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M()NTMORILLONI’I'ES1

jsosteric heats of adsorption were also de-
termined. The interaction of Alachlor with
pomoionic montmorillonites was also stud-
jed by FT-IR spectroscopy in an organic
golveni. The results indicated that the mol-
¢cnle is adsorbed on monoionic montmoril-
lonite by a coordination bond, through a
water bridge, between C—0O groups and
the exchangeable cation of the clay. Fur-
ther, the coordination strength is directly
correlated with the polarizing power of the
catior. X-ray diffraction analyses showed
that the herbicide was able to penetrate the
interlayer space of montmorillonite satu-
rated with polyvalent cations. On moder-
ate heating (70°C for 6 h) Alachlor ad-
sorbed on Al-, Cu-, Ca-, Mg-, and NH-clay
is partially decomposed to 2-chloro-2/,6’-
diethylacetanilide.

Alachlor (2-chloro-2’,6’-diethyl-N-methoxy-
methyl acetanilide) is a pre-emergence herbicide
used for weed contzol in soybeans, corn, and
peanuts. This herbicide is used extensively in
Italy in commen agricultural practice. The ad-
sorption of Alachlor aud viher aeetanilide her-

! Research supported by National Research Council
of Italy, Special Project R.A.LS.A., Sub-project no. 2,
Paper 120. 376,

*Dipartimento di Scienza del Suolo e Nutrizione
della Pianta, Universita di Firenze and Centro di
Studio ver i Colloidi de} Suolo, C.N.R., Firenze, Piaz-
ale Cascine 28, 50144 Firenze, Italy.
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973; Parochettl 1973, Weber and Peter 1982
Peter and Weber 1985). '

Ca-organic matter and a Ca-montmorillonite in
similar amounts at low equilibrium concentra-
tions. At high equilibrium concentrations, much
higher amounts of Alachlor were adsorbed by
Ca-montmorillonite than Ca-organic matter.

Degradation is a slow biological process for
Alachlor and other acetanilide herhicides (Sharp
1988), and only small amounts were mineralized
in surface soils (Novick et al. 1986). It has been
found that microbial degradation was of greater
imporiance than volutilization and leaching for
acetanilide herbicides (Ballard and Santelmann
1973; Beestman and Deming 1874; Zimdahl and
Clark 1982). Alachlor was also reported to be
degraded by a soil fungus, Chaetomium globosum
{(Tiedje and Hagedorn 1975), Hargrove and Mer-
kle (1971) found that Alachlor was degraded to
2-chloro-2/,6/-diethylacetanilide when incu-
bated at 46°C in a fine sandy loam; the degra-
dation was ascribed to acidic soil water film
surfaces. The same compound was also identi-
fied as the degradation product of Alachlor ad-
sorbed on silica gel (Handa et al. 1973).

In spite of all these studies, there is a lack of
information about the mechanism of adsorption
of Alachlor on specific clay minerals and on the
effect of the exchangeable cations.

The aim of this study was to investigate
Alachlor adsorption on homoionic montmoril-
lonite and to determine the effect of the ex-
changeable cations and temperature on its ad-
sorption. Furthermore, we wanted to establish
the mechanism through which adsorption and
degradation of the herbicide on homoionic clays
take place.




106
MATERIALS AND METHODS

Materials

Alachlor with a solubility of 242 mg L™ (at
25°C) was supplied by Riedel de Haen Co. {Ger-
many). The purity (99%) was confirmed by
melting point (39.5-41.0°C), infrared spectra,
and elemental analysis.

The 2-chloro-2’,6’-diethylacetanilide was
prepared by treating Alachlor with § N aqueous
HCl and acetone (4:1 v/v) at 45°C. After £ days,
the acetone was evaporated and a white com-
pound precipitated. The product was recrystal-
lized from hot water, The melting point (133°C),
the C, H, and N content, and the infrared analy-
sis were in agreement with the expected values
for acetanilide.

