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ABSTRACT: The batch equilibrium technique was used to investigate the effect of different volume fractions
(fs=0.25 ,0.50 ,0.75 ,and 1.0) of organic co-solvent (methanol ) on the adsorption of carbofuran on two divergent
textured soils of Rajasthan (loam and sandy loam).The measured equilibrium adsorption isotherms for both the soils
investigated were S-shaped for co-solvent /water mixtures at all fovalues.All isotherms being well fitted by the
freundlich equation.The higher adsorption of carbofuran was observed on loam soil than sandy loam soil at all fsvalues
and as anticipated from the values of the Freundlich constants ,Kr ,and the partition coefficient , Kp.The order of The
calculated values of Ke and Kp showed that adsorption of carbofuran in both soils decreased with increase in fs
values.The higher Kr and Kp values at lower fs confirm that carbofuran adsorption decreased with increase in ' fs'
values.The decreased in adsorption of carbofuran in methanol -water mixture meant a greater potential of ground water
contamination through leaching from potential sites.

The affinity of carbofuran towards the organic carbon , organic matter and clay content of the soils was evaluated from
calculations of the values of Ko, Kom and K¢ . The leaching index and Gibb,s free energy (AG®) were evaluated from
Kocvalues of adsorption data at all fsvalues. The negative magnitude of the Gibb's free energy (AG®) indicated the
spontaneity on the adsorption onto soils studied.

The leaching index (LI) of carbofuran calculated for the soils studied indicated it's high potential to leach into shallow
aquiifers and ground water.The adsorption data have been used to evaluate the co-solvent theory for describing
adsorption of carbofuran in methanol-water mixtures. The aqueous phase partition coefficient Kpw ( mol g™*) normalised
with respect to f,c = 0 and the aqueous phase adsorption constant K, for carbofuran were evaluated by extrapolating to
f;=0

KEYWORDS: Carbofuran , Adsorption ,distribution coefficient , partition coefficient, co-solvent theory, Leaching
Index ,Gibb's free energy(AG®), Freundich equation.

I. INTRODUCTION

The use of synthetic organic pesticides has considerably magnified in last few decades in intensive agricultural [1] for
controlling insects pests and harmfull phytopathogens (2). Their indiscriminate and heavy use in modern agriculture is
not only beneficial ,but may also have negative consequences on the environment and human health [3 ].For this
reason ,understanding and studying the behaviour of these chemicals in different environmental compartments are of
paramount important to evaluate the impact of these pollutants on the environment.The soil play an important role in
the fate and behaviour of pesticides in the environment. It is a major sink of pesticides ,whether the compounds are
directly ( e.g ., by incorporation ) or indirectly ( e.g., aerial spraying ) applied . The behaviour of pesticides is also
directly related to the nature and properties of a soil and it's constituents ( 4 ) which very tremendousely in their
composition ,physical structure , and chemical environment . A fraction of pesticide that enter the soil is lost by
leaching ,photodecomposition , plant uptake ,surface runoff and volatilisation.These processes combined may under
certain conditions , contribute appreciably to the total loss of a pesticide .In the majority of cases , however ,the bulk of
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applied pesticide adsorbed by inorganic and organic soil constituents ,chemicaly transformed and microbially degraded
or metabolized .These processes of dissipation are more or less interdependent .

Consequently ,the fate and behaviour of these organic contaminants in soils has been the subject of intensive research
,with particular interest directed on the adsorption and movement of pesticides in the soil.

Adsorption is one of the major processes affecting the interactions between pesticides and the solid phase in the soil
environment. It plays an important role in regulating the rates and magnitudes of other processes that govern the fate
and transport of organic contaminants in soils, sediments, and aquifers.

Adsorption depends upon the nature and properties of the pesticide such as acidity (pKa) , basicity ( pKy ) ,solubility ,
shape and configuration , charge distribution ,polarity of molecule , molecular size ,and polarizability and it's
concentration in the solvent .The adsorption process may cause a decrease in the biological activity of a pesticide and
its rate of biological degradation, or enhance non-biological degradation due to catalysing hydrolysis [5] .The transport
of an organic chemical is also significantly affected by chemical sorption onto soil. As the adsorption process is of
profound importance for environmental fate. It has been investigated intensively over the last several years mostly in
the soils by various researchers [4, 6-8] .The literature associated with this adsorption of pesticides in soils has been
reviewed earlier by many workers [9-12 ]

It has been reported by several researchers [13-19] that chlorinated hydrocarbons, organophosphates and carbamate
pesticides are found in surface and ground water samples as pollutants. This has also contributed to the need for
experimental studies of pesticide adsorption in soils, so as to overcome the problems arising from the presence of
pesticides in surface and ground water.

