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Abstract

Adsorption isotherm has been investigated for the adsorption of diazinon onto natural clay.
The influence of particle size range of natural clay on the adsorption capacity has been studied
with three different ranges. The results showed that the adsorption capacity of the natural clay
increased from 4.9 mg/g (65.5% removal) to 6.1 mg/g (81.0% removal) for decreasing the
particle diameter from 500-710 pm to 250-355 um. The experimental results have been fitted
with the Langmuir, Freundlich and Redlich-Peterson models. It is clear from the results that
the Freundlich model fits the experimental data significantly better than the Langmuir and
Redlich-Peterson models.
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1. Introduction

Water is a basic need of life and is used in many ways to cater the needs of daily life,
so the control of water pollution is one of today’s major of scientific activity.
Indiscriminate use of pesticides leads to the contamination of soils, surface and
ground waters. Numerous cases of pesticide residues have been reported in the
literature (Halder et al. 1989). Pesticides, which indeed seem indispensable for the
nutrition of mankind, take a special place among the environmentally problematic
substances. Small quantities of the pesticides may enter the water environment
through drift, leaching and run-off from nearby applications. Also, pesticides can
enter water through spills, leaks and back-siphoning from nearby mixing, loading,
storage and equipment cleanup sites and improper disposal of pesticides, reinstates
and containers. Pesticides may cause injury to non-target organisms directly or may
leave a residue that causes later injuries. Natural water, viz. lakes, rivers, streams and
oceans have been reported to be contaminated with residue of various pesticides (Rao
1996; Hatfield et al. 1996). The ground water contamination due to pesticides has
also been reported (Alam 1996). The contamination of water ponds, rivers and
ground water sources with various pesticides and herbicides is posing a direct threat
to human health.

Most of the previous works have focused on the removal of pesticides from water by
the more traditional and more expensive methods such as cation exchange (Weber et
al. 1968), and dialysis (Devitt and Wiesner 1998). Advanced oxidation processes
(Greenberg et al. 2002) using hydrogen peroxides often ineffective because carbonate
and bicarbonate ions, which are abundant in all natural water, react as strong free
radical scavengers, also using chlorine dioxide, several degradation products of
environmental toxic impact are produced. Pesticides are not completely degraded into
inorganic compounds such as CO; by ozonation (Bonne et al. 2000), these findings
suggested that the breakdown products of pesticides remain in water after treatment
and require complementary operations and are not economical. Beside oxygen also
nitrates present in natural water is a very effective scavenger for reducing and
oxidizing species formed by ionizing y—irradiation (Nathalie et al. 1999). The use of
enzymes to detoxify wastewater failed to attract much attention due to the high cost
of enzyme-based systems (Kauffmann et al. 2000). Filtration through membranes
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Adsorption Equilibria of an Insecticide Diazinon onto Natural Clay 3

needs another method such as oxidation reaction catalyzed by enzyme to transform
the pesticide into an insoluble product, so that this method is highly cost (Boussahel
et al. 2000).

Compared with the above methods, adsorption of different pesticides onto activated
carbon and clay minerals has demonstrated efficiency and economic feasibility and
gained high favorability for removing pesticides that are chemically and biologically
stable (Mangat and Elefsiniotis 1999).

The basic object of the present paper was to determine the effectiveness of natural
clay in the purification of solutions containing an insecticide diazinon. The scope of
the investigation includes characterization of natural clay and batch studies to
evaluate the adsorption capacity. The work is directed primarily towards studying the
adsorption isotherm as well as the effect of particle size of natural clay on the
adsorption capacity. The isotherm data have been analyzed using three models, viz.
the Langmuir, Freundlich and Redlich-Peterson. A comparison of the experimental
adsorption data with theoretical isotherms were studied in order to develop a model
which both accurately represents the experimental adsorption results and could be
used for design purposes.

2. Experimental

The adsorbate used in this study was the insecticide diazinon. The chemical structure
of diazinon is shown in Fig. 1.

CHs — O
S=—P—0 N CH (CH3)2
| AN
CHs — 0 |
N
CHs

Fig. 1. Chemical structure of diazinon.

The adsorbate diazinon used in this study was supplied by Egyptian Company for
Chemical and Pharmaceuticals (ADWA), Tenth of Ramadan city, Egypt. Diazinon
was prepared as stock solution of concentration 40 mg.dm™ and was subsequently
diluted to required concentrations using distilled water. The concentration of diazinon
in aqueous solutions was determined using a Spectrophotometer (Buck Scientific,
Inc. model 390). All measurements were made at the wavelength corresponding to
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4 El-Geundi and Abufares

maximum absorbance, Amax, Which is 248 nm for diazinon. Dilutions of concentrated
samples were undertaken when the absorbance exceeded 0.6 to give accurate results.

The natural clay used in the present study was crushed and sieved through different
standard sieves into various particle size ranges. The clay particle size fractions
obtained were vigorously stirred in 6 Vol. % H»O, solution (5 ml.g”! sample), and
then in (2 N) CH3COOH solution (5 ml/g sample) at 90°C to eliminate organic and
carbonaceous materials, respectively (El-Geundi et al. 1995). The sample was then
filtered, washed thoroughly with distilled water and finally dried at 105°C. The dried
material was ground to pass through screens and stored in sealed containers to use.
The chemical composition of natural clay used was found to be as; silica (54.15%)
and alumina (20.33%) are the major constituents of the natural clay while other metal
oxides are presenting traces or small amounts. The silica: alumina ratio (Si02/Al,03)
for natural clay used was quite low (2.66) and this is an important parameter which
governs the uptake of adsorbates. The mineralogical analysis of the natural clay under
test revealed that it consists approximately of 51% Kaolinite, 46% montmorillonite,
and 3% illite.

Adsorption isotherms were determined by the bottle-point method (El-Geundi 1990
& 1991). The adsorption capacity of the natural clay for diazinon were determined by
contacting a constant mass of (0.1 g) clay with a fixed volume (50 ml) of diazinon
solution, the latter having a range of concentrations (5-40 ppm). The clay / diazinon
solution were placed in sealed glass bottles in a Griffin constant temperature shaker
bath at constant agitation.

3. Results and Discussion

3.1 Characterization of Clay

The porosity characteristics as well as the chemical composition of adsorbent, play an
important role in adsorption processes. The porosity (&), the mean pore radius (7, ),

and the solid-phase density (ps) of the natural clay were determined using a mercury
Porosimetry and specific gravity bottle respectively and the values obtained were

&=037, 7 - 3 4, and ps=2.35 g.cm™.
From mercury Porosimetry the following values were obtained for the dry natural
clay:

V,  =0.083 cm’.g’
Vinacro = 0.069 cm?.g!
Vieso = 0.014 cm3.g™!

Al Mukhtar Journal of Sciences, Vol. 28, No. 1 (2013)



Adsorption Equilibria of an Insecticide Diazinon onto Natural Clay 5

Vmicro = Vp = (Vmacro + Vmeso)

=0.083 — (0.069+0.014) = zero

The natural clay can thus be regarded as a macro porous material. The specific
surface area of the natural clay was determined using BET method (Brunauer et al.
1932) and the value obtained was 112 x 10* cm?/g.

3.2. Effect of Contact Time

Preliminary tests were undertaken to assess the contact time necessary for the system
to come to equilibrium, and for experimental purposes, the system was given a
contact time in excess of this period (Fig. 2). So that this information may be used to
predict experimental conditions required to perform adsorption isotherms.

It is evident from Fig. 2 that the removal of diazinon increases with time and attains
equilibrium in 100 minutes for all initial concentrations of diazinon solution under
present investigation. The average removal at saturation was found to be 82.0%,
61.8% and 51.5% for 20, 30 and 40 mg.dm™ initial concentrations of diazinon
solution respectively at temperature of 25+2°C (Fig. 3). It is further noted from Figs.
2 and 3 that the removal of adsorbate species is rapid in the initial stages of contact
time and gradually decreases with lapse of time until saturation. The removal curves
are single smooth and continuous indicating the formation of monolayer coverage on
the surface of adsorbent (Singh et al. 1992).

6 100
5 N A B
o . - 2 80
= £
4 = —— =
= = 60
&3t =
=11)
E E 40
2 Co(mg.dm?) £
o 20 2 2
1 =30 ﬁ
0 A 40 e 0
0 50 100 150 200 0 50 100 150 200
Time (min.) Time (min.)

Fig. 3. Effect of initial concentration on
the removal of diazinon by adsorption onto
natural clay.

Fig. 2. Equilibrium time for the adsorption of
diazinon onto natural clay.

3.3. Adsorption Isotherm

The purpose of investigating adsorption isotherm is, firstly, to measure the adsorption
capacity of the adsorbent particle concerned and secondly, to ascertain the liquid-
solid equilibrium distribution of the solute concerned. The distribution of diazinon
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6 El-Geundi and Abufares

between the adsorbent and the liquid phase, when the system is in a state of
equilibrium, is important to establish the capacity of the adsorbent for diazinon.
Preliminary experiments showed that such equilibrium was established within 100
minutes; however, all equilibrium experiments were allowed to run for 180 minutes.

Fig. 4 depicts the adsorption isotherms measured at different particle size ranges,
250-355, 355-500 and 500-710 pm, and demonstrates the marked effect of the
particle size of natural clay on the adsorption of diazinon. According to the
classification of (Giles et al. 1974a, b), the adsorption isotherm obtained may be
classified as L-type. In this case, adsorption is very efficient at low concentration, but
it becomes increasingly difficult, as the concentration increases, for a solute molecule
to find a vacant adsorption site. The results show that the adsorption capacity of the
natural clay increased from 4.9 mg/g (65.5%) to 6.1 mg/g (81.0%) for decreasing the
particle diameter from 500-710 pm to 250-355 pm.

The higher efficiency in removing diazinon observed in the case of smaller-sized
fraction of natural clay may be caused by the larger surface area as shown in Fig. 5.
This is in agreement with the statement that if the mechanism of uptake is simply one
of adsorption on a specific external site, then the rate should vary reciprocally with
the first power of the diameter, whereas in intraparticle diffusion the rate should vary
with the reciprocal of the square of the diameter (Singh and Rawat 1994).

10 90
8 g wf
2
2 nf
: 6 ) E:
) = 60|
o ]
E 4 4 50 |
2 dy (um) E 4, ()
2 = 250-355 & 4o [ % 260-3%5
A 355-500 $ & S0 710
o .500 -710 1 J S U P S S PR S S S S S S B S
0 0 5 10 15 20 25
0 5 10 15 20 25 .
C, (mg.dm™) C. (mg.dm)
Fig. 4. Adsorption isotherms for diazinon Fig. 5. Percent removal of diazinon by
onto natural clay at different particle size natural clay at different particle size ranges.
ranges.

3.4. Analysis of Isotherm Data

Analysis of such isotherm data is important in order to develop a model which both
accurately represents the experimental adsorption results and could be used for design
purposes. Several isotherm models are available for this analysis (Ruthven 1984;
Subramanyam and Das 2012). In this study three of these have been selected to

Al Mukhtar Journal of Sciences, Vol. 28, No. 1 (2013)



Adsorption Equilibria of an Insecticide Diazinon onto Natural Clay 7

simulate the experimental data, i.e. the Langmuir, Freundlich and Redlich-Peterson
isotherms.

3.4.1. Langmuir Isotherm

The first isotherm tested was that of the Langmuir isotherm (Langmuir 1916) which
may be represented by the equation:

qe:a<L‘Ce)/(l+aL‘Ce) (1)

This may be converted into a linear form convenient for plotting and determining the
constants, Kr and ay:

Co/a. =(VK )+ (@ /K,) C, b)

The plot of Cc/q. against C. at different particle size ranges is shown in Fig. 6 and is
seen to be linear over a certain concentration range. Linear plots of C./q. against C at
different particle size ranges suggest the applicability of the Langmuir isotherm for
the present system, and demonstrate monolayer coverage of the adsorbate at the outer
surface of the adsorbent (Panday et al. 1986).

Values of Ki and ap at different particle size ranges have been calculated using the
least-squares method and are tabulated in Table 1. The values of the constant, Ki/ar,
correspond to the maximum adsorption capacity (qmax) of clay for a particular
diazinon. Referring to Table 1, it can be seen that there is a gradual variation in the
maximum adsorption capacity (qmax) With particle size range.

