definite 

conclusions regarding the nature cd: interactions in 

dilute suspensions on account of the dominating and 

mediatory role of water nioli.i uien solvated to these 

cations. In these cases, indirect coulombic interactions 

betv/een the cations and organic molecules or the weak 

forces like 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 i> .buLh i uicin x'eiiiain neutral 

in this pH range, ion-dipole typo of interactions 

due to protonation of the herbicide are not considered 

likely. On the other hand, l IK- pri-sonce of carbonyl 

group and -NH groups on the lietbic-ide make dipole-

dipole type of interaction and li--boni.liny most probable 

(Fig.38). Thus in the case of monovalent and alkaline 

earth ions, it can be inieired Lhat electrostatic 

forces by way of dipole-dipole and fl-bonding through 

water molecules may be the main force;; binding metoxuron 

and tebuthiuron to the clays. These ions have a stable, 

rare gas electronic configuration and do not form 

strong complexes as explained laLi;r for transition 

metal ions. The effect of CH' iUid llli' on the adsorption 

parameters of these ions are consistent with this 

oxji'l ana t i r)n . 

The mechanism of .nhjorfit ion of metoxuron 

and tebuthiuron to 1-1-, A l - and h'a- montmorillonites 

needs to be looked at differently from that of alkali 

and alkalineearth ions, although their high polarizing 

pov/er, manifested in the form of their large CIP, 

may still be the dominant force. Special and specific 

types of bonding betv/een these ions and organic chemicals 
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Uavo aifuady boon poatulttLod. U'Uuti, Uixoii (iU'/V) 

obsorvod that substituted uroas arc more roadily adsorbed 

on acid mineral surfaces quite poBuiljly duo to protonii-

tion or hydrogen bonding. Thus U-clays have strong 

tendency to adsorb organic 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 unique grouping of transition metal ions 

and abnormally high variation 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 and tend to form veĵ-y 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 ions can be dt'iMiu'd >i.. indirect evidence 

for such an intimate inteiiicl J ijn in suspensions also. 

The preferential stabilization of complexes of transition 

metal ions with neutral Ixcjaiuls like thiourea and 

ethylene diamine on c]ay .sui i.u o has been shown to 

occur (Pleysier, 1976). This is probably an indication 

that complex formation between j)e.s t lr:ides and tx'ansition 

metal clays can take place. 

Some inference could also be drawn regarding 

the adsorption sites from the amount of metoxuron 

or tebuthiuron adsorbed on horaoionic clays. The maximum 

amount of metoxuron and tebut-hiuron adsorbed on homoionic 

clays was about 10 to 15 me/100 g which is much less 

than the CEC of montmoril lonj to v\rliich indiciites thcit 

these herbicidc.'S are achjorln-d im \\n_\ t.'iJgeH and tutrf >u.-u 

and do not penetrate tlie inti-i I.IV'M.:. 

In the end, it lua.st bo. cidded that cipart 

from enthalpy considerations which go with v^trious 

types of bonding, change in ontro]>v during adsorption 

may also be very critical. It is well knov̂ n that, 

the water molecules in the immediate vicinity of ccitions 

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 reinforcing coulombic 
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effects. Since acccording to û irclay and Butler principle 

(Franks, 1973), entropy and enLlialpy effects generally 

oppose each other, the overall free energy effect 

of cations which is the balance of entropy and enth£ilpy 

factors may not be sharp ami may be more difficult 

to perceive. 

5-2 ADSORPTION OF METOXURON AND TMllUTHIURON ON ION 
SATURATED RESINS : 

The effect of cations. ;iaturciting the exchange 

sites of IR-120 rosin, on the ad;;;)rption of laetoxuron 

and tebuthiuron has been analysed under 'ResuDts'. 

The adsorption iBf:)t-iieriuG showed a tendency 

for surface saturation. 'I'lie aiJ.sorpLion isoLlierms 

of metoxuron (Fig. 9) were p>jiabolic in nature. However 

L t t c i I t j i . J l . . h t . ; I. l l l i . j i . ) l i ( „ ' l | , 11.1 . i n < l l l l l . - n ; , i l . U i .1 I t ^ i l ) tr,t i l l l H 

indicated an S-shaped character. The isotherms of 

tebuthiuron (Fig. 12) were S-siuiped in nature. In both 

the cases the extent of adsorptii.n was high for H-, 

Fe-, and A1-, followed by divalent 3d ions and alkaline 

earth ions whereas monovalonl ions showed the least 

adsorption indicating that the adsorption v̂ as dependent 

on charge and polarizing power o 1: the cations. Hance 

(1971) and Khan and Mazurkewitch (1974) observed that 

the adrorption of linuron on cation saturated peat, 

.TR-12r resin, bentonite, iiKjn tiiior i 13 oni to and humic 
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acid followed the order Fo-> Al-> Cu-> Ni-> Ca-. This 

order is in confirmity with the suggtstion made referring 

to the polariiiing power oil c.ilions as Llie iiuiia factor 

governing the adsorption of oigan i.c moleculoH. One 

of the inajoi' differences beL.wciHi tioinoionic monLmorillo-

nites and IR-120 resin was that the adsorption of 

both metoxuron and tebuthiuron was much higher on 

the resins. The maximum adsorption capacity of the 

resins however was also largely dictated by the charge 

of cations on the resin. Thus, the adsorption followed 

the order : Il-and trivsilent > I rcinsition metal .ions> 

Alkaline earth ions > monovalonfc ions. Thus, the 

formation of discrete clustt-j:; based on charge is 

seen in this case also. 

The capacity for adsorptidn as well as other 

adsorption parameters like K ,, K and fruf energy 

functions - RTlnK , -RTln K,. ^<-ri' aIJ negatively related 

to CIR and positively to CIP as in i he case of homoionic 

montmorillonites (Table 26). Thus, the polarlz-ing 

pov/er of ions, was seen to bo the raijor factor influen­

cing the adsorption of botli metoxucon and tebuthiuron 

on homoionic resins. The effects of HIR and HIP v/ere 

also in line with tliis trend, .1,. in i lie case cif uion taiio-

rillonites. 

Apart Iroiii qua I i I .1 ( i v.; 1 o 1 a Lionsh I p , no 

D i <JM i I' i ( ' n i l I I'l i( I. r; I a I i 1 III Wii!> l ' ' l u i . | V-/ I I 11 . U i y O l t l l o 
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adsorption parameters and ionic pioperties, when ali 

the ions were considered tcxjothcr. Within groups 

of ions, neither th(-' vaiinhli.^ d i / f;erencea, nor the 

number of ions were large ontmgli for a qncmt itative 

treatment. 

Thus, the effect of exchange ions on the 

resins, are very similar to the effect of cations 

on montmorillonites. The effe-ct oJ: ionic parameters 

like crystalline ionic potential and crystaline ionic 

radius on the maximum adsorption and Freundlich constsint 

(K,.,) was studied by Shalali (1986). Negligible correla­

tion was obtained with respcH-l to tik but :;ignificant 

and positive correlation vv?as oiDtaiiied with CIP thus 

establishing the importance of polarizing power of 

cations in adsorption of atrazino. 

There is however, <:i h,4«ic" difference between 

the exchange resins and clays. In ri'siiis, the exchcinge 

cations are adsorbed on an intricate organic network 

as the backbone on which the polar ijroups are present. 

This is very distinct from the clays on wiiicli the 

substitution in silicate and Aluminium hydroxy network 

create the charge centres. The organic network is 

capable of interacting with the herbicides through 

a large number of forceu c;;,poclaLly Vander Waal's 

forces. The silicc'ite and AlnniiniiiiM hydroxLdt; network 
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ill 0]nyrt linv" Ijpun tjli.ivvu iî'l l<i i n | m aî'l vvltli tlu: 

organic chemicals (Dixon, 1977) a; originally suspected. 

Thus the greater adsorption on lesin may be attributed 

to the large organic nc.-lw(>ik. In Lhi:; roypect, a 

resin serves more like nicLat. huniate/f ulvate. It is 

thus possible that, on accovuit of this, the effect 

of Ccition may be consid(>rah)ly .•IcHidod or atLcnuated. 

Even so, the results have made it clear that the cations 

have a specific role to play as in the case of montmori-

llonites. 

The bonding mechanisms to the cations, may 

thus be considered to be simiJar to that found for 

hoirioionic montinoriJIoni tf:; . Tim;;, wiMk clt̂ cl i os tti I i <" 

forces like H-bonding and d i p< J I (• ci i po I c bonds mediated 

through water molecules in CUM-U.: td: alkali and alkaline 

earth ions, specialised bondn dui- to hydrolytic nature 

of Fe- and Al- and ligand oxcdiancjo or coordinate bonds 

with transition metal ions, are iucicated. 