The <2-um fraction of Upton, Wyoming
montmorillonite (Sizes, Alas){Aks, Feoss,
Mgoes) O (OH).Xam in which the negative
layer charge arises principally from isomorphous
substitutions in octahedral sheet was used in
this study. The sample was supplied by Ward's
Natuzal Science Establishment, Rochester, New
York. The clay was made homoionic with differ-
ent cations: Al, Cu(ll), Ca, Mg, Na, Li, X, Rb,
Cs, and NH, by treating the <2-zm fraction
thres times with 1 N aolution of the respective
chioride salts. The excess slectrolytes were re-
moved by washing with dejonized water and
centrifuged until the supernatant solution gave
a negative test for Cl~, The sample was oven-
dried at 40°C for 2 days and stored, until used,
on CaCl,. Samples were used within 2 weeks.

Adsorption-Desorption Measurements

Adsorption isotherms at §° and 22°C were
made on suspensions obtained by adding 50 ml
of agueous Alachlor solution (concentration
from 0 to 926.61 umol g*) to 10 mg of homoionic
clay. Samples were subjected to shaking in ther-
mostatic baths for 18 h, This time was estimated
to be sufficient (according to kinetic measure-
ments) to reach the equilibrium, The suspen-
sions were centrifuged at 30,000 g, and the equi-
librium concentrations were determined in the
supernatant by UV spectroscopy at 220 nm, The
adsorption experiments were repeated three
times for each concentration. It was ascertained
that turbidity, especially due to the monovalent
cation-montmorillonite particles, was com-
pletely removed by centrifugation and did not
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bicide adsorbed at equilibrium was considereq

to be the difference between the amount of
Alachlor initially present and that in the supg,, .
natant. The minimum detectable value f, -
Alachlor was 0.5 ug ml™, and the analyticy .-

range was 5-50 ug mi™,
Desorption experiments were carried out, iy
triplicate at 22°C as follows: after the injia)

was removed and replaced with 20 ml of deiop.

ized water. Semples were equilibrated undg -
continuous shaking for 18 h. Another -] |
4 ering the s

aliquot of dionized water was added after remoy.
ing the supernatant by centrifugation. This pro.
cedure was repeated four times until no Alachloy

pernatant.

Infrared Analysis

Thin self-supporting films of homoionic clays !

were prepared by placing a fow milliliters of clay
suspension (about 2% by weight) on a polyeth-
ylene sheet and allowing them to air dry. The
films ware peeled away and immersed for 96 h

in an Alachlor-saturated CCL, solution. CCl wes .

used as solvent instead of water to avoid the

dispersion of ¢clay film, The films, once removed.
from the solution, were rinsed twice with CCl,. -

and air dried.

Preliminary investigations showed that CCl -

was not adsorbed on homoionic montmorillon-
ite. Even if CC)l, can influence the hydration

status of the exchangable cations of the clay, the -
IR spectrum of the air-dried homoionic clay and .

the corresponding complex, after treatment with
CCl,, shows the typical band of water at about
1630 cm™, Since the Fourier transform infrared
(FT-IR) technique was used, spectra subtrac-

tions were accurate and interference by water

did not occur.

The FT-IR spectra were recorded at room |

temperature in the range of 4000-1200 cm™

using a model 1710 Perkin-Elmer spectropho- -

wometer Interfaced to a microcomputer uud a
digital plotter. Difference spectra were obtained

by subtracting the spectra of the corresponding
homoionic clays from the spectra of the clay- |

organic complexes. Absolute and difference
spectza were also recorded in the 1200-600 cm™
range. These spectra are pootly defined and not

interfere with the readings. The amount pf e, .
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X-Ray Diffraction Analysis
In the 29 interval from 3° to 15°, diffraction

' patterns of homoionic montmorillonite and

their complexes with herbicides were obtained

y using a General Electric XRD-5 diffractometer

and Co K., radiations. The analyses were carried
out a1 Tovm temperature on samples air dried
and heated for 18 h at 190°C. These samples
were kept in a dry atmosphere and protected
against rehydration by a Mylar plastic film cov-
ering the slide.

