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Adscrption is the pheromeron of binding molecules

on the surface of soclidgas. Such pherncmens
ions of the properties of ccth adscrbate
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nic compounds in our praczical l1:fe. Org
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Tt has been believed ihat so0ils receiving heavy applica-

~t

tion of pesilzides show some Gnanges in therlry onyvslo. ana
chemical characteristics. Ore thought that such Zhanges are

jen

g

ue to herbicides appiic

1

ticrn, therefore the 21T 27 “nis 1in-

1]

vestigation is to study such phencmina. For achieving this

adscrption and desorpticn of either paraguat or sirazine by
soils and clays were stud.ed, Different z’luv:ial and calca-

recus splls as well as c-oay minerals known 10 e predominant

in such soils were used as adsorpents. Chang scme che-

it
i
b
!

mical, physical and minera.ogical properties of such soils

and clay minerals were a-sc investigated. X-ray giffraction

and infrared spectroscopic technigues were _molicated to
eluc:zdate adsorptlon phernonina and toe follow the changes in

some properties of util:zed adsorbents as well
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2, REVIEW OF LITERATURE

2.1. Adsorption of herbicides on soils ana clays:

It is a common notation te call synthetically prepared
organic compounds used in control and/or eradication of un-
wanted crganisms as pesticides, Herbicides are broad cate-

gories of pesticides:; they are used for weed ccntrol.

The fate and behavicur of pesticides in sci1l systems are
dependent on many factors:; chemical decenmpositisn, velatili-
zation, movement, plant uptake and adsorpticr.. The phenome-
non of adsorption-desorption seems to influence, directly or
indirectly, the magnitude of the effect of the other factors.
Adsorption, therefore, appears to be one cf the major factors
affecting pesticide-soii celloid interactions, Bailey et al.
{1968). The factors affecting the adsorption and descrption
of organic pesticides are reviewed by Ba:iiey ard White (1S64),
Such factors are scil or colloid type, phvsico-chemical nature
0f the saturating cation on the colloid exchange site, soil
meisture content, nature of formulation and temperature all
directly influence the adsorption of pesticides by soil sys-
tems, whereas the physical properties of scils as a substrate
as well as climate exert more indirect irfluence. Greenland
(1565) referred two facters of importance in —he adsorption

0T organic ions: the large number of possible polints of con-

tact between lon and adsorbent, which leads to large change
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in the entropy of the system znd the occurrence of specific
adsorption sites which depend on the particular mclecular

characteristics of the catiocn and substra=ze.

on their predominant charge characteristics: cationic pesti-
cides, anionic pesticides and non-icnic or gpolar pescicides.
Pestliondes of the first aroup arce completoiy tonizedd, adsor-
bed by soils and clavs through ion excnange proczsses and

also replace the inorganic cations initzally presgent at excha-

nge surfaces, Khan {(1978).

tn

The forces involved in the adsorptior and de orvtion of

_t

saome herbicides were studizd by McCall et al.

(1572) using
ionic and nonionic excharge resins. They focund that Picloram
was adsorked mainly in the anionic form by Coulombic forces
and, to a lesser degree, ©v weak physical bDonds at sites on
the resins where there were no Coulombic fcerces

-

So0il properties that may contribute to

t

ke acscrprion of
herbicides have been studied by many investigators. Harris

and Warren (1964) stated rrat adsorpticn of rerbicides by

1%

organic matter in soll ternced to be less reversis | and might
actually increase with ar increase 1in temperatura. dance

{1865} concluded that organic matter content was the only soil

Property that could be ccrrelated with adscrption of Diuron.
Similar szratement was intr-odi-ed by Liu and Cibes-Viasz=(1673)
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in their study on Flucmeturon adsorption. Thev stated that
the nature of clay minera:s Gid not influence the amount of
Aldrain adsorbed. This amount was found to te derendent on
mechanical composition and crganic matier conztent. Savage

and wauchope (1974) examined the adsorpticon-desorption equi-
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likely due to a physical cnange in the adsorption capacizy
the so0il with repeated ag:tation. Descrpricn studiss with
different socils proved the importance cf so:l organic matter
content on adscrption-desorption equilikria. <Clay zontent of
these soils was not significantly correlated with Flusmeturon
eguilibrium constants. Dav et al. (1968) fourd a negligible
cerrelation between the amount of simazine causing 50% reduc-
tion in growth (GRSO) and pH and clay conternt. Thay added
that there was a marked -nterrelaticnzh-p berwesar crganic
matter, cation exchange capacity, eguil:brium concenctration
of simazine in the soil solution, andg GR50 whicn was more
closely correlated with organic matter percent than with any

other factor. Swanscn =
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al. {1954} found tna* the retentior

of Lindane was related
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why fine textured scil requilres heavier aoplicarzon of BHC
Tor citective resulis in SOMPATISON Wl T SGa s Len i Lred Sol e

Simllar results were oktained by Kishk et al., (1873) ip their
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study on the adsorption of Parathion by sandy soils of El-
Tahrir and the alluvial s0i1l of El-Nahda. Tnev conclugded
that clay content is an 1mpecrtant factor 1rn the adscrption

of Parathion.

