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AFTRORUCTI O

The last decade is oharacterized by the increased
usage of synthotic organic pesticides in various segnents
cf our environment. With the advent of chemical pest control,
there has been increasing a wareness of the laportance of
soil colloide .n adsorption, movement, pPersistanece, degrada-
tion, and biloactivity of pesticides. The problem of plant
toxicity of residues, in food products, and detoxification
of pesticides as a result ol pesticide-soil colloid inter-
actiona are of major importance to the agriculturigt, the
consumer, water pollution control, research and regulatory
agenoies, food and agriculture organigation, and to the World
health organigation.

There is a considerable information on the basic nature
of these interactions between pestic ides and soil colloids
which refers to the fate and behavior of pesticides in soil
aystems and its dependent on at least aeven factors:

(i) chemical decomposition, (ii) photochenical decomposition;

(111) miorobial decomposition; (iv) wvolatilisation; (v) wovements

(vi) plant uptake, and (vii) adsorption.

The phenomenon of adporption-desorption appeers to

 directly or indirectly related to the magnitude of the effeat
_ of the other six feeders. Adsorption therefore appesrs to be
_ome of the wajor Paohors affecting posticide-soil edllsid . .

interaetions.
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The presence of recent review articles on the adasorption
of pesticides by soil colloids (Bailey and White, 1964),
adeorption of organic matter by soil constituents (grean land,
1965) and the nature of clay-organic complexes (MaC Bwan, 1962)
obviates the ncceseity of any detailed literature survey. These
reviews clearly ;oint out the importance of pH and the chemical
charecter of the adsorbate on the nature and extent of

adsorption.

The present investigation is mainly concerned with the
determination of the role of the chemical character of the
adsorbete and pE on adsorption by a well cherecterised
representative clay mineral with special reference to the
pature of the functional groups. Attempts were also made to
correlate the extent of retention with various physico-chemiocal
properties of the moleculs.

The mechanism of adsorption of organic pesticides by
s0il colloids was also investigated. In addition, the
interpretation of the adsorption isotherm data allows certain
mechanistic hypotheses to be formulated.

Central Library - Ain Shams University



Jeview of 1it
l, Retenti of 1 icides by goilg:

Swanson et &l, (1954), found that the retention of
lindane was Fslated to soil porosity which could explain why
fine textured soil requires heavier application of BHC. (1, 2,
3, 4, 5, 6 - hexachloro cyclohexane) for effeotive results in

ocomparigon with coarse textured soils.

Upchurch and pierce (1957), and Hartly (1960), postulated
two stepe for the leaching of Monuron (3, Cp—ochlorophenyl)
~1l,1~ dimethylurea) into the soil, the entrence of the
herbicide into solution and the adsorption by soll which was
affected by soil tesperature, organic matter, and cmcentration
of the herbicide in the percolating sclution.

Getzen and Chapman (1959), reported that the amount of
Phosdrin (2-carbomethoxy~-l-methyl vinyl dimethyl phoaphate) .
bound by various csoils was correlated, in a positive wanner,
with the base exchmnge capacity, organic watter content and
nitrogen content, but it was concluded that organic watter
content was primerily vespomzible for insecticide binding.

 Fleming (1962);~#mefjed in generel, that the bicsctivitgy
_c_gf_ 1nsao1aicidm is lowest in solls high in organic matter

in the light tsz.tared seils (sand and 1mm3)..
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Hau, ana Setes (1 64), inlieated that amorphous
alumipniua hy.rc:ilde precipitatea have A poaitive charge with
a high surface -rea and sizablc anion exohange capacity,
thege constituents may contribute significapntly to the
adsorption oapsoily of the colloidal fraoction of certain soils.

Baily and white (1964), noted that the biosotivity of
both tested hurbicides and insecticides (amibon, smitrole,
atragine, B4C, CUL.4, COFC, C IPC, Chloropicrin, dalapan, DOT;

2, & D, dildrin, diphenanide, fenuron, diphenatril, methyl
bromide, dipropaline, diuron, DNBP, RPTC, ethylene dibromide,
wonuron, neburon, NP4, parathion, phosdrin, sisagine snd
trifluralin), were lowest in scils higher in organic matter

or clay content while the biocactivity was highest in the light
textured soils. The organic matter has the highest cation
exchange capacity of all the soil constituents, and aocordingly,
a high potential adsorption capacity is expected for both those
pesticides which may act as cations as well as those that can

be adporbed by physiecel adsorption.

The presence and amount of such functional groups as the
cerboxyl, auino, hydroxyl and alcholic hydroxyl would have a
great effect on the cation and anion adsor™ption of pestioides.

2. Retention of pestieides by slays:
Jurinak (1957), indicated that adsorption of EDB (ethylene
dibromide) by natural soils is a function of the predouinant
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olay minerels present in soil, Kaolinite: and 1llite had higher

adgorption per unit surtace than Liontmorillonite soils.

Prissel (1961), reported that Montmorillonite adsorbed
considerably wore of various herbicides (of widely different
cherioal character) than did Illite or Kaolinite which 1is
quite understandsble since the magnitude of the exchange
capuoity of these minerals are in this orderi the suggested
mechanism of adsorption is dependent upon the number of

cation exchange sites.