Gas-Chromatographic Analysis

In orcer to identify Alachlor and/or its me-
taholiles, gas chromatographic qualitative anal-
yses of the acetonic extract of homoionic mont-
morillenite-Alachlor complexes (as self-sup-
porting films) were carried out with a Carlo Erba
model HRGC 5300 gas chromatograph equipped
with a fleme ionization detector (FID). Columns
of harosilicate glass coils were packed with An-
akrom € {110-110 mesh), previously coated with
2% w/w SE 30 and its surface silanized, prior to
use, by on-column injection of 4 X 50 ml each
of liexaunethyldisilazane (IIMDS} and bis-(tri-
methylsilyl)triflucroacetamide (BSTFA). Col-
umn temperature was programmed from 160°C
to 250°C with a rate of 3°C min™!, while detector
and injector were both kept at 270°C. High
purity dry nitregen served as gas carrier.

RESULTS AND DISCUSSION

Figure 1 shows the adsorption isotherms at
22°C of Alachlor on homoionic montmorillonite.
The attribution of theac isotherms to the classcs
described by Giles (Giles et al. 1960) couldn’t be
the strictly correct one. On the other hand, the
replications for each concentration gave very
close values {+1%) in all cases. Nevertheless, at
first sight, the Al-, Cu-, Ca-, Li-, and Cs-mont-
morillonite isotherms seems to be of the L type.
In this case, the molecules of Alachlor most
likely would be adsorbed fat and showing a
minimum competition of solvent for sites on the
adsorhing surface. Similar results have been re-
parted for some pesticides adsorbed on clays
(Haque and Sexton 1968; Tercé and Calvet 1978,
Bansal 1983; Bansal and Prasad 1985; Maza et
al. 1989; Dios Cancela et al. 1990). The L curve
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for Cu-montmorillonite is very close w C type
a8 observed with some organophosphorous and
carbamate insecticides adsorbed on different
soils (Pelsot and Dahm 1979). Further on Rb-
montmorillonite, the isotherm could be of the
L type. The Mg- and NH,-montmorilionite iso-
therms seem of the C type, suggesting a constant
partition of solute between solution and adsor-
bent. This kind of curve was observed also for
somo pesticides (Haque and Coshow 1971; Van
Bladel and Moreale 1974; Weber 1980). The Na-
and K-clay isotherms appear to be of the S-type,
indicating that in the initial part of the curve,
the herbicide molecules strongly compete for
adsorption sites with the solvent molecules. Esse
{3S) type isotherms were often observed with
pesticides adsorbed on smectites (Haque and
Coshow 1971; Bowman and Sans 1977; Tercé
and Calvet 1978; Aly et al. 1980; Bansal 1983;
Sanchez Martin and Sanchez Camazano 1984;
Bansal 1985).

However, a mechanistic interpretation of the
isotherms is not unique and is not necessarily
the correct one in the present case. In fact, the
adsorption of Alachlor on homoionic montmo-
rillonite in aqueous solution at 22°C fits the
empirical Freundlich relationship with a corre-
lation coefficient (r) in the range 0.97-1.00. The
linear form of this equation is

log C, = log K + 1/n log C,

where C, is the amount of herbicide adsorbed
{zmoles g”'), C, is the equilibrium concentration
in solution (uzmol L'}, and K and 1/n are con-
stants. The 1/n, K and r values are reported in
Table 1.

