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Influence of Soil Properties on the Adsorption
of Carbofuran in Sail,

K. RAJUKKANNU' and U, S. SREE RAMULU

In a9 Experimant for Studying tha influgnce of soil it wes found jmat Aosorpuun
carboluran was highest in laterite soil and decressed sequentinlly in black aliuvial ;an:i red
soils. Soil organic matter was a more potent adsorber of carbofuran than iha minernal fraction.
The Multiple linear regréssion analysis showed that soil erganic malter‘ .s!nne cnnmbutad a8
per cent of the total adsorption ol carbofuran in soils, ;

Once a pesticids finds its way into
the environment, a major part of i
comes in contact with soil. In the soil,
the hiucides are either totally dsactiv-
ated or thier biocidal ° efficacy  gets
reduced in several ways such as adsors
ption, leaching, volatilization, decom-
position, etc. Adsorption influences
almost all the reactions of pesticides in
soil.. Firstly, as a result of this
process; the added toxicant loses its
bio-activity; secondly, adsorption restr-
icts the movement - and henze_ prevents
the chemtnal from ‘reaching the fargef
and ' finally the ?dsurbed compounc
persists in soil for-a longer timz, thus
creating problems' of pollution. Thit
phenomenon. therefore, ‘appears to bi
one! of the major factors affecting
pestieide soil interactions. Carbofuran
being a soil applied insecticide, it
availability for plant uptaka, movemen
in soils, chemical . persistence. ani
biological efficacy are mainly depen
dent on adsorption - desorption.
processes of the soil, This paper contri-
butes to the study of the influence. of
properties on' the . adsorption - of
carbofuran in soil.

MATEHIAL AND METHODS

Fuur surface smls. representmgtﬁe

major soil, groups of Tamil Nadu (India)

viz., red, black; ajluvial and. ]aterite
were selected :for the sgudv The
natural soils, thew iclay frﬂcimﬁs and
he organic mattFr iGKIdISﬁﬂ sm*s werg
ised 38 adsnrbents. The urg'bplc matter
nsails was rernwe::f vaa.-G- ‘umdarmn
n red, black and -alluvial -soils; -the
yrganic matter was completel? ﬂkidns&d
while in_laterite . soil only lpamai
mdatmn was carrled out. ;The Qrgamc
sarbon content befnre and aEter[ oxida-
ion was determined by Wa,lklév ‘and
Black ‘wet: coml’:ustmn me%hnd The
differenice in ‘the quantltms*uf{carbﬂ-
furan adsorbed ;un the ﬂrlgma! aml
sa"nple and that nn Ilh[L ‘trea{ed sampls
was “considered as: due to the~ Eifec’t b
nrgamc matter, he natural as-well as
the organic mattqr. ux:drspl;l* soils
were ground to!pass thmu;jh '0.5mm
sieve {or the adpofptmn studues The
clay. Jract:nn was also: lsnlami:l

a.'.l = >

* Aqueous suiu ion cn' carbnfuran
was prepared l}‘f ,ad-:lmg u’:.a:[mfumn
(99.9%) to dlsulled water énd mixed
well;by. a magnetlc stirrer. fur 24 10 48
hr. and the aancentrauun m the final
solution was dEtEI’I‘t‘IH‘IEd and a!djustad
toa cunvement ~cahcentratmn i

Aliqumes aff g of sol {naturai

and organic ma’tter oxidise 1) qf 0.5¢g
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clay samples of each soil were trans-
ferred to & series of stoppered
centrifuge tubes and" were added
different aliquots of ‘stock solution.so
as to give a convenient range of 20.
40, 60, 80, and 100 g of carbofuran/g
of adsorbent and the final volume of
the suspension was made up to 25 m|
with distilled water. The tubes were
then stopperd tightly and shaken for 6
hr. in an end over end shaker and
centrifuged for 15 min. at 2500 rpm.
The concentration of carbofuran'in a
suitable aliquot of the 'supernatent
solution was estimated by the method
of Gupta and Dewan (1971)

The quantity of carbofuran .adso-
rbed was calculated from-the difference
between the amounts. initially added
and the quantity remaining in the
equilibrium solution, The data were
plotted as per Freundlich adsorption
equation, since this could be applied to
such ' heterogenous . system like soil-
pesticide-water supension as :

Xim = KC M where

X/m = Quantity of carbofuran adsaorbed
per unit weight of the soil or
clay (g/a).

— equilibrium concentration (ppm)
‘K'and 'n’ are constanis

("

The constants 'k’ and 'n” were obtained
respectively from the intercept and
reciprocal of the slope of straight line
graph obtained upon plotting the data
on a log-log scale ie.

log Xim — log K"+ 1/n log C.

The adsarption capacity of organic
matter and the contribution made by
the clay and organic malter were
calculated from the basic adsorption

ADSORPTION OF CARBOFURAN IN SOIL

values in the natural and organic matter
oxidised soils. The relationship of 'kd-
values with organic matter, clay, CEC,
pH., EC and total sesquioxides was

‘worked out by simple correlation: and

581

multiple linear regression analyses for
the correlation studies the data geners-
ted from 16 soils (4 each in red, black,
alluvial and laterite) were utilised.

