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ABSTRACT

Among toxic heavy metals, cadmium is one of the most dangerous for human health. Since
cadmium is a well-known toxic metal, industrial effluents and wastewaters rich in cadmium
must be treated prior to their disposal. Present study deals with the evaluation of biosorp-
tive removal of cadmium by Trichoderma fungus. The effect of different important parame-
ters such as initial pH, cadmium concentration, contact time, stirring rate, and temperature
on cadmium sorption was investigated. Cadmium biosorption capacity and its removal effi-
ciency increased along with the increase of pH of the solution, and maximum biosorption
of cadmium(Il) ions were observed at pH 6. Biosorption kinetics data were fitted using
pseudo-first-order and pseudo-second-order models. It was found that the kinetics data fit-
ted well the pseudo-first-order during the initial 120 min of biosorption, and when the
biosorption time was 120 min, the experimental data fitted very well with the pseudo-
second-order kinetics reaction. Thermodynamic parameters such as standard Gibbs free
energy (AG°), standard enthalpy (AH®), and standard entropy (AS°) were evaluated. The
results confirmed that biosorption of cadmium(ll) ions by Trichoderma fungus was

spontaneous and endothermic nature.
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1. Introduction

The discharge of industrial effluents containing
various heavy metals including cadmium(Cd), mer-
cury, lead, chromium, copper, and manganese poses
threat to the receiving freshwater resources due to
their toxicity and cause several health problems with
animals, plants, and human beings [1]. Among toxic
heavy metals, cadmium is one of the most deleterious
for human health. It is a highly toxic element and has
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been accepted as a category-1 (human) carcinogen by
the International Agency for Research on Cancer [2].
Significant concentration of cadmium is present in
different industrial effluents. These include effluents
from cadmium electroplating, paint pigments, fertil-
izer industries, ceramic industries, battery manufactur-
ing, alloy manufacturing, accumulator manufacturing,
plastics manufacturing, smelting processes, mining
processes, mineral processing, refining processes, and
alloy industries [2—4].

The environmental cadmium pollution occurs due
to its continuous release from the industrial and
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agricultural sources. It can easily translocate from
plant roots to above-ground tissues and interferes
with physiological processes [5,6]. Additionally, it can
enter the human body by eating food, drinking water,
breathing, or smoking. Most of the cadmium that
enters the body goes to kidney and liver and can
remain there for many years and can cause serious
damage to kidney and bones (renal dysfunction, liver
damage, bone degradation, and hypertension) [7-9].
The World Health Organization (WHO) has set a
maximum guideline concentration of 0.003 mg/L for
cadmium in drinking water [10].

Several physicochemical processes are available for
the removal of cadmium from aqueous environments.
These include the following: chemical precipitation,
coagulation, filtration, solvent extraction, evaporation,
reverse osmosis, chemical oxidation/reduction, elec-
trochemical treatment, ion exchange, and membrane
processes [11-13]. However, many of these
approaches can be less cost-effective or difficult for
practical use. Furthermore, most of these are either
ineffective or excessively expensive when the metal
concentrations are less than 100 mg/L [14]. In addi-
tion, these high technological processes have some
significant disadvantages including incomplete metal
ion removal, the requirement for expensive equipment
and monitoring systems, high use of reagents, and
large amount of sludge produced during the treat-
ment and pretreated or other waste products that
require disposal [15].

Biosorption is an alternative and innovative
treatment technique utilizing biological materials
such as bacteria, yeast, fungus, and algae [16,17].
This process involves a combination of active and
passive transport mechanisms. The first phase,
usually referred to as passive uptake, is an initial
rapid and reversible accumulation step. The second
phase, usually referred to as active uptake, is slower
intracellular bioaccumulation, often irreversible and
related to metabolic activity [18-20]. The major
advantages of biosorption process include low
operating cost, high efficiency, reusability of biosor-
bent, possibility of metal recovery, selectivity for
specific metal ions, high efficiency in detoxifying
very dilute liquid streams, reduction in the amount
of chemicals, and no secondary sludge which might
be toxic [21,22].

Cadmium biosorption by different living and
non-living biomasses have been studied by several
authors [23-26]. In this work, Trichoderma species
that are non-parasitic and also non-pathogen fungi
that are useful fungi for agriculture and recycling
of biomass in nature were used for cadmium
biosorption.