Table 1 indicates also a correlation (though
not a porfect one) at 22°C between the polarizing
power of the exchangeable cation saturating the
clay and the adsorption strength (expressed as
K). However, ionic size (namely steric factors
and cation polarizability) is also important. At
§°C, steric effects seem to dominate (e.g., the
effect of temperature on clay swelling or disper-
sion, or the effect of temperature on the confor-
mation of adsorbed molecule in the vicinity of
the surface cations). However, no good correla-
tion between adsorption and the polarization
power of Lthe cation was observed for Lhe pesti-
cide Pirimicarb adsorbed on montmorillonite
{Sanchez Camazano and Sanchez Martin 1986).
Further, it can be seen that the K value for
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TABLE 1
Freurdlich constants (K and 1/n) on molar basis of
Alachlor adsorbed on homoionic montmorillonite at 5°
gnd 22°C and changes in enthalpy (AH} for C, = 120

umol g™!
K i/n r AH
Sample ~228"2°C 5°C 22°C 5°C 22°C (Keal mol)
i 1042 0.483 0.70 085 0.96 0.99 —1.21°
Na  0.418 0.023 1.64 118 0.98 099 ~0.47
K 2.054 0.027 140 165 0.99 098 —1.35
Rb  3.320 4.120 0.81 0.82 0.97 097 +2.67
Cs 24653378 0.57 0.85 099 098  +2.17
NH, 2.273 1443 099 0.99 0.98 0.99 —0.81
Ca 1746 1.010 0.9¢ 094 0.96 0.99 —0.83
Mz 1286 1.059 0.99 0.99 099 100 —0.35
Ca 1809 1736 0.98 0.96 0.99 0.99 —0.53
Al 0115 3.034 0.88 0.85 0.99 099  +2.02

(.= 40 ymol g

the NH,-system is similar to those shown by the
clays saturated with divalent cations. The K
values for the Cs-system is similar to that of Al-
1; the highest K value was observed for Rb-
montrmorillonite. It ig difficult to explain the
relatively high values for NH,-clay which, in
generzl, behaves like K-systems and for Rb- and
Cs-montmorillonite. In these latter cases, the
cation size effect could be predominant. Both
Rb ard Cs cations in the unhydrated state are
large enough to prevent the complete closure of
the interlayer space when swelling minerals are
dehydrated. Mooney et al. (1952) found that N-
specific surfaces of Rb- and Cs-montmorillonite
are larger than the surfaces of Li- and K-mont-
morillonite.

It can be seen also from Table 1 that a de-
creese in temperature from 22° to 5°C results in
an increase in Alachlor adsorption except for
Al-, Rb-, and Cs-montmorillonite. These data
indicaie that the adsorption process is endo-
thermic for Al-, Rb-, and Cs-clays (K values
increase with temperatnre) and exothermic in
all other cases (K values increase while temper-
ature decreases).

The isosteric heat of adsorption (changes of
enthalpy) were determined from the isotherms
at 5°C and 22°C applying the integrated Van’t
Hoff equation:

_ In C.,l — In ng
AHio = R 1/T, - YT,

where R is the gas constant, and C., and C,, are
the equilibrium concentrations at temperatures
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T, and T, The aAH,, values, determined for a
constant value of C, and assuming that the
solvent-solute exchange is the same in all the
systems, are reported in Table 1. The adsorption
process for Alachlor adsorption by Al-, Cs-, and
Rb-montmorillonite is endothermic while it is
exothermic for all the other samples. It must be
pointed out that the main contributions to the
sign of AH,,, are: i) the solute adsorption on the
surface of the adsorption and/or ii) the interac-
tion of the adsorbed molecule with the ex-
changeable cation (exothermic processes) and
iti) the breaking of the solvent molecules from
the adsorbent surface and the interlayer expan-
sion (endothermic processes) (Van Bladel and
Moreale 1974; Sanchez Martin and Sanchez
Camazano 1984).

The AH,,, values indicate that the interaction
energy of homoionic monimorillonite with
Alachlor in aqueous medium is not strong. In
this case, we postulate a physical bonding by
hydrogen bond (probably involving the Ce=Q
group of the molecule, as discussed below) or
Van der Waals forcen. Similar results were ob-
served for some pesticides (Bansal 1983; San-
chez Martin and Sanchez Camazano 1984; Dios
Cancela et al. 1990).