Table 1. Estimated parameters of the Langmuir model

dp Ki ap Qmax R Correlation

(um) (dm¥/g) (dm3/mg) (mg/g) (-) Coefficient
250-355 2.34 0.30 7.80 0.156 0.96
355-500 1.42 0.19 7.47 0.193 0.95
500-710 0.87 0.12 7.25 0.257 0.93

The influence of whether the adsorption is favorable or unfavorable on the isotherm
shape has been considered by Weber and Chakravorti (1974). The isotherm shape can
be classified by the dimensionless equilibrium parameter, R , given in Eq. 3:

R=1/(1+a, .C,) 3)

The equilibrium parameter indicates the shape of the isotherm as follows:

(2013) U5 232l i35 piedl s ol sl o slell liSall £lse



8 El-Geundi and Abufares

Values of R Types of isotherm
R>1 Unfavorable
R=1 Linear

0<R<1 Favorable

R=0 Irreversible

Values of R for diazinon-clay system have been calculated and are tabulated in

Table 1. The values of R is depicted in Fig. 7, which is a plot of the dimensionless
solid phase concentration, Q., against the dimensionless liquid phase concentration,
X, at different particle size ranges. The general relationship for the equilibrium

parameter (R ) for any isotherm is:

R=X,(1-Q,)/Q, (1-X,) “)
Where, X.=C./C,; ,and Q. =9qc/qyer

For a single solute adsorption system, Crr is usually the highest liquid phase
concentration encountered and rr is the equilibrium solid phase concentration co-
existing with Crr. Substituting Eq. 4 into Eq. 3 and simplifying, Eq. 3 becomes:

R=1/(1+a, .C.;) %)

Since Cr is the highest liquid-phase concentration encountered (i.e. Cer = Co), it
follows that Eqs. 3 and 5 are identical. The degree of "favorability" is generally
related to the reversibility of the system thereby giving a qualitative assessment of the
diazinon-natural clay interactions. Indeed, the degree of reversibility of the clay-
diazinon system is, 0<R <1, which represents the reversible isotherm case in the
favorable range.

d, (pm)
m 250 - 355
A 355-500
D 500-710

m 250 - 355
4 355-500
o 500-710

Fig. 6. Langmuir plot for the adsorption of - Fig. 7. Equilibrium parameter plot for the adsorption
diazinon at different particle size ranges. 20 of diazinon at different particle size ranges.



Adsorption Equilibria of an Insecticide Diazinon onto Natural Clay 9

3.4.2. Freundlich Isotherm
3.4.2. Freundlich Isotherm

The experimental equilibrium data for the adsorption of diazinon onto natural clay at
different particle size ranges have also been analyzed using the Freundlich isotherm
(Freundlich 1906) as given by Eq. 6.

q. =K;.C" (6)

The equation may be linearized via a logarithmic plot which enables the exponent, n,
and the constant, Kr , to be determined from Eq. 7.

logq, =logK; +(1/n)log C, N

Inspection of the results derived from the Freundlich analysis and depicted by Eq. 7
shows that a plot of log q. versus log C. exhibits some curvature. Indeed, the results
can be better represented by more than one straight line (Fritz et al. 1981). A general
equation for the entire concentration range may be expressed as:

q. =Kp; .C™ (8)

Fig. 8 shows the effect of the particle size ranges on the Freundlich isotherm for
diazinon on the basis of Eq. 8. The Freundlich parameters, Kr and n have been
calculated using the least-squares method applied to the straight lines shown in Fig. 8
and are listed in Table 2 together with the appropriate concentration ranges (C.R.) and
the correlation coefficients obtained.

Table 2. Estimated parameters of the Freundlich model

First section of plot Second section of plot
dy Kr n CR. Correlation Kr n C.R. Correlation
(um)  (dm%/g) (-) (mg/dm®) Coefficient (dm%/g) (-) (mg/dm®) Coefficient
250-355 137 1.11 0.6-5.0 0.99 452 862 5-20 0.90
355-500 0.88 1.05 0.8-7.0 0.99 368 7.14 7-25 0.90
500-710  0.58 1.01 2.0-9.0 0.99 264 460 9-25 0.95

Two important conclusions can be derived from the data presented in Table 2. First,
the fact that the Freundlich model successfully describes the adsorption isotherm of
the diazinon over a wide concentration range suggests that the adsorption sites were
not saturated at any of the concentration considered in this study. Second, contrary to

(2013) U5 232l i35 piedl s ol sl o slell liSall £lse



10 El-Geundi and Abufares

a frequent assumption, the measured adsorption isotherms for the diazinon considered
were non-linear. The magnitude of exponent, n, gives an indication of the favorability
and capacity of the adsorbent-adsorbate system. Values of n > [ represent favorable
adsorption according to Treybal (1985). In this work the values of n are greater than
one (n>1) for both sections of plot which indicates that the diazinon shows favorable
adsorption by natural clay.

d, (pm) L

= 0.0 b ﬂg_(_lﬂl
m 250-355 m 250-355
& 355-500 02 & 355-500
0 500-710 o 500-710

Fig. 8. Freundlich plot for the adsorption of Fig. 9. Redlich-Peterson plot for the adsorption of
diazinon at different particle size ranges. diazinon at different particle size ranges.

3.4.3. Redlich-Peterson Isotherm

Another isotherm which incorporates intermediate terms between the Langmuir and
Freundlich equations describes the isotherm better than the classical isotherm models
because of its mathematical flexibility (Subramanyam and Das 2009). The Redlich-
Peterson isotherm has been used in this work and is represented by the Eq. 9:

Q. =Kgp.C. )/ (1+ag.CP) 9)

For =1, Eq.9 converts to the Langmuir isotherm; and for 1 < (ag,.C?) it is identical

with the Freundlich isotherm. The linear form is shown in Eq. 10 from which the
constants, Krp, arp and 3, which characterize the isotherm, can be determined:

log {[Kgp.C./q.]1-1} = logag, +BlogC, (10)

The plot of log {[Krp.Cc/qe] — 1} against log C. is shown in Fig. 9 and is seen to be
linear over a certain concentration range. The Redlich-Peterson parameters at
different particle size ranges have been calculated using an iterative computer
program for data fitting and minimizing the correlation coefficient, and are tabulated
in Table 3.

Al Mukhtar Journal of Sciences, Vol. 28, No. 1 (2013)



Adsorption Equilibria of an Insecticide Diazinon onto Natural Clay 11

Table 3. Estimated parameters of the Redlich-Peterson model

dy Krp arp B Correlation

(um) (dm’/g) (dm’/g)"P (-) Coefficient
250-355 2.65 0.49 0.90 0.88
355-500 1.69 0.35 0.90 0.85
500-710 1.08 0.23 0.90 0.75

3.5. Simulation Results and Correlations

Using the appropriate constants of the Langmuir, Freundlich, and Redlich-Peterson
models, the theoretical isotherm curves were predicted using known values of C..
Figs. 10, 11 and 12 show a comparison of the experimental points with the Langmuir,
Freundlich, and Redlich-Peterson models, in order to establish which model yields
the "best fit". It is clear from the results of this study that the Freundlich model fits
the experimental adsorption data significantly better than the Langmuir, and Redlich-
Peterson models.

10 8
8t
[ 3
-
6 3 =
== -
4 =
4k
—&— Experimental —@— Experi
2 F 222 Lanemuir 2r T3 e
---------- Freundlich ssssssnan Freundlich
Redlich-Peterson Redlich-Peterson
0 . L 0 :
0 3 6 9 12 15 18 0 4 8 12 16 20

Fig. 10. Comparison of theoretical isotherm Fig. 11. Comparison of theoretical isotherm
plots with experimental data for the adsorption plots with experimental data for the adsorption
of diazinon at dy=250-355 um. of diazinon at dy= 355-500 um.
8
6 |
4t ==
5 —— Expe
- = = Langs
ssasseaess Freundlich
Redlich-Peterson
o ;
0 4 8 12 16 20 24

Fig. 12. Comparison of theoretical isotherm
plots with experimental data for the adsorption (2013) s¥) aaell ¢y 5 ssinll 5 alil] slsall o slel] jlisall dlse
of diazinon at dy= 500-710 um.




12 El-Geundi and Abufares

The results obtained showed that the Freundlich model could be applied to the
adsorption of diazinon onto natural clay over the entire solute concentration range
adopted in experimental studies (Figs. 10, 11 and 12). On the other hand, the
Freundlich model better fitted the experimental data since the correlation coefficients
obtained from the Freundlich plots were higher overall (i.e. closer to 1) than those
obtained from the Langmuir and Redlich-Peterson plots. These coefficients are a
measure of the conformity of the data to a linear trend, a value of one would indicate
a perfect fit.

4. Conclusion

The experimental results from laboratory-scale studies indicate that natural clay has
the ability to adsorb considerable quantities of diazinon. The results showed that the
adsorption capacity of the natural clay increased from 4.9 mg/g (65.5% removal) to
6.1 mg/g (81.0% removal) for decreasing the particle diameter from 500-710 um to
250-355 um. Decrease particle size of natural clay gave a good improvement in
diazinon removal. Equilibrium isotherms have been determined and the data obtained
correlated using equations based on the Langmuir, Freundlich and Redlich-Peterson
models. Theoretical isotherms were compared with experimental data and the general
results of this study reveal that the Freundlich isotherm better fitted the experimental
adsorption data since the correlation coefficients obtained from the Freundlich plots
were higher overall than those obtained from the other models. Equilibrium
parameter (R ) was used to assess the nature of the equilibrium for diazinon and the
results indicated that diazinon-natural clay system exhibit "favorable" adsorption.

Nomenclature

ar parameter of Langmuir isotherm (dm®/mg)

arp parameter of Redlich-Peterson isotherm [(dm?/mg)'?]

Co initial liquid-phase concentration (mg/dm?)

Ce equilibrium liquid-phase concentration (mg/dm?)

Crer reference liquid-phase concentration (mg/dm?)

dp adsorbent particle size range (um)

Kr parameter of Freundlich isotherm (dm®/g)

Kp parameter of Langmuir isotherm (dm?®/g)

Krp parameter of Redlich-Peterson isotherm (dm*/g)

n Freundlich exponent (dimensionless)

Qe dimensionless solid-phase concentration at equilibrium

Qe equilibrium solid-phase concentration (mg/g)

Qmax maximum adsorption capacity of clay for a particle diazinon (mg/g)
Qref reference solid-phase concentration at onset of monolayer coverage (mg/g)
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R dimensionless equilibrium parameter, defined by equation (5)
r,  mean pore radius “A)

Vp pore volume of adsorbent particle (cm*>g™!)

Xe dimensionless liquid-phase concentration at equilibrium.
Greek symbols

B Redlich-Peterson exponent (dimensionless)

€ Porosity of particles (-)

Ps Solid phase density (g.cm™)

Amax Wave length corresponding to maximum absorbance (nm)
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Abstract

The external mass transfer model has been used to predict the rate-controlling step for the
adsorption of an insecticide diazinon onto natural clay. The external mass transfer coefficients
(Ks) have been determined and correlated with respect to three variables namely, agitation
speed, initial concentration, and mass of clay. It has been found that K varies with the
variables studied and may be correlated with (rpm)®%, (Co)*%, and (m)**!. The external mass
transfer coefficient as the dimensionless mass transfer term Sh/Sc'’® has been correlated with
the design variables. It has also been found that Sh/Sc! varies linearly with the variables
studied and may be correlated with system variables via the equation: Sh/Sc'® = A(variable)® .
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1. Introduction

The presence of excess fluoride, arsenic and natural organic matters, inorganic
contaminants, heavy metals, and variety of pollutants in drinking water are the major
causes for various water borne diseases. However in order to maintain safer drinking
water, efficient purifying technologies must be implemented. One such beneficial and
successful method that has been in use is that of purification of water using natural
adsorbents. Clays offer an attractive and inexpensive option for the removal of
organic and inorganic contaminants (Murray 2000). The adsorption of several organic
contaminants in water such as pesticides, phenols, and chlorophenols has been
reported recently in the literatures (Lemic 2006; Zadaka et al. 2009; Shariff 2012).
Srinivasan (2011) reviewed the recent development of natural clays and their
modified forms as adsorbing agents for the treatment of drinking water and their
sources. Natural clays are abundantly available low-cost natural resource which is
nontoxic to ecosystem. The suitability of natural clay as a natural adsorbent for
pesticides was recognized previously, where the equilibrium adsorption capacities
were determined (El-Geundi et al. 2005). To understand the mechanism of insecticide
removal, knowledge on the surface mass transfer processes is required.

The mechanism of diazinon adsorption onto an adsorbent consists of several steps, for
the purpose of this study, the overall adsorption process is assumed to occur by the
following three steps (Furusawa and Smith 1973a): (i) mass transfer of the diazinon
from the bulk solution to the particle surface (external mass transfer); (ii) adsorption
at an interior site; and (iii) intraparticle diffusion of diazinon via either a pore
diffusion, or a homogeneous solid-phase diffusion. During the establishment of the
rate-limiting step, step (ii) is assumed to be rapid and hence not considered in any
kinetic analysis in the present study. Consequently, the two possible rate-limiting
steps considered are external mass transfer and intraparticle diffusion. The
development of models based on two such mass transport steps occurring
simultaneously is quite complex, requiring a coupling equation and its subsequent
solution. Initially, therefore, simplifying assumptions have been made and attempts
undertaken to describe the adsorption processes in terms of either an external-mass
transfer coefficient or an internal-mass transfer parameter (Furusawa and Smith
1973a).

The aim of the present study is to predict the rate-controlling step for the adsorption
of an insecticide diazinon onto natural clay. The external mass transfer model has
been used to predict the rate-controlling step for the adsorption process. The external
mass transfer coefficients are correlated as a function of a dimensionless mass
transfer correlation in terms of the process variables. The variables investigated
include agitation speed, initial concentration and mass of natural clay.
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2. Experimental

The adsorbate used in this study was the insecticide diazinon. The chemical structure
of diazinon is shown in Fig. 1.