14599

2. Materials and methods
2.1. Chemicals and analytical measurements

In this research work, the chemicals used were of
analytical grade. Culture media were of biological
grade. Stock solutions of cadmium was prepared
by dissolving 2.744 g of Cd(NO;),-4H,O (Merck-
Germany) in 1 L deionized water. The stock solutions
were used to prepare dilute solutions of different
working concentrations.

2.2. Preparation of fungal media as biosorbent

Trichoderma fungal species was obtained from the
Laboratory of Mycology, Faculty of Medicine, Zahedan
University of Medical Sciences. The samples were
transferred to PDA (Potato Dextrose Agar) sterile
media for in vitro testing consumption. When the
fungal biomass was reached to maximal growth (after
3-4 d at 24°C), the samples were kept in the refrigera-
tor at 4°C until required. Generated colonies are appro-
priate for transferring to the new media and were used
in our experiments as resource [27].

After fungal proper growth on the solid media, lig-
uid media were prepared with the formula containing
the amount of 250 g/L potato extract, 20 g/L of dex-
trose, and 0.25 g/L of tetracycline antibiotic (to prevent
bacteria growth) in seven pH (2-8). Lactic acid and
KOH (3%) were used for adjustment of the pH in the
prepared media [28]. Finally before batch biosorption
experiments to be started, liquid media were kept at an
incubator equipped shaker for 24 h for fungal suitable
growth before exposure with metallic ions (Cd(D)).

2.3. Analytical technique

At different interval time, samples were
withdrawn and filtered, and the concentrations of
cadmium ions were determined by the flame atomic
absorption spectrometry using Atomic Absorption
Spectrophotometer (Model Shimadzu AA 6650).

2.4. Batch biosorption experiments

The biosorption of cadmium(I) ions on the Tricho-
derma from aqueous solution was investigated in batch
biosorption equilibrium experiments. The effect of
solution pH, initial cadmium(I) ions concentration,
contact time, mixing rate, and temperature on the
biosorption capacity of cadmium(Il) onto Trichoderma
fungus was studied. In each experiment, one the
above-mentioned factors were chosen as variable and
the others were kept as constant.
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The effect of initial pH of solution in the biosorp-
tion studies was studied at cadmium concentration of
25 mg/L. The pH of solutions was varied between 2
and 8 (which was adjusted at the beginning of the
experiment and not controlled throughout the experi-
ments). Biosorption data were obtained in a set of
Erlenmeyer flasks (250 mL) at constant temperature
(25°C) and mixing rate 150 rpm for reaction time
180 min, where working solutions with different initial
pH (100 mL) were placed in these flasks. The pH
values in the solutions were monitored by a Hanna
pH meter (Romania).

The effect of initial cadmium(Il) concentration in
the biosorption studies was studied at pH 6 (which
was adjusted at the beginning of the experiment
and not controlled throughout the experiments).
The concentration of cadmium(ll) ions was varied
between 25 and 150 mg/L, and similar procedures
were repeated. The effect of contact time and mixing
rate was varied between 30 and 240 min and 150
and 350 rpm, respectively. Finally, the effect of
temperature (298, 303, 308, and 313 K) on cadmium

biosorption was studied at optimum attained
conditions, and thermodynamic parameters were
determined.

To obtain the dry weight of the fungal biomass, it
was placed in a glass dish and was hold in the des-
iccator at 105°C for 48 h. The amount of cadmium(II)
ions bound by the biosorbent was calculated using the
following equation:

(Co—Co)V
e = M M
where g. is mg of metal ion biosorbed per g of
biomass (mg/g), Cy (mg/L) is the initial concentration,
Ce (mg/L) is the final or equilibrium concentration, V
(L) the volume of metal solution in the flask, and M
(g) is the weight of biosorbent (fungal dry mass).
Furthermore, to express the cadmium removal
efficiency by studied fungi, the following equation
was used:

(Co—Cy)
0

E(%) = x 100 @)

In this equilibrium, E is the percentage of cadmium
removal by the fungal biomass and Cy and Ct repre-
sent the initial and final (after adsorption) cadmium
concentrations, respectively. Each of the experiment
was repeated three times (yielding an experimental
error of less than 5%), and the average values were
obtained.

