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ABSTRACT

In the present study, activated sludge has been utilized for the removal of triadimenol
pesticide from water. The maximum adsorption capacity was 42.9 mg triadimenol per gram
activated sludge obtained at 298 K. The equilibrium data were fitted to Langmuir
Freundlich models and it was found that Freundlich model best fit these data with
regression coefficient R*=0.947. The kinetic data showed that the rate of triadimenol
adsorption is increased with increasing the initial concentration and mixing speed, while
decreased with increasing temperature. The two-resistance mass transfer model based on
the film resistance homogeneous solid-phase diffusion was used to fit the experimental
data. A computer program has been developed to estimate the theoretical concentration—
time- dependent curves and to compare them with the experimental curves by means of the
best-fit approach. The model predicts that the external mass transfer coefficient k; was
affected by varying the initial triadimenol concentration, the agitation speed and
temperature, whereas the diffusion coefficient D, was affected by the initial triadimenol
concentration and temperature.

Keywords: Adsorption; Triadimenol; Activated sludge; Adsorption isotherms; Adsorption
kinetics

1. Introduction

Pesticides are among the major organic compounds
that are discharged into the water resources in Middle
Eastern countries, which has raised a primary public
concern in the recent years [1,2]. These compounds

*Corresponding author.

are classified by the Agency of Toxic Substances &
Disease Registry (ATSDR), USA as a group in the top
priority list of chemicals that need urgent control [3].
Generally, synthetic pesticides negatively affect wild
life and the health of humans. Recent report published
by the Food Standard Agency (FSA), UK showed that
majority of fruits and baby foods contain detectable
pesticide residues, where the maximum residue level
of 0.01 mg/kg for individual pesticides in infant
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formula and manufactured baby foods is set by the
European Union [4].

Pesticides in water are an extremely complex prob-
lem as a result of a wide range of existing pesticides’
chemical structures and properties [5-7]. Triadimenol
is one of the most commonly used pesticides. It is well
known internationally as a toxic material and could
pollute water as a result of agricultural, domestic and
industrial activities. Triadimenol is stable with respect
to hydrolysis and thus hydrolysis is not considered to
be an important pathway for the degradation of this
pesticide. Hence, the removal of this pesticide from
water is of great importance. Many studies dealing
with the occurrence and the removal of pesticides
from water have been addressed [8,9]. Relatively few
works have addressed the elimination of triadimenol
from water [10]. Several technological treatment
methods such as catalytic photodegradation [11],
Fenton-coagulation [12], flocculation [13], extraction
[14] and disinfection [15] could be used for the
removal of pesticides from water. However, many of
these methods are costly, produce by-products, and
fail to reduce the concentration of these pollutants to
an acceptable level. Adsorption, on the other hand, is
a cost-effective and efficient process and can be used
to reduce the concentration of several solutes down-
stream to sub-part per million. Several adsorbent
materials are employed such as activated carbon [16],
carbo-aluminosilicate material [17], snail pedal mucus
[18], clay minerals and soil [19,20], polymeric
adsorbents [21], Diatomite [22], quartz, calcite kaolin
and a-alumina [23]. Where among these adsorbents
activated carbon is usually the favoured adsorbent
because it can remove pesticides, organics and metal
ions, which may be found in wastewater even at low
concentrations [24]. Lopes et al. [25] studied the
adsorptions of triadimenol on soil samples with vary-
ing contents of organic matter, and concluded that the
capacity of adsorption increased as the organic carbon
content in the tested samples increased. However, the
high cost of activated carbon production has put for-
ward efforts to search for low-cost raw materials such
as agricultural wastes and by-products, sewage
sludge, discarded tyres and asphalt [26,27]. In a recent
study carried out on the adsorptions of fungicides by
soils incubated with biosolids, Copaja et al. [28] con-
cluded that incubating soils with biosolids increased
the adsorptions of the fungicides. Nevertheless, little
information is available in the literature for using
activated biomass as an adsorbent for pesticides
[29,30]. Lindane pesticide elimination from its aqueous
solution using Rhizopus oryzae biomass was reported
by Young and Banks [31] and a possible mechanism
of biomass interaction was proposed. In the present
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work, low-cost activated sludge has been used for the
adsorption of triadimenol from wastewater discharged
from veterinary and agricultural products manufactur-
ing company limited (VAPCO), Jordan. The effects of
pH, temperature, agitation time, solute and adsorbent
concentrations have also been investigated to
determine the rate of triadimenol adsorption.