The desorption results ure repurted in Fig. 2.
A recovery of only about 50% after several wash-
ings in distilled water is rather surprising. It is
difficult to give an explanation of such a severe
hysteresis occurring in all the investigated sys-
tems. Perhaps the centrifugation caused an ir-
reversible fixation of the herbicide on clays.
Similar results were observed for Oxamyl and
Dimecron, for which it has been suggested that
an appreciable adsorption of pesticide occurs by
ionic interactions at crystal edge and crystal
basal surface (Bansal 1983).

The interactions of Alachlor with homoionic
montmorillonite were also studied in an organic
solvent (CCL). Some of the main IR vibration
bands of free Alachlor and herbicide-clay com-
plexes are reported in Table 2. The FT-IR spec-
tra of the Al-montmorillonite-Alachlor complex
air dried and after heating at 70°C for 6 h are
shown in Fig. 3.

A detailed study of the spectra of the com-
plexes indicates that the stretching bands of
C=0 and C—N groups of the molecule undergo
modification in comparison with those of pure
Alachlor. Particularly, the C=0 stretching band

of the maleenle (1692 em™) shifts to lawer fra-
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FiG. 2. Nesarption (%) at 22°C of Alachlar ad-
sorbed on homoionic montmorillonites by water wash-
ings.

TABLE 2

FT-IR vibration bands (cm™") of air-dried Alachlor-
montmorillonite complexes

5 sC-N
Sample 7€=0  (anilidic)

Alachlor (CCl4 solution) 1692 1372
Homoionic clay-Alachlor

Li 1661 1387
Na 1672 1385
K 1671 1381
NH, 1660 1382
Rb 1669 1381
Cs 1667 1378
Ca 1651 1388
Mg 1651 1387
Cu 1658 1388
Al 1646 1387

quencies (1672-1646 cm™) as a consequence of
adsorption, while the magnitude of this shift
follows the order: trivalent > divalent > mono-
valent, cation.

This behavior can be ascribed to ion-dipgle
interaction between C=0 group and the ¢

changeable cation. As a consequence of th,

interaction, the double bond nature of Ce()
reduced, end this results in an increased C.y
(anilidic group) double bond. This is confirmeq
by the shift of the C—N stretching band {1379

cm™) toward higher frequencies (1378-1383° "

em™),
Therefore, these results indicate that Alachlo;
is adsorbed on homoionic montmorillonite by 4

coordination bond, through a water bridge, he. -

tween the C==O group and the exchangeahls
cation of the clay (Fig. 4). The coordinatioy
strength is directly correlated with the polariz.
ing power of the cation. Results of this type have
been reported for several organic compounds

adsorbed on clays (Mortiand and Meggitt 1966, -
Sanchez Camazano and Sanchez Martin 1985;

Fusi et al. 1986; Fusi et al. 19892 and 1989b),

s
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Fi. 3. (a) Infraved spectra of Alachlor in CCL
solution. (b) Differential infrared spectra of Al-mont-
morillonite-Alachlor complex at room temperature. (¢)
Complex “b” after heating at 70°C for 6 h and then

ennled in air
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FiG. 4. Suggested adsorption mechanism of Ala-
chlor on homoionic montmorillonites.
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FIG. 5. Chromatograms from: (a) Hexane solution
of A (Alachlur) and B (degiadation products ie., 2-
chloro-2°,8’-diethylacetanilide); (b) Hexane extract of
the Al-montmorillonite-Alachlor complex at room
temperatuee; (¢) Hexane extract of the Al-montmoril-
Jonite-Alachlur complex after heuling at 70°C for 6 Iy,
and then cooled in air.

Some significant changes occur in the IR spec-
tra for Al-, Cu-, Ca-, Mg-, and NH,-montmaoril-
lonite-Alachlor complexes when heated at 70°C
for 6 h, while the spectra of Li-, Na-, K., Rb-
and Cs-complexes remain unchanged.