A figure depectincj tli,̂  various mechanisms 

of bonding between metdxuron îud L-..:bn(:iiiiiron on homoionic 

montmorillonites/resins is -presented in Fig.38. 

5.3 CHARACTERISATION OF POLYMALI^C ACID : 

Polymaleic acid was sugcjested as a synthetic 

model for soil fulvic acid \>y Anderson and Riu;i.;el ! 

(1977) and Linehan (1977). 
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FIG:38. BONDING MECHANISMS OF METOXURON / TEBUTHIURON 
ON HOMOIONIC MONTMORILLONITES / HOMOIONIC (IR-120^ 

RESINS 
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Its synthesis and spec i.al characteristics 

were studied by us. It was taken up as a model compound 

for studying the interaction of soil organic colloids 

with clays. 

The sample of PMA, agreed well v\?ith the 

general characteristics of the polymer reported by 

Spiteller and Schnitzer (1983) and functional group 

analysis corraborated the presence oT several functional 

groups and bonding considerations present in FA. 

It was rich in -COOH and phenolic OH, the 

former contributing to 68.4% of the total acidity. 

The infrared spectrum of PMA was quite complex and 

suggests the presence of several vibrational modes. 

Some of the observed treiuii; h.ivi; boon tentatively 

identified on the basis of l;i Lc-'iaLutf available earlier. 

Thus / the band at 1640 cm ' is assigned to C = C stret­

ching of olefin or pyridine origin. The medium band 

at 1490 cm is attributed to C -= C stretch of the 

-.1 
aromatic ring, small band at iUuO and 1040 cm may 

be due to = C - 0 ~ C = and 7'J5 cm~ to C-H out of 

plane deformation of pyridlm:' ring. Adsorption at 

-1 3020 and 2910 cm indicate oiuLin lie - Cll and aliphatic 

C-H stretching. The vibratitJoaJ modes are quite similar 

to those reported for FA (Spiteller and Schni-tzer, 

1983), and justify the clioice of PMA as a model for 
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FA. The absorption in t):ifc UV rugion spectriun had 

a well defined peak at 255 nm, wliich 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 organic 

colloids. 

The absorption in the UV region (200-300 

nm) is mainly due to atomJ.c aiid i • I t;ci ro;; (-,11 i c vlbraliuiiB 

and involve elevation of eliu;! i-cm;; frouio , ii ox: iion 

bonding orbitals to higher energy orbitals. Molecules 

containing non-bonding electiun:; on oxygen, sulfur 

etc., and systems containing ( (MI juci,it-od C =• C cloul)1(? 

bonds often undergo such L i an;,; i I. i. uis. PMA being a 

complex molecule is expi^ctcd tw FAIOU a sorJ(>:i ol such 

overlapping transition in tlic- rojion which results 

in ci rather uncharacteristic spoi:truiii. 

Potentiometric and .^onduc timetric titrations 

were carried out for the first time and they reflected 

several features similar to FA. Thus, PMA has a high 

buffering capacity which is c;on;; Irrttnt vŷ ith the concept 

of its being a weak acidic po I yi;loctroly to. The titra­

tion curve clearly indicatecJ l:hc' presence of a series 

of ionising groups with closely varying ionisation 

CunuLaultii , comiiii L 1 iig DI: (/IHIH 'J' ''"!.' "'• -1 nw pl̂<-i Ln 

phenolic -OH group of high pKa whicli do not dissociate 

until the pH is quite high. 



2 2B 

The average pKa as sh(jwri earlier is 5.48 

(Fig.21). Both conductimetric and potentiometric 

titrations agreed quite clo.se] y and gave a value of 

106.8 for its equivalent v/eiyiiL. 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 llOMOlOiJ rC MONTMOUTLLONITHS 
AND TIJK FORMATION OF M(>l>i:i, (LAY OROANO COMl'l.FXKS 

The interaction ol i.jg>:iiiic subst^^nco with 

clay has a magnitude of consequc-nces that are reflected 

in the physical, chemical and bliilogical properties 

of the soil matrix. The importance of clay-organic 

interactions in predominently inoiganic soils, was 

pointed out by Greenl£ind (196'.)) vdio sliov/ed that 52 

to 98 per cent of organic ceirbon in these soils was 

associated with the clay f inĉ l i i JH . Weathering and 

soil formation are largely affected by clay-ox'gano 

complexes (Mortland, 1970). Stabili.'jation and immobili­

sation of soi] onzyniej-; a rr* known io I .iko place on 

soil clay-organo complexes (Ladd, 1985; Boyd and 

Mortland, 1985). Thus, a more idcciuate knowledge 

of the synthesis, stability .ind characteristics of 

clay-organo complexes would t)>v of great viilut;- an a 

better understanding of the pliysjcal, chemical and 

biological properties of soil, 

http://clo.se
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No repox"t existti concciri.i ng bhe îci-Sivrpt-i cm 

of PMA on homoionic nionlmor i J I onites. Ouf aim was 

to compare the behaviour of these better defined models 

with that of soil humic and fulvic acids, specially 

the latter. 

As seen from the 'J<esults' the adsorption 

isotherms of PMA on homoionic mDntmorillonites (Fig. 26 ) 

were mainly parabolic in nature with a tendency to 

reach surface saturation in the concentration range 

studied in contrast to the .nh u-cption isotherms of 

metoxuron and tebuthiuron on metal clays which were 

mainly S-shaped. Howeveir S-.stuipcMl cliaractet: wcis seen 

in the case of adsorption isotherm of PMA on Co-montmo-

rillonite. Adsorption isotherms \.'ore mostly L-shaped 

indicating a relatively high affinity betv/een PMA 

and the clays. Linear jsolheriii:; were obtained by 

L(ivy and Frunni r, (l*)7f>) \m im m i iii> M i 1 | on i I (̂•J jui l \UM l.i;sl 

with Na-, Ca-, Al- and Fe~ ions. However Evans and 

Russell (1959) obtained L-shaped curve for adsorption 

of HA on K-montmorillonite. The extent of adsorption 

of PMA on homoionic clays was mucli higher in coiwparisori 

to the adsorption of metoxuron and tebuthiuron on 

metal clays. The effect of sat.urating cation was 

similar to that of metoxuron and tebuthiuron and depends 

on the charge of cation. Tliut; tin? a(Hsorpt.ion decreased 

in the following order- : trivalent > divalent > monovalent 
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Also, the adsorjJtiou <m trarusition metal 

saturated montmorillonite W,J:, h.L<jhoi: as conApared to 

the alkaline earth metal ions. The detailed differences 

in the adsorption brought about by cations can be 

summer!zed as 

(Fe-> A1-) > (Ni-> Zn-> Co-> Cu-) > (Ca-> Mg-':i:Ba)> 

(NH^- > K- > Na-) 

The adsorption parameters for PMA were analysed 

with respect to ionic proper Lies as explained earliejr 

for metoxuron and tebuttiJ uron. Qualitatively, the 

adsorption increased with cluirgi' and polarizing power 

of the ion. The maximum adscrplion, thus was inversely 

related to CIR (r ==—0.552 ) and positively and signifi^ 
a.S sWouan in 

cantly related to CIP/ ,Ficj. ','J (r 0.87^1*7. Tlie 

relationship between maximum aLlf;<.>rption and IIIR wa$ 

positive and significant for alkali, and alkaline eartli 

ion group. The variati.on in adsorption was negativ*^ 

with respect to HIP for tins group. Thus, the trend 

for maximum adsorption was KJmiJai to the adsorption 

of metoxuron and tebuthiui'on on incjii tuiox-i llonites. 