CoHs —Cl)
S=P—0 N CH (CHz3),
I AN
CHs— 0O |
/N
CHs

Fig. 1. Chemical structure of diazinon

The adsorbate diazinon used in this study was supplied by Egyptian company for
chemical and pharmaceuticals (ADWA), Tenth of Ramadan city, Egypt. The natural
clay used in the present study was crushed and sieved through different standard
sieves into various particle size ranges. The clay particle size fractions obtained were
vigorously stirred in 6 vol.% H,O» solution (5 ml.g"! sample), and then in (2 N)
CH3;COOH solution (5 ml.g"!' sample) at 90°C to eliminate organic and carbonaceous
materials, respectively (El-Geundi et al. 1995). The sample was then filtered, washed
thoroughly with distilled water and finally dried at 105°C. The dried material was
ground to pass through screens and stored in sealed containers until use. The
chemical composition of natural clay used was found to be as; silica (54.15%) and
alumina (20.33%) are the major constituents of the natural clay while other metal
oxides are presenting traces or small amounts. The silica: alumina ratio (Si0./Al,O3)
for natural clay used was quite low (2.66) and this is an important parameter which
governs the uptake of adsorbates. The mineralogical analysis of the natural clay under
test revealed that it consists approximately of 51% Kaolinite, 46% montmorillonite,
and 3% illite.

The porosity characteristics as well as the chemical composition of adsorbent, play an
important role in adsorption processes. The natural clay can thus be regarded as a
macro porous material. The specific surface area of the natural clay was determined
using the BET method (Brunauer et al. 1932) and the value obtained was 112 x 10*
cm?/g.

The batch adsorber vessel with a standard tank configuration was utilized to obtain
the dimensions of the vessel and its components. The batch adsorber was a 2 dm?
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glass beaker and holding a volume of 1.7 dm?® diazinon solution in each run. Constant
and uniform agitation was achieved using a variable speed motor and a six bladed
(flat) stainless-steel impeller. Eight anodized aluminum baffles were evenly spaced
around the circumference of the adsorber and held securely in place by insertion into
a thick rubber ring placed on the top of the adsorber. Further design details for the
batch adsorber used in the kinetic studies have been reported previously (McKay et
al. 1981).

3. Theoretical Analysis

In the present study, the external mass transfer model has been used to predict the
rate-controlling step for the adsorption process. The model presented for determining
the external mass-transfer coefficient, K, is based on the investigation reported by
Furusawa and Smith (1973 a & b; 1974). It assumes that the external mass transport
of the diazinon from the bulk solution across the boundary layer film to the external
particle surface is rate-controlling step in the early stages of the adsorption process.

The uptake of dye on the solid and the solid-liquid equilibrium relationship is
described by the Freundlich isotherm. The uptake of diazinon onto natural clay is
given by Eq. 1:

g = CoCOV W

m

The Freundlich isotherm is shown in Eq. 2 and can be linearized as in Eq. 3 for
determining the exponent, n, and the constant, Kg:

q. =K;.C" 2)
logq, =logK; +(1/n)log C, 3)

The values of K¢ and n for diazinon-clay systems have been determined and reported
previously.

In a well-agitated batch adsorber mixing in the liquid phase is rapid, hence the
concentration of adsorbate in the liquid phase (C;) and the concentration of adsorbent
particles in the liquid (ms) are assumed to be uniform throughout the vessel. Since at
time t = 0, all the mass transfer resistance is restricted to the external layer of the
particle. Consequently, ms, may be determined from the measured mass of clay and
the volume of particle-free diazinon according to Eq. 4:

ms = m/V 4)
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The change in diazinon solution concentration (C;) with time is related to the fluid-
particle mass transfer coefficient by the Eq. 5:

dC,/dt =- K Ss (C; - Cy) Q)
Where, C;=Cp at t=0

If the effective diffusion coefficients are neglected, then since Cs approaches zero and
C, approaches Co as t — 0, Eq. 5 becomes:

R o

The external surface area of the particles, S;, can be obtained from ms by assuming
that the particles are spherical and of diameter, d,, hence:

S, :$ (7)
d,.p(1-¢,)

Equation 6 can be used for obtaining K. Hence, the slope at t = 0 of a plot of (C/Co)
versus time is equal to (- K Ss), and K can be extracted from such a slope.

The K value may be expressed by an equation of the general form:
K = x (variable)” )
or in the logarithmic form:
log Ks =log x +y log (variable) 9)
The external mass transfer coefficient, K, can also be correlated as a function of the

Sherwood number (Sh) and the Schmidt number (Sc), in a dimensionless mass
transfer form, Sh/Sc!? (Bird et al. 1960), where:

_Kd,
D

sh (10)

and

Sc = (11)

13
D
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The molecular diffusivity (D), used in the mass transfer expression may be obtained
from the expression of Wilke and Chang (1955) as shown in Eq. 12:

0—8 ((x‘ MA )0'5 T

u\]0‘6

D=74x1 (12)

Since the dimensionless mass transfer expression, Sh/Sc!”, is an important design and

kinetic parameter, it is useful if Sh/Sc! can be correlated against a particular system
variable. This can be expressed by an equation of the general form:

Sh /Sc'” = A(variable)® (13)

Logarithmic analysis of the data yields a straight line represented by the following
equation:

log (Sh/Sc'?) =log A + Blog (variable) (14)

The variables investigated include: agitation speed, initial concentration and the mass
of natural clay.

4. Results and Discussion

Molecular diffusivities have been calculated using Eq. 12 at temperature of 20 °C for
different concentrations where its values have been found approximately constant
through the concentration range used in the present study, D =5.12 x 10 cm?/s.

The external mass transfer coefficient may be determined from Eq. 6 where, it is
dependent on drawing slopes at t = 0 on the concentration versus time decay curves.
Fig.2 shows the experimental results obtained from a series of contact time studies for
the adsorption of diazinon onto natural clay at concentration of 40 mg.dm>,
temperature of 20+1°C, and mass of clay 2 g in which the degree of agitation was
varied from 250 to 450 rpm. The curves represent solid-phase concentration (q;) -
time profiles for moderately short contact times; the experiments were conducted
over 180 min. period. The results indicate that the removal of diazinon increases with
increasing agitation speed. The increase in the extent of removal can be explained by
the following basis:

1. the solute species, diazinon may get activated due to a gain in kinetic energy
and easily cross the potential barrier,

2. the increase in agitation speed decreases the boundary layer resistance to mass
transfer in the bulk solution and increases the driving force of solute ions.

Al Mukhtar Journal of Sciences, Vol. 28, No. 1 (2013)
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Fig. 2. Effect of agitation speed on the Fig. 3. Typical time-concentration
adsorption of diazinon onto natural clay. ratio at different agitation speeds.

The experimental results of the effect of agitation speed are shown in Fig. 3 as a plot
of (C/Cy) against time of the adsorption of diazinon onto natural clay. The initial
gradients (d (C/Cy)/dt), = o of the various curves have been determined which is equal
to (-Ks Ss). From such slopes, Ks can be extracted.

The external mass-transfer coefficients, K, for different agitation speeds have been
determined from initial gradients and plotted as log K, against log rpm, as shown in
Fig. 4. Linear variation was observed and the values of constants, x and y, associated
with Eq. 8 have subsequently been determined using the least-squares method.

The data indicate that the external adsorption of diazinon onto natural clay is
controlled by the degree of agitation (since the plot in Fig. 3 is linear) and that the
effect of increasing agitation is to decrease the boundary layer resistance to mass
transfer and hence increase the mobility of the solid/fluid system.

The equation relating K, to agitation speed in the range (250-450 rpm) for the
adsorption of diazinon onto natural clay is:

K =6.49 x 10°® (rpm)®** (15)

Although no literature values for diazinon mass-transfer coefficient are available, its
order of magnitude is comparable to the mass transfer of certain dyestuffs onto maize
cob, wood and natural clay. A similar trend has been reported previously (El-Geundi
1990 & 1996) for the adsorption of certain dyestuffs onto natural clay, maize cob and
wood particles.

The major controlling factor in external mass transfer is the thickness of the boundary
layer. All experiments were undertaken at 450 rpm to achieve completely mixed
systems. Consequently, there was a considerable shear force on the boundary layer

(2013) Js¥) s3ell iy sitell g palil] alaal] ca slel] Sl all L



Adsorption Kinetics of an Insecticide Diazinon onto Natural Clay 23

which made this initial resistance to mass transfer fairly low, and hence the intrinsic
adsorption rate was very rapid until an external surface coverage of diazinon had
occurred on the clay particles.

26 0.2
27 b 04 |
28 500}
PP o}
s £
30 f w02
a1t I
a2 04
23 2.4 2.5 26 2.7 28 23 24 25 26 2.7 28
Log rpm Log rpm
Fig. 4. Effect of agitation speed on Fig. 5. Effect of agitation speed on
surface mass transfer coefficient. dimensionless mass transfer correlation.

The mass transfer coefficient in dimensionless form has been obtained for different
agitation speeds and plotted as log Sh/Sc'? against log rpm, yielding a linear graph
being obtained as shown in Fig. 5.

An empirical equation was sought to fit data and related the dimensionless mass-
transfer to agitation speed as follows:

Sh/Sc" =3.09%x107 (rpm)** (16)

The influence of initial diazinon concentration has also been studied and the
experimental results obtained are depicted in Fig. 6 as a plot of (q;) against time for
the adsorption of diazinon onto natural clay. The external mass transfer coefficients,
K, have been determined as mentioned before at different initial concentrations (Fig.
7) and these results have also been plotted as log K versus log Co using Eq. 6 as
shown in Fig. 8 and linear variation was observed.
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Fig. 6. Effect of initial concentration on the Fig. 7. Typical time-concentration ratio
adsorption of diazinon onto natural clay. at different initial concentrations.
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Fig. 8. Effect of initial concentration on Fig. 9. Effect of initial concentration on
surface mass transfer coefficient. dimensionless mass transfer correlation.

The driving force for mass transfer (based on the difference between the bulk liquid
concentration and the particle surface liquid concentration) is time dependent. This
concentration difference, relative to Co, will affect the way in which the external mass
transfer coefficient varies with diazinon concentration. Thus, the external mass

transfer coefficients decrease as Cy increases for diazinon being adsorbed onto natural
clay.

The K values were correlated in terms of (Co) by Eq. 17 in the range (20 - 40 mg.
dm™).

Ks=7.06 x 103 (Co)*% (17)

The data of external mass transfer coefficient in dimensionless form have been
plotted as log (Sh/Sc'?) versus log (Co), a linear graph being obtained as shown in
Fig. 9 indicating that K, varies with Co in a definite logarithmic manner.

(2013) Js¥) s3ell iy sitell g palil] alaal] ca slel] Sl all L



Adsorption Kinetics of an Insecticide Diazinon onto Natural Clay 25

An empirical correlation was sought to fit the data and to correlate the external mass
transfer coefficient in dimensionless form with the initial diazinon concentration and
the predicted equation for this variation is:

Sh/Sc"® =3.37(C,) " (18)

In order to vary the solid-to-liquid ratio, effect of the mass of natural clay on the
adsorption rate has been studied keeping the other experimental conditions constant.
The results are shown in Fig. 10 as a plot of (q;) against time for the adsorption of
diazinon onto natural clay. The initial gradients of the various curves in Fig. 11 allow
the determination of the K values for the different masses and the results have been
plotted as log K versus log m (Fig. 12). The resulting linear graph indicated that K
varies with the mass of natural clay in a logarithmic manner.

The external mass transfer coefficient depends on the driving force per unit area, and
in this case, since Cop is constant, increasing the mass of natural clay increases the
surface area for adsorption. Hence, the rate of diazinon removal increases. Since the
particle size range is constant, the surface area will be directly proportional to the
mass of natural clay in the system. The K values as appears in (Fig. 12) indicate only
a small dependence on mass, with K decreasing with increasing mass of natural clay.
This effect is probably due to the fact that for small masses, a small amount of
external surface is presented to the diazinon and therefore there is a large driving
force from the diazinon per unit surface area of natural clay. The K values were
correlated in terms of mass of natural clay (m) for the adsorption of diazinon by Eq.
19 in the range 0.5 - 2 g:

K, =2.56 x 10* (m)°4! (19)

As before, data of the external mass transfer coefficient have been plotted as log
Sh/Sc!”? against log m, a linear variation is again observed as with all other previous
variables as shown in Fig. 13, the predicted equation for this variation is,

Sh/Sc" =0.12 (m) ™" (20)
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5. Conclusions

The kinetic studies clearly indicated that, the external mass transfer is rate-controlling

step in the early stages of the adsorption process and

the deviation thereafter is due to

the development of intraparticle diffusion resistance. The external mass transfer

model proposed for estimating the external mass

transfer coefficient (Ks) of the

adsorption process is found to be applicable in the present study. The external mass
transfer coefficient (Ks), has been determined and correlated with the design
variables. It has been found that Ks= 6.49 x 10 (rpm)®®*, K5 = 7.06 x 107 (Cy)
and K= 2.56 x 10 (m)**!. The dimensionless mass transfer term has been shown to
vary with such variables, according to general equation: Sh/Sc'?® = A(variable)®, and
the constant A and the exponent B have been determined for each design variable.