Carbamate pesticides are used increasingly in agriculture as a replacement for environmentally more persistent
organochlorine pesticides. Carbofuran (2,3 -Dihydro-2,2 -dimethyl-7 -benzofuranyal -N- methyl carbamate ) is a
systemic , non-ionic , broad - spectrum and second largest selling an anticholinesterase carbamate which has been used
widely as an insecticide ,nematicide and acaricide in agricultural practice throughout the world for long time to control
of many fruit and vegetables crops(20) .It has been noted that soil -dwelling pests especially nematode problem in soil
have been causing problems for vegetable growers and farmers therefore , increasingly applied carbofuran to soil as a
nematicide It is toxic , carcinogenic ,recalcitrant , soluble in water and highly mobile in soil , thereby having high
potential for ground water contamination ( 21). The maximum concentration of carbofuran admitted by World Health
Organization (WHO) in drinking water is 3ug / L (22).According to the United States Environmental Protection
Agency ( US EPA) , has set the maximum acceptable carbofuran concentration in drinking water as 40 ug / L(23) .
Like that of any other soil -applied pesticide , its effectiveness depends upon the soil properties , the environmental
conditions and its ability to reach the target organisms in an adequate concentration for a certain period of time
.Carbofuran losses in runoff occur largely in water and comprise up to 1.9 % of the application (24). Therefore , the
removal of carbofuran from soil and water is necessary .It's structure can be represent as :

CH,

(@ CH,

O— C — NHCH,

o

A lot of research work has been undertaken on the adsorption of carbofuran in soils ,clays , activated carbon , flyash
,synthetic inorganic ion -exchangers with aqueous solutions ( 25-36) .However, under waste disposal and land
treatment sites, it is likely that the solution will consist of a mixture of water and various miscible organic solvents.
This is what happens under waste disposal sites where residues of pesticides and cosolvents may be encountered. The
presence of co-solvents may increase or decrease the adsorption of pesticides in soils [37-41]. But information on this
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type of study is not available in literature with regard to adsorption of carbafuran in divergent textured soils of
Rajasthan . Keeping this in mind, an interest has developed in the study of the adsorption of carbofuran from aqueous-
organic mixed solvent. In the present study methanol was used as co-solvent because it is completely soluble in water, a
proton donor [42] and expected to be found in most waste streams from industrial wastes. The main objectives of this
investigation were to examine the effects of a miscible organic co-solvent (methanol) on the adsorption of carbofuran
in soils and to verify the co-solvent theory from the partition coefficient Kp values. These studies will help in
understanding the behaviour of carbofuran in the presence of methanol and may prove useful in accessing near-source
carbofuran movement / transport in soil in the event of a spillage or discharge of organic wastes containing water-
soluble solvents.

Il. CO-SOLVENT THEORY
The cosolvent theory was proposed by Rao et.al . [37] to
describe the adsorption of hydrophobic organic compounds to soils. The theory has been applied to the adsorption of
several organic compounds having moderate and intermediate hydrophobicity by Nkedi-Kizza et al. [38], Walters and
Gulseppl-Elle [39 ]; and Fu and Luthy [43, 44] . This theory is expressed by the equation:
|Og [ Kmi/ Kwi] = —0O0sg—----- (1)
where fs, is the volume fraction of co-solvents and Kni and Ky; are the mole-based partition coefficients (mol g) for
water-cosolvent (methanol ) mixtures and cosolvent free water, respectively. The term os reflects the solute-liquid
interactions and represented by the slope of the log-linear relationship between mole fraction solubility and fs, and o is

related to solute-soil and solvent- soil interactions via liquid and organic carbon phase activity coefficients [37, 43,44 ].

Statistical average of the volume based adsorption partition coefficients Kp (ml g*) was determined by the equation as
Kp=2(x/m.Ce )/Z(Ce)>~— (2)

The mole-based equilibrium adsorption partition coefficient (Kmi) values were determined by the equation:
Kmi = Kgi/ Vj—------ @)

Where V; is the molar volume of the liquid phase (ml mol2).

This theory is important for two reasons:
1-The theory enables prediction of adsorption of organic solute from a specified mixture of water and miscible organic
solvents. This has implication for understanding the fate and transport of organic contaminants in real world, complex

wastes streams such as industrial waste and land fill leachates.