The variation of oLJu-i .lisorption j.)tiraiiioters 

like Kp, Kĵ  ^^d the free caiergy factors log K and 

log K were also essentially sinrLlar to that of metoxuron 

and tebuthiuron, K.., was even sigiij f icantly and positi­

vely correlated to HIR for alkali and alkaline earth 

group cations. , ( ,̂ . ') 



+ 
CO 

< 

if 1 
O 
in 

O 
2 
< 

o a. 

z 
o 

o 

X 
z 

^ , • • 

• O 
• CD 

z 

p 

ro 

p 

+ _ o ::2 .2 

I 

i2 + O 
O 

in o 

z 
o 
QC 
O 
in o 
< 

< 
Z 
Q 
Z 
< 

ix 

• 
rs • mm 

Z 
• 

+• 
<N 

C 
N 
• 

+ 
O 

O 
• 

t— 
O 
CL 

Z 

o 
>-a: o 

CM 

cn 

o 

o 
lb 

o 
in 

p 

p 
en 

p 

c 
a> 

«-< o a. 
c 
o 

>» 

o 

< 

CL 

o 

LU 
IxJ 

LU 

m 
z o 

LU 
cr 
Q: 
o 
o 
<n 
m 
o 
L L 

• a z 

L 
o *2 in 

o o 
in 

( 601001/fifV") u o j ^ d j o s p v XDW 

- . ^ 4 
/ 



232 

Quantitative relaL i cui:;li i p wiLliin 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 J.-. a polymer of fairly 

low molecular weight (< 1000) and contains -COOH and 

phenolic Oil groups. The -f'ODll (|roiip,':j have a \y?i.do 

range of pKa with an average p̂ '̂  = 5.48. The pH of 

clay suspensions in the adsorptitM-i experiments varied 

generally between four and five and hence the dominant 

fraction of PMA existed in unc:liaryed form. The large 

quantity of PMA adsorbed on homoionic montmorallonite 

was in tu i^ with this, because negatively charged 

species would be repelled by the; clay surface. The 

polyvalent cations may however, effect the adsorption 

of some of the negatively charged fraction also as 

they can maintain neutrality at the surface by neutra­

lising the charges both on clay and PMA. 

Polymaleic ficid |)ei.iu;j .i ))olyanion, contalny 

more than one polar centre, wh i cli can be solvated 

by water and which can also ruLoract with tlio clay 

surface. Thus, a multi centred interaction with clay 

surface' would be anticipated. The high adsorbability 

of PMA to the clays supports this p.i esumpti.on. 
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Tho possible tY)H>;; .•(" i ntoraction iietwocn 

the active centres of PMA and lioruoionic clay are summed 

below : crystalline ion pcji;*m i il was found to be 

positively related to almost all the adsorption parame­

ters. This leads to the poss;ible conclusion theit 

in the case of alkali and alkaline earth ions, the 

forces between PMA centres and cations are mainly 

ion-dipole and ll-bonding as yuoiits ted for iiietoxucou 

and tebuthiuron. The large abundaiice of water molecules 

in clay suspension, leads ona to logically conclude 

that these interactions shou]d be mainly taking place 

through the mediation of watia mcjlecules. TJie fact 

that K-clay adsorbed more PMA than Na-clay however, 

suggests that there may be a possibility of direct 

ion-dipole interaction betv/t;-en PMA and the cations 

in this case as suggested by 'iMuinj (1979) Coi: llA and 

PA. Theng and Scharpens eel (1975) found such order 

for the adsorption of HA. Ttie low hydration energy 

of alkali cations, can result in displacement of v\rater 

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 i;i high, the solvating 

water molecules are important. The higher chercge 

and polarizing power of F(;- and 7Vl-montmorillonitos, 

together v/ith their tendency to fociu polyhydro.xy comple­

xes at mineral surfaces offer scope for H-bonding 

with the PMA. 
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Transition metal inna adsorbed much nioj-e 

than alkaline earth ions and this can be explained 

by the formation of ligand cxchaivjc. Transition metcil 

ions have vacant d orbital;-; which can accept eloctroiis 

from PMA acting as a liyand. l''urther, these metal 

ions can also accept if electrons from ligands as postu­

lated by Theng and ScharpcMi;; CA-I (1975) for FIA. PMA 

has an extensive network of electrons as well as 

functional groups like - COOH, -OH, C = 0 etc., which 

Ccin coordinate with these meLal ion:.. 

The importance o( polyvalent ĉ aticins in 

the adsorption of humic substances have been emphasized 

(Dixon, 1977; Evans and Ru:;:;e.ll, 1959; Kodama and 

Schnizer, 1967; Theng and Scharpxis eel, 1975). Among 

these cations, Fe (III) - wiis particularly effective 

in promoting adsorption because Fe (III) tends to 

form polyhydroxy complexes at i lie mineral surface, 

offering scope for bonding mecliani ̂ m other than cation 

and water bridge formation to oc. ur. Similar i-esults 

were obtained for adsorption ol [lA on ho moionic montmo-

rillonite by Theng and Schcir|)en;; eel (1975) and by 

Obulpathy (1977) for the ad.sotptioii of FA on homoionic 

clays. 

In tiie end it is i.rn|K .rlan t to note that, 

apart from ion-PM/V in terac: I i on , i!u. rolo of entropy 
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(jeneratjon which has beun nhov,-!! id bu o I:' t liu l:iM;uii\OBl: 

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 polyrper 

due to freezing of a translational degree of freedom 

is more than offset by the onliopy of hydration arising 

from the release of solvattid water molecules from 

the polymer due to the entropy of dilution of the 

interphase. The entropy factor may be the reason 

for the reversal of ion ijotcnli,.! I'ffocts in the case 

of alkali mental ions. Such effect was shown for poly­

ethylene glycol adsorption of liomoionic montmorillonites 

containing Cs- Na-, Co-, and Al- (Parfit emd Greenland, 

1970). 

In the end the question of penetration of 

interlayer by PMA needs to be considered also. Although 

negatively charged species will nc/t be able to penetrate 

the interlayer space, the proptMicieranco of iin j oni tjeci 

molecules of PMA under the pll conditions of experiment 

allows the possibility of entry o t: the clay interlayers 

by neutral PMA molecules. 'J'he large adsorption of 

P M A o n h'JIIII:J i o n i c m o n ( tnoj; i 1 I o n i I • • i m l i f.i | c,'; I h o pi usu i li i 1 i I y 
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although no direct proof for this was obtained. 

The effect of exchanijC) cations saturating 

the exchange sites of IR-120 rosin, on the adsorption 

of PMA has been analysed under 'Results'. 

'J'he adyorption iticjl lu-iiii!; (l''iij,27) werij luaiiily 

pareibolic in nature with a t<nKlcMi(;y to reach surface 

saturation within the concentration riingo studied. 

There was a slight S-shaped chcirdcter in the initial 

stages of adsorption. The eidsorption 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 melal ions and alkaline 

earth ions and it was least in monovalent ions. The 

extenb of adsorption was largely governed by the charge 

and polarizing power of the caLions on resi n and 

followed the order H- and trivalent > transition metai 

ions > alkiiline earth ions > alkali ineLal ions. 

The positive correlaticiri of the maxiafum 

adsorption and other adsorption parameters to CIP 

and negative correlation to CXÎ  indicated that the 

CIP or the polarizing power of ions was the major 

factor governing the adsorption .if I'MA on ion tuiturated 

resins. Apart from the this relationship, no significant 

correlation could be obtained Eor .my of the adsorption 

parameters with ionic propercjes, when all the ions 
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were considered together. Thu effect of exchcincje 

ions on the resins, were similar to the effect of 

cations on the clays. As ey.|)lained for the adsorption 

of metoxuron and tebuthiuron on ion saturated resins, 

the exchange cations are adsiirbed on an intricate 

network as the backbone which is capable of intex-acting 

with PMA through a large nunii:)er of forces especially 

Van der Waal's forces. The adsorption on resin may 

be attributed to this the ]arge organic network. 

It is thus possible that the cationic effect may be 

clouded on account of this organic netvi/ox̂ k. 

The bonding mechanisms to the cations may 

be considered similar to i iiat found for homoionic 

montmorillonites. Hence, i in-ili4>olo and H-bonding 

for alkali and alkaline eaxLli ions, coordination bonds 

I lirrnifjh 1 igiui'l i-Hî hniiijc I • • i I i.iutiil i*Mi (ntilv-).l loiiu 

and formation of hydroxy bridge ̂; for Fe- and Al- are 

possible. The possible raechat\isms of bonding of PMA 

on homoionic montmorillonites/r'-sins is depicted in 

Fig.40. 

5.5 EFFECT OF CLAY-PMA COMPLEXJIS IN THE ADSORPTION 
OP METOXURON AND TEliUTin URON : 

The ini:imate aiisoc i .i L i on ol: organic maLter 

with clay may cause some modification of their adsorption 

capacities, or they ifiay coiiip,l,jmi-n l ont̂  another in 
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the role of pesticide adsorpLiori (Pierce ejt a_l_. , 1971; 

• iBurns et_ £!_. , 1972; Boyd and Mortland, 1985). 