(2013)
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Nomenclature

A constant in Eq. 13

B exponent in Eq. 13

Co initial liquid-phase concentration (mg.dm)

Ce. equilibrium liquid-phase concentration (mg.dm™)
Cs liquid-phase concentration at outer surface of particle (mg.dm)
Ci liquid-phase concentration at time t (mg.dm™)

D molecular diffusivity of diazinon in water (cm?/s)
dy adsorbent particle size range (um)

Kr parameter of Freundlich isotherm (dm?/g)

K external mass transfer coefficient (cm.s™)

m mass of particle-free liquid in the adsorber (g)

Ma molecular weight of solvent (g/g mol)

m mass of adsorbent particles per unit volume of particle-free diazinon (g.dm™)
n Freundlich exponent (dimensionless)

qt solid-phase concentration at time t (mg.g™)

Sc Schmidt number (dimensionless)

Sh Sherwood number (dimensionless)

Ss outer surface area of adsorbent particles per unit volume of particle-free liquid (cm™)
t contact time (min)

T temperature (K)

v volume of particle-free liquid in the adsorber (dm?)
Vi molal volume of solute (cm*/g mol)

X pre-exponential constant, defined by Eq. 8

y exponential factor, defined by Eq. 8

Greek symbols

a association number for diazinon in water (=2.6)

€p porosity of particles (-)

Pt true density (g.cm™)

n dynamic viscosity (g/cm .s)

i3 kinematic viscosity (cm?/s)
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Abstract

The analytical solution of non homogeneous boundary value problem in the form:
Ly(x) = f(x) a<x<bh

Biy(a) =0
B,y(b) =0

are obtained by using Green's function method. A worked problem is considered for illustration.
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1. Introduction

Differential equations are the group of equations that contain derivatives. An ordinary
differential equation (ODE) contains only ordinary derivatives and describes the
relationship between these derivatives of the dependent variable, usually taken as y,
with respect to the independent variable, usually taking as x. The solution to such an
ordinary differential equation is therefore a function of x and is written y(x). For an
ordinary differential equation to have a closed-form solution (Frank 1972; Michael
1998), it must be possible to express y(x) in terms of the standard elementary functions.
The solutions of some differential equations cannot, however, be written in closed
form, but only as an infinite power series. Ordinary differential equations may be
separated conveniently into different categories according to their general
characteristics. The primary grouping adopted here is by the order of the equation. The
order of an ordinary differential is simply the order of the highest derivative it contains.
Ordinary differential equations may be classified further according to degree. The
degree of an ordinary differential equation is the power to which the highest-order
derivative is raised, after the equation has been rationalized to contain only integer
powers of general function y(x) that satisfies the equation, it will contain constants of
integration (equal to the order) which may be determined by the application of some
suitable boundary conditions. When the boundary conditions have been applied, and
the constants found, we are left with a particular solution to the ordinary differential
equations, which obey the given boundary conditions. In our present paper we
introduce Green's function (Donald 1992; Tyn 1973) which will be shown to represent
the particular solutions in integral form of boundary value problem for ordinary
differential equation.

2. Standard Form

The linear ordinary differential equation of the second order has the general form,
agy +a;y +ayy = F(x) a<x<b (D)

where ay # 0, a; and a, are continuous functions (coefficients) in the interval [a, b]

and F(x) is a piecewise continuous (source function). If F(x) = 0, the equation is
called homogeneous, otherwise it is non homogeneous.
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3. Self Adjoint Form
A linear ODE of the second order (1) can be written in the form
S(pZ)+ay=f() in asx<bh @)
ay | dp dy

ie. Pzt T =/r()

or more compactly as
Ly = f(x); a<x<bh

where p(x) and q(x) are continuous functions and p(x) is continuously differentiable
and does not vanish in the interval [a, b], f (x) is a piecewise continuous function, and

L= :—x (p ;_x) + q = self adjoint operator.
NOTES

3.1. Every linear second order differential equation (1) for which ay # 0 can be
expressed (Donald 1992; Michael 1998) in self adjoint form (2).

Proof:
multiplying (1) by an integrating factor u(x) we get
uagy" + payy' + payy = uF (x),
the equation is in self adjoint form if
uay = (uag) = pag + wag

solving, we get

1 [Hax
u=—e ag
Qo
and
ai ai ai
—=dx —=dx —=dx
i efao y + %efao y — @efao
dx ag ag
when we set

a1 ay a;
p) =™, g = Zela™ and f) =2 ela™
0 0
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3.2. When u(x) and v(x) are continuously- differentiable functions on a < x < b with
piecewise continuous second derivatives (Donald 1992; Michael 1998), it is
straightforward to show that

d ' ,
ulv —vlu = a{p(uv —vu )}.
This equation is known as Lagrange's identity, where L is the self adjoint operator.

4. Linear Boundary Conditions

Consider conditions of the form

Byy =1 y(a) + B1 y'(a) = O} (3)

Byy =x; y(b) + B, y'(b) =0
where the constants o¢; and 3; as also <, and f3, are not all zero.

They are called unmixed homogeneous boundary conditions, because one condition is
at x = a and the other is at x = b (a, b are two boundary points).

5. Boundary-Value Problems

In general, the system consists of a second-order differential equation of the form (1)
or (2) together with two linear, homogeneous boundary conditions (3), called the
boundary-value problem

agy +a1y +ay=F(x) a<x<bh
By =x; y(a) + B, y'(@) =0 “4)
B,y =, y(b) + B, y'(b) =0

or

(y)'+qy=f(x) as<x<b
Biy =x; y(a) + B, y'(a) =0 ()
B,y =, y(b) + B, y'(b) =0

6. Solutions Of Boundary- Value Problems

To solve the boundary-value problem (4), we must first find the general solution which
is the sum of the complementary function y,(x) and the particular integral y;, (x).
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6.1. Finding The Complementary Function y,(x)

If ay, a, and a, are constants, the standard method for finding y.(x) is to try a solution
of the exponential form, it will contain two arbitrary constants.

6.2. Finding The Particular Integral yp(x)

There is no generally applicable method for finding the particular integral y,(x) but,
for linear ODEs with constant coefficients and a simple forcing function F(x), yp(x)
can often be found (Frank 1972; Michael 1998) by inspection, or by using the
differential operators, or applying the method of undetermined coefficients [if F(x)
contains only polynomial, exponential, sinusoidal, cosinusoidal]. Two further methods
that are useful in finding the particular integral yp(x) are those based on the variation
of parameters, partially known complementary function (reduction of order). The
general solution is given by

y(x) = yc(x) + Yp(x) (6)

and using the boundary conditions to evaluate the two arbitrary constants.

7. Solutions Of Boundary-Value Problems Using Green's Function

The solution of the boundary-value problem (5), is given (Donald 1992; Tyn 1973) in
integral form by

Y = [ G, OF (§)de (7

where & is the variable of integration, x is a parameter and G(x, &) is the Green's
function for the boundary value-problem (5), is defined as the solution of

LG(x,$) =6(x—$) (7.1)
ie. LG(x,&) = 0 forall x # &

B1G =; G(a,&) + B1G'(a, &) = 0 (7.2)

ByG =, G(b, &) + BoG'(h,€) =0 (7.3)
G (x, €) is continuous for all x including &

x=¢&+
thatis G(x,¢) =0 (continuity condition)
x=¢—
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and

G'(x, §) is continuous for all x except for a discontinuity at x = ¢ of magnitude %;
x=&+

thatis G'(x,§&) = % (jump discontinuity condition)
x=¢&—

where § (x — &) is the Dirac delta function (Donald 1992; Glyn 2004; Koshlyakov et
al. 1964; Michael 1998; Tyn 1973).

8. Construction Of Green's Function (Formulas For Green's Functions)

The associated homogeneous boundary-value problem of (5) is

Ly = (Py'),+qy=0, a<x<bh
By = y(a) + 1y (@) = 0 (8)
By =, y(b) + By (b) =0
THEOREM

If the associated homogeneous boundary value problem (8) has the trivial solution only
(Donald 1992; Tyn 1973), then Green's function exists and is unique.
We summarize these results. The Green's function is given by

G(x,8) = piw{h(X)Yz(f)H(f — %)+ y1(©)y,(DH(x - £}

(w1 Gy for x<¢
E ©)
@y for x>¢

where y;(x) and y,(x) are linearly independent solution of Ly =0, W is the
Wronskian determinant of y; (x), y,(x) given by

W = y1(x)y;(x) — yo(x)y1 (%)

and H(x — &), H(¢ — x) are the Heaviside unit step function (Glyn 2004; Koshlyakov
et al. 1964; Michael 1998; Riley et al. 2003; Tyn 1973).
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NOTES

8.1. pW is a constant differing from zero

Proof:

Since y; (x)and y,(x) are solutions of the associated homogeneous equation, we have
d ’ d ’
() +an =0, —(py2) +qy.=0

multiplying the first equation by y,, the second equation by y; and subtracting, we
obtain

V12 (py2) = y2 5= (1) = 0,
which can be written in the form
—{pOny; —y2y)} =0,
integration yields
p(y1Y, — y,¥1 = constant (independent of x).

8.2. Problems with non homogeneous boundary conditions (Donald 1992; Tyn 1973).

There are two ways to solve this problem, one is to use superposition, and the other is
to use Lagrange's identity. Both methods use Green's function for the associated
problem with homogeneous boundary conditions.

8.3. Modified (generalized) Green's functions.

When homogeneous problem has nontrivial solution, Green's function does not exist.
We define a modified Green's function (Donald 1992; Tyn 1973). Two situations arise,
depending on whether the boundary value problem has one or two linearly independent
solutions.

9. Illustrated Example

Solve the boundary-value problem

y'+4y = f(x), 0<x<3
y(0)=0
y@3) =0
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when (i) f(x) =2x
(i) f(x)=H(x—-1)—H(x—2)
(i) f() = 8(x—1)
SOLUTION

The associated homogeneous system has only the trivial solution, the Green's function
for this problem can be obtained from (9).

Solutions of
" , d /o
y +4y =0 i.e. a(y)+4y=0
are always of the form
y(x) = Cysin2x + C,cos2x,

where C; and C, are arbitrary constants, solutions that satisfy y(0) =0, y'(3) =0
respectively, are y;(x) = sin2x and y,(x) =cos(6 —2x), with p=1, W =
YiY2 = ¥2¥1 = —2€0s6, we get

G(x, &) = ! [sin2x.cos(6 — 2&) H(¢ — x) + sin2é.cos(6 — 2x) H(x — §)]

—2c0s6
with source function f (x), the solution of the boundary value problem is (7)

3
y0) = [ GG OF g
0
1% case: f(x) = 2x, the solution is

y(x) = [7 G(x,€).28d¢ = [ G(x,8).28d€ + [ G(x,€). 28§

x 3
N f —2:056 sin2§. cos(6 — 2x). 2§ d§ + f sin2x. cos(6 — 2¢). 2¢ d§
0 X

—2c0s6

sin2x

(10)

. x
L.e. y(x) - 2 4cos6
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NOTES

9.1. This solution could also be derived simply by finding the general solution of
y" + 4y = 2x and using boundary conditions to evaluate two arbitrary constants, or by
using Laplace transform method.

2™ case: f(x) = H(x — 1) — H(x — 2), the solution is

y() = [ G, O[H(E — 1) — H(E — 2)]d¢

= [7G(x,&)dg, 1<&<2
whenx < 1
2 .
y() =[] ——sin2x.cos(6 — 2§) d§
then
sin2x , . .
y(x) = rcose (Sin2 — sin4) (11)

whenl < x <2

y() = [ G(x, ©)dE + [ G(x, £)dE

x 1, z2_1
= [ sin2¢.cos(6 — 2x) d§ + |

sin2x.cos(6 — 2§&) d¢

-2c0s6 ~2c0s6
i.e y(x) = % + ﬁ [sin2x.sin2 — cos(6 — 2x) cos2] (12)
and when 2 < x < 3

y(x) = f12 _261056 sin2é.cos(6 — 2x) dé
then

y(x) = % (cos4 — cos2) (13)

9.2. The solutions (11), (12), (13) are not so easily produced using methods from
elementary differential equations. They require integration of the differential equation
on three separate intervals (0,1), (1,2) and (2,3) then matching of the solution and its
first derivative at x = 1 and x = 2, or by using Laplace transform method.
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3" case: f(x) = 6(x — 1), the solution is

y() =[5 G(x, )8 — 1)dé

ie. yx) = _261056 {sin2x.cos4.H(1 — x) + sin2.cos(6 — 2x) . H(x — 1)} (14)
26_0156 sin2x.cos4 x<1

-1
2co0s6

sin2.cos(6—2x) x>1

9.3. This solution (14) could also be derived very simply by applying Laplace and
inverse Laplace transform.
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Abstract

There is a common assumption that a normal electrocardiography rules out chronic heart failure
due to left ventricular systolic dysfunction (LVSD). In this research work, an assessment of the
value of electrocardiography in identifying patients with chronic heart failure due to LVSD was
investigated.

