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ABSTRACT

Antibiotics are used throughout the world and enter the water resources in different ways after
consumption and have turned into one of the important concerns for humans due to their adverse
effects of which amoxicillin (AMX) could be referred to. Thus, present research aims to study the
efficiency of bioadsorbent produced from Saccharomyces cerevisiae in removing AMX antibiotic from
aqueous solutions. The present experimental study was carried out in a discontinued reaction cham-
ber with an optimal volume of 100 cc. The physical and structural specifications of the produced
bioadsorbent were analyzed using FTIR, SEM and BET techniques. This study was carried out by
culturing Saccharomyces cerevisiae strain on the culture medium of potato dextrose agar and the yeast
was transferred to potato dextrose broth culture, 5-7 d after the primary growth of the yeast in order
to produce yeast extensively. The effects of pH (2-8), initial concentration of AMX (5-25 mg L™), the
amount of bioadsorbent (0.1-1.5 g L") and contact time (10-240 min) were studied in this process. The
isothermal models of Langmuir, Freundlich and Dubinin-Radushkevich were used to determine the
balance isotherms, pseudo-first and pseudo-second-order kinetic model adsorption process kinetics.
Results revealed that the highest efficiency of AMX removal was obtained by bread yeast bioadsorbent
at initial antibiotic concentration of 5 mg L, bioadsorbent concentration, 0.75 g L' and optimal con-
ditions including pH of 5 and contact time of 120 min (93%). Also, results indicate that the adsorption
of AMX with the correlation coefficient of 0.939 follows the Freundlich model. Experimental data
showed that AMX follows the pseudo-second-order kinetics with the correlation coefficient of 0.99.
It can be concluded that the use of the bread bioadsorbent yeast for reducing the pollution load of
hospital and manufacturing industries’ sewage before entering into conventional treatment units and
also before the final discharge of wastewaters containing antibiotic pollutants.
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1. Introduction

are used to improve the health of human and livestock and to
raise the growth in fish and livestock farms [1,2]. These med-

Presence of antibiotics in the environment especially in
aquatic ones is considered a major concern. These antibiotics

icines are usually absorbed in the body weakly. A major part
of these materials is removed from the body through urine

or stool without any changes or with slight changes and is
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mostly entered into the sewage networks and, ultimately,
into the sewage treatment plants [3-5]. The low concentra-
tion of these antibiotics leads to antibiotic resistance in the
bacteria and genes [6]. Moreover, livestock medicines and
antibiotics in low concentrations result in disorder in repro-
duction and endocrine glands [7]. Studies show that the
concentration of antibiotics is at 0.3-200 pug L™ or higher in
the hospital and urban wastewater [8]. The standard deter-
mined by the US Environmental Protection Agency (EPA)
for the presence of these pharmaceutical ingredients is
1 mg L in treated wastewaters [9]. Amoxicillin (AMX) is a
broad spectrum p-lactam antibiotic (aminopenicillin antibi-
otic), used as veterinary medicine for treatment of infections
encountered in gastrointestinal and systemic infections, and
also, commonly used as the human prescription medicine
(against infections caused by bacteria) [10,11]. AMX con-
sumption is higher than the other types in the penicillin
family because of the oral absorption ability [10], and unfor-
tunately, it is non-biodegradable and also an inhibitor of the
photosynthesis mechanism of algae Synechocystis sp. [10,11].

This compound has the least metabolism among all
medicines; so that 10%-20% of them are absorbed in the
body after consumption and 80%-90% of them are dis-
charged into the environment through urine and stool with
no changes [12,13]. The concentration of antibiotics in this
group is equal to 48 ng L™ in surface waters and the concen-
tration of AMX is in the range of 28-82.7 mg L™ in hospital
wastewater [14]. This antibiotic has been identified in sur-
face waters, and the wastewater released from hospital and
pharmacy factories and it could be adsorbed in sludge and
in case of being used as a fertilizer, it is accumulated in the
soil and enters into the soil and vegetables such as lettuce,
cucumber and barley [15,16].