2. Experimental
2.1. Materials

Samples of whey sludge were collected from local
dairy plants, separated from water, dried in an oven
at 105°C for 24 h, ground and saved in a closed vessel
for further usage. The fungicide used contains 25
wt.% triadimenol (commercial name is Vydan, IUPAC
name: (1RS, 2RS; 1RS, 2SR)-1-(4-chlorophenoxy)-3,
3-dimethyl-1-(1H-1,2,4-triazol-1-yl)butan-2-ol). This fun-
gicide was kindly donated by VAPCO. The physical
properties and the chemical structure of this fungicide
are shown in Table 1.

Deionized water was prepared using Milli Q
system (Millipore, France). All Chemicals were of

Table 1
Selected physico-chemical properties of the pesticides
investigated

Property Triadimenol
pH in aqueous Basic
solutions
Color Off-white powder
Odor Odorless

Solubility in water at 48
20°C (mg/1)

Density (g/cm?) 1.24
Physical state at 25°C ~ Solid
Melting point 110-130°C

Vapor pressure <1 mPa at 20°C
Soil degradation DT50 250

(days)
Chemical structure Cl

C14H18CIN30,
294.7

Chemical formula
Molecular mass
(g/mol)
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analytical reagent grade and the pyrex glassware was
washed with soap, rinsed with nitric acid and then
washed with deionized water.

2.2. Fourier transform infrared spectroscopy

Fourier transform infrared spectroscopy (FTIR)
analysis of the sludge sample was performed using
IPRrestige-21, FTIR-84005, SHIMADZU Corporation
(Kyoto, Japan). A sample of 0.1 g was mixed with 1 g
of KBr (Merk, Darmstadt, Germany) using a mortar. A
part of this mix was introduced in a cell connected to
the piston of a hydraulic pump giving a compression
pressure of 15 kPa/cm? The mix was converted to a
solid disc which was placed in an oven at 105°C for
four h to prevent interference with any existing water
vapor or carbon-dioxide molecules. Then it was
transferred to the FTIR analyser and a corresponding
spectrum was obtained showing the wave lengths of
the different functional groups in the sample.

2.3. Adsorption of triadimenol

Equilibrium isotherms for triadimenol were con-
ducted in a set of 250 ml Erlenmeyer flasks. Hundred
milli litre of the triadimenol solutions of different
concentrations were contacted with 0.25 g of sludge
and allowed to equilibrate in an isothermal shaker at
different temperatures; 15, 25 and 40°C for 24 h. After
equilibration, the solution was separated from the solid
by filtration. The final concentration was then mea-
sured using oS2 Helios UV-vis spectrophotometer at
219 nm. The effect of solution acidity was performed in
a similar manner with the exception that the mass of
the sludge was 0.1 g and the solution pH was buffered
at pH 2.5, 5 and 9. For all these procedures, blank sam-
ples were prepared at the same conditions.

Kinetics of adsorption was studied by placing 0.2 g
of the sludge sample in 1.71 of Vydan solution with
an initial concentration of 200 mg/l (pH 6) at 25°C.
The concentration of triadimenol was monitored over
time by sampling 0.5 ml every 2 min in the first
10 min of the experiment and every 10 min thereafter.
The drawn-off samples were directly centrifuged and
analysed using aS2 Helios UV-vis spectrophotometer
at 219 nm. The effects of adsorbent mass, solution
temperature, initial adsorbate concentration and
mixing speed on the kinetic parameters were studied.

3. Theoretical

The adsorption process of solutes onto the surface
of a solid adsorbent is usually controlled by several
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resistances. These resistances are classified as bulk
transport, boundary layer transport, intraparticle
transport and adsorption [32]. The rates of bulk
transport and adsorption are considered fast steps
compared to the film and intraparticle ones. In order
to develop a kinetic model that simulates the
experimental data the following assumptions were
considered: (1) the sludge particles are spherical with
radius R and do not change with time, (2) the sludge
particles are suspended in the solution during
experiments as a result of mixing and (3) the sludge
particles are initially free of pesticide while the initial
concentration of the solution C, (mg/1).