Patients admitted to Al-Bayda central hospital with suspicion of heart failure for clinical
assessment and electrocardiography, echocardiography; the accuracy of each screening tests
were calculated for left ventricular systolic dysfunction and heart failure. A total of 120 patients'
aged between 36-100 years was assessed; 22 patients had impaired left ventricular systolic
function, among them 21 patients had major electrocardiography abnormalities (Left bundle
branch block, pathological Q wave, Left ventricular hypertrophy, poor R wave prog-ression,
Ischemic ST-T changes, Left anterior fascicular block, IV conduction defect). Out of 98 patients
with normal left ventricular systolic function, 38 had major electrocardiography abnormalities.
In conclusion, the study showed that left ventricular systolic dysfunction is un likely to be
present if the electrocardiography is normal (or shows only minor abnormalities); conversely,
there is usually a major electrocardiographic abnormality in the presence of left ventricular
systolic dysfunction.

Keywords Electrocardiography (ECG), Echocardiography (ECHO), Left ventricular systolic
dysfunction (LVSD).
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1. Introduction

Chronic heart failure due to left ventricular systolic dysfunction has high morbidity and
mortality. Angiotensin converting enzyme inhibitor reduce symptomatic deterioration,
hospitalization, and death; most patients with suspected heart failure present first to
general practitioners, fewer than half of patients treated for heart failure by general
practitioners have objective evidence of cardiac disease (Sadler et al. 2000);
Echocardiography is the key investigation(Wheel and MacDonald 1993), but access to
ECHO is limited in many countries. Another problem with performing ECHO on all
suspected heart failure patients in the community it can be costly because of a high
proportion of patients don’t have heart failure, therefore screening tests, such 12 Lead
ECG, has been recommended in guideline, such as the UK NICE (National Institute
for clinical Excellence 2003) guidelines, in order to select those patients who should
proceed to ECHO. Therefore the aim of the present study is to assess the value of the
ECG in identifying patients with chronic heart failure due to LVSD.

2. Patients and Methods

In this study the patients referred to the Al-Bayda central hospital with suspicion of
heart failure due to Left ventricular systolic dysfunction for clinical assessment,
electrocardiography and echocardiography. The exclusion criteria were patient who
have a trial fibrillation, Atrial flutter, valvular heart disease, cardiomyopathy, and
patient with poor ECHO window.
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ECG:
The 12 lead ECG were assisted by cardiologist.
Normal ECG:

Has normal ventricular rate, PR, QRS and QT intervals, all value were corrected for
heart rat using Bazetts formula (Bazett 1920), normal axis deviation, bradycardia was
defined as heart < 60 bpm, tachycardia was defined as heart > 100 bpm, ST-T wave
abnormalities, pathological Q-wave was noted. Voltage criteria for left ventricular
hypertrophy (LVH) as defined by the sokolow Lyon criteria(Antikainen et al. 2003).

Abnormal ECG:

Left ventricular hypertrophy (LVH), pathological Q-wave. ST-T wave abnormalities
which were classified as minor (flat T wave), or deeply inverted, inter-ventricular
conduction abnormalities (left bundle branch block) or(right bundle branch block).

ECG was then classified in to groups showing no abnormalities, minor abnormalities,
or major abnormalities.

a- Minor ECG abnormalities include sinus bradycardia or tachycardia, axis
deviation (< -30 or > 90°), PR interval 200-250 ms, QRS 100-120 ms, JTC
350-400 ms (Crow et al. 2003) and minor T wave abnormalities.

b- Major abnormality include abnormal rhythm PR interval > 250 ms, QRS
interval > 120 ms, JTC > 400 ms, pathological Q wave, moderate or severe ST-
T abnormalities or voltage criteria for left ventricular hypertrophy.

ECHO:

Transthoarcic echocardiography(TTE) was performed in all subjects and assessed by
one cardiologist; 2D, M-mode were performed to assess left ventricular systolic
function and quantified in term Ejection fraction derived from M-MODE
LVEDD-LVESD
—__ - " "0
LVE LVEDD %

Where LVEDD indicates left ventricular end—diastolic diameter .LVESD, left
ventricular end-systolic diameter, LVEF was then categorized as preserved (> 50%) or
impaired left ventricular systolic function (< 50%) (Marwick 2003).

Statistical Analysis: Statistical analysis was performed by using percentage sensitivity
and specificity.
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3. Results and Discussion

3.1. Patient characteristic

A total of 120 patients were included in the study there mean age was 72.6 (Range 36-
100 years) and 71 (59.2%) were males and 49 (40.8%) were females, Table (1), shows
characteristic and variation of study population.

Table 1. Characteristic of the 120 patients.

Demographic features n (%)
Male 71 (59.2)
Female 49 (40.8)
Age .mean (range ) 72.6 yeas (36-100 year)
Symptoms

Dyspnoea 105 (87.5)
Edema 75 (62.5)
Tiredness 66 (55)
NYHA class.

Class1 25 (20.8)
Class2 70 (58.3)
Class3 22 (18.3)
Class4 2(1.7)
Orthopnea 12 (10)
Paroxysmal nocturnal dyspnea 16 (13.3)
Wheeze 18 (15)
Past medical history

Angina 45 (37.5)
Myocardial infarction 27 (22.5)
Coronary revascularation 9 (7.5
Hypertension 57 (47.5)
Medicine used

Diuretic 40 (33.3)
ACE inhibitor /A R antagonist 12 (10)
B-blocker 14 (11.6)
Over weight (BMI > 25 kg/m) 75 (62.5)
Blood pressure systolic {mean (S.D)} 149 mmHg (25 mmHg)
Blood pressure diastolic{ mean (S.D)} 82 mmHg (13 mmHg)
Elevated jugular venous pulsation 7 (5.8)
Displaced apex beat 1(0.8)
Gallop 1(0.8)
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| Lower limb edema | 32(26.7) |

Table (2), Shows numbers of patients with ECG abnormalities in the enrolled
population with suspected heart failure based on clinical finding.

Table 2. Number of patients with ECG abnormalities in the enrolled population with
suspected heart failure based on clinical finding

Characteristics

Abnormal ECG Over all NO HF HF
Left a trial enlarged 6
Right a trial enlargement 4
1% degree AV b lock 5
2" degree AV block 1
3" degree AV block 2
Left ventricular hypertrophy 11
Poor R wave progression 7
Abnormal Q wave 13
Left bundle branch block 11

Right bundle branch block 8
Left anterior fascicular block 5
IV conduction defect 2
Non specific ST-T abnormalities 8
6
6

Left ventricular strain
Ischemic ST-T changes
HF (heart failure), IV (intraventricular)

B [O[— N[ N[N |Q|[OD[—|W|Ww|wn
N O[O |W|IN N[N AN =

In our result the most sensitive ECG abnormality was pathological Q wave(36.4%),
Left bundle branch block (28.5%) poor R wave progression (23.8%), Left ventricular
hypertrophy (19%), Ischemic ST-T wave changes (9.5%), and Left anterior fascicular
block (14.2%).

Table (3), shows ECG finding related to left ventricular function: 59 had an abnormal
ECG; 21 with impaired left ventricular function and 38 with preserved left ventricular
function.

61patients who had normal ECG, 1 had impaired left ventricular function and 60 had
preserved left ventricular function.

An abnormal ECG had estimated sensitivity (95%), specificity (61% ), a positive
predictive value of (36%), and a negative predictive value of (98%) for left ventricular
systolic dysfunction.
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Table 3. Electrocardiography finding related to left ventricular systolic function.

. Impaired left Preserved left
ECG finding Ventri(lz)ular function ventricular function Total
Abnormal 21 38 59
Normal 1 60 61
Total 22 98 120
Sensitivity 21/22=95%, specificity 60/98 = 61%, positive predictive value 21/59 =36%
and negative predictive value of 60/61 =98% .

3.2. Discussion

There is usually a major ECG abnormality in the presence of LVSD, the present study
shows that LVSD is unlikely to be present if the ECG is normal (or shows only minor
abnormalities).

A patient with an abnormal ECG has about a one in three chance of significant LVSD.
A more effective approach to the diagnosis of suspected chronic heart failure due to
LVSD is to use the ECG as the initial investigation, in case of normal tracing other
diagnoses should be considered; Only if these have been excluded should an ECHO be
performed, and in case of abnormal ECG, ECHO is indicated.

Another comprehensive studies (Sanjay and Barclay 2006; Davies et al. 2001; Rihal et
al. 1995) support the view that normal ECG virtually excludes CHF due to LVSD it is
suggested that the use of the ECG as the initial investigation could be the most cost
effective approach to the diagnosis. An ECG is excellent tool screening of LVSD, with
only 2.9% of cases being missed (Davie et al. 1997).

4. Conclusion

The ECG interpretation is adequate test to detect heart failure due to LVSD. A normal
ECG virtually exclude chronic heart failure due LVSD. Abnormal ECG does not mean
that the patient has chronic heart failure but is an indication for an ECHO; similarly,
patients with a murmurs and atrial fibrillation are excluded on basis that they require
ECHO anyway.
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Abstract

Adsorption isotherm of an insecticide methomyl onto natural clay has been investigated. The
experimental data were fitted to isotherm models, Langmuir, Freundlich and Redlich Peterson.
The Langmuir model fit the experimental data significantly better than Freundlich and Redlich
Peterson models. A dimensionless separation factor, R, was used to judge the favorable
adsorption. A chart based on material balance using single batch adsorber was constructed for
different percentage of methomyl removal using the Langmuir model where the mass of natural
clay required to treat a specified volume of solution is calculated. The effect of temperature
showed the exothermic nature of the process. The enthalpy change, AH, of adsorption has been
evaluated and it has a value of (-17.54 kJ/mol).

Keywords methomyl, Natural clay, Adsorption isotherm, Isotherm models.
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1. Introduction

Water is a basic need of life and is used in many ways to cater to the needs of daily life,
so the control of water pollution is one of today’s major scientific activities.
Indiscriminate use of pesticides leads to the contamination of soils, surface and ground
waters. Numerous cases of pesticide residue have been reported in the literature
(Kiriakopoulos et al. 2005). Pesticides, which indeed seem indispensable for the
nutrition of mankind, take a special place among the environmentally problematic
substances. Small quantities of pesticides may enter the water environment through
drift, leaching and run-off from nearby applications. Also, pesticides can enter water
through spills, leaks and back-siphoning from nearby mixing, loading, storage,
equipment cleanup sites and improper disposal of pesticides and containers. Pesticides
may cause injury by containing the no target organism directly or may leave a residue
that causes later injuries. Natural water, viz. lakes, rivers, streams and oceans have been
reported to be contaminated with residue of various pesticides (Rao 1996; Hatfield et
al. 1996). The ground water contamination due to pesticides has also been reported
(Alam 1996). The contamination of water of ponds, rivers and ground water sources
with various insecticides and herbicides is posing a direct threat to human health. The
insecticide methomyl is widely used which controls ticks and spiders. It is used for
foliar treatment of vegetable, fruit and field crops, cotton, commercial ornamentals, and
in an around poultry houses and dairies (Gosselin et al. 1984).

Most of the past work has focused on the removal of pesticides from water by the more
traditional and more expensive methods such as cation exchange (Weber et al. 1968),
and dialysis (Devitt and Wiesner 1998). Advanced oxidation processes using hydrogen
peroxides are, often ineffective because carbonate and bicarbonate ions, which are
abundant in all natural water, react as strong free radical scavengers. Pesticides are not
completely degraded into inorganic compounds such as CO, by ozonation (Bonne et
al. 2000). These findings suggest that the breakdown products of pesticides remain in
water after treatment, need complementary operations and are not economical. The use
of enzymes to detoxify wastewater failed to attract much attention due to the high cost
of enzyme-based systems (Khlifi et al. 2010). Filtration through membranes needs
another method such as oxidation reaction catalyzed by enzyme to transform the
pesticide into an insoluble product, so that this method is highly expensive (Boussahel
et al. 2000). Compared with the above methods, adsorption of different pesticides onto
activated carbon and clay minerals has demonstrated efficiency and economic
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feasibility and gained high favorability for removing pesticides that are chemically and
biologically stable (Mangat and Elefsiniotis 1999).

Adsorption on solid surfaces is important from both scientific aspects and industrial
environmental applications. For preliminary design of adsorption technologies, the
adsorption equilibrium capacity of an adsorbent for special adsorbate has to be
estimated. As in any separation process, adsorption efficiency is a complex attribute
dependent on the kinetic and equilibrium properties of the adsorbate/adsorbent system.

The present work has focused on the evaluation of natural clay as low-cost adsorbent
to remove the methomyl from aqueous solutions. The adsorption isotherm of methomyl
onto natural clay at different system variables was determined. The isotherm data were
analyzed using three models, viz. the Langmuir, Freundlich and Redlich-Peterson and
the unknown parameters in the proposed model were evaluated under different system
variables.

2. Experimental

2.1. Materials

The adsorbate used in this study was the insecticide, methomyl, (S-methyl-N
[(methylcarbamoyl) oxy]-thioacetimidate). The chemical structure of methomyl is
shown in Fig. 1.

(0] H
N/
CH;—C= N—0—-C~-—N
| \cH,
S—CH;

Fig. 1. Chemical Structure of methomyl

The adsorbate methomyl used in this study was supplied by Egyptian company for
commerce and agriculture, Egypt. The concentrations of methomyl solutions were
measured by a UV Spectro-photometer (Shimadzu, Inc. Kyoto Japan model U.V-
1601). All measurements were made at the wavelength corresponding to maximum
absorbance, Amax, which is 233 nm for methomyl.