Two new bands appear at 3380 cm™* and 1520
em™! (1538 ¢cm™ for Cu-montmorillonite) that
could be tentatively assigned to the stretching
and bending vibration of a N—H group, respec-
tively (Bellamy 1975). At the same time an
attenuation of the intensity of the bands at
about 1900 and 1460 cm™' (stretching and de-
formation vibration of CH) is observed. These
featuves suggest the formation of the 2-chloro-
2',6”-diethylacetanilide as a degradation prod-
uct of the Alachlor-clay complex. This com-
pound was found also as a degradation product
of Alachlor in a fine sandy loam scil incubated
for 72 h at 0% of relative humidity and 46°C
(Hargrove and Merckle 1971). The gas-chro-
matographic analysis of the acetonic extract of
Al,, On., Ca-, Mg-, and NH,-montmorillonite

m

complexes revealed, in fact, the presence of 2-
chioro-2’,6'-diethylacetanilide (Fig. 5).

Therefore, these results suggest that Alachlor
adsorbed on montmorillonite saturated by mon-
ovalent cations (except NH,*} is stable on heat-
ing, while if adsorbed on clay saturated by pol-
yvalent cations, it undergoes a partial abiotic
degradation to 2-chloro-2’,6' diethylacetanilide.
This behavior can be ascribed to the higher
acidity, enhanced by heating, of the coordinated
water (strongly polarized) of polyvalent cations
in comparison with that of monovalent ones.
Unigue is the behavior of the NH,-montmoril-
lonite. However, NH,-kaolinite was found to be
fairly acid (to Hammet indicator) and to decom-
pose Dieldrin (Fowkes et al., 1960). Further, the
protonation of 3-aminotriazole adsorbed at the
surface of NH,-montmorillonite has been dem-
onstrated (Russell et al. 1968).

The importance of the polarizing power of the
exchangeable cation in the adsorption of Ala-
chlor from CCl, is supported also by X-ray dif-
fraction analyses (Table 3). The molecule is able
to penetrate nnly the interlayer rpace of mont.-
morillonite saturated with polyvalent cation. In
fact, the heating at 190°C of the polyvalent clay-
Alachlor complexes causes a reduction in the
spacing (range 1.103-1.353 nm), butr not the
collapsed conditions (range 0.986-1.006 nm) as
observed for heated untreated homoionic mont-
morillonite. The inability of Alachlor to inter-
calate the layer of Na-, K-, NH,-, Rb-, Li-, and
Cs-montmorillonite might be ascribed to the low
polarizing power of the monovalent cations as-
sociated with the difficult penetration of a non
polar solvent such as CCl, in the dense-packed

TABLE 3

d(001) values (nm) for homoisnic montmorillonites
untreated and treated with Alachlor in CCly solution

Untreated Treated

Sample
25°C 190°C 25'C 190°C
Li 1207  0.968 1.221 0.987
Na 1.266  0.959 1.266 0.959
K 1179  0.986 1.152 1.026
NH, L1156 1.069 1.069 1.047
Rb 1.068 1.047 1.069 1.047
Cs 1.140 1.115 1.140 1.115
Ca 1530  0.996 1,654 1.530
Mg 1.486 1.006 1.654 1.553
Cu 1192 0986 1266 1.103
Al 1.553 0.986  1.654 1424
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montmorillonite films. Similar results were ob-
served for Carbary! adsorbed on Na-montmoril-
lonite (Fusi et al. 1986).

ACKNOWLEDGMENTS

The Authors are indebted to Mr. Franco Bini
and Mr. Fabrizio Filindassi for their valuable
technical assistance.

REFERENCES

Aly, M. Y., N. Barry, F. Kishk, and A. H. al-Sebae.
1980. Carbaryl adsorption on calcium bentonite
and soils. Soil Sci. Soc. Am. J. 44:1213-1215.

Dallard, J. L., and I. W, S8antelmann, 1073. Influence
of selected soil properties on Alachlor activity.
Proc. South. Weed Sci. Soc. 26:385-388.