2 -The theory can be utilized to estimate the partition coefficient for adsorption from aqueous solution by plotting a
graph between Kgi versus fs extrapolating to f; = 0.

This theory is particularly important because it is very difficult to determine the adsorption partition coefficient of
highly hydrophobic compounds from water.
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I1l. EXPERIMENTAL
3.1. Reagents :

Carbofuran (Furadan 3G)
having molecular weight 221.30 , melting pointis 150.0 to 152.2°C , Vapour pressure 2.7 Mpa and water solubility 700
mg /L ;log Kow=2.315 was obtained from Pesticide India (Udaipur, Rajasthan ). All other chemicals and reagents
were of (BDH) AR grade.

A stock solution of carbofuran (3G) of the concentration (1000 pg ml?) was prepared by dissolving 0.1 g active
ingredient in 100 ml of methanol. A 100 ml of this solution was diluted to 250 ml in methanol giving a 400 pg ml*
carbofuran concentration.

3.2. Collection of Soil Samples

In present investigation the soils used were collected from the surface horizon (0-30 cm depth ) from cultivated
agricultural fields having no previous history of pesticide application from the Kundera village near Ranthambhour
National Park in Sawaimadhopur district and the village Banasthali in Tonk district (Rajasthan ) in India. The soil
samples were air-dried ,ground to pass through a 2mm sieve and stored in plastic bags at room temperature before
use.The physico-chemical properties of the soils were determined by using standard methods of soil analysis and
results obtained are summarised in Table 1.

Table 1. Physico-chemical Properties of Soils Studied

Soil Properties Loam Soil (Kundera) Sandy loam Soil (Banasthali )
1-Mechanical composition

Sand (%) 48.0 65.0

Silt (%) 345 25.50

Clay (%) 175 9.50
Texture loam Sandy loam
2-EC(dsm™) (1:2 soil-water ratio) | 0.35 0.38

3-pH (1:2 soil -water ratio) 7.6 7.9
4-CaCOs; (%) 8.5 5.50
5-Organic carbon (%) 0.34 0.20
6-Organic matter (%) 0.59 0.35

CEC (cmolp*kg?) 18.50 8.80
8-Surface Area (m?/g) 130.50 80.50

3.3 Adsorption Studies :

The adsorption of carbofuran on two soils of Rajasthan having divergent texture (loam and sandy loam ) was carried
out by using the batch equilibrium technique .In the present study four different fixed volume fractions ( fs, 0.25,
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0.50, 0.75, 1.0) of methanol / water mixtures were utilized by taking ten concentrations of carbofuran (200, 400, 600,
800, 1000, 1200, 1400, 1600, 1800, 2000 ug) solutions in different flasks. The experiments were conducted in duplicate
and each isotherm determination consisted of twenty one flasks for each of the ten carbofuran doses and one blank flask
containing soil and no carbofuran. The total volume of each flask was made 20 ml by adding requisite volume of
methanol and water to get the desired fs, values. To these solutions 1 g of each soil was added and the suspensions
shaken for three hours in an incubator at 20 + 1°C and left standing overnight. The suspensions were then centrifuged at
10000 rpm for ten minutes using a Beckman Model L3-50 Ultracentrifuge, the supernatant being collected and
estimated spectrophotometrically [45] at 490 nm and the amount adsorbed was calculated. All experiments were
performed at a constant temperature of 20°C.

This method has a detection limit of 1 pg/ml.

The amount of carbofuran adsorbed was calculated as the difference between the initial and equilibrium concentrations
in solution acconding to the following expression:

XIm=(Co —Ce)VIW-—-(4)

where x / m is the surface concentration of carbofuran in the soil (ug g*). C, is the initial concentration of carbofuran
in solution ( ug g?). Co is the initial concentration of carbofuran in solution (ug mlt), Ce is the equilibrium
concentration of carbofuran in solution (ug ml?) . V is the volume of the solution and W is the weight of soil
employed.