Different methods such as ion exchange, biological treat-
ment, reverse osmosis, adsorption and advanced oxidation
could be used in order to remove antibiotics from water
resources [17]. Fungi and yeasts are large and various groups
of eukaryotic organisms that have a considerable effect on
the growing trend of other organisms. Also, fungi are used
to manufacture the industrial materials such as ethanol, cit-
ric acid, antibiotics, poly-saccharides, enzymes and vitamins
and the bioadsorbent could be used to remove heavy metals,
radioactive substances and other materials [18]. The removal
of pollutants from aqueous solutions using methods such as
ion exchange, chemical depositing, electrochemical deposit-
ing and membrane filters by means of bioadsorbent process
is advantageous compared with other conventional meth-
ods due to its advantages such as low implementation cost,
high efficiency in removing materials with low concentration
and lack of producing secondary pollution [19]. In regard
to bioadsorbent, the molds, yeasts and other types of fungi
have considerably been used. Yeasts are mono-cellular fungi,
mostly being among the ascomycetes group [20]. The most
important commercial yeasts consist of bread and beer yeasts
that are mostly of Saccharomyces type [21].

The main habitat of yeasts is certainly the fruits and fruit
juices. But the commercial yeasts are really different from
its wild type because, during years of studying, these yeasts
have genetically been changed and their production has been
improved qualitatively and quantitatively [22]. Pre-treatment
and modification of consumptive yeast could significantly

raise efficiency [23]. Nowadays, the methods applied for
the modification of Saccharomyces cerevisiae include the use
of autoclave state, dry ice, vacuum, mechanical disorder,
methanol, formaldehyde and caustic soda [24].

The present study aims at preparing the bioadsorbent
from Saccharomyces cerevisiae for the removal of AMX from
aqueous solutions. Effective parameters in the adsorption
process including pH, contact time, amount of bioadsorbent,
concentration of pollutant, the temperature of the process
were studied and the characteristics of prepared bioad-
sorbents, isotherms, kinetics and thermodynamics of the
adsorption in this investigation were determined.

2. Materials and methods

This experimental study was conducted to investigate
the removal of amoxicillin (AMX) antibiotic from aqueous
solutions by Saccharomyces cerevisiae bioadsorbent.

2.1. Chemicals and analytical procedure

All materials required such as NaOH and HCI were pur-
chased from Merck. AMX with chemical formula C, ,H ;N,O,S
(purity > 99%) was purchased from Sigma-Aldrich (St. Louis,
MO, USA), and its characteristics are summarized in Table 1.
For modification of pH, 0.1 N HCl and NaOH were applied.

Culture media such as potato dextrose agar (PDA) and

Table 1
Amoxicillin chemical structure and its related information

Component Information/schematic/value
Compound Amoxicillin
Molecular C,H,,N,O.S
(chemical) formula
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potato dextrose broth (PDB) were purchased from Merck
(Germany). Saccharomyces cerevisine was purchased from
collections of fungi and bacteria available in Biotechnology
Research Institute of Iran. All chemicals used in this study
were of analytical grade type and used without further puri-
fication. A stock solution of 100 mg L™ containing amoxicillin
was prepared, and dilution was performed for the calibration
solutions and adsorption study solutions.

After adjusting all components of the freshly prepared
solution, samples were collected at predetermined time
intervals by passing through the 0.45 pm membrane filter
and measured for the final AMX content by using a spectro-
photometer (model 1700, HACH, USA) at a wavelength of
230 nm. At the first, the samples were centrifuged using a
centrifuge for 5 min to eradicate the disturbance of bioad-
sorbent in determining the concentration. Then, the syringe
filter was used for more assurance and safety of the samples.

2.2. Culture and preparation of bioadsorbent

Having been received in the form of dry ice in 10 mL of
sterilized water 45 min before transferring to the PDA culture
medium, the fungal species were activated. Approximately
2 mL of the suspension was transferred to the plates. These
plates were kept in an incubator at 25°C for 7-10 d. This yeast
was cultured using the shake-flask method in a liquid cul-
ture medium. Spores and mycelium were transferred from
the growth medium of PDB. After inoculation, the dishes
were put on a rotating shaker with 150 rpm at 25°C for 4 d.
The yeast was grown through filtering the culture medium
using a 150 um filter. This washed yeast is called living yeast.
This yeast was kept in an oven at 60°C for 12 h until it was
dried completely, then it was turned into a powder and
mashed up.