E. Bazrafshan et al. | Desalination and Water Treatment 57 (2016) 14598-14608

2.5. Isotherm study

During the biosorption, a rapid equilibrium is
established between metal ions on biosorbent (g.) and
metal ions remaining in solution (Ce). This equilibrium
can be described by the Langmuir or Freundlich
adsorption isotherms. The Langmuir equation assumes
that (i) the solid surface presents a finite number of
identical sites which are energetically uniform; (ii)
there is no interaction between adsorbed species,
meaning that the amount adsorbed has no influence
on the rate of adsorption; and (iii) a monolayer is
formed when the solid surface reaches saturation [9].
The isotherm equation assumes the following form:

go = LG )
1+ K .Ce
where g. is the amount of metal ions adsorbed
per specific amount of biosorbent (mg/g), C. is
equilibrium concentration of cadmium ions (mg/L),
Ky is Langmuir constant, and ¢, is the maximum
amount of cadmium ions required to form a mono-
layer (mg/g).
The empirical Freundlich equation based on
sorption on a heterogeneous surface is given as:

ge = K:Cs @)

These models can provide information of metal uptake
capacity and difference in metal uptake among vari-
ous species [23,29-33]. Biosorption isotherm experi-
ments were studied as mentioned above with different
concentrations of cadmium (25-150 mg/L) at pH 6.0
and at different temperatures (298-313 K).

3. Results and discussion
3.1. Influence of initial pH on cadmium removal

Concentration of hydrogen ion in the biosorption
process is considered as one of the most critical factors
that influence the biosorption behavior of metal ions
in aqueous environments. In fact, heavy metals
biosorption is significantly dependent on pH. It affects
the solubility of the metal ions in the solution, replaces
some of the positive ions found in the active sites, and
affects the degree of ionization of the adsorbate during
the reaction [27,34,35]. Hence, heavy metals biosorp-
tion is considerably dependent on pH. In this study,
the effect of initial pH on the biosorption of cadmium
ions onto Trichoderma fungus was evaluated within
the pH range of 2-8. In this work, studies beyond
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pH 8 were not attempted because precipitation of the
ions as hydroxides would be likely [36].

As presented in Fig. 1, cadmium biosorption
capacity and its removal efficiency strongly depend on
the initial pH and increased along with the increase of
pH of the adsorbate solution, and maximum biosorp-
tion of cadmium(lI) ions were observed at pH 6. The
lowest removal efficiency and biosorption capacity
(4.32% and 1.35 mg/g) were calculated at pH 2. The
optimal removing was obtained 69.28% (21.65 mg/g
based on fungus dry weight) at pH 6.

Similar findings about the pH effect had also been
reported when other kinds of biomass were employed
as biosorbents. For example, Zhou et al. reported opti-
mum pH of 6 for Wangia profunda [37], Amini et al.
reported optimum pH of 5.96 for Aspergillus niger [38],
Arica et al. reported an optimum pH of 5.5 for Trame-
tes versicolor [39]. Say et al. reported an optimum pH
6 for biosorption of cadmium, lead, and copper with
the filamentous fungus Phanerochaete chrysosporium
[40]. Chang et al. reported an optimum pH 6 for
Pseudomonas aersuginosa PU21 [41]. Also, Mashitah and
Yus Azila [35] reported the maximum biosorption of
cadmium(ll) ions at pH 6 by immobilized cells of
Pycnoporus sanguineus.

Furthermore, comparable results have been
observed using other biosorbents including black
gram husk (Cicer arientinum) [42], fungus A. niger [43],
and by-products of Lentinus edodes [44]. Generally, pH
3-6 has been found favorable for the biosorption of
metal ions by microbial biomass [45].

The biosorption capacities of various biosorbents
depend on the available binding sites provided by
the functional groups existing in the surface of the
biosorbents. Negatively charged groups at the biosor-
bents surface are necessary for the sorption process
[42]. At low pH value, the biosorption capacity is less
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Removal efficiency, %
n
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Fig. 1. Effect of initial pH on the removal efficiency
of Cd(II) (initial Cd(II) concentration = 25 mg/L, mixing
rate = 150 rpm, contact time = 120 min, T =298 K).
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because large quantity of hydrogen ions competes
with metal ions binding at sorption site (mostly due
to competition between Cd** and H;O" ions in the
solution). Akhtar et al. [46] also demonstrated that
carboxylic groups that are components of the cell
wall of A. niger are sites for metal ions absorption
and that in the very acidic pH values, the total sur-
face charge of the cell is positive and consequently
metal cations and protons are competing for the sites
in on the cell wall and tend to reduce metal uptake.
When the pH values increased in the solution, the
deprotonation of acid functional groups, such as
carboxyl, phosphonate, and phosphodiester, was
strengthened and the attraction increased between
negative charge on biomass and positive metal
cations [44]. Decrease in biosorption at higher pH
(pH>6.0) is because of the formation of soluble
hydroxylated complexes of the metal ions and their
competition with the active sites; as a consequence,
the retention would decrease again [47].