Tne adscrption of many pesticides, however, adepends on

pH. Frissel (1%61) found that the adscrgricn of herbicides
having widely different molecular siructurses 1ncreased as the

pH decreased. There exlsts a negative relaticnship between

pH and maximum adscrpticn. He observed a negative adsorpticn
of certain acids as 2.4 L and 2,4,5-T on bcth mentmorillonicte
and i1llite over certain pH ranges. The pd value at which
negative adsorption ceased and pesitive adscrpticn commenced
was found to be a function of both adsorber: ard (fe adsorbote,
Belily and white (1964) summarized the vole of pd 1n =he adsor-
ption of pesticides and referred to the effect <f pH on the

degrees of dissocciation

0O

r associaticn cf the compeournd
charge on the 1norganic soil colleoids and sclubilizies of cer-
tain elements 1n solls tnat may form stablie complexes with

pesticides.

Clay minerals and amorpnhous materials in a soil greatly
Affect the adsorpticn process of pesticides. Jurznak (1937)
indicated that the adsorzticn of EDB (ethvlene dibromide) by
natural seoils 1s a function of the predecminant clay minerals

present in soil., Kaolinite and iliite had
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reported that montmoriilonite adsorbed conside

BN

variocus herbicides, different cheri

cf wrdely

illite or kaclinite as

the magn:tude

capacaly of these minera:s zre in this

suggested machanism of adsorp

dar

was

<

than organic matter Dickens and

that adsorption ¢f methane

2rsena

miculite increased with increasing con

the eguilibrium solution. Kaclinite aad

much more methane arsenate than vermiculite.

(1964) reviewed that clav minerais of a nigh

o~
[

capacity such as montmor..lonite and vermLcul

capacity for adscrption of pesticides due to t

and Van der waals' foroos, while clay minera . -

exchange capaclty e.g. 1. 1te,Kaclinize and ch

cal

racliyv mocre of
cnaracter,
the exchange

RSSO

the

nunber

ry

ztion exchange
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great
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Plew Catlaon

1071te would

not have as large an adscrption capacitv as monimorillonite

and vermiculite. They also mentioned that the surface area

of crystalline and amorphrous oxides ard nvdrox:de of s1lica,

iron, arnd aluminium appears to be similar :rn magrltude cf

that of montmorillonite and vermiculize.

2.2. Adscrrrion of paraguat and diguat on sci1ls ard clavs:
Paraguat and diguat are CCnRnTact organoccatisn nerbicides

ustvally supplied as chloride or bromide salits. Their chemical
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tructure are given below :
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Ziquat raraguat
1,1 ecnyliene-2,2 bipyridinzium 1,1 dimethvl~4 4 zipyrada:
where x: bromide wnere x: chioride
They are usually nominated as bipyridiniums. The common trad

name ¢f paraguat is Gramcxcne, whereas for digua
Crhurch (1968},
gsoclate tc give divalent organic cations sim-lar
iong put differ only in the location of nizrcgen

in turn, in the charges ¢r the pvridire rings, =

(1) Up to a limiting value defined as the stirong
capacitv (SAC}, the sclurion concentraticn of pa

T

-

Beth compcunds are soluble in wate

ct
=)
4
14

5

a3}

v

{n
o
s}
'3

~
-

{n

.
[

n
O

kel

[$H)

{h

T

(]

rt

-

[
9]

5

@]
ot

O
=]

reduced below the level of chemical derection by suspended

scil (2 Removal of s0il crgaric matter dces rnot

3
[+

nge SAC. Strong adscorpt-on of paraguat 15 pr

perty of clay winerals =70 the presenc

[¢Al
sl
]
‘i
T
>
~
-

Minerals 18 of partlcular mporta

o
fid]
Lt
F

Z

caraguat 1s strongly int_uenced by facters otrer
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diguat znd paraguat were completely adsorbel oy montmorillo-
rite and Kaelinite clays <o the CZEC. Adsorpiicn on mentmori-

ilcnite appeared teo be crimarily By the CTculombirc Iorces of

ion exchange supplemented by Van der Waals'
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cns were held in the czlav latitice with thne plane ¢ the ring
parallsl to the silicate sheers. aAdscropticn of the cations

by Kaolinite was on the sdges cor faces ¢ the clay particles
and the bonding was not as strong as that oI the montmerillcs-
nite system. Haqua et &al. (1870) in their study or the ads-

arption ot paraguat on wmcnimorillonite Uustey (0l rare:d ana
‘»./

ultraviolietr spectroscopyv, found that diguat and paraguat form

it

asscc.ated cemplexes on montmorillonite suriace. Thev conc-
luded that the charge transfer mechanism betwean <the organic

cation anid the anionic silicate framework may alsc ke invoived.
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al. (1971) pcstulated that the re_&ti
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lguzt Zdemonstrates twoe _inear relaticnships
internal adsorp:tion and tne cther for 2=xterral adsarprion.
internzl adsorpticn 1s characterized by a strong prefarence
Zor paraguat on low charged smeciites: a re.ative decreasing
preference Ifcr paraguat wath bigher charged snectizes, and a

strong preference for diguat on highly charged expa
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miculite., They alsc showed that preferen Loags

paraguat by Kaclinite 1s guite simlilar & its a3sorpi1sn on
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verTiculites. weper and Weesed [18574)
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