RESULTS AND DISCUSSION

The data on the adsorption of
carbofuran on natural organic matter
oxidised soils.and their clay fractions
are presented.in the form of adsorption
isotherm, Freundlich equation was used
for fitting the isotherms in the present

study. Although the Freundlichequation
is empirical, this equation is best

suited for such heterogenous system
like soil-pesticide-water system. While
Freundlich’s constant 'k’ denotes the
quantity of the adsorbate adsobed
when its concentration in the equili-
brium solution is at unity, the value of
constant ‘n’ serves as a measure of the
energy of adsorption (Balley and White
1970). - In the present study, the
Freundlich equation has been employed

mainly to find out the adsorbability
based on the values of 'k".

According to the system of
classification of adsorption isotherm
given by Giles et al. (1960), the iso-
therm obtained in the present study in
all the 4 soils were of L-type, This
indicated that the soils as well as their
clay fractions possessed a high affinity
for adsorption of carbofuran.

The Freundlich’s adsorplion cons-
tants for the adsorption of carbofuran



RAJUKKANNU and SREE RAMULU

on soils-and clays are given-in Table 1
The 'k’ wvalues for red,” black alluvial
and laterite soilswere 9 09, 16,14, 9. 56
and 70.79 respectively, The adsorption
of carbofuran on organic matter oxidised
soils was lower than natural soils. On
a unit weight basis, the clays adsorbed
larger quantity of the compound than
the natural or organic matter oxidised
soils except in laterite soil where the
clays adsorbed less amount of: carbo-
furan than the other two adsorbent. The
distribution coéfficient ‘kd’ (ratio of
the quantity of a compound adsorbed
per unit'weight of the adsorbent to the
equilibrium  concentration) another
useful parameter was also determined-
The ‘kd’ value was highest 'in laterite
soil, followed sequentially by blacl,
alluvial and red soils

\Variations in the contents of ﬂrgamc
matter and clay, and pH of the various
types of soils were partly responsible
for the observed differences. Laterite
soil with low pH' and containing -3.63
per cent of organic matter, adsorbed
highest amountof carbofuran. Although
clay content and surface area of black
and alluvial soils were higher than
‘those of laterite soil. the extent: of
carbofuran adsorption did not vary
with these prupert:es The contents ©
clay and organic matter were low in red
and alluvial soils and hence least adsor-
ption of carbofuran was ubsewed in
these soils, Jamet and Piedallu (1975)
“also ohsewsd that the adsorption ©
carbofuran in 9 types of soils :ncreasﬂd

with increase in organic matter conten
and the isotherms of carbofuran adsor-

ption and desorption satisfied ' the
Freundlich equation

582

[vel 689, -No, 8,

The contents of organic. matter :ir
soils before and after. oxidation ;wer-
determined. In red, black and alluvial
soils the organic matter was completely
oxidised and- in laterite soil the organic
matter content was reduced to 0.59 per
cent from 3.63 per.cent by . partial
oxidation,

There was a cansiderable reduction
in the adsorption of narhufuran on
organic matter oxidised soils when. cnme
pared to 1h&natura| soils.. The reductmn
was hlgh"‘p’ pronounced_ in Iaterlte soils
where in the - ﬂrganm matter c:ﬂntent
was higher than ‘the other type of smls.
The decrease In adsorption capacity
of soils following oxidation: or organic
matter suggested that. the. organic
matter fraction might have contributed
much towards 'the adsorption.: There-
fore, the "adsorption capacityof organic
matter and the contribution made by the
clay and organic matter were calculated
from the basic -adsorption wvalues:in
the natural and organic matter oxidised
soils. The difference  in adesorption
between natural and. oxidised soil at
several cuncentr;tluﬁ of the equilibrium
solution were calculated: according to
the procedure given by Saltzman et al.
(1972). The adsorption per unit weight
of organic matter was calculated as the
ratio batwaen each of these values and
the amount of organic’ matter- lost' by
oxidation. From the calculated adsor
ption curves. a quamnatwe eva!utmn of
the adsorptive capacity ‘of ' organic
surface was also. made. The ‘adsorption
capacity, of the nrgamc matier expressed
as distribution coefficient. (kd) was
363.36, 705.12, 361.44 and 1322.00

ur red, black, alluvial and |aterite soils
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respectively. But the ‘kd’ values for
clays separated from the soils were
5:-:]_11 9.50, 5,50 and 20.00 for red.
black, alluvial and laterite soils respec-
tively. This clearly explained why the
adsorption of carbofuran was higher in
laterite soil than the other type of soils,

Further the relationship of ‘kd
values with organic matter, clay, cation
exchange capacity, pH, soluble salts
(Ec) and total sesquioxides was worked
out by simple correlation and multiple
linear regression analyses, In simple
correlation studies, organic matter of
soils was found to be highly correlated
with ‘'kd’ values (r= 0980) while pH

and Ec were found to be negatively -

related. MNone of the other wvariables
had significant relationship with “kd’
values, Multiple linear regression
analysis showed that only organic
matter and 'pH were significantly
related with ‘kd’ values of carbo-
furan adsorption, The former was
.positively related while the latter was
negatively correlated. The affinity or
organic matter towards the carbofuran
was 50 great that the organic matter of
soils contributed over 98 per cent of
the total adsorption.
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TABLE 1 Certain physical and Chemica! Characteristics of the soils used for the study.

Property; Constituent. Rad Biack Alluvial Laterite

Clay 9%, 16 95 40.80 20,87 25,26

Textural class Sandy loam Sandy clay Sandy clay loam Sandy clay loam
pH. 7.9 82 ., 7.8 5.2

Orpanic matter % 0.55 0.76 0.80 163

Organic matter in

HeGg-Oridised soil —_ — — 1 0.59

Total sesquioxide 10,10 4287 9.712 10,66
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