The natural clay used in the present study was crushed and sieved through different
standard sieves into various particle size ranges. The clay particle size fractions
obtained were heated at 550 °C for 2 h to eliminate organic and carbonaceous materials.
The dried material was ground to pass through screens and stored in sealed containers.

Al Mukhtar Journal of Sciences, Vol. 28, No. 1 (2013)



Adsorption Isotherm of an Insecticide Methomyl onto Natural Clay 49

2.2. Equilibrium Experiments

The equilibrium adsorption experiments have been undertaken to assess the efficiency
of natural clay to remove insecticide methomyl from aqueous solutions and also finding
isotherm constants. Preliminary experiments showed that such equilibrium was
established within 2.5 h, however all equilibrium experiments were allowed to run for
3 h to ensure uniformity where shaking speed was set at 120 strokes per min. The
experiments were conducted for three particle size ranges, 355-500, 500-630 and 630-
800 um, and three different temperatures, 25, 40 and 60 °C, by shaking a 0.5g of
natural clay with 50 ml of methomyl solution at different initial concentrations for an
equilibrium time, 3 h. After shaking, the supernatant solution was separated from
adsorbent by centrifugation at 400 rpm for 15 min. The remaining concentrations of
methomyl solution were determined. All the adsorption experiments were carried out
in duplicate and the average is taken. These data were used to calculate the adsorption
capacity, q., of adsorbent. The adsorption capacities, q., of each adsorbent were
determined by:

q. = V(C, -C.)/m (1

Where q. is the solid phase methomyl concentration (mg/g), Co is the initial methomyl
concentr-ation in the liquid phase (mg/l), C. is the liquid phase concentration at
equilibrium (mg/l), V is the volume of methomyl solution (I) and m is the mass of
adsorbent used (g). Finally, the adsorption capacity was plotted against the equilibrium
concentration, Ce..

3. Results and Discussion

3.1. Characterization of Natural Clay

The porosity characteristics as well as the chemical composition of adsorbent, play an
important role in adsorption processes. The porosity (gp), the mean pore radius (rmax),
the solid-phase density (ps) and the particle density were determined using mercury
Porosimetry and specific gravity measurements. The values obtained for natural clay
were £=0.41, rmax=22.32 A°, ps=1.98 g/cm’, and p,=1.17 g/cm?. The specific surface
area of the natural clay was also determined using BET method (Brunauer et al. 1932),
with a value of 66.53 m?/g.

The chemical composition of natural clay used was found to be as, silica (56.72%),
L.0.1.(13.08%) and alumina (19.92%) are the major constituents of the natural clay
while other metal oxides are present in traces or small amounts (4.89% Fe,0s, 0.36%
Ca0, 0.11% MgO, 3.00% Ti O,1.08% CI ). The mineralogical analysis of the natural

(2013) Js¥1 2aell 45 pudiad] 5 Spolill Alnal] i slell jlisall s



50 El-Geundi and Abufares

clay under test revealed that it consists approximately of 58% kaolinite and 42%
montmorillonite.

3.2. Equilibrium Time

Preliminary tests were undertaken to assess the contact time necessary for methomyl-
clay system to come to equilibrium, and for experimental purposes, each system was
given a contact time in excess of this period, so that this information may be used to
predict experimental conditions required to perform adsorption isotherms. A series of
contact experiments were undertaken at varying initial methomyl concentrations, 19.99
and 43.71 mg/l. After120 min methomyl removal was 32.9% and 27.6% when using
initial concentrations 19.99 and 43.71 mg/I respectively.

Fig. 2 shows that the amount of methomyl adsorbed from aqueous solutions increased
with time, where equilibrium being achieved within 2.5 h at 25+1 °C. The plot of
adsorption versus time depicted in the figure is smooth and continuous, indicating
monolayer coverage of adsorbate on the surface of the adsorbent (McKay et al. 1987).

0.5

Co (mg/l)
1 o 1999
04 B 43.71
@ 0.3
=nj a
E
= 021
m=05g
0.1 1 T=25+1°C
pH=6.6
d,=355-500 um
0

0 50 100 150 200 250
Time (min)
Fig. 2. Equilibrium time for adsorption of methomyl onto natural clay.

3.3. Adsorption Isotherm

The most common representation of the adsorbate concentration and quantity of
material adsorbed is the adsorption isotherm. The adsorption isotherm is fundamental
in describing the interactive behavior between solute and adsorbent, and is important
for the design of adsorption system. Figs. 3 and 4 show the adsorption isotherms of
methomyl onto natural clay for different particle size ranges and temperature
respectively. As it is clear from Figs. 3 and 4, the shape of the isotherm indicated L-
behavior according to Giles classification (Giles et al. 1960). Effect of particle size on
adsorption isotherm represented in Fig. 3 shows adsorption capacity increases with
decreasing particle size rang this may be attributed to the large surface area when small

Al Mukhtar Journal of Sciences, Vol. 28, No. 1 (2013)



Adsorption Isotherm of an Insecticide Methomyl onto Natural Clay 51

particle size are used. This is in agreement with the statement that if the mechanism of
uptake is simply one of adsorption on a specific external site, then the rate should vary
reciprocally with the first power of the diameter, whereas in intraparticle diffusion the
rate should vary with the reciprocal of the square of the diameter (Singh and Rawat
1994).

Fig. 4 represents the adsorption isotherm of methomyl onto natural clay at different
temperatures (25, 40 and 60°C) when the particle size is constant (355-500 um). It is
evident that the adsorption of methomyl decreases with an increase in temperature
indicating that the process is exothermic. The decrease in the amount of methomyl
adsorbed with rise of temperature may be due to the enhanced escaping tendency of
methomyl molecules from the surface of adsorbent (desorption). On the other hand,
may be explained on the basis of solubility and chemical potential relationship. In the
present case the solubility of methomyl increases with temperature and chemical
potential will also increase, i.e., both the normal temperature effects act in the same
direction and thus the decrease in the amount of uptake is expected, which is borne out
by the present results.

0.5 0.5
0.4 0.4 -
b 0.3 1 S 031
e g
g £
F 0.2 o 0.2
d, (um T(°Q)
0.1 m=05g O 355-500 0.1 1 m=05g 0 2541
T=25+1°C  ®500-630 pH = 6.6 A 4041
pH=6.6 A 630-800 0 d,=355-500 pm W 601
0 : ; T T
0 10 20 30 0 10 20 30
C. (mg/1) C. (mg/)

Fig. 4. Adsorption isotherms for methomyl

Fig. 3. Adsorption isotherms for methomyl onto
& P Y onto natural clay for different temperatures.

natural clay for different particle size ranges.

3.4. Analysis of Adsorption Isotherm Data

Analysis of such isotherm data is important in order to develop a model which both
accurately represents the experimental adsorption results and could be used for design
purposes. Several isotherm models are available for this analysis. In this study three of
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these have been selected to simulate the experimental data, i.e. Langmuir, Freundlich
and Redlich-Peterson isotherms.

3.4.1. Langmuir Isotherm

The first isotherm tested was that of Langmuir which may be represented by the
expression:

q.=(K,.C,)/(1+a,.C,) 2)
The linear form convenient for determining the constants, Ky and ay is:
C.lq, =(1/K )+ (@ /K,)C, 3)

Fig. 5 shows the Langmuir plot at different particle size ranges. Linear plots suggest
the applicability of the Langmuir isotherm for the present system. Values of Ki and ap.
have been calculated at different system variables and are tabulated in Table 1. The
values of the constant, Ki/ar, correspond to the maximum adsorption capacity (qmax) of
clay for methomyl.

The Langmuir constant, Kr, can be used to determine the enthalpy change (AH) during
the adsorption process using the Clausius-Clapeyron Equation (McKay et al. 1987):

K, =A_.exp(- AH/RT) (4)

Hence a plot of log Ky versus 1/T as shown in Fig. 6 produces a straight line with the
gradient (-AH/ 2.303R) from which (AH) may be calculated using the least-squares
method and correspond to (-17.54 kJ/mol) which conform the exothermic nature of the
process.

The essential characteristics of the Langmuir isotherm can be expressed in terms of a
dimensionless equilibrium parameter, R, which is defined by the following
relationship:

R=1/(1+a, .C,) (5)

The equilibrium parameter indicates the shape of isotherm as follows: unfavorable for
R>1, linear for R=1, favorable for 0<R<I and irreversible for R=0. The values of R
have been calculated and are tabulated in Table 1. One example is depicted in Fig. 7,
which is a plot of the dimensionless solid-phase concentration, Q., against the
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dimensionless liquid-phase concentration, X, at different particle size ranges. The
general relationship for the equilibrium parameter (R) is:

R=X,(1-Q,)/Q, (1-X,) 6)

Where
Xe :Ce/cref b Qe =qe/qref (7)

For a single solute adsorption system, Crr is usually the highest liquid-phase
concentration encountered and qrr is the equilibrium solid-phase concentration co-
existing with Cer.

Substituting Equations (6) & (7) into (5) and simplifying, Equation (5) becomes:
R=1/(1+a, .C,,) (8)

Since C.r is the highest liquid-phase concentration encountered (i.e. Cir = Co), it
follows that Equations (8) and (5) are identical. The degree of "favorability" is
generally related to the reversibility of the system thereby giving a qualitative
assessment of the methomyl-natural clay interactions. Indeed, the degree of
reversibility of the system is, 0<R<1, which represents the reversible isotherm case in
the favorable range.

80

-0.8
60
- el
5 Z
= 40 A 2
© T 1.2
20 4 dp (um) m=05g
m=05g ® 355-500 pH=16.6
T=25+1°C O 500-630 d,=355-500 pm
0 pH=6.6 A 630-800 -1.4 T T T
0 10 20 3 2.8 3 3.2 34 36
C. (mg/l) /T *10° (K™)
Fig. 5. Langmuir plots for different Fig. 6. Plot of log Kv against 1/T for
particle size ranges. 342 adsorption of methomyl onto natural clay.

Freundlich Isotherm
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The equilibrium data for the adsorption of methomyl onto natural clay at different
variables have also been analyzed using the Freundlich isotherm as given by Eq. (9).

q.=K,..c" )

The Freundlich equation predicts that the methomyl concentrations on the adsorbent
will increase so long as there is an increase in the methomyl concentration in the
aqueous solution (Chan et al. 2008). To determine exponent, n, and the constant, Kr,
the equation linearized as follows:

logq, =logK; +(1/n)logC, (10)

Fig. 8 shows the Freundlich plot of the methomyl-clay system at different particle size
ranges on the basis of Equation (10). The Freundlich parameters, Kr and n have been
calculated using the least-squares method applied to the straight lines and are listed in
Table 1.

The magnitude of exponent, n, gives an indication of the favorability and capacity of
the adsorbent-adsorbate system, values of n>1 represent favorable adsorption (Treybal
1985). In this work the values of n are greater than one (n>1) which indicates that the
methomyl shows favorable adsorption by natural clay.

1 m=05g
T=25+1°C
024 -
08 - pH=6.6
b -04 A
4 en
0.6 é
Q. = 061
0.4 A &0
— -0.8 1 d
0.2 {44 m=05g  ®355-500 0 355.500
A T=25+1°C B 500-630 -1 1
pH=6.6 A 630-800 ® 500-630
0 T T T T 12 A 630-800
0 02 04 06 08 1 : ' ' '
0 0.4 0.8 12 1.6
Xe
log C. (mg/1)
Fig. 7. Equilibrium parameter plots for the Fig. 8. Freundlich plots for different
adsorption of methomyl onto natural clay at particle size ranges.

different particle size ranges.
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3.4.3. Redlich-Peterson Isotherm

The Redlich-Peterson isotherm is represented by the Eq. (11):
qe:(KRP’Ce)/(1+aRP'CE) (11)

For B=1, Eq. (11) converts to the Langmuir isotherm; and for 1< (aRP.CE) it is

identical with the Freundlich isotherm. The parameters of Equation (11) were
determined by minimizing the distance between the experimental data points and the
theoretical model predictions using an iterative computer program for data fitting.
Table 1 shows the Redlich-Peterson parameters for methomyl-clay system at different
particle size ranges. Fig. 9 shows plots of Redlich-Peterson model in linear form:

log {[K 4.C,/a,1-1} = loga,, +BlogC, (12)
0.8 0.6
m=05g Pie
T=25+1°C L7
pH=06.6 7
= 041 d,=355-500pm 7"
- 0.4 -
<3 ~~
J 3
g’ £
= S5
& 0.2
.04 dp (um) ®  Exerimental
‘ m=05g ® 355-500 Langmqir
T=25+1°C 0O 500-630 — — — — Freundlich
pH=6.6 A630-800 ( ¥y o Redlich-Peterson
-0.8 . . 0 r . ; ;
0 0.5 1 15 0 5 10 15 20 25
log C. (mg/1) Ce. (mg/l)
Fig. 9. Redlich-Peterson plots for Fig. 10. Comparison between experimental and
different particle size ranges. theoretical isotherms for the adsorption of

methomyl onto natural clay.