Burns (1972) pointed out that a hurnus-clay microenviron-

ment is a site of high biological and non-biological 

activity and opined that there is need to look for 

the basic information conce^rniay soil pesticide interac­

tions. Hance (1969) suggested that, in- soil, clay 

and organic matter associate in such a manner, that, 

little of clay mineral surfacvi will the accessible 

for pesticide adsorption- Allhcugh there is no direct 

evidence so far, the adsorption of. sell applied chomlcalii 

is likely to be controlled by ili .r.!' complexes. Mori land 

(1970) opined that clays upon treatment with organic 

matter fractions are likely to jt.cilitate the adsorption 

of pesticide at levels, beyond that observed in pure 

clay systems. 

The complexit y of these naturally occuring 

clay organo complexes and tlie difficulty in isolating 

them, have precluded their churaoterisation and the 

study of their possible role in adsorption. Hence 

for this purpose a simple mode] system viz., clciy 

PMA complexes was selected, to test how the adsorption 

of metoxuron and tebuthiuron was affected when homoionic 

montmorillonites are converted to their organo complexes. 

Adsorption of PMA on lumoionic montmorillonite 

(as reported earlier) wci;:; ijJuwn to attain surface 
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s a t u r a t i o n and tJ ie a d s o r p t i o n f i - IUwod t h e o r d e r : 

If • 
Fe->AI~» ni-> Zn-> Cu->Co-> '^"4" ' ' ^"a--> Mcj-> Ba-> K-> N.;̂ -

The amount of metoxuron adsorbed by homoionic 

clays decreased in the order: 

Al'»> Ni-> Fe-> Zn-> Cu-> Ca-> Bcr-> Mg-> Co-> NH,-> K-> Na-> 
> 

The amount of metoxuitui aduoirbed by model clay 

PMA complex also followed the same trend as that of 

huiiioi'iii Lc (Jj«y aiul d(,;urt!aUL:U in ilu- (.iiitj^: j 
Al -> Ni-> Fe-> Zn-> Cu-> Ca-> Ba-:^ NH^-> Ca-> K-> Na-> 

Similar observation vyas recorded for adsorption 

of tebuthiuron also. In the r.i\:\o of homoionic clays 

the order wets : 

Al-> Fe-> Co-> Cu-> Zn-> Ba-> Ni-> Ca-> Mu-> Nl]„-> K-> Na-

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-> Zn-> Ca-> Mg-> NH«-> K-> Na-

Thus the adsorption of metoxuron and tebuthiu­

ron on both homoionic clays and their corresponding 

clay-PMA complexes, v/as governed by fcho 

charge on the ions. 

The per cent increase in adsorption by model 

clay-PMA complexes over the Cfn'responding homoionic 

clays was calculated from the difference between the 

adsorption of herbicide on cl.iv -PMA complex and 
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pure metal clciys. Tiie iiioiic>v.i I in i inn;; tiliovvcHl a h iyJi 

increase in per cent adsorption upon trea(:ment witli 

PMA followed by alkaline c;arLh metal ions whereas 

it was low in case of Al- and N i - (Table 24). These 

results clearly indicated that there was a consistent 

increase in adsorption when tlie clays were converted 

to their clay-PMA complexes. This seems to be the 

first time that a systematic study of the adsorption 

on clay organo complexes tias bojen effected. These 

results agree with Mortland's (1970) opinion that 

clays upon interaction with organ LC compounds present 

in organic matter may facilitatt and stabilise the 

adsorption of pesticides at levels higher than those 

obricrrvod in |'M.U:U ('.•lay cy;; I emi; . /'••IMII Fiiim i lie ijonora!! 

increase in adsorption, two specific effects were 

evident: 1) the nature of saturating cations and 2) 

the relationship between tlio .lUKaml of PIMA adsorboiii 

by the homoionic clays and per cent increase in the 

adsorption brought about. 

The role of cations acting as bridges in 

the interaction of organics with clays, especially 

montmorillonites is well accepted (Green, 1974, Mortland, 

1970; Theng, 1979). The mosl interesting point that 

emerges was that the alkali and alkaline earth cations, 

which generally exert a weak binding of organic chemicals, 
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and which adsorb less PMA t:han the trivaJ ent cations 

like Fe- and Al- broughh aijoui a larger Increase in 

adsorption of metoxuron and tebutli iuron, when converted 

to their PMA complexes. To tost tlie effect of actual 

PMA adsorbed by the homoionic clay::;, percentage increase 

in adsorption was plotted again;, t the amount of PKA 

adsorbed (Fig.41). A fairly good inverse relationship 

was found between the percentage increase in adsorption 

and PMA present on tlio clay complex for alkali and 

alkaline earth metal ions. The transition metal ions 

fell into a separate group by f liemsclves. Al- and 

Fe- (III) wore also very d i 1 FIM cnl.. 'J'hiii-i, Ihe loaii 

cidsorbijig citions, seem l:o be muif I'lia-ctivu in enhancing 

adsorption when complexed with JM4A. 

Although these observcaLions 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 l>o drawn. Though not 

directly related to this work, the results of Boyd 

and Mortland (1985) on the role of clay-organics on 

the adsorption and properties oi soil enzymes like 

urease and phosphatase has opened ap exciting poossibi-

lities of the role of clay-organo complexes. 
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The observation thiit transition metal ions 

have once again taken up a unique position in contrast 

to alkali and alkaline earth ion;;, fortifies our earlier 

stand that there is indeed a substantial difference 

in the bonding characteristics ol; these ions. Repeated 

evidence of their singular behaviour is a clear verdict 

of the decisive involvement of their unique electronic 

configuration with vacant lov*/ level d orbitals, with 

those of ligand molecules like metoxuron, tebuthiuron 

and PMA, even in clay suspensions. A number of cases 

have been reported recently which support this stand. 

Thus cation-neutral ligand complexes can be exchanged 

against hydrated metal cations adsorbed by clays (Allen 

and Metijevic, 1975; Laura <in(i Cloos, 1970; Theng, 

1974). Maes _ejt a_l. (1977) found that ethylene diamine 

complexes of Cu-, Ni-, Zn -, Ccl ~ and Ag- can repLiue 

Ca- easily, the selectivily lu >.'T f i i:\i onl. of Cu-complex 

being 10 times higher as coiiipiired to free Cu" -ions. 

The ion exchange affinity of silver thiourea (AgTU) 

complex for clays was high ind.Lcaiing increased stability 

3 
of AgTU which shows dra:3tli.- stabilisation of 10 

units and can displace Na-, Ca~, and Al- in Kaolinite, 

montmorillonite or vermiculite (Pleysier and Crammers, 

1975), This suggests that the displacement of water 

molecules from metal ion-coordinaling sphere of uncharged 

ligands occur more favourably on a clay surface than 
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in bulk. This may result in LIM- more frociuent ('or iiui ljit)n 

ol titronger compiexea bciwccni exclidiige cations and 

pesticides than hitherto predicted. 

5.6 SOIL PERSISTENCE OF METOXHRON AND TEBUTHIURON: 

Herbicides may persist in soil when initial 

dosage is large or when repeated doses exceed the 

rate of degradation. The persistence of herbicides 

is influenced by interaction or a number of factors 

including soil type, clay content, plant uptake^ and 

environmental factors like inoi.Lrture and temperature. 

There are marked differences in the degree of persistence 

of various substituted urea herbicides. As clarified 

earlier, the direct nion i L( u i nij of residue levels in 

fields through cumbersoiiie and repititve analytical 

procedures need to be replaced by predictive mathematical 

models, which, with the help ol. compv^nents can simplify 

the matter to a large exteni:. An attempt has been 

made by Walker and Covyorkers thrcugh computer simulation 

models for prediction of (>>.Tn i stcnice level:; in r.olT.s 

incubated under controlled 1:.eiiiperature and moisture 

conditions (Walker, 197'1 .md I'J/b; Wcilkfi and hariu;L>, 

1981; Walker and Zimdahl, 1981; Zimdahl and Clark, 

1982). 

The pres ent study aims at quantifying the 

effect of temperature, moistui e ar;d some soil properties, 
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on the persistence of metoxuron and tebuthiuron. As 

explained under 'Results', the cilsappearance of these 

herbicides was studied in ;;oil.'; jitcubatcd at cDntrollod 

temperature and moisture Bt,:iLus. The results indicated 

that there is atleast a iwi-̂  I'hare kinetics with which 

metoxuron and tebuthiuron dis appeared. Initially, 

there was a very sharp decrease in the methanol extracta-

ble portion of the herbicides, which was followed 

by a much slov\̂ er decrease. 'i'ht kinetic pattern was 

similar to that observed by KaUin c_l_ aj_, (]976) for 

14 the disappearance by C- patathion treated under 

field conditions, by LiechLen.s tc i n e_t a_l. (1977) for 

C- paratliion, fonofos, difldtin and DDT, by Khon 

L . L ! ± L ' (J!-"^'-) '̂ ii'd iJha l..,i-l I. (I'tiit,) | i KI L h n d<.:;>.j i a d d t .Lt)U 

of atra/zine. 