2.3. Effect of contact time

Samples of AMX with a fixed concentration of 10 mg L™,
0.5 g of adsorbent at pH = 5 were prepared and were mixed
in 100 cc reactor at 150 rpm and were sampled at different
time intervals of 10-240 min and their concentration was
measured.

2.4. Effect of pH

Samples with initial pH values of 2-8 with a fixed con-
centration of AMX (10 mg L™) and the adsorbent dose of
0.5 g L were prepared in order to determine the optimum
pH. The concentration of antibiotic was measured after the
retention time of 120 min and the optimum pH was deter-
mined given the removal efficiency. To adjust the pH of the
solution, 0.01 M HCl and NaOH were applied.

2.5. Effect of the amount of adsorbent

In this stage, samples with fixed concentrations (10 mg L™)
were prepared and the adsorbent dose was changed from 0.1
to 1.5 g L™ and the samples were analyzed at optimum con-
tact time and optimum pH according to previous stages in
order to study the effect of the amount of adsorbent on the
adsorption process.

2.6. Effect of the initial concentration of AMX

In this stage, 5, 10, 15, 20 and 25 mg L™ of AMX solutions
were prepared and experimented in order to optimize the
initial concentration of AMX.

2.7. Kinetics of the reaction

The pseudo-first-order and pseudo-second-order models
were used in this stage and the results obtained from the
effect of contact time on the kinetics of the reactions were
studied and in the end, the best kinetic model of the process
was determined based on the correlation coefficient.

2.8. Adsorption studies

Experiments were carried out under discontinued con-
ditions in this study. To carry out each experiment, 100 mL
of AMX solution was used at different concentrations in a
250 mL Erlenmeyer, with 0.5 g adsorbent. The Erlenmeyer
was put on to a shaker with 100 rpm at room temperature
and moisture conditions. The 1 N NaOH and 1 N HCI were
used for pH adjusting. After mixing, all samples were pre-
pared by filtering with a 0.45 mm cellulose acetate filter and
vacuum pump.

The adsorption capacities of adsorbent (7, mg g)
were calculated by the Eq. (1). C, and C, (mg L) are initial
concentration and equilibrium concentration of amoxicillin,
respectively; V (L) is the volume of the solution; m (g) is the
amount of adsorbent. The removal efficiency was calculated

by Eq. (2).

C -C
g = xV (1)
m

Removal % = GG, x100 2)

2.9. Isotherms of adsorption

Adsorption in a solid-liquid system consists of remov-
ing soluble material from the solution and its accumula-
tion on the surface of the solid material. This is a balance
between the concentration of the given soluble material
in the solution, its concentration and the characteristics
of competitive soluble substances, characteristics of the
solution and so on. The isotherm models of Freundlich,
Langmuir and Dubinin-Radushkevich were studied in
this investigation.

2.9.1. Freundlich adsorption isotherm

Freundlich equation states adsorption at a heterogeneous
surface in terms of adsorption energy and this equation is
experimental and applicable for the interpretation of labo-
ratory data. Freundlich equation could be calculated in the
form of Eq. (3) [25].

logq, :logKf +1logCe 3)
n
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In this equation, log k, the intercept of the Freundlich
model, is an index of adsorption capacity and, 1/n, slope of
the Freundlich model, is representative of adsorption inten-
sity. Freundlich model is well in agreement with Langmuir
equation and laboratory data at average concentrations of
adsorbed substance but it does not conform to the Langmuir
equation at very high concentrations of adsorbed
substance [26,27].

2.9.2. Langmuir adsorption isotherm

Langmuir equation isotherms are as follows: (1) when
the surface of adsorbent is covered with a single-molecular
layer of soluble substance, the highest adsorption is obtained.
(2) The adsorption energy is the same and fixed in all points.
(3) The molecules of adsorbent are not able to move at the
surface of the adsorbent. Langmuir equation is stated in the
form of Eq. (4).

C__L.,& )

. kKQ, Q,

where C, is the concentration of AMX at equilibrium (mg L),
g, is the adsorption capacity at equilibrium (mg g™), Q, is the
maximum adsorption capacity (mg g™') and K| is the constant
of Langmuir equation (mg L) [28].