The variation of triadimenol concentration inside
the sludge particles, g; (mg/g), with distance from the
centre, ¥ and time t is governed by the diffusion
equation [33,34]:

Zaqi
2+ rar) 1)

8qi - 82111'
w‘m<

where D, is the surface diffusion coefficient (cm?/s).
The boundary layer mass transport is controlled by
the first- order ordinary equation:

dcC dg

ETbT @
and

dq N 3kf C— CE (3)

df ~ 1,000Rpp (1 —¢)

where g is the average concentration of pesticide
inside the particle, k; is the external mass transfer
coefficient (cm/s), pp (g/cm’) and ¢ are the density
and porosity of the particles, respectively, m, (g/1) is
the concentration of sludge in solution and C. (mg/1)
is the triadimenol concentration in equilibrium with
that on the surface of the particle

Two of the most common sorption isotherm
models used to fit the experimental data were the
Langmuir and Freundlich models. The Langmuir
model assumes that equilibrium is attained when a
monolayer of the adsorbate molecules saturates the
adsorbent. This model can be written as:

bCefo

9= 150C, @)

where C, is the equilibrium concentration of the
adsorbate (mg/1), g, is the amount of adsorbate
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adsorbed per unit mass of adsorbent (mg/g), g, is the
Langmuir constant related to adsorption capacity
(mg/g) and b (I/mg) is a constant related to the
affinity between the adsorbent and the adsorbate. The
linear form of the Langmuir model is given by:

C_ 1 lcg (5)
e  bgo o

The values of g, and b can be determined by plotting
C./q. vs. C..

The Freundlich model is applicable when an
adsorption is followed by a condensation of the
adsorbate on the surface of the adsorbent where a
logarithmic fall in the enthalpy of adsorption with
surface coverage occurs. This isotherm model is
widely applied in heterogeneous systems especially
for organic compounds or highly interactive species
on activated carbon and molecular sieves [35]. This
model is written as:

Q. + K,C{t/™ (6)

where K;, ((1/mg)'/") and n are Freundlich constants.
The coefficient K;, can be related to the surface energy
by the proportionality relation:

K}, < RTnbe”H/RT @)

The constant n gives an indication of how favourable
the adsorption process is. The linear form of this
model takes the form:

log Q. = log Ky, + (1/n) log C. (8)

The values of Kr and n can be obtained by plotting
log Q. vs. log C.,.

The average concentration of triadimenol inside
the particle is obtained by integrating the point
concentrations g; over the volume of the particle
according to the equation:

R
= Jo ilnrzgidr ©
3 nR
The initial and boundary conditions to Eq. (1) are:
C(0) =Gy (10)
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q(0,7) =0 (11
q(t;R) = g (12)
The above equations were solved  using

MATHEMATICA (Version 5) to obtain a set of bulk
solution concentration values as a function of time :

2Ar
qri = [1 -Q (2 + r)} qk-1,i

2A
+Q [(1 + rr> Jk-1,i+1 + Qk17i1:| (13)

where Q =2LAL and k, i are the indicess that are

related to t%(re) differential change in time Af, and
radius Ar, respectively.

The average concentration of triadimenol over the
sludge particle is,

3 R
Qavt = ﬁ Z Qk,tTAV (14)
0
and
3Atk
Qavt = Gav,t—At + f (Ct - Ce) (15)

1,000Rpp(1 — &)

4. Results and discussion
4.1. Adsorbent characterization

An FTIR spectroscopic study for the activated
sludge materials is shown in Fig. 1. The samples
showed several major absorption bands at 2,500-3,500,

60
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Fig. 1. FTIR of sludge sample.
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1,250-1,750 and 560-1,100 cm!. The sludge sample
showed a wide band at around 3,400 cm ' followed
by a sharp peak at 2,900 cm™'. This wide band is
assigned to the intra-molecular H-bonded (-OH), O-H
stretching mode of hydroxyl groups and the adsorbed
water [36].

In the 1,250-1,750 cm™! region, peaks at 1,700 cm ™!
show the existence of hydroxyl group while the peak
at 1,550 cm ™' might be related to the presence of amino
groups [37]. The peak at 1,420 cm ™ is attributed to the
scissoring vibration of (-CH,) group, which may
overlap with the methyl group asymmetrical bending,
or to in-plane bending of H-bonded hydroxyl group
[38], while the peak at 1,250 cm™ ! is due to the C-H
hydrogen bonds. The peak at 1,050 cm™' refers to a
C-O-C strong symmetrical band.

The last region has two major peaks at 875 and
560 cm™' which they assigned to the out- of- plane
alkenes (-C-H) bending and in-plane and out-of-plane
aromatic ring deformation vibrations, respectively.