IV. RESULTS AND DISCUSSION

Adsorption isotherms (Figs 1& 2) have been constructed between the amount of carbofuran adsorbed (ug g™ soil) and
the amount of carbofuran in suspension at equilibrium in pg ml?. These isotherms show that the adsorption of
carbofuran was higher on loam soil than sandy loam soil at all the fs values studied. The higher adsorption of carbofuran
on loam soil may be due to the greater amount of organic matter content, clay content, CaCO, content and higher
surface area, CEC and lower pH in loam soil than sandy loam soil. These isotherms also show that adsorption of
carbofuran decreased with increasing f, values. The lower adsorption of carbofuran at higher fs values was brought
about by the increased solubility of carbofuran due to the presence of methanol in the aqueous phase (21, 22) .All
isotherms are S- shaped [46] indicating an enhanced adsorption of carbofuran at higher concentration. The S-shaped
isotherm also suggest that the adsorption of carbofuran was readily achieved possibly due to marked localization of
attractive forces to the carbonyl group ( >C= 0) of carbofuran leading to action with sites on the surface of the soils,
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4.1.Evaluation of Adsorption Constants ( Krand 1/ n) :
All the isotherms were in close agreement with Freundlich equation :
x/m = Kg Cet/n (5)

where x/ m is the amount of carbofuran adsorbed (ug g?), Ce, is the concentration of carbofuran at equilibrium (ug ml-
1y and Kg and 1/ n are two emperical adsorption constants. In all the cases the coefficients of determination (r?) values
were greater than 0.93. The values of K and 1/n for carbofuran-soil combinations were estimated by linear regression of
log transformed data and values are tabulated in Table 2. K is a measure of strength of adsorption, while 1/ n indicates
the degree of linearity between solution equalibirum concentration and adsorption. On comparing the values of K for
soils, it is clear that the higher values of Kg for loam soil than sandy loam soil confirm the above order of adsorption.
The higher values of K at lower fs, also confirm that adsorption decreases with increase in fs values. The results are in
accordance with the theoretical approach proposed by Rao et al. [37]. Results mentioned in Table 2 indicates that the
value of adsorption intensity (I/n), which reflects the degree of nonlinearity of the adsorption, were greater than unity
indicating S-type isotherms (Figs 1& 2 ) as described by Giles et al. [46 ]. It indicates that new sites become available
to the solvent for sites as the adsorption occurs, and there is competition of solvent for soils on the adsorbing surface.
Similar results were also reported by Moreal and Van Bladel [47,38 ]. The S-shaped isotherms also suggest that
adsorption of carbofuran was easier probably due to marked localization of forces of attraction over the carbonyl group
( >C=0) of the carbofuran leading to interaction with soil sites.The lower adsorption at higher fs values can also be
explained as methanol is a compound having two different moieties: one is hydrocarbonaceous (hydrophobic), the other
is polar. Carbofuran may interact with methanol by H-bonding between alcoholic group (OH) and the electron donating
carbonyl (>C=0) group of carbofuran. This mechanism of interaction could explain the reduction of adsorption of
carbofuran from methanol-water mixtures.

Table 2.Freundlich Constants ( Kr,1/n ) ,Partition Coefficient (Kp) , Leaching Index (L1), and Gibb's free
energy (AG®) for Carbofuran Adsorption onto Soils at Different Volume Fractions (fs) of Co-solvent (Methanol).

Paramete Volume fraction of methanol (fs )
rs Sandy loam Soil. Loam Sail
1.00 0.75 0.50 0.25 1.00 0.75 0.50 0.25
Kb 8.49 11.57 24.84 35.84 15.17 21.59 37.89 61.82
Ke 2.70 4.00 5.30 6.60 4.69 7.03 9.39 11.71
1/n 1.25 1.30 1.25 1.53 1.36 1.36 1.45 1.58
r? 0.9965 0.9398 0.9674 0.9862 0.9951 0.9961 0.9792 0.9407
Kc 89.37 121.79 261.47 377.26 86.69 123.37 216.51 353.26
Koc 4245.00 | 5785.00 12420.00 | 17920.00 | 4461.76 | 6350.00 |[11144.12 | 18182.35
Kom 2425.72 | 3305.71 7097.14 | 10240.00 |2571.19 | 3659.32 |6422.03 10477.97
LI 0.99 0.73 0.34 0.24 0.95 %105 | 0.66 0.38 x10° | 0.23 x10°
x10° x10° x10° x10° x10°
AGI"gl)(j -20.68 -21.45 -23.33 -24.25 -20.81 -21.67 -23.06 -24.28
mol
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4.2 Verification of the Co-solvent Theory with Respect to Kp

Selected properties of water/methanol mixtures, such as the volume fraction of methanol (f;), the mass fraction of
methanol (fn) and the mole-fraction of methanol (fnol) , were evaluated by using the following equations (6),(7)and (8)
respectively .

fs=Vm/ (Vm+ Vy ) ——(6)
fn=[1+(Pw/Pm) (1-) ]t -—- - -(7)
fmoI:[1+( Pw+ Mn/ PmMW) (]_- fs)/fs]-l "“(8)

where, Vi, Vw, are the volumes, P, Py, the densities and M, My, the molecular weights of methanol (m) and water
(w) respectively. Liquid densities, Pmix (g mlI?), are based on fr, and data for 20°C were taken

from Table 3-111 Perry and Chilton [49]. The molar volume, V (ml molt), was as evaluated from the equation.