2.9.3. Dubinin—Radushkevich isotherm

The linear figure has been shown in Egs. (5) and (6)
where € is the Polanyi potential that is obtained according
to Eq. (7), R is the general constant of gases (k] mol™ K7), T'is
temperature (K), g, is adsorption capacity (mg g™) and {3 is
adsorption energy (k] mol™) that is obtained by drawing the
g, diagram against & [29].

o145 ©)
Q bQ, Q,
logQ, =logQ, —f elogQ, =logK + llog C, (6)
n
1
€=RT 1n[1+) @)
Cf

2.10. Thermodynamics of AMX adsorption

The thermodynamic parameters for achieving the
best conditions of AMX adsorption were studied in this
investigation. It is necessary to determine parameters such
as enthalpy (AH), entropy (AS) and Gibb’s free energy (AG)
in studying thermodynamics and it is conducted based on
Egs. (8)-(10).

K, = Ci ®)

AG = -RTInK, )

InK, :7E+A—S
RT R

(10)
where k, is the balance constant, AG is free adsorption
energy (k] mol™), T is reaction temperature in Kelvin and
R is universal constant of gases (8/314 ] mol™ K™). In Eq. (10),
the slope and intercept were indicative of diagram of AS and
—-AH in Ln k, against 1/T, given its line equation [30-32].

2.11. FTIR, BET, SEM experiments

Scanning electron microscope (SEM) is an appropriate
tool to study the appearance and morphology of the adsor-
bent. This tool is used to determine the shape and presence
of pores. BET test was used to measure the specific surface
of bioadsorbent, mean diameter of pores and its volume.
FTIR spectrum was used to study and identify the functional
groups on the adsorbent.

3. Results and discussion
3.1. Characterization of adsorbents

The specific surface of bioadsorbent was achieved
to be 36.6 m? g! based on the results of BET test (Table 2).
This amount of specific surface is more than that of other
adsorbents such as nuts and almond shells [33]. Based
on the method of Barrett, Joyner, and Halenda results, the
mean diameter of the pores was determined to be 6.49 nm.
According to IUPAC classification, the structure of porous
materials given the mean of pore dimensions could contain
pores smaller than 2 nm called micro-pore, between 2 and
50 nm, meso-pore and pores larger than 50 nm, micro-pore.
Given the results, the bioadsorbent produced is of meso-
pore type.

The SEM and FTIR patterns before and after the treatment
are presented in Figs. 1 and 2, respectively. The SEM is a good
method and widely used to investigate the morphological
features of adsorbent materials.

Given the SEM images, the noncrystalline surface of
bioadsorbent contains pores and is also layered and this
feature results in adsorbing amoxicillin (AMX) on the given
bioadsorbent (Fig. 1(b)).

An FTIR spectroscopy was used to determine the
vibrational characteristics of chemical functional groups in
the biosorbent [34]. Results of FTIR showed that spectrums
between 400 and 1,200 cm™ belong to mineral materials in
bioadsorbents such as carbonate, phosphate, sulfate and
nitrate. Saccharomyces cerevisiae bioadsorbent consists of dif-
ferent functional groups such as amines, alcohols, carbonyl
and hydroxyl [34].

Table 2
Characteristics studied bioadsorbents

Characteristics BET

Vm 0.843 cm® g
Special level, BET 36.692 m? g
Total pore volume (p/p, = 0.990) 0.59588 cm® g
Mean pore diameter 6.496 nm
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Fig. 1. SEM images bioadsorbents yeast (a) before adsorbing and (b) after adsorption.
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Fig. 2. FTIR images bioadsorbents yeast.

Spectrums between 3,200 and 3,600 cm™ are related to
stretching area functional groups of O-H and N-H [35].
Spectrums between 2,400 and 2,950 cm™ are related to
stretching area of C-H. Peaks between 3,449 and 2,999 cm™
are related to functional groups of hydroxyl and amines.
Also, peaks between 2,190 and 2,928 cm™ are indicative of the
presence of C-H groups. Two peaks of 1,594 and 1,665 cm™
indicate the presence of functional group of amines. Peak
of 1,649 cm™ proves the presence of carbonyl group on the
surface of bioadsorbent. Given the results, the preference
of shifts and shortening and widening of peaks after the
adsorption process is indicative of AMX adsorption on the
bioadsorbent.