4.2. Adsorption isotherms

The adsorption isotherm indicates
adsorbate molecules distribute between the liquid
phase and the solid phase when the adsorption
process reaches an equilibrium state. In addition, it
shows the effect of equilibrium concentration on the
loading capacity at different temperatures. The analy-
sis of the equilibrium data by fitting them to different
isotherm models is an important step to find a suitable
model that can be used for design purposes.

Fig. 2 shows a plot of the fungicide triadimenol
loading on the adsorbent against the equilibrium
concentration in the liquid phase at three different

how the

i X
160 X 150C

140 -

120 1

100 A
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60

0 20 40 60 80 100 120
Ce (mg/l)

Fig. 2. Adsorption isotherm of triadimenol at different
solution temperatures.
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temperature values (5, 25 and 40°C). Moreover, Fig. 3
illustrates similar isotherm data but at different
solution pH values. It is clear that the adsorption
capacity of the activated sludge increases as the
equilibrium concentration increases for all the operat-
ing temperatures. This increase is more significant at
higher equilibrium concentrations. The loading capac-
ity g, increases from 29 to 148 mg/g when the equilib-
rium concentration increases from 55 to 112 mg/I at
25°C. This suggests the formation of multilayers of the
adsorbate on the activated sludge caused by the possi-
ble adsorbate-adsorbate interactions on the adsorbent
surface.

Furthermore, the loading capacity of the activated
sludge decreases as the temperature increases. This
behaviour suggests the exothermic nature of the
adsorption process of triadimenol into the activated
sludge. It is evident from Fig. 2 that the changes of
loading capacity g, with temperature is more
pronounced at higher equilibrium concentrations. For
example, g, decreases from 15 to 3 mg/g as the
temperature increases from 5 to 40°C when the
equilibrium concentration was 25 mg/1, whereas it
decreases from 160 to 48 for the same temperature
change and for an equilibrium concentration of
105 mg/1L. This behaviour could be due to the effect of
temperature on the adsorption process of triadimenol
into the activated sludge which is characterized by a
reversible nature. It is suggested that as the tempera-
ture increases, the viscosity of the solution decreases
which enhances the intraparticle diffusion of the
triadimenol molecules. However, as the temperature
increases, the adsorbate—adsorbate molecules interac-
tion is weakened and the desorption phenomenon is
expected to be enhanced causing more molecules to

180
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140 1 | —x— pH9

120 -

100 -
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Fig. 3. Adsorption isotherm of triadimenol at different pH
values.
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Table 2

Isotherm model constants and correlation coefficients for the adsorption of triadimenol by activated sludge

Isotherms Temperature (K) Constants R?

Langmuir Q, (mg/g) b (1/mg)

S=+35C 278 90.9 0.0055 0.852
298 429 0.007 0.855
313 10.7 0.0078 0.849

Freundlich Ky ((1/mg)'/™) n

log Q. = log K}, + (1/n) log C, 278 138.6 0.697 0.943
298 40.9 0.56 0.947
313 239 0.66 0.947

leave the particles into the solution. Accordingly, this
behaviour indicates that an efficient adsorption pro-
cess of fungicide from solutions by activated sludge
could be conducted at relatively low temperatures.
The adsorption isotherm data were fitted to the
Langmuir and Freundlich isotherm models. The
values of the models constants (the plots are not
shown) in addition to the values of the correlation
coefficient, R?> are shown in Table 2. It is evident that
the Freundlich isotherm gives the best fit to these data
as indicated by the relatively high values of R* n
addition, the applicability of the Freundlich isotherm
model is confirmed since the calculated values of the
model constants are within the range for this model.
This result demonstrates that the adsorption of
triadimenol by activated sludge is characterized by
the multilayer coverage of the adsorbate molecules on
the adsorbent’s outer surface. The values of the
Freundlich model exponent (1/n) which is the slope of
the plot of log g, vs. log C, are greater than unity, which
indicates a cooperative adsorption. Consequently, the
Freundlich model was inserted in the kinetic model to
calculate the kinetic parameters like the external mass
transfer coefficient, kf and the internal diffusivity D,.
The initial concentration of triadimenol in pH
experiments was varied from 0 to 260 mg/l and the
temperature was maintained constant at 25°C. Each
experiment continued until the equilibrium concentra-
tion reached a constant value, then the loading
capacity, gmax, Of the adsorbent was calculated. As
shown in Fig. 4, gmax decreases as pH increases for the
same equilibrium concentration. For example, gmax
decreases from 195 to 18 mg/g as pH increases from
2.5 to 9 at the fixed solution concentration of 95 mg/1.
This means that the adsorption of these fungicides is
enhanced in acidic media. The reason for this behav-
iour could be attributed to the fact that triadimenol is
a Lewis-base due to the presence of three nitrogen
atoms in its molecule. In acidic medium, protonation
occurs to the amino groups and the fungicides become