'I'he persistence k i u(..>L i ĉa in Llie a<Mio of 

metoxuron and tebuthiuron could bi' explaineti quantitati­

vely in terms of the modo I iuigc)osted initially by 

Hamak-gT and Goring (1976). According to this model, 

a soil applied chemical dj.skributes itself into tv\?o 

compartments which could be tenaed liibile oauli bound. 

The labile pool consists of the fraction of chemical 

dissolved in soil solution and extractable in suitable 

organic solvents under mild cc-riditions. Thê  bound 

pool consists of the lierLi i i • i dt; adsorbed strongly on 

more restricted sites in .•,< > M Ai\e| un Like Icdjile pool, 
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X t^cannot be desorbed by solvents. The scheme of events 

that, take place during Iho int reaction of hex-taicide 

can be pictured as 

Organic + Soil ^ l,abi-lo pool "̂  Degradation 
chemical j k 

'••I • ' - I 

l̂ I 
Bound pool 

Where 'k' is the rate constant for degradation of 

chemical, k, for entry into Ijouml pool, k_, for reentry 

into labile pool. 

Ilaraaker and Goring (1!)76) pnibl .i shed a complete 

graphical method for the una I ytu,','; oi all the rate 

constants' viz., k, k-, and k_ . from the kinetic ddita 

as explained under 'Materials and Methods'. 

As a valid approxiniat i.on, for motoxui:on 

and tebuthiuron, the rate of reentry of herbicide 

from bound pool 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 

labile pool as explained ujicifi 'M.iiorials and Methods'. 

These values are given in Tables 3 1 and 32 for metoxuron 

and tebuthiuron respectively. 

Complete mathemati c:£il analysis was also 

carried out for rc-?solving all the J.inetic rate constants 
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Table 32 : Rates of disappearance ot tebuthiuron (d ) 

Soil Moisture contenL 

Saturation 

Alflsol Field Capacity 

50% Field Capacity 

Pooled value 

k 

0.0363 

0. 0493 

0.0396 

0.0417 

m 

0.00833 

0.00763 

0.00701 

0.00966 

Vertisol 

Saturation 

Field capacity 

40% Field Capacity 

Pooled value 

0.0080 

0.0187 

0.0231 

0 . 01 IJ G 

0.00499 

0.00254 

0.00251 

0 . 0 0 J 8 5 
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including the rate of reentry of herbicide from bound 

pool to labile pool as detdilc^d by Haniaker and Coring 

(1976) and explained under 'Materials and Methods'. 

The rate constants of meto:-<uroa increased with an 

increase in temperature from 10 "C to 2 7"C and followed 

the order ]̂  > ĵ -, > k„i' "^^^^ rate of degradation was 

higher in alfisol as compared to vertisol and increased 

with increase in temperature. Poku and Zimdahl (1980) 

reported a slightly faster degradation of dinitramine 

in sandy loam soil than in clay loam soil'. . Majka 

and Lavy (1977) observed sJuiilar temperature effects 

""]©hivl. diuron, which degraded in the order 35 > 5''C. 

The rate of entry into bounci lu-oJ v.'as higher for verti.sol 

than for alfisol and weis liiyhor at. higher temperature. 

It decreased with soil moisl.uie in the order : Saturation> 

Field capacity > 50'o field cu[)acity. However tht̂  

clay content and organic matter content of vertisol 

was high (62.5 per cent clay and 0.59 per cent organic ,,.j' 
j 

carbon). Thereby herbicide may he. adsorbed more strongly ; 

on these sites in soil and cari not be desorbed by '. 

organic solvents. From the rate constants it can f 

be seen that there was hiigher irate of disappearance 

at 27"C than at 10°C. From LUe rale constants at 

I..VVI) L u i i i p u I'l.) L u r I.J :i t l i i . i ciu Li v . i r i < i n o u ' - i i j y wn ;J cui 1 i-u.l a Lt •> I 

and presented in Table 29. Tlu r.ie values were lower 

than those reported by Walker and Zimdahl (1981). 

It may be pointed out here lliat Lliey did not consider 

/S N; r ^"^ 
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the existence of two rates oJ d i .sappearaiico, but fitted 

the whole data to first order kinetics. This may 

be the reason for higher predicted levels for residues, 

in comparison to the actual field levels. iligher -

activation energy was obtaine>d in alfisol as compared 

to vertisol. Similar results were reported by Shalali 

(1986) for the disappearance of atjazine. 

The rate of degradation of tebuthiuron from 

labile pool was high at higher soil moisture levels 

in both the soils and followcMi tlie order . saturation> 

Field capacity > 50 per cent Pic:fld Capacity. Similar 

results were reported by Zimdalil and Clark (1982). 

The rate of degradation Wcu; li i ghor for alfisol as 

compared to vertisol. Holli:. L aiid Foy (1971) studying 

on the interactions of tri-^raLJ:i v.-.i th soil constituents, 

suggested that increasing :;rj:i i nioiyLure content blocked 

the aclsorptive sites for trif i ural In, thereby increasing 

the amount available for degradalion in soil solution. 

The rate of entry into bound pool was higher 

for vertisol as compared to alfisol and tended to ^-

decrease with soil moisture. The higher rate of entry i CA 

into bound pool for vertisol as compared to alfisol 

may be attributed to higher oJay and high OM content. 

Complete mathemat.i cai .malysis carried out 

I'lif ) • ( ! ( ; ( . ) I V i i i g n i l I h i ' K i n ' = l ! ' • i . i l . : i w , I I , ' J I i t i i I n l n > > l u i l l u ' 
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the rate of reentry from bound puol to labile pool 

as detailed by Haraaker and Goring (1976) for metoxuron, 

showed that this calculation involves a number of 

inherent approximations and cumuJative errors due 

to experimental constraints as well as method of calcula­

tion, and hence undue emphar. i s jiliould not be attached 

to,the absolute values of those rate constants. Never­

theless, some distinct trends could be observed for 

both metoxuron and tebuthiuron. 

The results of this study are significant 

as they clearly brought qualital. Ivol y and quantitatively, 

the concept of herbicides being partitioned into bound 

pool and labile pool. ThcMc .n c lu.iL Lot) many cases 

where the two have been estabJ.ishcd firmly. Although 

the concentration in labile |J-;O1 lias all along been 

considered more important in 1) i.ocicL Ivity of chemical, 

recent investigation have fucussud the importance 

of bound pool cis well. Keairnoy (1976) opined thevt 

bound residues may be considered b<:)tli as hidden residues 

capable of subsequent release and Long term bio-activity 

and also as a process of deactivation helping to avoid 

long term effects. The description ot bound residues 

being chemically unidentifiable and as a part of soil 

matrix has undergone revision since Khan and Hamilton 

(1980) used a,̂  new technique involving high temperature 

distillationT"lntact bound rc-si.tiue.s of prometryne from 
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treated field and laboralory iacnhciLed tioil sampJ.ot:;. 

This clearly shows that atleast a part of unextractable 

porLion of lierbioide conipi Lyco or pax-uut molecule. 

The biological role of bound residues is 

also a matter of differing opinion. Suss and Qramp 

(1973) showed that unextractable C- linuron could 

be taken up by mustard plants. On the other hand 

Katan et a_l. (1976) showed that C- parathion would 

be taken up from soil by earthworms and oats. This 

shows that the soil bound horbicidts are not excluded 

from environmental reactions. 

In the end, it is relevant to point out 

that Walker's model for predictihg the persistence 

of pesticides did not take into consideration, the 

possibility of the pesticide .î iplied to soil being 

retained in the bound fraction. 'I'he model suggested 

by him assumed a straight forward one phase kinetics 

for disappearance of pesticides involving first ordei: 

kinetics. This is certainly a lacuria and a correction 

for partitioning into bound pool is necessary, becciuse 

there is overwhelming evidence now that this happens 

in a large number of cases. 'J'hns, it is possible 

that tlie reasons for obtain imj hujliei- v.il ues for pesti­

cide residues through predictive modelling equations 

by Walker and his covi?orkers was acLUctlly due to this 
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factor. Thus a two phase kiiurt'ic pattern of disappear­

ance of soil applied chem;i.calfc; v\?as observed by Katan 

14 
et al. (1976) for the disappe..ranee of " C-parathxon, 

14 . ' 

Liechtenstein et aĴ . (1977) tor ' C-parathion, f onof os, 

dieldrin, by Khan £t aj^, (198 1) and Saroja Raman et 

al. (1987) for degradation <--,(: ,il ii; i.ne. 