3.2. Effect of time

Contact time is one of the effective factors in the
adsorption process. The results associated with the effect

of contact time on the adsorption rate of AMX are shown in
Fig. 3. In this investigation, 0.5 g of bioadsorbent in 100 cc
of 10 mg L™ of AMX solution at pH 5 and the contact time
of 10-240 min was studied. Results showed that the amount
of AMX adsorption rises with increasing contact time. This
increase in adsorption was rapidly done up to 90 min,
but then a considerable increase in adsorption was not
observed up to 120 min and indeed the amount of antibi-
otic adsorption was balanced and desorption was observed
after 240 min.

The presence of empty places on the surface of bioad-
sorbent indicates an increase in adsorption rate in the first
90 min that is consistent with the results of the study con-
ducted by Ersan (2016) [36]; in their study, the Saccharomyces
cerevisiae bilocomposite was used to remove tetracycline (TC)
from aqueous solutions. It was revealed that the highest
rate of TC adsorption was obtained at the retention time of
160 min [36].



M.R.Samarghandi et al. / Desalination and Water Treatment 152 (2019) 306-315

Y - NS T T
S & 2 e =S S
«
«

Removal %

w
S

20

0 20 40 60 80 100 120 140 160 180 200 220 240

Time (min)

Fig. 3. Effect of time on the removal of AMX (pH 5,
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3.3. Effect of pH

The pH value of the aqueous solution plays an important
role in the adsorption and biosorption processes. It affects the
speciation of AMX, the surface characteristics of the biosor-
bent, and the chemical properties of the biosorbent during
reaction [37].

pH influences adsorption capacity and the surface charge
of the adsorbent and leads to ionization of substance in the
solution and separation of functional groups on the active
sites of the bioadsorbent. The functional groups on the cell
wall of bioadsorbent and active sites are the main factors in
the adsorption of AMX on the bioadsorbent of bread yeast.
Amines are proteinurized and their electrostatic charge
becomes positive [38] and results in the adsorption of AMX
on the absorbent. The effect of the initial pH on the AMX
removal at the range values of 2-8 is presented in Fig. 4.
Varying the initial pH value has an important effect on the
efficiency of AMX removal. The optimum removal effi-
ciency was obtained at a pH of 5 (81%). Fazelirad et al. [39]
showed the optimum pH was 4.62 for amoxicillin adsorp-
tion by multi-walled carbon nanotubes. At lower pH,
bioadsorbent functional groups and sulfur atoms will be
protonated and adsorbent acquires positive charge and
finally, AMX antibiotic adsorbs onto the bioadsorbent via
attractive forces.
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Fig. 4. Effect of the pH on the removal of AMX (m
time = 120 min, C;=10 mg L™).
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The pH,,. of bioadsorbent was measured to be 6.91,
meaning that the electrostatic charge of the solution is pos-
itive at pH lower than pH_,. and it is negative above it [40]
and given the type of pollutant, adsorption is done better at
pH lower than that of pH,,.. Another reason for the highest
adsorption at pH =5 could be attributed to the transforma-
tion of the bioadsorbent at other pHs. In fact, the greatest
strength of the cell wall structure is achieved at pH =5 and
its structure is decomposed at other pHs. The results of this
study are in agreement with those of Maurya et al. [41] and
Nguyen and Juang [42].

3.4. Effects of the initial AMX concentration

The effects of the initial AMX amount on the removal of
AMX were studied by varying the AMX amount (5-25 mg L)
and the results are presented in Fig. 5. The results show that
by increasing the AMX concentration, the removal AMX
efficiency decreased. The highest removal efficiency was
obtained in amoxicillin concentration of 5 mg L™ (93%).