Bansal, Q. P. 1983. Adsorption of Oxamyl and Dime-
cron in montmorillonite suspensions. Seil Sci.
Soc. Am. J. 47:877-883.

Bensal, O. P. 1985. Adsorption of oxamy! and dime-
cron by Cu, Cd, Zn, Mn, Co and Ni montmoril-
lonites. J. Indian Soc. Soil Sci. 33:30-67.

Bansal, O. P., and M. Prasad. 1985. Effect of humic
acid on adsorption of Oxamyl on caolinite, iltite
and montmerillonite. J. Indian Soe. Scil Sei.
33:260-264.

Beestman, G. B, and.l. M. Daming. 1974. Dissipation
of acetanilide herbicides from soils. Agron. J.
66:308~311.

Bellamy, L. J. 1975. The infrared spectra of complex
;nolecules. Chapman and Hall, London, pp. 231-

50,

Bowman, B. T., and W. W. Sans. 1977. Adsorption of
parathion, fenitrothion, methyl-parathion, ami-
noparathion and paraoxon by Na, Ca and Fe
montmorillonite suspensions. Soil Sci. Soc. Am.
J. 41:514-519.

Dios Cancels, G., E. Romero Taboads, and F. San-
chez-Rasero. 1990. Adsorption of cyanazine on
peat and montmorillonite. Soil Sci. 150:836-843.

Eshel, Y. 1969. Phytotoxicity, Jeachability and site of
uptake of 2-chioro-2,6'-disthyl-N-methoxyme-
thyl acetanilide. Weed Sci. 17:441-444.

Falsot, A., and P. A. Dahm. 1979. Sorption of organ-
ophusphorous and carbamate insecticides by soil.
J. Agr. Food Chem. 27:5567-563.

Fowkes, F. M., H. A. Benesi, L. B. Ryland, W. M.
Sawter, K.D. Detling, E. S. Ioeffler, F. B. Folcke-
mer, M. R. dJonson, and Y. P. Sun. 1960. Clay
catalized decomposition of insecticides. J. Agric.
Food Chem. 18:203-210.

Fusi, P., G. G. Ristori, and M. Franci. 1986. Interac-
tion of carbaryl with homoionic montmerillonite.
Appl. Clay Sci. 1:375-383.

Fusi, P., M. Franci, and G. G. Ristori. 1989%. Inter-
actions of [soxaben with montmorillonite. Appl.
Clay Sci. 4:235-245.

Fusi, P.,, M. Franci, and G G. Ristnri. 1989b. Adsorp-
tion of methylcarbamate by montmorillonite.
Appl. Clay Sci. 4:403-409.

Giles, C. H,, J. H. McEwan, S. N. Nakwa, and D.
Smith. 1960. Studies in adsorption. A system of

classification of solution adsorption isotherm,
and its use in diagnosis of adsorption mechaniyy,

and in measurements of specific surface areas of . »

solids. J. Chem. Soc. 3973-3993.

Handa, Y. P, L S. Bains, D. §. Chahal, and §, |,
Chopra. 1973, Micro determinations of residyes
of Lasso (2-chloro-2’,6'-diethyl-N-methoxyms.
thylacetanilide). J. Indian Chem. Soc. §0:333-334_

Haque, R., and R. Sexton. 1968. Kinetic and equilih.
rium study of the adsorption of 2,4-dichlorophey,.
oxyacetic acid on some surfaces. J. Colloid Sur.
Sei, 27:818-827.

Haque, R., and W. R. Coshow. 1971. Adsorption ¢f
Isocil and Bromacil from aqueous solution onte
some mineral surfaces. Environ. Sei. Technql,
5:130.-141.

Hargrove, R. S, and M. G, Merkle. 1971. The loss of
Alachlor from soil. Weed Sci. 19:652-654,

Maza, J., A. Jimenez Lopez, and S. Bruques. 1889,
Interaction of chlorocholine chloride with mont.
morillonite. Soil Sci. 147:11-186.