3.2. Influence of initial cadmium concentration

The equilibrium cadmium biosorption capacity of
Trichoderma fungus at various initial concentrations of
cadmium is depicted in Fig. 2. Cadmium sorption was
studied in batch experiments (pH 6.0) using different
initial cadmium concentrations of 25, 50, 75, 100, and
150 mg/L. As shown in Fig. 2, when the initial Cd(II)
concentration is increased, the amounts of adsorbed
metal also increased, so the removal of Cd(II) ions
depends on the concentration of the cadmium. For
example, when the initial concentration of Cd(II)
increases from 25 to 150 mg/L (at contact time
120 min), the equilibrium biosorption capacity of
Trichoderma fungus increased from 21.34 (68.3%) to
149.08 mg/g (79.51%).

82 160
80 [ 140
78 A 120

76 f 100

74 A I 80

qe, mg/g

72 —e— Removal efficiency, % f 60

Removal efficiency, %

70 A f 40

—&— Biosorption capacity, mg/g

68 f 20

66 T T T T T T 0
0 25 50 75 100 125 150 175

Initial concentration of cadmium, mg/L

Fig. 2. Effect of initial concentration of cadmium on
cadmium Dbiosorption by Trichoderma fungus (optimal
pH 6, mixing rate = 150 rpm, T =298 K).
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The initial concentration of the Cd(II) ions in the
solution remarkably influenced the equilibrium uptake
of Cd(I). It was noted that initial concentration
increased the sorption of Cd(Il) as is generally
expected due to equilibrium process (Fig. 2). This
increase in uptake capacity of the studied biosorbent
with the increase in initial metal concentrations is
probably due to higher availability of metal ions
(Cd{D), for the sorption. Moreover, higher initial
concentration provides increased driving force to
overcome all mass-transfer resistance of metal ions
between the aqueous and solid phase resulting in
higher probability of collision between metal ions and
sorbents. This also results in higher metal uptake [48].
Similar findings have been reported by Das and Guha
[49], for chromium (III) removal by biomass of
Termitomyces clypeatus, and Rathinam et al. [50,51].

Some researchers [27,52] studied Cd biosorption by
microorganism Actinomycete R 27, and approximately
69% biosorption was attained. Jianlong et al. [28] also
reported 100% adsorption of lead by the fungus A.
niger at the concentration of 10 ppm. Their results
indicated the high absorption of heavy metal ions by
the organism, at low concentrations. Therefore, the
limitation of metal ions uptake at low concentrations
is less than at high concentrations. Considering the
high pollution of sewage of the factories and high con-
centrations of water soluble metals, using the biomass
of microorganisms, especially the fungal biomass, can
be very useful for bioremediation of heavy metals
[53,54].

3.3. Effect of the mixing rate on Cd(II) biosorption

Theoretically, the mixing rate can influence the
adsorption through improving the contact between the
biosorbent and the pollutants in the aqueous environ-
ments and reducing the mass-transfer limitation of
pollutants adhering onto the surface of the biosorbent.
In this study, the effect of the mixing rate was investi-
gated by varying the agitation rate between 150 and
350 rpm, using an initial pH of 6, initial concentration
of Cd(II) 50 mg/L, and a contact time of 120 min.

It is evident from Fig. 3 that the rate of adsorption
increases as the agitator speed increases. In fact, the
removal efficiency and biosorption capacity of the
Cd(I) ions increased from 70.74% and 44.21 mg/g to
approximately 77.94% and 48.71 mg/g, respectively,
when the mixing rate was increased from 150 to
250 rpm, and then, it increased slowly and attained or
almost attained a plateau value at 300 rpm (78.12%) and
higher (78.48% at 350 rpm). This effect can be attributed
to the increased turbulence, and as a consequence, the
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Fig. 3. Effect of mixing rate on the biosorption rate of Cd
(II) ions onto Trichoderma fungus at 298 K (optimal pH 6,
contact time = 120 min, initial Cd(I) concentration=
50 mg/L).

decrease in boundary layer thickness around the adsor-
bent particles occured as a result of increasing the
degree of mixing. Similar findings were reported by
Al-Qodah et al. [55] and Pitakpoolsil and Hunsom [56].