V= ( 1 Pmix) [ ( M fimot +Mw ( 1- fmol) ] “'(9)

The values are summarised in Table 3.

Table 3.Selected Properties of Methanol -Water Mixtures .

Properties . Volume fraction of methanol (fs)
1.00fs 0.75fs 0.50 fs 0.25fs 0.00 fs
Volume fraction of methanol(
fs)
Mass fraction of methanol (f, | 1.00 0.75 0.50 0.25 0.00
)
?:;")e fraction of methanol (1, 0.704 0.442 0.209 0.00
Liquid density Pmix(g ml™)
1.00 0.573 0.309 0.130 0.00
Molar volume ,V(ml mol?)
0.792 0.872 0.927 0.965 0.998
40.40 29.80 24.10 20.50 18.00

Adsorption isotherm data (Kp, Kmn, Kmoe and log Kmee) used to evaluate the co-solvent theory are summarized in
Table 4. The Ky, values were determined by dividing the Kp, values by the molar volume of liquid phase molar volume
V(ml molt). The K, values were normalized relative to the organic carbon fraction (f,; ) of the respective soils to yield
the Kmoe Values.
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Table 4 .Data Summary of The Adsorption Isotherm Used to Evaluate the Co-solvent Theory

Parameters
Volume fraction of methanol( fs)
1.00 0.75 0.50 0.25 1.00 0.75 0.50 0.25
Sandy loam soil Loam soil

Ko(mlg?) 8.49 11.57 24.80 35.84 15.17 21.59 37.89 61.82

n 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Km(mol gt) 0.21 0.39 1.03 1.75 0.38 0.7245 1.57 3.02
Kmoc 103.50 191.28 507.73 861.23 108.84 210.00  455.71 874.09
log Kmoc 2.11 2.28 2.71 2.94 2.04 2.32 2.66 2.94

Linear regression of the combined log Kmoc data for the soils led to the following relationships :

log Kimoe =-1.28f;+ 3.3 ....(10)

On plotting log Kmoc Verses fs (Fig.3 ), the values of log Kmec being well described by a single straight line over the
entire range studied. These data show that the cosolvent theory is applicable to the adsorption of carbofuran as has been

observed for the adsorption of other solutes on soils from water-methanol mixtures [38,43,44 ]. The data for all the
soils studied fitted a single line when normalised on as would be expected according to the co-solvent theory [37].
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4.3. Extrapolated Estimate of Aqueous Phase Partition Coefficient Kaw :

The intercept value of 3.3 in equation (10) is equal to the

logarithm of the aqueous phase partition coefficient Kgw (mol g*) for carbofuran .This value can be correspondingly
converted to conventional dimensionless units by adding log V for water (log V = 1. 26) to it. The value of the aqueous
phase partition coefficient for the adsorption of carbofuran on to soils was thus determined as 4.56 ml g*.

The value of the slope -1.28 for methanol /water mixture depicted in Fig.3 corresponds to the term - oos , of equation
(1), i.e the slop ereflect the combined effects of both o and os. The term o5 represents the effect of methanol on the
solubility of carbofuran. The values of o5 corresponds the slope of the log-linear relationship between the mole fraction
solubility and volume fraction of methanol (fs) which was calculated as proposed by Fu and Luthy [43, 44] using the
solubilities of carbofuran in methanol-free water and in methanol of 7.0 x 10° pg I* and 1.187 x 108 pg I,
respectively. The value comes out to be 2.8. The apparent value of a ( = 0.46) was evaluated by dividing acs by as.

The low values of a suggests that methanol-soil interaction may have been responsible for the more effective
adsorption at high fs values. The presence of methanol may expand the organic matrix of the soil resulting in an
increase in accessibility of carbofuran to the soil organic matter. The manner in which this phenomenon impacts on the
adsorption of carbofuran on to soils in the presence of methanol as a co-solvent is an issue for further study.