3.5. Simulation Results and Correlations

Using the appropriate constants of the Langmuir, Freundlich, and Redlich-Peterson
models, the theoretical isotherm curves were predicted using known values of C.. Fig.
10 shows a comparison of the experimental points with the Langmuir, Freundlich, and
Redlich-Peterson models, in order to establish which model yields the "best fit". It is
clear from the results of this study that the Langmuir model fits the experimental
adsorption data significantly better than the Freundlich, and Redlich-Peterson models.
This conclusion was supported by comparing correlation coefficients generated by
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linear plots performed on the Langmuir, Freundlich and Redlich-Peterson model data,
Table 1. These coefficients are a measure of the conformity of the data to a linear trend,
a value of one would indicate a perfect fit. The correlation coefficients obtained from
the Langmuir plots were higher overall (i.e. closer to 1) than those obtained for other
models. The results obtained showed that the Langmuir model could be applied to the
adsorption of methomyl onto natural clay over the entire solute concentration range
studied in experimental studies.

Table 1. Langmuir, Freundlich and Redlich-Peterson isotherm parameters for adsorption of
methomyl onto natural clay at different system variables.

Langmuir isotherm Freundlich isotherm Redlich-Peterson isotherm

K. a.  gma. R C.F Kr n CF Krr are B C.F

(Vg) (Vmg) (mg/g) (-) Ve ) (Vg) (U/mg)"*  (-)
dp(pm)

355-500 0.1050.195 0.539 0.1140.99 0.085 1.634 0.94 0.105 0.220 0.93 0.88
500-630 0.1000.218 0.459 0.1030.99 0.077 1.638 0.95 0.100 0.321 0.81 0.96
630-800 0.0800.260 0.308 0.0880.98 0.062 1.712 0.92 0.080 0.340 0.82 0.90
T (°C)

25 0.1050.195 0.539 0.1140.99 0.085 1.634 0.94 0.105 0.221 0.93 0.88
40 0.0790.164 0.486 0.1320.98 0.078 1.775 0.89 0.079 0.280 0.77 0.88
60 0.0500.119 0.421 0.1740.97 0.570 1.788 0.94 0.050 0.124 0.99 0.95
C.F.: Correlation Factor

3.6. Designing Batch Adsorber from Isotherm Data

Adsorption isotherm studies can also be used to predict the design of single stage batch
adsorber system (McKay et al. 1985; Alkan et al. 2008). The schematic diagram for a
single-stage adsorption process is shown in Fig. 11. The effluent solution to be treated
has a volume V (1) and the pollutant concentration is reduced from Cy to Ce (mg/1) in
the adsorption process. The amount of adsorbent added is m (g) of adsorbate-free solid
and the adsorbate loading changes from qo = 0 to q. (mg/g). Clay was applied in
removing insecticide methomyl with a vision of reducing the cost of the adsorption
process and as a step to reduce environmental problems.

The mass balance that equates the adsorbate, methomyl, removed from the liquid to
that picked up by the adsorbent is:

V(C,-C,)=m(q, —q,)=mq, (13)

The Langmuir isotherm data may now be applied to Equation (13) since the Langmuir
isotherm gave the best fit to experimental data.
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e

CO _Ce

m c,-C B
1% q. |K,C./(1+a,C,)]

(14)

Fig. 12 shows a series of plots derived from Equation (14) for the adsorption of
methomyl onto natural clay and depicts the amount of effluent which can be treated to
remove the methomyl content by 20, 30, 40, 50 and 60% using various masses of the
adsorbent.

12
Removal T=25°C
m —=—20% PH=6.6
qo 91 —5—30%
—&— 40%
s —A—50%
v % 2 4 ——60%
E
C() Ce >o
m 37
qde
0 ; ; ; ;
0 20 40 60 80 100
Mass (g)
Fig. 11. Single stage batch adsorber Fig. 12. Volume of effluent treated versus mass of

natural clay (355 - 500 um) for different percentage
methomyl removal

4. Conclusions

It was found that natural clay reached equilibrium with methomyl solution in time less
than three hours. The results indicated that percentage of insecticide removal ranged
from 27.6 to 32.9 for initial concentration varied from 43.71 to 19.99 mg/l. The
adsorption isotherms have been plotted to obtain the Langmuir, Freundlich and
Redlich-Peterson constants at different system variables. It is clear from the results of
this study that the Langmuir model fits the experimental adsorption data significantly
better than the Freundlich, and Redlich-Peterson models. Equilibrium parameter, R was
used to assess the nature of the equilibrium, the results indicated that methomyl-natural
clay system exhibit "favorable" adsorption (i.e. 0<R<1). The negative value of AH (-
17.54 kJ/mol) showed that the adsorption has an exothermic nature.
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Nomenclature

Ac Clausius-Clapeyron constant (-)

aL Langmuir constant (I/mg)

arp Redlich-Peterson constant [(1/mg)'#]

Co initial liquid-phase concentration (mg/1)

Ce equilibrium liquid-phase concentration (mg/1)

Crer reference liquid-phase concentration (mg/1)

dy adsorbent particle size range (um)

Kr Freundlich constant (1/g)

K¢ Langmuir constant (1/g)

Krp Redlich-Peterson constant (I/g)

m adsorbent mass (g)

n Freundlich exponent (-)

Qe dimensionless solid-phase concentration at equilibrium
Qe equilibrium solid-phase concentration (mg/g)

Qref reference solid-phase concentration at onset of monolayer coverage (mg/g)
R universal gas constant (J/mol.K)

T temperature (°C or K)

\% effluent volume (1)

Xe dimensionless liquid-phase concentration at equilibrium
AH enthalpy change (kJ/mol)

R dimensionless equilibrium parameter, defined by Equation (5)
B Redlich-Peterson exponent (-)
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Abstract

We studied the effect of temperatures (20c®- 25C°- 30c®- 35¢°) and food type (wheat - rice -
corn ) and the time (35- 65 -95) day; and combination of these factors on the reproduction rate
of the rice weevil Sitophilus oryzae L. The results showed that the best reproduction rate of rice
weevil (S.oryzae) was on the rice and, the best temperature for the reproduction for the rice
weevil was 20°C and 30°C followed by 25°C on the rice but 35°C was the lethal temperature
for rice weevil.
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Abstract

The potential of leaf extracts of three medicinal plants; Rosemary, Datura and Capper, which
were collected from the Jabal Al-Khdar region, Libya, was assessed against the two types of
fungi Botrytis cinerea and Fusarium oxysporum in comparison to the fungicide Rovral as well
as the two types of plant pathogenic bacteria Erwinia carotovora and Pseudomonas syringae in
comparison to the antibiotic Streptomycin under laboratory conditions. Results showed that
Rovral and Streptomycin with the concentrations used have had a higher percentage of growth
inhibition of both types of fungi and higher diameters in zone inhibition of both types of
bacteria, respectively. Varying levels of inhibition were observed in response to the tested
extracts at the concentrations of 1, 1.5 and 2 %. The differences in their inhibition depend on to
the type of plant, concentration of extract and the type of pathogen. The highest extract (2%) of
Rosemary (% 44.03) was effective against F. oxysporum followed by Capper (% 40.37) and
Datura (%20), whereas Datura (% 74.63) was most effective against B. cinerea followed by
Rosemary (% 54.63) and then Capper (% 40.53). B. cinerea was more sensitive to the tested
extracts than F. oxysporum. The results also revealed that the extracts of Capper and Rosemary
at the concentration of 2% was most inhibitory effect against both types of bacteria which was
not statistically different from that of antibiotic. The effectiveness of the extracts against tested
bacteria could be arranged by the following order; Capper > Datura > Rosemary. E. carotovora
was more sensitive to the tested extracts than P. syringae. This study gave encouraging results

for the use of these plant extracts in the control of tested fungi and bacteria.

Erwinia «Botryfis cinerea «Fusarium oxysporum ¢ launll ¢ dalall clealdandl alalsl) ke

.Pseudomonas syringae «carofovora
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Abstract

The aim of this study was to test the effect of the ethanolic extract of Myrtus leaves on the
blood picture in White Rats. The animals were given a dose of 2 g/kg orally. A total of 28 rats
were divided into 2 groups; 14 rats in each group. Each group included 7 animals as a control.
The first group was given the dose daily for 7 days. The second group was treated for 14 days.

Some of the animals treated with the extract showed bleeding through mouth and nose. They
were lethargic, tired and lost apetite. Furthermore, the weight of these animals was
significantly lower than those in the controls.

With regard to blood picture , the treatment for one week caused significant reduction in the
number of red blood corpuscles, packed cell volume, mean corpuscular volume, mean
corpuscular haemoglobin concentration and number of platelets, while there were a significant
increase in the white blood cells and lymphocytes. However, treating the animals with the
extract for two weeks caused a significant reduction in the number of red blood corpuscles,
packed cell volume , heamoglobin estimation and number of blood platelets, while there was
an increase in mean corpuscular volume, mean corpuscular haemoglobin, mean corpuscular
haemoglobin concentration, white blood cells and the number of lymphocytes.
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0.05 SD =+ X (N) ;
a 0.798 + 45.857 7 aslal) de gonal
b 1.126 + 33.214 7 &ﬁj saal Alalas
a 4,592 +44.700 7 Aaslall de ganall
c 0.778 + 28.571 7 Cne sl Baal dlalaa

Sl Lulie ¢3jal) 3 (MCV) sheall adll @l S ana Lacssio le Cppeapall il paliins 5l .4 Jgaad

< shes 2 S K
sie Gaginall (39 il bl Cbat) + bugidl | L) sae .
0.05 SD + X (N) i
a 2.499 +61.8 7 aliall de ganal
b 1.876 £ 53.8 7 sl 53 Alelae
ab 3.286 + 58.8 7 Aasliall de gasall
c 8.401 £ 73.7 7 Cnc sand 834l Alalaa
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22l e o 100/phally Ll 0l3adl 3 (HD) Caslasasell 585 e el @il palitioss 556 .5 Jgand)

sie dugiaall (39 @bl bt £ ugall | coled) sae Al
0.05 SD = X (N) j
a 1.401 £ 14.357 7 Aasliall de ganall
b 0.854 + 11.828 7 @M saal Alolas
a 0.939 £ 15.185 7 Hasliall de ganal)
c 0.568 + 10.671 7 Cpe sanal 330l dlalaa

O plasSalls Lilie Gliall 5 (MCH) consiasasel) 55558 dauasia o Gapall s aliins 3656 Jsan)

. ;\)A; ?A A:US
sie dgiaall (39 bl Ghaiyl + bwsdl ) s il
0.05 SD + X (N) ;
a 0.855 + 19.414 7 aleall e ganall
a 0.363 £ 19.086 7 gl B2l Aalas
a 0.849 £ 20.014 7 Aaslall de ganall
b 2.407 + 27.400 7 Cpe ganal 830l dlalaa

[ sl Llia 3all 3 (MCHE) (oSl Casbasasel) 5555 Jamsia le Gpenpall il paliionn 3057 Jgandl

-2 e Je 100
sie dginall 3 4 @bl Chay) + sl ) s il
0.05 SD + X (N) ;
a 1.497 + 35.528 7 aleal) e ganall
b 2.285 £ 31.500 7 gl B2al Aalas
a 2977 + 34.185 7 Aasliall de gasall
c 1.042 £ 37.271 7 Cnc sand 834l Alalaa

Slle/als VL dulie g3jadl 3 (WBC) eliandl adll WIS sae e Cuyal) @l paliiens 535 .8 Jgaad)

ol e
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sie dginall 3 4 @bl bl £ gl | o) sae il
0.05 SD + "X (N) ;
a 1.031 £ 11.862 7 Aasliall de ganall
b 1.519 £ 16.604 7 gl 5aa dlalas
a 1.463 £ 11.704 7 Aasliall de ganall
c 5.930 + 25.352 7 Cnc sand 3aal Alalaa

AL ulie o3l & Lymphocytes dglaalll WIAN axe e cpunall Gl paldie 56 .9 Jgaad

o e caxSa llfls

sie dugiaall (39 @bl bl £ ugall | coled) sae Al
0.05 SD + X (N) j
a 1.129 £ 9.799 7 ULl e gl
b 1.930 + 14.813 7 g5 834l dlslre
a 1.677 +9.187 7 sl de ganal
c 5.531 + 23.432 7 s 334l Alalae

G dlie O3l b (TBPC) dusedll wiliall 3o e (punpal) il aliis 53510 Jsaadl
c ol e aSe illefiasica

sie dginall 3yl (bl alasy) * Ll | el e .
0.05 SD = X (N) )
a 0.114 + 0.957 7 Aailiall de ganal
b 0.115 + 0.761 7 g ssal 524l dlalas
a 0.055 + 0.981 7 Aaliall de ganal
c 0.092 + 0.602 7 gl 8al dlalas

-P<0.05 ddlaia) (s5ise 2ic digiea (398 9ag Sad Adhdall Cag all *
gine Bg)8 dgag pdo el Aglinall Cig all ¢

dsdla) .4
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S aall Bgea o Grall Gl Galiies il Aals @luhy e dalidl gaball slgia) aaed Tl
Lgla gal wbls o bl il e sae shal Lo ae Adlall il il Ll ) caldl (o
LAl s Jaxs 8 Al el @l b Tl saalgiall @l dglaal Aledl dlsall G e