3.4. Effect of temperature on cadmium biosorption

Effect of temperature on the equilibrium sorption
capacity of Trichoderma fungus for Cd(Il) ions has been
investigated in the temperature range of 298-313 K at
different initial cadmium concentrations (25-150 mg/L)
and optimum pH of 6.0 at contact time 120 min. As pre-
sented in Fig. 4, biosorption of cadmium increased from
68.3-79.5% to 75.5-80.5% with increase in temperature
from 298 to 308 K for different initial cadmium concen-
trations (25-150 mg/L). Nevertheless, more increase of
temperature reduced the cadmium removal efficiency,
so removal efficiency at 313 K reached to 75.3-78.6%.

For biosorption processes, significant variations of
the effect of temperature have been reported in the
literatures, even conflicting results at times. For exam-
ple, Aderhold et al. [57] reported that temperature
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§ 70 1 ——75mg/L.  —e—100 mg/L

68 1 —¥— 150 mg/L
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295 298 301 304 307 310 313 316

Temperature, K

Fig. 4. Effect of temperature on Cd(II) ions biosorption
onto Trichoderma fungus.
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fluctuations between 283 and 308 K did not affect
biosorption cadmium by seaweed, Ecklonia maxima.
On the other hand, Dang et al. [58] reported that Cd
(II) biosorption by wheat straw enhances with increas-
ing temperature from 298 to 303 K. On the contrary,
Cruz et al. [9] reported that increasing temperature in
the range of 308-328 K decreases the capacity of
cadmium sorption by Sargassum sp. biomass. The con-
flicting observations of the effect of temperature on
biosorption among various studies might be due to
various types of biosorbent used.

In order to determine the thermodynamic parame-
ters, experiments were carried out at different
temperature 298-313 K for Cd(II) biosorption. The
free energy change (AG®) of the sorption reaction is
given as:

AG®° = —RT In K, %)
AG® = AH® — TAS® (6)

where R is universal gas constant (8.314 ]/mol/K) and
T is the absolute temperature in K. The thermody-
namic parameter, Gibb’s free energy change, AG®, is
calculated using K, obtained from Freundlich Eq. (4)
and shown in Table 3. The values of enthalpy (AH®)
and entropy change (AS°) can be obtained from the
slope of the plot of AG" vs. T.

A plot of Gibb’s free energy change, AG®, against
temperature, T, was found to be linear (Fig. 5). The
enthalpy change, AH®, and the entropy change, AS°,
for the biosorption process were obtained from the
intercept and slope of Eq. (6) and found to be
55.29 kJ/mol and 0.187 kJ/mol/K, respectively. The
negative values of AG® confirm the feasibility of
the process and also the spontaneous nature of
biosorption with a high preference of Cd(Il) ions by

Temperature, K

o5 18 304 307 310 313 316
. : : : : :
0.5
—~ 71 1
°
S 15 1 .
S 29
3
L]
25 |
34 e

-35

Fig. 5. Plot of Gibbs free energy change, AG®, vs. tempera-
ture, T.
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Trichoderma fungus. Additionally, the decrease in the
negative value of AG® with an increase in temperature
indicates that the adsorption process of Cd(II) ions on
Trichoderma fungus becomes more favorable at higher
temperatures [59].

Furthermore, adsorption process can be classified
as physical adsorption and chemisorption by the
magnitude of the enthalpy change. It is accepted that
if magnitude of enthalpy change is less 84 kJ/mol,
adsorption is physical. However, chemisorption takes
place in the range from 84 to 420 kJ/mol [60]. From
these results (Table 1), it is clear that physisorption is
much more favorable for the biosorption of cadmium
ions.

Also, the positive value of AH" indicates that the
adsorption reaction is endothermic. Entropy has been
defined as the degree of chaos of a system. The
positive value of AS® suggests that some structural
changes occur on the adsorbent and that the random-
ness at the solid/liquid interface in the adsorption
system increases during the adsorption process [61].

3.5. Biosorption kinetics

Biosorption rate gives important information for
designing batch biosorption systems. Information on
the kinetics of solute uptake is required for selecting
optimum operating conditions for full-scale batch pro-
cess. Fig. 6 shows the plot of cadmium biosorption vs.
contact time. As presented in Fig. 6, the removal rate
of cadmium was fast during the initial stages of the
adsorption processes, especially for an initial cadmium
concentration of 100 and 150 mg/L. However, the
adsorption equilibrium was reached at 120 min for all
the five concentrations tested.