5.7 ADSORPTION OF METOXORON AND TEBUTIIIURON 
ON SOILS AND TIll'llR CON.;TlTUENTS : 

Adsorption studies v̂ '-re taken up in four 

soils from Hyderabad region, as explained earlier, 

to study the effect of act.u<ij mineral and organic 

colloids present in those; tuiilp and to see if any 

of these could be, integrated Lo explain the behaviour 

of the whole soils. Thr- ' l\'i • nil t r, ' of adsorption on 

the silt + clay (<50)i ), humLc acid and 2 mm fraction 

of the soils were explained under 'Results'. 

Mainly two typcn; C)l adsorption isotlierms 

were observed in the present invostigation. 

a) L shaped isotherms exhibiting a tendency to rcjach 

saturation of surface, ol:):,ervcd for soils 3 and 

4 and HA. 

b) S-shaped isotherms with an initial plateau followed 

by a fairly steep rise lor soils 1 and 2^ < 50 

y fractions. No saturation was seen in the range 

of concentrations studied foi: tlie latter. 
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It was observed 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 li fraction > 2 mm - sieved soil. 

In order to see if .uiy luoaniagful correlation 

exists between the amount (KI;oi bed on soil emd the 

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

the adsorption was calculated on tho basis of individual 

contributions of these components. It was found that 

adsorption for the whole soil was lower than that 

calculated on basis of the colloidal components. The 

reasons for this primarily seem to be due to less 

specific surface area of 2 uuii î ievtjd soil as compared 

to the above fractions. Tliis cloaL-ly proves that 

the soil as a whole is not jn.';l .i miKlni'i- of I hi" conBti-

tuents but is a more intricate syitem involvincj newer 

and more complex features and lionce a one to one correla­

tion based on its constituents 1::, untenable. It may 

be stated here again that in s.)il the organic and 

mineral colloids exist in a very intricate manner 

and, thus, the x'ole of orgcmo-ni i neral complexes may 

be dominating the process of a'Jsorption and other 

events. 

The major conclnsJ ons that can ije drawn 

from the present investigation c£ai be summed as :-
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X) The adsorption ifjothorm;; ohi liiu'il fm" iii(!t:t)xtiioii 

and tebuthiuron (with tli<; ex.-eption of Fe-, Al 

and fl-) on homoionic monLiuvjri i ii mi tes were parebolic 

in nature with an S-characi.:L.'j:- in tlie initial ytayos 

of adsorption indicating a litronger competition 

of water molecules to clay ;^urface as compared 

to the herbicide. 

2) The extent of adsorption wcl̂ ; dependant largely 

onthe valency and poJaxi^-ing power of cations 

and followed the order 11 .md l i i Vi\li.>iil > Divali'iiL 

> Monovalent. The divalent transition 3d-ions 

had a much higher tendency for fidaorption as compared 

t o ti 1 k a line e .• i r t h ion H 

3) With a view to understand the mechanisms of bonding 

between (.-.he herbicides and licjiuo ionic iiionfcmorillo-

nites in suspensions l:hi.' analysis of adsorption 

parameters v/ith ionic properties was carried out. 

The overall relationship was poor, distinctly 

bringing about the difference in the nature of 

bonding in the case of different ions. In almost 

all the cases the ions fell into four distinct 

groups i.e., monovalent, divalent alkaline earth 

ions, transition; 3d ions and trivalent and H. 

4) Since metoxuron and tt̂ bul hiu t on remained neutral 

in the pH range of clay susperision (5,5 to 6.4), 
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the ion-ion type of intoM ucL i on:; due to proLonation 

are not considered likely. The presence of -CO 

and -NIL, groups on herbic;ide make dlpole-dipole, 

li-bonding, ion-dipole or i C.MI-i iiduc;od dijKi.le most; 

probable. 

5) In the case of monovalent and alkaline earth ions, 

electrostatic forces in the form of dipole-dipole 

interactions mediated through water molecules 

may be the main forms of bonding of metoxuron 

and tebuthiuron to clays. 'llio unique grouping 

of transition metal ions lâ lni to the formation 

of coordination coinplexes. In the case of Fo-

and A1-, charge, higher ion potential coupled 

with their stronger tendency for hydrolysis and 

formation of hydroxy bridges may be important 

in addition to electrost^lt i <• lure es of attraction. 

6) Apart from enthalpy considerations which go with 

various mechanisms of boniling, change in entropy 

during adsorption may also bo vejy critical. 

7) The amount of metoxuron/tobuthiuron adsorbed on 

homoionic clays was about lU tc:* 15 iue/100 g which 

is much less than CEC of montmorillonites which 

indicates that tJiose li. •! 111 <,• i d.-:- ,\re ailiu.n: binj on 

the edges and do not ]..(-nel ra t e tlio intorJ.ayer 

of crystal lattice. 
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8) From the analysis of adsorption parameters with 

various ionic properties for the adsorption metoxuron/ 

tebuthiuron on homoionic resins indicate that 

ion saturated resins alh;c. bohave similarly to 

homoionic clays. However because of extensive 

organic network present. on tliciii the adsorption 

was much higher and involves Van der Waal's types 

o 1; fcjrt;:eu. 'rh<;! IH i.l.i c:\-t I <• , Aluminium iiY(liiJXy uutwii'rk 

of clays are fundamentally different from the 

organic network. Hence the/ effect of exchange 

cation may be overshadowed or suppressed. 

9) Polymaleic • Acid, a synthetic polymer resembling 

soil fulvic acid was pre^jared and analysed for 

functional groups, potentiomeiric and conductimetric 

titrations were carried out for the first time. 

These reflected the strucLural features similar 

to soil fulvic acid. 

10) Tiie interactions between PMA and homoionic montmoril-

lonites were accomplished liy r.tudying the adsorption 

of PMA on homoionic montmorillonites. The extent 

of adsorption was much more t:han that of metoxuron 

or tebuthiuron. The effect, of saturating cation 

was similar to that of motoxuron or tebuthiuron. 

11) Ion potential or the [JO Lir iz.in'i power oC cation 

is the most important i,i..i iilkaLi and alkaL.i,no 

earth ions. The p<:);;;; i IVl A' im •' ii K M r.iu:, .JF i n t i.'raci .i oris 

file://c:/-t
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can be grouped as ion-d Lpolt; including cation-

bridge, water bridge, liqand exchange, H-bonding 

and Van der Waal's forces. 

u3<»S 

12) The role of entropy generat.ion_yalso shown to most 

important in the case rif J'MA ad.sorption, tirit;ing 

from dislodging of water molecules in the secondary 

and successively higlier hydration shells around 

the exchange cation by the polymer molecules. 

The extent of adsorption c;F . PMA does not rvi le 

out interlayer penetration. 

13) From the studies on adsorption of metoxuron and 

tebuthiuron on model c I ay--c>rijano complexes, it 

was found out that thort> was a consistent incrtMse 

in the adsorption of both luctoxuron and tebuthiuron 

on clay-PMA complexes as compared to pure metal 

clays. The alkali and alkaline earth ions which 

exert a weak bonding on oirganic chemicals and 

which adsorb less PMA than the trivalent ions 

like Fe- and Al- brought ab(>ut larger increase 

in adsorption of herbicides vi?hen converted to 

their PMA complexes. 

14) From the studies on the persistence of metoxuron 

and tebuthiuron in laboratory incubated soils 

under well defined conditions as affected by moisture 

and temperature, indicat̂ rrl that there are two 

tiistlnct [iathways l,'<>r . I i ...ipi > M i .lucc , a laslor 
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one and a much slower one. The scheme of events 

that take place dviring the interaction of soil 

applied chemical can be pictured as 

k 
Organic + Soil • ^ labile 7 Degradation 
chemical pool 

'̂ l I [ ^-1 
B o LI/id fJOO I. 

where k is the rate constant foi: degradation rate 

of chemical, k-, for entry into bound pool and 

-1 for reentry into l.ihih- pool. As a fini»r 

refinement, the rate of reentry of herbicide from 

bound pool V\?as conbidii <'̂J lugJigible compared 

to the other rates, over the time peiriod understudy. 

Thus first order kinetics v̂ as used for the entry 

into bound pool and d i i-,;ippe<) i aiice f̂ -om labile 

pool. In both the soils at different moisture 

and temperature levels, those constants for metoxuron 

varied in the order 

k > k^ > k_-. 