Mo Cabias a8y bl 13a aladial die L3l Al

Clinical Examination <lilsaall (gl (sl A

53 e pe GilsE Ay L hLY) dies Calfly Al halie Be B ol a3 Cigan Al cupglil
o paSfan 1 deym Aldleddl of ang sl el Lo Ldall Gl paldies il Ge (2007 )
o Gl 06 o ags ¢ ued) canty Gy Al B i Gipan ) ol 88 A e alitie
(Hannan et al. <oyl ddae ooy Jully pand) lgians pe penill o digadll mileall 5,08 Lyl
oalinil Gigan (ggeall Gandll il a5 Jo¥1 (Al e IS Adlal L aiaxy .2003)
LS sl dlebedl l3padl (8 Digedl milacall sacg cohpanll adll LS dae o IS A (spina
e b oo Dsedl) Lo gVl a3y ) a5 gl @il G salsiall Gl of J) HLEY) s
Cay - Adee e delin oyen (3 adll glyer Baly Sl WA Jaly asldSH 585 o )
(Bastianetto duseal) die gl b sluldl) cOlaall (alds) SN (535 asand ) gl o Cagyaall
3 Jila LS dugdll olaiy canilly el Alaladd)l Cililgual) dila) Al Auall cila .2000)
Gigan Alebeall Ao cilS Cun bl e ol Sl Gsyde 486 e (1999 (alaall) 053 Lo il
LS AB g el b uedl (5 Lasys B8 eDUgial Jaee 5abyy JSSU Augal) olaiy oall lgaY)
(2002 wsl) gl O3E e W yaal) (gise k] Aai @iy AawBl dualsl easY)
2 waall i Gl ML cpmeSOU B Guslasangll (usS5 b uld eaie waall o Cag yeally
e 03 L 8 Cmslagagd) 35 8 (aliad) Gigan Gl 255 (1982 sad) GuansY) (ait ae
(ynase ge Alaslie 43038 e olac) (6o a8 b o (@il ey aal) Sl Galiius dledl
Balyy A3 ) (ggine ady G Las puad) s 0 a> 300/aale 100-10 ke Ldall 0

.(Petit et al. 1993) JSY) e olaall 4y

pendl O39 —
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53l Jaliieally Alebeall 3e Aale dieay G3yadl Uiy o (Ssine Ll Gigan ) Adlall Al ol
& ol e IS Bgdl) Gl o ) @S (G By . Alelaall (e egand 2 SIST iy g o
(Bracco et al. 1995) of cus (8 -0l oalesdl oo Ay aveall lgaiag 1 A58 Ssall 40aS
By ok o oAl Ggide is ) opsy (535 (sl AL Blgiad Jame 8aly ) lly gyl 8
O LS ) O3y 3 pmlia) el e iy ML cpal) 5as 5l Bal) Aadll alaa¥) S5
AL Calsedy) e Wiiay ) Goaal (3025 Alee Jadis (Cppepall il 8 Linda Basgiall) lustal
Sl Sl Ggyde of ) Lad (1999 slaall) diass 5 .(Ong et al. 1995) dlally ¢ysll (s
ol o cad a@ ey e sdley L olball Oy 8 paliadl Gisas ) gk ol Bale e gl
Glisig pll auma A (el Cuang ((Gartner and Hurwood 1976) culisig nll ae 8iiee <iliSHe 955
-(Griffiths 1982) dsaagll 5Ll & daalell wlayiyl baiii e Jgseay «(Mehansho et al. 1983)
ey cBluadll & By (Desquamation) dulelal) LAY Chusi die gy (ulill (s 5315 of LS
-( Mbatha et al. 2005) Sl Jsall (alaial xia ) (525 B8 Lea < yde Y & cOadll Jsh
S5 e Oppenal) il Galitone b Lada saalgiall Alladl gl g il o Lasg 2388 e e Teling
Giblas Al Gaall daliy Alall a8 oIhall Oy paliadl Gign e Uggud) 4 5okl 228

copesaad Badl (aliiig)

(Haematological Examination) aall (asd Lt

53 (S canlall (52l ara lgapen i€ Anilial) alaall (8 a2l s of Edlal) Lialys 8 Jass)
S Eala dalse Y Gapm aly dade el laal) sda of e Ja 13 (Schalm et al. 1975)

Al 5 Pa adll Hyea o g ddals
Gigan Laagl Cpupall Gl palitien dlled) Slesanall (3 (RBC) eheal) adl iliyS aae Ly
29 G (2007 o) ad) deagi Lo Loas ) Al ol andiy . lLSH ods 23e B (sgina (alidd)
138 oKy eheall adl CLS Jaee B o paliddl S ) ool 8 Ldall Gl paldie o
3l Giganl dain LS oda aae b Rliat) e 6 Ay LAilas) AN 53 (S Al aliany)
S s O OSa sills o Ly b asal) Cslasangd) (s Gally shieall adll S ety
S Ealdl Gais Lal LS L (Jain 1986) eheall aall LS sae aliasl Ml aall i olgeal) dlea)
hall i B AamiS cheall pdll GLS U Jaee B il oo gl s 8 (mliadyl o
Oaliine il HLaaY g ol Sl Al 8 (2005 Sesall) eaST e laay desall 35 G sea)
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Jalae a8 oo palias) Sigan Jaal G o)l plaall &5 LAY b)) dalaa e Gl @il
ool ol aaSfanle 5 a3SH deja Aldlaall dic Hlu)

Eonad Bl Allaall ijall & (gyina (aliad) Jaw 38 (PCV) Liaseaydl adll WA aasl dually
Aol sda yud 3@ Jlby RBCY 8 (aliat)) Jaea dasipe POV 8 (aliaty) 13y (cpe guud
-(Yousef et al. 2003) ) Talial ¢l RBCH & (aliady) ) @l ) lgais lawdd

O gsaml 2 (MCV) ehaal) adll GlyS ana Jasgia b (ssina (alidil 3gag duball 038 il Cinial
S d g sad dlaladl o s B 62002 penSl) aual) 8 saall aidil daii€ dlaledl)
Bsadll gy o ol Aaas ol Cum (1999 aleall) ae (3d 1385 MOV 3 Ligina 5ol Cagan
Gl adl) L glgil (e gst Cagan o i5e 52U sda ()55 g MOV & (gsina L)) Cisan )
Onslasargl) e Q8 (s5inae pa ehpaall pall &S aan < Saaw (53 Megaloblastic (anemia) e
.Baker and Silverton) (1985

530l alitiadly Alebedll 3as (Hb) Csslasagll 55 b (spine (alidd) 3gms Adlal) Wialys il iy
Aall Gl galdte o aiuy (2007 o) 4] deas Lo Jila Y il o3a e gualy g uud
eleall) =l Jila Wl V) omglagagll 55 g i) ) ol 8 paliteall dlelaal o aay (g3l
S Omslasagll 55 A (grine paliad) dllia of Ll (sMlg ol @l g pia o 4iudy 8 (1999
alad) 3l 3 S aibiadle ud Cslasagl Jaee b 0RlAN) sl e e ) ol
a9 HbA) (aleds) o (5$0 o Jaisag -(Arun and Nalini 2002) Turmeric <l (aliivwn
Laagl) 3L (e oal) alidia) dile) Cuon sl gdl) Al dati aal) & aall jaie g
Ol paldiadl aat de G5 claaYly saeall Cleill Ll dag (Deng and Tao 1998)
.(Coles and Embert 1986)

(MCH) Guslasagl) 585 davssia (b alidd) Gigan ) &)l o2 Lo Jemaial) il <l
lad Candy) G B cgsad 30 Aldladll 3l & (MCHC) (S) Cmslagasgll 2S5 Jausiag
Wy 4 dealall (aliady) i oKas -cpesad 5 Galdiedl dlleall 223 MCHCY 5 MCHY)
pll i Cagan e Aail 0sS5 a8 Cpegad de Clias A Bl L caad) il A€ dlaledl)
(Baker and o) mang B12 (ymalid Gadi (o zlilly jo€ aas @l elyes a0 QLS il
gl iy (sMlg a8 Al Cugan G ol JOU Lgal) o ey L) @llyg Silverton 1985)
g el i of (1995 @y ) ST LS (1981 cpallies (olsell) cllsil) ans GasSil e
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ot Mallg daedy) ) deat ) Y £aS (alial Ao Lgaillasy pLall 8 daud)) 5eliS e
Lalia) Al 4

& Gsine ) Cigan Tas] Galdiadlls Alddeal) lesanal 3 (WBC) sliasd) pall WA 330 Zubyy
s g Adlal Al B il pall LA 23 B 5 Ladie zgamgy ol i 5 LA b3 2
Suall Galiiudl el of Cus (1982 Jiad) pueall Lo lial) Llaidll das L e salill 53
slaaall 2l WS ) aaky ) 2 Les pead) o st Bale syl daas] (ans el
Sl paliil elgial of LS «(Yousef et al. 2003) dawilU lgalin)) & digedl) )0 3 Lol
s b Lgadladl @l LAY o3a axe (e 13 of oSa Flavonol glycosides adsiddls < <Dla
)3 (2007 o) ade Juans Ll dblea i€ il a3as .(Han et al. 2001) el Sleal
al) LA sae 5al) iy Cum Losidds ClaesSils Ll Gl (gins o3 Al Gl it e
(Bin-Hafeez et al. 2003) I LS . digine dflas) ANs @3 G 50l @l <l oy oLl
oy -AnlalY) duelial)l LAY 5l 8 s Allad Gigan ) (535 Alad) il Galiiens slac) o e
Ly aly el sliae il A guasall of ) (Feibt et al. 2005) [l s lly o uSall

celaud) aall LAY Gl Llasay!

coaltidly dlled) Gal 8 (PLT) dugedd) milicall sae & (spina alidil agng i) Coniasl
Lgeall mliall maiy (058 dolac 0)93 Bamy (Aly pbaall (B A JIA (e @80 G55 8 pRlias) g
e of LS el dejall 35 ge mb s 8 Jl) 1 (Coles and Embert 1986)
(Hannan et al. axhll sid) (o lase (alias) ) a5 38 sl miliall aend §38 axe g ol

.2003)

Gluagilly AadAl) .5

Caliindl (aaSfan 2) pd) Sul dcaiidl dejall il Al ciecas A A Al DA o
clabnay) sl ) Hlay) @l g 2 sl Bea o Gl @l @heY Sl gy
s adull Gluagll
G S (s panidtl daatidly (paS/as 2) Cpad) Gl palitid saasd) depall o 1
Ll (sl o glia byl Ll al)
aSfan 2 e DB 515 die Danglannd el Cuen ¥ 8 Galiied) 2
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	The uptake of dye on the solid and the solid-liquid equilibrium relationship is described by the Freundlich isotherm. The uptake of diazinon onto natural clay is given by Eq. 1:
	The Freundlich isotherm is shown in Eq. 2 and can be linearized as in Eq. 3 for determining the exponent, n, and the constant, KF:
	In a well-agitated batch adsorber mixing in the liquid phase is rapid, hence the concentration of adsorbate in the liquid phase (Ct) and the concentration of adsorbent particles in the liquid (ms) are assumed to be uniform throughout the vessel. Since...
	ms = m/V      (4)

	The change in diazinon solution concentration (Ct) with time is related to the fluid-particle mass transfer coefficient by the Eq. 5:
	dCt /dt = - Ks Ss (Ct - Cs)    (5)
	Where, Ct = C0      at      t = 0
	If the effective diffusion coefficients are neglected, then since Cs approaches zero and Ct approaches C0 as t → 0, Eq. 5 becomes:
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	The external surface area of the particles, Ss, can be obtained from ms by assuming that the particles are spherical and of diameter, dp, hence:
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	Equation 6 can be used for obtaining Ks. Hence, the slope at t = 0 of a plot of (Ct/C0) versus time is equal to (- Ks Ss), and Ks can be extracted from such a slope.
	The Ks value may be expressed by an equation of the general form:
	Ks = x (variable)y    (8)
	or in the logarithmic form:
	log Ks = log x + y log (variable)   (9)
	The molecular diffusivity (D), used in the mass transfer expression may be obtained from the expression of Wilke and Chang (1955) as shown in Eq. 12:
	1. the solute species, diazinon may get activated due to a gain in kinetic energy and easily cross the potential barrier,
	2. the increase in agitation speed decreases the boundary layer resistance to mass transfer in the bulk solution and increases the driving force of solute ions.
	The experimental results of the effect of agitation speed are shown in Fig. 3 as a plot of (Ct/C0) against time of the adsorption of diazinon onto natural clay. The initial gradients (d (Ct/C0)/dt)t = 0 of the various curves have been determined which...
	The external mass-transfer coefficients, Ks, for different agitation speeds have been determined from initial gradients and plotted as log Ks against log rpm, as shown in Fig. 4. Linear variation was observed and the values of constants, x and y, asso...
	The data indicate that the external adsorption of diazinon onto natural clay is controlled by the degree of agitation (since the plot in Fig. 3 is linear) and that the effect of increasing agitation is to decrease the boundary layer resistance to mass...
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	Ks = 6.49 x 10-6 (rpm)0.93   (15)
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	5. Conclusions
	The kinetic studies clearly indicated that, the external mass transfer is rate-controlling step in the early stages of the adsorption process and the deviation thereafter is due to the development of intraparticle diffusion resistance. The external ma...
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