In the initial stages, the removal efficiency of Cd
(I) at all concentrations increased rapidly due to the
abundant availability of active binding sites on the
biomass, and with gradual occupancy of these sites,
the sorption became less efficient in the later stages
[62]. In fact, the biosorption kinetics of heavy metal
ions consisted of two phases: an initial rapid phase
where the biosorption was rapid and contributed sig-
nificantly to the equilibrium biosorption, and a slower
second phase whose contribution to the total metal
biosorption was relatively small. The first phase of
biosorption kinetics lasted for almost an hour. The
trend of Cd(Il) biosorption was typical of metal bind-
ing to biomass by means of physicochemical interac-
tions. Such particular behavior could have been due to
the non-homogeneity of the biomass surface which
possesses functional groups differing in dissociability
and in cadmium adsorption rates [63].
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Table 1
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Thermodynamics parameters for Cd(II) ions biosorption on Trichoderma fungus

Temperature (°K) AG” (k] /mol)

AH"® (k] /mol) AS° (k] /mol/K)

298 —0.167629173 55.29 0.187
303 —1.466683821
308 —2.346356673
313 —2.98586475
Thus, a plot of log (ge—gs) vs. t provides the kinetic
LS P rre—— parameters k; and log g. from the slope and intercept,
10 e 75 mgl =100 mgiL respectively.
M0 150 mert. The second-order kinetic model [65] is expressed
w 120 A as:
T 100
£
s 80
o
60 t 1 t
=4 8)
o0 //‘;"/ﬁ/ g Kog? e
20 A / —
0 y T T T T
30 60 90 120 150

0 180 210 240 270

Time, min

Fig. 6. Effect of contact time on Cd(I) biosorption using
biosorbent Trichoderma fungus at different initial concentra-
tions at 298 K (optimal pH 6, mixing rate = 150 rpm).

Adsorption kinetics is important in characterizing
the efficiency of a sorbent for use in the adsorption
process. Several kinetic models are available to under-
stand the behavior of biosorbent and also to examine
the rate-controlling mechanism of adsorption process.
In this study, two chemical kinetic models were used
to determine the respective biosorption rate of Cd(II)
ions by Trichoderma. The first kinetic model evaluated
was the pseudo-first-order Lagergren’s equation [64],
shown in Eq. (7):

log (4e — q1) = log g — Kit/2.303 @)

where k, is the pseudo-second-order rate constant
(g/mg/min), g. the quantity of metal ions sorbed at
equilibrium (mg/g), q: the quantity of metal ions
sorbed at time ¢ (mg/g), and f is the time (min).

If second-order kinetics is applicable, a plot of t/g;
vs. t should show a linear correlation and the rate con-
stant of the second-order adsorption k, and g. can be
calculated from the slope and intercept of this plot,
respectively. This model is more likely to predict the
behavior over the whole range of adsorption and is in
agreement with chemical sorption being the rate-
controlling step [66]. The rate constants and the
correlation coefficient are also summarized in Table 2.
Fig. 7 shows the plot of log (g.—qy) vs. time for the
experimental data obtained under the optimized
conditions (pH 6 and mixing rate 150 rpm). It can be
seen that a linear relationship of log (9.—g,) against
time was observed during the initial 120 min of
biosorption and then deviates from linearity from
120 min onwards. Therefore, the attachment of Cd(I)

Table 2
Kinetic parameters for the biosorption of Cd(Il) ions by Trichoderma fungus for different initial concentrations of Cd(II) at
pH 6

Pseudo-first-order kinetics Pseudo-second-order kinetics
Cd(I) concentration (mg/L) Ky ge (mg/g) R? K> ge (mg/g) R?
25 0.0067 20.04 0.7575 5.9618 0.0154 0.3524
50 0.0108 42.10 0.6309 1.7798 0.0126 0.8075
75 0.0107 50.89 0.5611 0.8597 0.00978 0.9035
100 0.0099 76.28 0.7194 0.5689 0.0073 0.9414
150 0.0114 170.26 0.8959 0.3273 0.0048 0.9476
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R2=0.7575
R?=0.6309
R?2=0.5611

#25mg/L
®50 mg/L

75 mg/L
X100 mg/L. R2=0.7194
X150 mg/L. R?=0.8959

Log (qe-qt)
(=]
n

0 30 60 90 120 150 180 210 240 270

Time, min

Fig. 7. Pseudo-first-order reaction of the biosorption of the
Cdd{I) by Trichoderma fungus at the optimized conditions
(pH 6, mixing rate = 150 rpm).