Baily and white (1954), reported that clay minerals,
Montimorillonite and vermiculite, have a high cation exchange
capacity and high surface area. These two minerals have a
great ocapaoity for adsorption of both herbicides and
insecticidea due to Coulombic forces, acd, because of suoh a
large surface area and Van der Waal's forces. The clay
minerals Illite, Kaolinite, and Chlorite, because of their
cation exchsnge capacity and surface arca, would not hawve as
large an adsorption oapacity as Montmerillonite and vermiculite.
They alsc indieate that the purface ares of erystalline and
amorphous oxides and hydroxide of allica, iron, aluminiuvm ,
appears to be similar in magnitude to that of Montmorillonite '
and Vermionlite. | -
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- Peduced salubility of the phonoxy #oids and thet & stymeg

Pommar (196%), repcricd that potentiometric titretion !
gtudies of H-saturated ontmorillonite indicste that
Montoorillonite behaved as a mixture of two acide resul ting
from the [resence cf twc types of emchange sites, interlayer
and edge, both occupied by hydrogen ions. The interlayer
sites, which hold the hydrogen ions lese tightly have the
stronger bonds with proton and are responsible for the mx;er
acid function. He also indicated that in the case of beldellites,

the pattern is reversed and the interlayer position represented

the weaker acid function.

3, Nature of adsorbate:

4
studies on clay -¢.ganri~ complexes, Bradly, and MaC Bwan
(1945), both concluded that a CH ... O bond was forwed with

* the hydrogem of the methylene group (cﬂa) directed to clay

surface., : oy
Teopold (1956), repcrted that increasing chlero-subskitutlem;

A
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inverse oorrelation bastween solubility and extent of adsorption
existed. The relationship between solubility and extent of
adsorption oppesrs to be valid only within the same family of
compounds.

In addition to the influence of the functional group on
adsorption, Shect and Crafts (1957), indicuted that the number
of chlorine atoms in substituted ureas (Peniron, Monuron,
Duiron, and Neburon) affect the electron digtribution in the
molscule and adsorption onto the colloid. They also oonsidered
N-alkyl substitution to alter adsorption onto goil colloids.

tbel (1957), and Wolf et al. (1958), found the degres of
adgorption of four substituted-ureas (Feniron, Monuron, Duiron,
and Neburon) to be inversely related to the order of their
solubilities.

Work Coggins and Crafts (1959), were able to show that
substituted-urezs becose positively charged upon diassociation

in water.

The degree of acidity or basicity of the compound
exhibited in aguscus solution should be very idibortant in

uietwﬂ ining the extent of adsorption and ease of d&somﬁlm"
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by colloidal syrtems.

Tensmeyer, and offmsnn (1760) exauined the nature of
the cooplexes Torued between calc {un-montmorillonite, 2,5
hexadione, and ¢, 5, £ ~ [ onanstrione, simificant changes
in the carboxyl - stretching frequencies were obeerved due to

adsorption of these compounds on clay surfoce.

Prissel (1961), indicated that the adsorption of certain
substituted ureas and S~trizines in an acid enviroment was

dus to lob exchange.

weidhass ot a1l (1961), reported that the degree of logs
of parethion (0,0-diethyl O-nitro-rhenyl thionophosphate) and
DDT. (dichloro diphenyl trichloro =ethanme) from aqueous
solution to soil was not a function of water solubility of
these two inseoticides. The nature of the functional group
appears to pPlay a very isportant role in adsorption.

Kohl and Taylar (1961), studied the reaction of clay
minerals with organie acids, ketones, carboxylate polymers
with infrered spectroscopy, they observed changes 1n the
infrared frequercy of the carboxyl group, which they attributed
to hydrogen bonding between the carboxyl end the mineral
surface.

ahiriehs, (1961), found that carboxyl cowmpounds reaoted
strongly with the al uminium associated with olay surfaces.
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Infrered nt:lies c¥ the bonding wmechanism of carbamates
on clay minerals by Neit..nl and Megitt (1966), Baily and
White (1967), revealed n decrease in the carbonyl stretohing
and an increase in the CN stretching frequencies. This whse
interpreted ''. teras of the coordination of the carbamates,
EptC., (ethyl M, M~ di-n~proprylthiol carbamate) to the
exchenge metal ion through the oxygen of the carbonyl group
with a bridging effect of oo-ordinated water.

H_ R
C=0- 0 ... M2~Clay. Thias appeared to be the

L /
primary uooﬁnnlsm for adsorption except when aluminius waa the
exchangeable cation.

Parcer and ihlrichs (1966), studisd the adsorption
mechanism for urea apd iis herbicidal derivatives by
Montworillonite and noted that the predominant sdsorption
mechanism is the formetion of coordination compomds between
the adsorbate and the exchsngeable cation on the clay, except
for acid clay systems.

Harter and Ahlricks (L967), infrared ztudies on the
reaction of urea and 1its pesticide derivativea with
Montmorillonite system (H-fe—AL) geve evidence of the
protonation of aminn growp and sabsequent reaction with the

""" - Baily snd Write (1967), suggested that alsorption of the
~ organio compound (pesticida) possessing a basic chemiecal
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