The rate of degradation v/as higher in alfisol 

compared to vertisol and inoro.ised with increase 

in temperature. The onotgy of activation was 

calculated for the rate constants and these values 

were lower than that reported in .literature. 

15) Specific rate of entry of tebirthiuron into bound 

pool was higher for vertisol tlTan alfiso] and 
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tended to decrease with decrease in soil moisture. 

The rate of degradation from l.ubLle pool V\/as distiiiic-

tly higher for higher soiJ moisture. The rate 

of entry into bound pool v/as higher for higher 

organic matter and clay content. The rate of 

degradation of tebuthiuron irrom labile pool was 

high at higher soil moisture levels in both the 

soils and followed the order Saturation > field 

capacity > 50 pex' cent fiuld capacity. The rate 

of degradation was higher foe alfisol as compared 

to vertisol. 

16) Mainly two types of ud;;oi |)l. i on isothorma v̂ ere 

obtained for adsorption of iiieloxuron and tebuthiuron 

on four soils, their 50 \i fractions (consistihg 

of silt + clay) and Hmni î  acid extracted from 

aoil-1. 

a) Isotherms exhibiting a tendency to reach satura­

tion of surface. 

b) Isotherms with an initial plateau followed 

by a steep rise. 

The adsorption of metoxurcjn and tebuthiuron 

per g of adsorbent decrceiscd j,n Lhe order 

Humic Acid > 50 \i fraction > 2 mm soil. 

The adsorption for \-;hole soil was lower 

than 50 p fraction and Humic aci.1. This may be due 

to less specific surface area In 2 mm fraction as 

compared to the other two fractious. 
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SUMMARY 

Use of herbicides has become an integral 

part of modern agricultural production. It has not 

only eliminated the drudcjary of manual weed removal, 

but has assured stabilised yield.';; i. iid guaranteed income 

to farmers. Herbicides constitute 50 per cent of 

agricultural chemicals, althcjuijh only 10 per cent 

of these chemicals are said tij bi' u;>ed in developing 

countries. In India, the use ol: herbicides is picking 

up fast. Most of these herbicides arc applied to 

the soil where they interdict witri soil constituents 

and the prevailing environmental faciors. The adsorption 

of these chemicals with soil colloidal constituents 

i.e., clay and OM fractions is the most important 

jJ.u'lDi ill (UM;J tl I.IKJ Lh'J lull: i.>[ MM;:.e i-huiirt c;.i L ti. Amtjug 

the inorganic colloids expanding lattice minerals 

like montmorillonites are importitnL in the interaction 

of these herbicides because oi t, Uo i r large specif ic 

surface area and charge. In addition, the nature 

of cation on the exchange complex [j.lay;; an im[)orLant: 

role in deciding the nature and extent of binding 

of herbicides. 

The complexity of natural OM precludes clear 

understanding of interactions betv.een the cltiys and 
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OM. Hence, model polymers like polymaleic acid weire 

considered useful in getting more fundamental information 

about these interactions. Conventional methods of 

quantifying persistence through peciodical analysis 

of samples is combersome and does not lead to unified 

concepts of possible precasts. The work initiated 

by Walker and coworkers to deduce simple mathematical 

models based on experiments wLih soils incubated in 

the laboratory under well definiri cc:indi t i ons to predict 

pesticide residues under fielil conJi Lions holds great 

promise. 

The present invest MJ;, I: ion lays emphasis 

on the factors mentioned above^, and experiments were 

carried out to 1) study in detail the adsorption of 

metoxuroa and tebuthiuron, two urea herbicides on 

homoionic montmorillonites with a view of identify 

the mechanism of adsorption, 2) piepare and characterise 

PMA, as a model for soil FA and study its interaction 

wit.li clayfl, 3) pre|iaro mod*'! c I ay-or'tinnn coiui > I cxcii 

from montmorillonite and PMA and to evaluate its role 

in adsorption of metoxuron and tebuthiuron and 4) 

to quantify the persistence of mo(oxuron and tebuthiuron 

under well defined conditions in tlie laboratory. 

The experiments condutmed and the results 

obtained are summarised below :-
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1 ) Clay sairi{-jJ.L:y (iJictii mii run 1 .1 y iiioii Lnioii 1 .l-C;ri J t;ic , 

obtained from Srirancjapur rlay dopor.iL, A. P.) wore 

fractionated to < 2 ^ fract..ic>ii. iloiiio.Lonic luontmorillo-

nites were prepared by :̂;<i L u r <i I i ii>j ;;u,itabl(> ainoLint'.y 

of these fractions witli IN solutions of chlorides 

or nitrates of respective ioti.s for 2 4 h c'uid washing 

them free of excess ions v/ith distilled water. These 

were resuspended in distilled water and used for adsorp­

tion studies. Homo cationic iosins were prepared 

by equilibrating suJ.tab'io ainounis of JR-12C) resin 

in similar manner and were sliadi.: dried. The cationd 

chosen belonged to a wicic lanc)*' of: proportit^s w.i tli 

respect to charge, radius, jonic potential, ease of 

hydration, tendency for comp I. o--:a 1 i on etc. These could 

be grouped as trivalent - fe- nnd A 1 - , divalent 3d 

ions- Cu , Ni, Co, and '/,ii- All.u! iuv L!.,II:11I ions- Ca-

Da-, Mg- and monovalent i:.ii,. - Nil ~, K-, Na--, and 

H-. Adsorption studies wero .,'...iiulu.'ted by equilibrating 

clay suspensions {containiru) approximately 50 mg. 

of clay) with initial conceii I r a L j-• m of metoxuron/tebu-

- 1 _T 

thiuron ranging from 0 - ].00 ug ir̂, and 0 - 200 Mgrnl. 

respectively; for 24 h at /l^C and centrifuged. The 

amount of metC)Xuron/t.ebu I hi'.i ron war, vletofini IKHI in 

the supernatant at 240 nir, ,niii .'S^l nm i;e:';pect i voi,\'. 

Similar sLudies were condui.: L ..d h. oi jiiil ibi u L ing 100 

riuj . o f i i H i i c r f . ' ; ; i n ; ; w i l li d ' . n i i |M) m |, n l ' nuM < 'xu M ' i i •' 
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I. i - . - b u L l i i, U 1 >^jli a i u l L . l i i - , - i i i K i i i n l . I ' l M I | 1 > I - - I | i - . i I > • i I I .1 I. < .H I a:> 

explained earlier. AdsorpLiori i.soiht;'rms were constructed 

and the adsorption data v;as .malysed by Fi:eundlich 

equation and a new mathemai: i Cii 1 equation v/a s employed 

as described by Saroja Raui.ui (.1'J81) for the analysis 

of £j-shaped isotlierms. 

2) Model synthetic polymer -- polymaleic acid 

resembling soil fulvic acid was prepared by the polymeri­

sation of maleic anhydride in pyridine and v;ashed 

free of excess pyridine with fi(M,;i:.one and chlorofociu. 

It was characterised for functivonal groups. Poten timetric 

and conduc timetric t.i t ra I 'UMI;; v.oii.' ("̂ irried out lor 

the first time and its .i.nt.T.ift tons with hoiaoionic 

montmorillonites were studle'd iv/ c-oiuluct iiuj the adsorp­

tion experiments with initial concentration of PMA 

ranging from 0 - 100 Mg niL as explained in tlie case 

of metoxuron/tebuthiuron. SJiuiLar studies were conducted 

tjy equj J ibra ting lUO mg (.-l hw,in>j.oji n: r-t'.sLus vvit:h 0 

-500 pg mL " of PMA, Adsoc\^^. AXJU isotherms were cons-

tim;t('(j iirid thi-j tidr;or |JL i c m d.i! i \;.r. ,i n,i I yiu-d hy t'l I'Luidl ieh 

equation iind Langinuir equivaloiiL w is calculated. 

3 ) Preliminary i n v u s t i. g a t j o n was car r i e d o u t 

to understand the role ol i; Ic. y-oi-gano complexes in 

the adsorption of metoxuron aPh! tobuthiuron. Model 

clay-PMA complexes V7ere prep., r .1 ny oaturalxng homoioiii_c 
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montmorillonites with PMA Lhroiujli udsorption. MoLcixuron/ 

tebuthiuron was adsorborl from iniiinous fioliit ions contai­

ning 20 and 50 yg mL~ under identical conditions 

on homoionic montmorillonitos and <lay-PMA complexes. 