3.5. Effect of bioadsorbent dosage

The effect of bioadsorbent dosage on the AMX adsorption
was studied by varying the bioadsorbent dose from 0.1 to
1.5 g L™ and the results are presented in Fig. 6.
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Fig. 5. Effect of initial AMX concentration on the removal of
AMX (pH=5, m =0.75 g L7, time = 120 min).
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Results revealed that the efficiency of AMX rises by
increasing the value of bioadsorbent and this increase in
efficiency could be attributed to an increase in the contact
surface of the bioadsorbent which in turn results in an
increase in active sites that leads to the adsorption of anti-
biotic onto the bioadsorbent (Chen et al., 2013). But an
increase in the amount of bioadsorbent results in decreasing
the capacity of adsorption. This could be attributed to lack
of saturation of the active sites of bioadsorbent during the
adsorption process [43]. According to Fig. 6, the adsorption
of AMX has had appropriate speed up to 0.75 g L™ of the
bioadsorbent and a significant increase was not observed in
the adsorption rate at higher values of bioadsorbent. Thus,
0.75 g L™ of bioadsorbent was considered the optimal dose
of bioadsorbent.

3.6. Determination of adsorption isotherms

Adsorption isotherm could be used to describe the
reaction between the absorbed matter and adsorbent and to
optimize the rate of adsorbent application; the compliance of
each system is determined by drawing the curve associated
with each balance and comparing correlation coefficient
with experimental results. Each of these isotherms consists
of specific features that are used to compare and evaluate
the models. Important parameters that must be determined
for predicting whether the adsorption is appropriate are the
dimensionless coefficients of R, n and E that are derived
from Langmuir, Freundlich and Dubinin-Radushkevich
(D-R) equations. Equilibrium parameter of R, is defined in
the form of Eq. (11).

1
R, = (11)
1+bC,
4
/= 0.2286x + 1.3821
3.5 a y
@ R* = 0.8872
3
2.5
= 2
15
1
0.5
0
0 2 4 6 8 10
C.
2 (©
15
. 14
=
=
0.5
0
0 5
0.5

where b is the Langmuir constant and C, is the initial
concentration of AMX. The value of R, shows the type of the
isotherm; R, = 0, the irreversible isotherm, 0 < R, <1, desir-
able isotherm, R, =1, linear isotherm and R, > 1, undesirable
isotherm.

In Freundlich, 1/n, the values from 0 to 1, indicate the
surface heterogeneity. In other words, 1/n value smaller than
1is indicative of this point that the adsorption of AMX on the
bioadsorbent is better at lower concentrations compared with
higher ones and results of present study support this fact. In
the D-R equation, the value of apparent adsorption energy
(E) is calculated from Eq. (12),

E= 12)

B is the coefficient of activity that is associated with the
mean energy of adsorption and is calculated using the D-R
slope diagram. The results from adsorption isotherms in this
study have been presented in Fig. 7 and Table 3. The com-
parison of E obtained from this process is mostly physical.
Given the results of the adsorption process in this study, it is
more proportionate for the Freundlich model and the value
of R, less than 1 is indicative of desirable adsorption of AMX
and the highest value of adsorption capacity was obtained
12 mg g according to Langmuir equation that is consistent
with the results of the study by Ersan [36].

3.7. Kinetics of AMX adsorption

One of the most important factors in designing
adsorption system for determining contact time and cal-
culating the dimensions of the discontinued Realtor is

1.5
(b)
Y =0.3963x + 0.4605
= 0.5 4~ R?=0.9393
= ~
0
2 1 0 1 2 3
-0.5
-1
In C

y =-0.1214x + 1.2111
R*=0.8475

10 15

€2 x 104

Fig. 7. AMX adsorption isotherm models: (a) Langmuir, (b) Freundlich and (c) Dubinin-Radushkevich.
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Table 3
Parameters of AMX adsorption isotherm models by the bioadsorbent
Freundlich Langmuir Dubinin-Radushkevich (D-R)
R? K. (mg g)(L mg™)" 1/n R Q,(mgg’) K(Lmg") R, R? B (k*mol?) E (kfmol™) g, (mgg™")
0.939 046 039 0887 6.27 0.724 0.121 0.847 0.12 2.04 0.83

predicting the speed of adsorption in adsorption process that
is controlled by the kinetics of the system. The adsorption
constants could be calculated by using the Lagergren equa-
tion pseudo-first-order mechanism and pseudo-second-or-
der mechanism in order to study the adsorption mechanism
[44]. The linear form of pseudo-first-order model equation is
based on Eq. (13).

log(q, —4,) =logq, —k;! (13)

In this equation, g, is the value of adsorbed AMX
in the moment of balance (mg g') and g, is the value of
AMX adsorbed at time ¢t (mg g™') and k, is the constant of
adsorption balance speed related to pseudo-first-order model
mechanism (min™).