4.4.Evaluation of Kom ,Kocand K :
The affinity of carbofuran adsorption towards organic matter ,Kom , and clay content, K of the soils was evaluated by

the equations proposed by many workers (50 -52) and later used by Singh ,D ( 53-55).
Koc = ( Kp x 100 ) / % soil organic carbon —---(11)
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Kom = (Kpx 100 )/ % soil organic matter content ---(12)

Ke= (Kp x 100) /% soil clay content —-(13)

The values so obtained are summarised in Table 2. These parameters could provide an assessment of the environmental
fate of organic chemicals and also an indication of the extent to which chemical partitioning occur between the solid
and solution phases in the soils and suggest whether the chemical is likely to leach through the soil or be rendered
immobile. The affinity of carbofuran towards the organic matter and clay content of the soils may be compared through
the use of the Kom and K¢ values.In the present study , loam soil had higher Kom values than sandy loam soil at all
fsvalues which is the common case of high organic matter content (Table 1 ) . Hamaker and Thompson (56)
suggested that this tendency was due to the significant contribution made by mineral phases towards adsorption . The
present study shows that carbofuran adsorption correlated better with the organic matter content of the soils rather than
with the clay content .

4.5.Evaluation of Leaching Index (LI) for Carbofuran :

Leaching index ( LI) for carbofuran was calculated using the equation proposed by Laskowski et al.[57] and later used
by Singh and Srivastava [27] .

LI = (Sxtip)/ (Ve x Ko) ---(14)

where S is the water solubility of carbofuran at 25°C ( 700 mg L) , ty is the half -life of carbofuran in soil (50 days)
and Ve is the vapour pressure of carbofuran at 25°C ( 8.3 x10°® mmHg) . The results obtained are tabulated in Table 2.1t
will be seen from leaching index data recorded that higher LI values were obtained in loam soil than sandy loam soil at
all fs values. . This leaching index order is directly proportional to the Kgand Kp.The larger LI value in loam soil may
be attributed to its greater adsorption capacity .In other words , greater environmental concern relates to the leaching of
carbofuran from sandy loam soil of Banasthali relative to loam soil of Kundera.Similar results were reported by Singh
and Srivastava [27].

4.6.Evaluation of the Gibb's Free Energy Change ( AG®):

TheAG®can be used to judge the adsorption reaction.

To identify the physical and chemical mechanism of adsorption ,Gibb's free energy change (AG°®) of 40 kj mol? is
considered as a threshold [58] .The physical adsorption was mainly involved below the threshold .

The free energy change (AG°®) for the adsorption of carbofuran was calculated by substituting the Koc Values obtained
from equation (11) into the equation proposed by Kim and Feagley [59] and later used by several workers [ 27, 60, 61].

AG® = -RT In Kog —----(15)

where AG® is the Gibbs' free energy change (kjmol™?), R is the universal gas constant (8.314 kj / (kmol ) and T is the
absolute temperature (273+25= 298 K) .The results obtained for both the soils at all fvalues are summarised in Table
2.The AG®values for both the soils at all f; values ranged from - 20.68 to -24.28 kj mol™. All AG®values in both soils
were less than threshold value 40 kj mol™? .It suggests that the adsorption was mainly physical process .The negative
values of AG®indicates that the adsorption of carbofuran on to the soils was a spontaneous nature [62] .Smaller AG®
values also suggests that carbofuran adsorption by soils is often promoted by weak physical forces [63] .The attractive
forces in physical adsorption involve surface energies that are often less than a few kj mol, suggesting a diffusion -
controlled mechanism for the adsorption of pesticides [64]. Similar results were reported by Ahmad et al.[60] and
Rajasekharam and Ramesh [61].
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V. CONCLUSIONS

The adsorption of carbofuran in soils from methanol /water mixtures containing different volume fractions (fs) have
been studied by batch shaking techniques . The results of this study indicate that higher adsorption of carbofuran was
obtained in soil containing higher amount of organic matter and clay content ,with the affinity of carbofuran being
better correlated with organic matter content of the soils than with their clay content. The data presented here clearly
demonstrate the validity of the co-solvent theory [37] for predicting the adsorption of hydrophobic organic compounds
from binary solvent mixtures. Extrapolation of the adsorption data from co-solvent / water systems to fs=0 allowed the
aqueous-phase distribution coefficient, Kqw to be estimated. This supports our suggestion that partition coefficients
should be determined in mixed solvents for hydrophaobic pesticides, thereby allowing the corresponding aqueous-phase
partition coefficients ,Kqw , to be determined.The negative magnitude of the Gibb's free energy (AG®) indicated the
spontaneity on the adsorption onto soils studied.

The leaching index (LI) of carbofuran calculated for the soils studied indicated it's high potential to leach into shallow
aquiifers and ground water
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