Mooney, R. W., A. G. Keenan, and L. A. Wood. 1959
Adsorption of water vapor by montmorillonite. I,
Effect of exchangeable ions and lattice swelling
as measured by X-ray diffraction. J. Am. Chem,
Soc. 74:1371-1374.

Mortland, M. M., and W, F. Meggitt. 1966, Interaction
‘of ethyl-N,N-di-n-propylthiocarbamate  with
montmortllonite. J. Agr. Food Chem. 14:126-129.

Novick, N. J., R. Mukherji, and M. Alexander. 1986,
Metabolism of Alachlor and Propachlor in sus-
pensions of pretreated soils and in the samples
from ground water aquifers. J. Agric. Food Chem.
34:721~-725.

Parochetti, J. V. 1973. Soil organic matter effect on
activity of ecetanilides, CDAA and Atrazine.
Weed Sci. 21:157-160.

Peter, C. J., and J. B. Weber. 1985. Adsorption, mo-
bility and efficacy of Alachlor and Metolachlor ss
istgfluenced by soil properties. Weed Sei. 33:874-

1.

Russell, J. D,, M. L. Cruz, and J. L. White. 1968. The
adsorption of 3-aminotriazole by montmorillon-
ite. J. Agric. Food Chem. 16:21-24.

Sanchez Camazano, M., and M. J. Sanchez Martin.
1986. Aspects of the adsorption of Pyrimicarb by
amectites and soils. Z. Pflanzenernachr. Bodenk
D. 150:208-212,

Sanchez Martin, M. J,, and M. Sanchez Camazano.
1984. Aspects of the adsorption of Azinphos
%cg:hyl by smectites. J. Agric. Food Chem. 32:720-

Sharp, D. B. 1988. Alachlor. /n Herbicides—Chemis-
try, degradation and mode of action, Vol. 3. Keas-
ney P. C. and Kaufman D. D. (eds.). Marcel
Dekker, New York, pp. 301-333.

Tercé, M., and R. Calvet. 1978, Adsorption of several
herbicides by montmorillonite, kaolinite and illite
clays. Chemosphere 4:365-370.

Tiedje, 7. M., and M. L. Hagedorn. 1975. Degradation
of Alachlor by a soi! fungus, Chaetomium glo-
bosum. J. Agric. Food Chem. 23:77-81.

Van Bladel, R., and A. Moreale. 1974. Adsorption of
Fenuron and Monuron (substitutes ureas) by two

|

[N

| wh——

montr
38:244

webet, J
3510, -

ter, n
sandly




; At
ety - "

Anispy

as of ©

S.n
sidueg .
K¥me. .

334,
ilih.

Phen.
Surf.

on of

+ onig
*hne),

osspf . . »

1989, ©
mong: . .

1952,
ite. I,
elling
“hem,

1ction

with

199 ¢

1986,
1 sus-

mples
hem. .-

¢t on

azine.

1, mo-
Joros

3:874- . -

i. The
Allon-

artin,

wh by -

sdenk

1Zano.
nphos
%720-

emis-
Kear-
farcel

averal

lillite -

lation
1 glo-

ion of

sy,

R

-

Iy two -

ALACHLUR ADSURBED ON HOMOIONIC MONTMORILLONITE 113

montmorillonite clays. Soil Sci. Soc. Am. Prec.  Weber, J. B, and C. J. Peter. 1982, Adsorption, bioac-
tivity, and evaluation of soil tests for Alachlor,
Acetochior and Metolachlor. Wead Sci. 30:14-20.
Zimdehl, R. L., and S. K. Clark. 1982. Degradation of
three acetanilide herbicides in soil. Weed Sci.

38244249,

Wweber, 4 .B. 1980. Adsorption of buthidazole, VEL
9510 tebuthiuron and fluridone by organic mat-
rer, snontmorillonite clay, exchange resins, and a

sancy loam soil. Weed Sej. 28:478-483.

30:545-548.