4) The effect of HKiisture (saturation, field 

capacity, 50% field capairJly) .ludtejuporvi lures on the 

persistence of nietoxuron and tebuthiuron v̂/as studied 

in an alfisol and vertisol. Th*; soils treated with 

metoxuron and tebuthiuron at the rate of 20 \i g g ' 

soil were incubated from 0 - 1 5 5 days, they were sampled 

at intervals of 4 days for 40 days, at 8 days for 

80 days, at 15 days till 125 day;; and at 30 days till 

155 days. At each incubation interval, the soil samples 

\jere shaken successively v̂/i t ti tv.o 20 m ]j portions of 

methanol for 30 minutes arid 1 iltored. The amount 

of herbicide was assayed spoctrophotometrical ly lifter 

correcting for soil blanks. 

5) The adsorption sLndies were conducted by 

equilibrating 2 mm f rac:t i on.-.:, .'50 \i fractions of 

four soils from Hyderabad >;<iul on huini.c ^icid extracted 

from one of the soils. 

The experimental 1. Lsuli nr.;;: oi the investigation 

carried out are summarised belovj : 

file:///jere
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1) Adsorption isotherms obiained for metoxuron 

(with the exception H-, Fe, and A1-) and tebuthiuron 

on homoionic montmorillonite;; were parabolic in nal-.ure 

with a S-shape character in the initial stages of 

adsorption indicating a slitHujer initial competition 

of water molecules to the cleiy surface as compared 

to herbicide. 

2) The extent of adsorption was dependent largely 

on the valency and polarising pov̂ /er of exch^mge cation 

and followed the order trivaionl > divalent > monovalent. 

H - montmorillonite being an exceplion. The transition 

metal ions had a much hicjlier (.enclencry for ad;:;orption 

as compared to alkaline i-arth ions. The analysis , 

of various adsorption pareimei ers v.'ith ionic 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 cases the ions fell into 

4 groups i.e., monovalent, divalent, transition 3d 

ions and Fe- and A1-. Crystalline ion potential was 

found to be positively n ir nl a I i-.l to aliiio;;t all t Iu3 

adsorption parameters for metoxuron and tebuthiuron 

mainly in the case of alkai i and alkaline earth ions. 

Thus possible mechanisms oi bending include dipole 

dipole, ion-dipole, ion-indueed dipole interactions. 

Since, metoxuron and telm l h i ii ron remain neutral iii 

the pH range of clay suspeniston (5.5 - 6.4), the ion-
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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 molecvi 1 L•̂i, and these iony. The 

water molecules in the vicinity of these ions are 

in a highly polarised state and i::an result in dipole-

dipole and hydrogen bondJii<j. The unique grouping 

of transition metal ions c~tnd abnormally high variation 

in adsorption parameters point co the formation of 

co-ordination complexes. It is not easy to get direct 

evidence of complex formatioii in suspensions, where 

the cations are surroundi-d by vv.ritc'r moleculos. The 

unique variation in adsoa J.,FL i un jiroperties for these 

metal ions may be deemed :»:; an indirect evidence for 

such an intimate interaction in suspensions also. 

In the case of Pe and Al cliarye, higher ion potential 

coupled with their strong tendc»ncy for hydrolysis 

and formation of OH bridges may h^^. important inaddition 

to electrostatic forces of <i L l i act i ̂  m . 

3) Apart from enthaJ.cy o.jnsiderations , ciiango 

in entropy during adsorption is also critical. Tiie 

V \ / f i l c r i i i o l i - ( , ' i i 1 i M l i l l I h e i i i n i i i ' i l i .1 I i - \ ' . i . i . ' i 11 i I y i > ( \.;>-i I I i J i i r j 

are highly perturbed and structued and the presence 

of organic molecules may iaduco effects opposing or 

reinforcing coulombic effecLs. iĵ nttialpy and entropy 
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effects generally oppose each otlier, the overall free 

energy effect of cations which is the balance of entropy 

and enthalpy factors may not be strong and may be 

more difficult to percieve. 

4) The amount of meLo>cu fon^ tv'butliiuron £idsorbed 

on homoionic montmorillonite was about 10 - 15 me/lOOg 

which is much less than the CLiC of montmorillonite 

which indicate that these herbicides are adsorbed 

on the edges and do not penetrate the inter-layer 

of crystal lattice. 

5) The analysi.s of a!.i:)Or|>tion parameters witli 

ionic properties for adsnrpl imi c I meloxuron/tebuthiurou 

on homoionic resins indicMii;!! i luit Iho ion seiturated 

resins are more akin to ii-n s.i i.:v.i (.-ated organic matter 

beca ase of extensive orgimJ'' neiv/ork present on them. 

Hence, the effect of cat! cms may be suppressed or 

over shadowed. The exchancjc- cations are likely to 

be involved in similar types if bonding as in the 

case of montmorillonites. 

6) The characterisa lioii of" PMA for functional 

group analysis, the potent:! ometiic and conductimetric 

titrations, carried out for thi' first time reflected 

the structural features simiJai; Lo soil FA. 



270 

7) The interactions oi i>MA v/ith homoionic clays, 

with the object of comparing th-: behaviour of better 

defined models with those of KC 11 FA indicated that 

the extent of adsorption much liiylier than those observtHl 

on metoxuron and tebuthiuron. Tlie possible mechanisms 

of interactions can be grouped as .ion-dipole interactions 

including cation bridge, watef biidge, ligaud exchange, 

hydrogen bonding and Van der Waal's forces of attraction. 

Ion potential or the polu i i :; i nq power of cation is 

the most important for alk..i I J ciini aJkaliiie oartli ions. 

The role of transition met.aL Loii.i is unique and point 

to the formation of coordination complexes. For Fe-

and A1-, hydrogen bonding may bi! possible. The role 

of entropy generation_ralso co»v&icle»̂i c) 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 ad:;orption of metoxuron 

and tebuthiuron on model clay-organo complexes was 

attempted for the first time i. o 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 ineloxuron and tebuthiuron 

on clay-PMA complexes OVCM U U COI. rospondlncj nn̂ tal 

clays. The alkaline and alK.il i i'ai;l.h ions v>?hicli exert 

weak binding on organic coiupounds and v\?hich adsorb 

less PMA than trivalent ion;; ' Lkc' Po & Al brought 
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about larger increase in cMl.;o:t j't J on of nietoxuron and 

tebuthiuron when converted to their PMA complexes. 

9) From the studies on tlu' persistence of metoxu-

ron and tebuthiuron in laboratory incubated soils 

under v/ell defined condition;; î:; affected by moisture 

and temperature, indicated th;it there are two distinct 

pathways for disappearance, a taster one and a much 

slower one. The schonu- C'l CVIMILS that take place 

dvaring the interaction oT ort|.in lc-chemicei-1 s can be 

pictured as : 

Organic + Soil 7 larn 
Chemical 

\}< ) • I 
k -:' Degradation 

•1 

Bound pool 

where k is the rate constant Tor the degradation of 

chemical, k-, for entry into bound pool and k_-, for 

re-entry into labile poo.l . 'I'hese were calculated 

from the first order kinetic plot. In both tlie soils 

at different temperature .nhl moisture levels these 

constants varied in the order k > k, > k_-, . As a finer 

refinement, the rate of reentry of hei'bicide from 

bound pool was considered negligible compared to other 

rates. First order kinet.ics \v^\i^ used for entry into 

bound pool and disappearance froiri labile pool. 

10) The rate of degradation was higher in alfisol 

as compared to vertisol cinci Jncre.ised with increase 
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in temperature. The energy oi' activation was caJcuiated 

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 d.^croase in soil moisture. 

The rate of degradation frijiu i,ibj.lo pool was distinctly 

higher for higher soil moisture in both the soils 

and followed the order saturation > field Ccipacity > 

50 per cent field capacity. The rate of degradation 

was higher for alfisol as compared to vertisol. The 

rate of entry into bound pod was higher for higher 

organic matter and clay content. 

12) Mainly two typos of adsorption isotherms 

were observed for adsorption oi; mt^toxuron and tebuthiuron 

on four soils, their 50 yi fractions (consisting of 

silt + clay) and Humic Arid (t^xtractod from soil-l):-

a) isotherms exhibiting a tendency to reach saturation 

of surface, b) Isotherins witli an ini.tial pl£iteau followed 

by a steep rise. 

The adsorption (.JL metoxuron and tebuthiuron 

per g of adsorbent decreased in the order: Humic Acid> 

50 y fractions > 2 mm soil. Tlie adsorption for vv̂ hole 

soil was lower than for llLifiiic and 50 \i fractions. 

This may be due to less spi-r-i i;io surface area in 2 mm 

fraction and compared to Ihi- verier fractions. 
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