positively charged. For this reason more electrostatic
attraction may occur between the fungicides and the
adsorbent. As mentioned above, the adsorbent or the
dried whey sludge contains many types of functional
groups including basic oxides. Upon increasing the
acidity i.e. reducing the pH, hydrogen ion could react
with those oxides and result in activation or
impregnation of the adsorbent surface. As a result,
adsorption of triadimenol is enhanced with decrease
pH. It should be noted that dry sludge was stable in
distilled water for a period of 24 h. The distilled
water’s initial pH of 7 has remained constant during
this period.

4.3. Kinetic study

In this part of the study, the effect of many
parameters on the equilibrium triadimenol concentra-
tion in the adsorption mixture was investigated. These
parameters include initial triadimenol concentration,
adsorbent mass, adsorbent particle size, temperature

0.9
= 08
2 o7
Q
© 0.6
@
© 05
c
L2 04
2
o 03 4 100 ppm
§ B 200 ppm
a 02 A 300 ppm

Line model
0.1 Points experiments
0 T T T T T
0 50 100 150 200 250 300

Time (min)

Fig. 4. Effect of initial concentration of triadimenol on the
rate of adsorption.
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and mixing speed. The experimental results in each
case were compared to the theoretical solution
obtained by the proposed model. By altering the
values of the models’ parameters (D, and ky), it was
possible to obtain the best fit for the experimental data.

4.3.1. Effect of initial concentration

The effect of initial fungicide concentration on the
rate of adsorption by activated sludge is shown in
Fig. 3. The experimental results are expressed as
discrete points while those obtained from the model
are expressed by solid lines. It is evident from Fig. 5
that, in the three experiments where the initial concen-
tration varies from 100 to 300 mg/1, the model best fits
these data. For a particular experiment, the rate of
adsorption decreased with time until it gradually
approached a plateau, owing to the continuous
decrease in the concentration driving force. In
addition, the initial rate of adsorption was greater for
higher initial dye concentration as a result of
decreasing the resistance to the fungicide uptake with
increasing mass transfer driving force.

The values of the kinetic parameters predicted by
the model, k; and D, are listed in Table 3. It was found
that the effect of changing C, on the mass transfer
coefficient k; was very little. k increases from 3.5 x
107° to 3.8 x 10> m/s as C, increases from 100 to
300 mg/l. Moreover, the diffusion coefficient inside
the particle pores, D, is increased from 9.2 x 1071% to
124 x 107 m?/s with increasing initial dye
concentration from 100 to 300 mg/1.

4.3.2. Effect of adsorbent mass

The effect of varying the sludge mass on fungicide
adsorption is shown in Fig. 5. It is shown that that
the experimental results are in good agreement with
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Fig. 5. Effect of sludge mass on the rate of adsorption of
triadimenol, initial concentration of 200 mg/l, pH 6,
particles size 250-500 pm, mixing speed equal 500 rpm
and temperature of 25°C.

those simulated by the model. As expected, the
equilibrium fungicide concentration in the solution
decreases at a faster rate with increasing adsorbent
mass. For example, the relative fungicide concentra-
tion is decreased within 30 min. from 0.78 to 0.48
when the adsorbent concentration is increased from
0.1to 0.3 g/1.

The values of the mass transfer coefficient, kf, and
the diffusivity coefficient, D, are kept constant at
35x10° m/s and 9.2 x 107" m?/s, respectively.
These results are in good agreement with those
obtained by McKay [38] for the adsorption of acid
dye 25.