* 25 mg/L ® 50 mg/LL 4 75 mg/L M
107 ®m100mgL X 150 mg/L N R2=03524
A
*
2 6 *
g . o R2=0.8075
5 4]
El > 4 R2=09035
e—3 ° R2=0.9414
2 - =
A 7Y
R2=0.9476
0 ‘
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Time, min

Fig. 8. Pseudo-second-order reaction of the biosorption of
the Cd(I) by Trichoderma fungus at the optimized condi-
tions (pH 6, mixing rate = 150 rpm).

ions to the biosorbent surface controlled the initial
adsorption of pollutants. However, when the biosorp-
tion time was 120 min, the experimental data fitted
very well with the pseudo-second-order kinetics reac-
tion (Fig. 8). Similar kinetic results were reported in
the treatment of biodiesel wastewater by adsorption
with commercial chitosan flakes [56].

Table 3
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3.6. Equilibrium adsorption isotherm

An important physiochemical aspect in terms of
the evaluation of sorption processes is the sorption
equilibrium. In fact, the isotherm provides a relation-
ship between the concentration of pollutant in solu-
tion and the amount of pollutant adsorbed on the
solid phase when both phases are in equilibrium.
Many sorption isotherm models are usually used to
fit the adsorption data in order to obtain a linear
regression data to predict the maximum adsorption
capacity of the adsorbent. In this study, in order
to investigate the adsorption isotherm, two equilib-
rium isotherms were analyzed: the Langmuir and
Freundlich isotherms. Langmuir and Freundlich
models are the most widely used models in the case
of the adsorption of metal ions with biosorbents.
Langmuir model suggests monolayer sorption on a
homogeneous surface without interaction between
sorbed molecules. In addition, the model assumes
uniform energies of sorption onto the surface and no
transmigration of the sorbate. The basic assumption
of Freundlich theory is that the sorption surface is

heterogeneous and binding sites have different
sorption energies.
As presented in Table 3, equilibrium data

obtained from biosorption of Cd(Il) ions onto Tricho-
derma fungus were well fitted to the Langmuir and
Freundlich isotherm equations. Nevertheless, it was
found that biosorption of cadmium(Il) ions onto the
biosorbent was better suitable to Freundlich than
Langmuir adsorption model. In a study that was per-
formed by Rostami and Joodaki [67] on cadmium
adsorption by A. niger, the adsorption data were fit-
ted to Langmuir and Freundlich models and R?
higher than 097 and 098 was obtained. Similar
findings were reported by Chen et al. [44] on
cadmium removal from simulated wastewater to
biomass by-product of L. edodes.

Isotherm parameters for Cd(II) biosorption at different temperatures (initial Cd(II) concentration = 25-150 mg/L, pH 6,

biosorbent dosage 0.8 g/L)

Langmuir isotherm

Freundlich isotherm

Temperature (K) Gm (Mg/g) Ky (L/mg) R? K¢ n R?

298 133.33 0.02 0.9992 1.07 0.71 0.9924
303 158.73 0.02 0.9955 1.79 0.76 0.9979
308 270.27 0.01 0.9962 2.50 0.82 0.9918
313 1,250 0.0029 0.9986 3.15 0.92 0.9925
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4. Conclusion

This work reports the results of the study of Cd(Il)
ions removal from aqueous solutions by Trichoderma
fungus wusing batch biosorption technique. The
biosorption studies were carried out as a function of
pH, contact time, initial metal concentration, mixing
rate, and temperature. The maximum biosorption
occurred at pH 6. The rate of biosorption increased as
the agitator speed increased. The equilibrium metal
uptake was increased with an increase in the initial
concentration of Cd(II) ions. Biosorption kinetics data
were fitted using pseudo-first-order and pseudo-
second-order models. It was found that the kinetics
data fitted well the pseudo-first-order during the ini-
tial 120 min of biosorption, and when the biosorption
time was 120 min, the experimental data fitted very
well with the pseudo-second-order kinetics reaction.
The results of thermodynamic study confirmed that
biosorption of cadmium(Il) ions by Trichoderma fungus
was spontaneous and endothermic nature.
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