If the diagram is drawn on the basis of ¢, a straight line
is achieved that the rate constant of k, and the correlation
coefficient of R? could be calculated based on the diagram.
The linear form of the pseudo-second-order kinetic model
equation is according to Eq. (14).

t 1 1

+—t
qsz qe

9

(14)

where g, is the value of AMX adsorbed in the moment of
balance (mg g™') and k, is the constant of second-order kinetic
model of balance speed (g mg™ min™). The speed constant of
k,and the correlation coefficient of R* are obtained by drawing
t/q, diagram based on t. The results obtained from study-
ing adsorption kinetics of AMX are demonstrated in Fig. 8
and Table 4. According to results, the values of correlation
coefficient in pseudo-first and pseudo-second-order model
were 0.957 and 0.99, respectively, and this indicates that the
process of AMX adsorption follows pseudo-second-order
kinetic model. Given the fact that the dominant process in
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Fig. 8. Kinetic model (a) pseudo-first-order and (b) pseudo-second-

Table 4
AMX antibiotic uptake kinetic parameters

Tpesp Pseudo-second-order Pseudo-first-order

(mg g7) 9o cal K, R g, K, R?
(mg g™) (g mg" min™) (mg g™) (min™)

1.56 2.5 0.005 0.99 1.404 0.016 0.957

the adsorption of AMX is physical but the presence of a little
chemical adsorption process could be the main factor in
controlling speed.

3.8. Determination of thermodynamic parameters

To investigate the thermodynamic parameters, the effect
of temperature on the AMX adsorption process was stud-
ied in the temperature range of 25°C-55°C at the optimum
conditions, that is, pH 5, bioadsorbent of 0.5 g/100 cc, AMX
concentration of 10 mg L™ and reaction time of 120 min.
The results showed that, by increasing the ambient tem-
perature from 25°C to 55°C, the AMX removal efficiency
was decreased. Also, according to Table 5, the negative
values of the AG indicate that the AMX adsorption pro-
cess by bioadsorbent is possible and spontaneous in terms
of stoichiometry and, as the results show, by increasing the
temperature, the amount of AG decreases, which is indicative
of higher adsorption capacity at lower temperatures; these
results are in agreement with the results of Vega et al. [45].
The positive values of AS represent an increase in irregulari-
ties with increasing temperature at the solid-liquid interface
level during the adsorption process. Also, negative values of
AH illustrate that the adsorption process is a physical process
and the process is exothermic, and the removal efficiency
is increased by decreasing ambient temperature. Moreover,

90 -(b)
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Rz =0.9901 @
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e
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o
- 50 .
g
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Table 5
AMX antibiotic uptake dynamic parameters

Temperature (K) AG (k] mol™) AH (k] mol?) AS (J mol™ K™)

298.15 -1.235
308.15 -1.251 5.66 19
318.15 -1.163
328.15 -1.157

the positive values of AH represent the endothermic nature
of the process and the formation of a strong chemical bond
between the pollutant molecules and the adsorbent surface,
and it suggests that the adsorption process is a chemical pro-
cess [46,47]. According to the results, AH is positive in the
present study, which indicates that the adsorption process is
chemisorption.

4. Conclusion

In general, it can be concluded that the maximum
adsorption of AMX is obtained at optimum conditions
including pH of 5, the initial concentration of AMX of
5mg L™, the adsorbent dosage of 0.75 g L™, the contact time
of 90 min and the temperature of 25°C. The results showed
that adsorption of AMX on the bioadsorbent follows the
Freundlich isotherm (R? = 0.939). The results of the kinetic
equations also confirmed that the adsorption behavior of
AMX per unit time follows a pseudo-second-order kinetic
model (R? = 0.99). The thermodynamic parameters revealed
that AMX adsorption on the Saccharomyces cerevisiae bioad-
sorbent has endothermic nature. According to the results,
the Saccharomyces cerevisiae bioadsorbent, as the cost-effective
adsorbent, in comparison with other natural adsorbents, can
be used in the removal of AMX antibiotic.
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