4.3.3. Effect of temperature

Fig. 6 depicts the rate of adsorption of triadimenol
by the activated sludge at three different temperatures

Table 3

The kinetic parameters predicted by the model, k; and D, for the adsorption of triadimenol by activated sludge

Set of experiments C, mg/L M|V kg/ m® D, (um) Temp. (°C) rpm ke 10° D,x10'°

1 100 0.2 150-250 25 500 3.5 9.2
200 0.2 150-250 25 500 3.67 10.6
300 0.2 150-250 25 500 3.8 12.4

2 200 0.1 150-250 25 500 3.5 9.2
200 0.2 150-250 25 500 3.5 9.2
200 0.3 150-250 25 500 35 9.2

3 200 0.2 150-250 15 500 3.5 9.2
200 0.2 150-250 25 500 5.3 10.4
200 0.2 150-250 40 500 8.1 12

4 200 0.2 150-250 25 250 3.5 9.2
200 0.2 150-250 25 500 6 10.5
200 0.2 150-250 25 1,000 25 8.9
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Fig. 6. Effect of solution temperature on the rate of
adsorption of triadimenol, initial concentration of 200
mg/1, pH 6, particles size 250-500 pm, mixing speed equal
500 rpm and adsorbent mass equal 0.2 g.
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Fig. 7. Effect of mixing speed on the rate of adsorption of
triadimenol, initial concentration of 200 mg/l, pH 6,
temperature equal 25°C, particles size 250-500 pm and
adsorbent mass equal 0.2 g.

of 15, 25 and 40°C. It is shown that as the temperature
increases, the amount of triadimenol removed per unit
time is decreased. This could be attributed to the
exothermic nature of contact between the triadimenol
and the sludge surface. Increasing the temperature
from 15 to 40°C showed an increase of ks value from
35 x 107 to 8.1 x 10° m/s while D, increased from
9.2 x 107" to 1.2 x 107" m?/s.

4.3.4. Effect of agitation speed

The effect of mixing on the adsorption of triadime-
nol is shown in Fig. 7. It is shown that the rate of
adsorption increases as the mixing speed increases
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from 250 to 500 rpm and decreases when the mixing
speed reaches 1,000 rpm. This behaviour is attributed
to the fact that as the mixing speed increases in the
range below 500 rpm, the turbulence in the solution is
increased and consequently the boundary layer thick-
ness around the adsorbent particles will be decreased.
On the other hand, at a relatively high mixing speed
the mixing becomes poor as a result of the vortices
formed in the solution. The corresponding values of k;
were 3.5 x 107>, 6 x 107° and 2.5 x 10°° m/s, whereas
the values of D, were 9.2 x 1071°, 10.5 x 107° and 8.9
x 107'° m?/s at 250, 500 and 1,000 rpm, respectively.
These results are in agreement with those of Asfour
et al. for the removal of dyes with sawdust [39].

5. Conclusions

Activated sludge from dairy products was used as
an adsorbent for the removal of triadimenol from
aqueous solutions. The maximum removal capacity
for triadimenol could be as high as 42.9 mg/g sludge
at ambient temperature. At a given solution concentra-
tion, the rate of triadimenol uptake is increased with
increasing the agitation speed for the mixture, decreas-
ing the particle size of the sludge particles and the
solution temperature. A two- resistance model could
be employed to predict this rate of adsorption in order
to obtain the mass transfer coefficient and effective
diffusivity of the system. The removal of triadimenol
by activated sludge is an economical, safe and
environment- friendly process.

Nomenclature

constant related to the affinity between the
adsorbent and the adsorbate (1/mg)

b’ — the adsorption energy constant

C. — the equilibrium concentration of the
adsorbate (mg/1)

Co — the initial concentration of the solution is
(mg/L)

D, —  the surface diffusion coefficient (cm?/s)

K, —  Freundlich constant ((1/mg)'/")

ke — the external mass transfer coefficient (cm/s)

k, i — indexes that related to the differential
change in radius

My — the concentration of sludge in solution (g/L)

n —  Freundlich constant related to the intensity
of adsorption

q — the average concentration of pesticide inside
the particle (mg/g)

Gav, t — the average concentration of pesticide over
the sludge particle (mg/g)

e — the amount of adsorbate adsorbed per unit

mass of adsorbent (mg/g)
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qgi — the point concentrations of pesticide (mg/g)

9o — Langmuir constant related to adsorption
capacity (mg/g)

R —  particles radius (cm)

R? —  correlation coefficient

R — the universal gas constant

r — distance from the center (cm)

T —  temperature (K)

time (min)
Greek letters

AH —  Enthalpy of adsorption

Q — indexes that related to the differential
change in time

€ —  porosity of the particles

Py — the particle density (g/cm?)
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