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ABSTRACT

This study examined the ability of dried duckweed (Lemna minor) to remove soluble Penicillin G
from aqueous solution. Batch experiments were conducted to investigate the effects of pH, contact
time, initial Penicillin G concentration, biomass dose and temperature on penicillin G adsorption.
Maximum adsorption capacity of the duckweed was 36.18 mg g'l when 94.6% of the Penicillin G
was removed. The adsorption equilibriums were analyzed by Langmuir, Freundlich, Temkin and
BET isotherm models. It was found that he data fitted to Langmuir better than isotherm other
models. Batch kinetic experiments showed that the adsorption followed pseudo-second-order
kinetic model with correlation coefficients greater than 0.99. The adsorption capacity of penicillin G
increased from 31.11 to 41.82 mg/g with increasing the temperature from 20 to 50°C, indicating that
the process is endothermic. According to achieved results, it was defined that Lemna minor not only
was an inexpensive absorbent, but also a quite effective factor in removal of Penicillin G from water
and wastewater.
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1. INTRODUCTION

Pharmaceuticals are not environmentally
different from other chemicals, such as
pesticides and herbicides, but they have not
aroused attention as potential pollutants until
fairly recently [1,2]. Antibiotics are designed
specifically as a drug to treat or prevent infective
diseases in human or animal body [3,4]. The use
of antibiotics has become an indispensable in
human life and the global market consumption of
these drugs increase steadily every year [5,6].
For preventing or treating infections in humans or
animals, only some parts of the antibiotics given
dose are metabolized and the rest are excreted
still as active compound [7,8]. Penicillin is an
extremely important antibiotic, and penicillin G is
the raw material of the semi synthetic penicillin’s
[9]. Over 20 countries manufacture over 11,000
tones of penicillin per year. Its wide usage is a
result of its lack of toxicity and irritancy [10,11].
Penicillin G is commonly produced by
submerged aerobic fermentation using strains of
Penicillium chryogenum. Penicillin G is a weak
monocarboxylic acid (pKa = 2.75) [12]. For
several decades now antibiotics have been used
in veterinary and human medicine, yet these
compounds when released into the environment
have potential risks for aquatic and terrestrial
organisms [13]. High concentrations of antibiotics
are now detected in drinking waters, reducing
their quality [14]. They generally have a low
biodegradability and high toxicity, and some are
reported to have mutagenic and carcinogenic
characteristics [15]. The removal of antibiotics
from pharmaceutical wastewater is quite
expensive, however this wastewater must be
treated properly prior to the release into
environment [16]. Among the available process
for the treatment of wastewater containing
antibiotics, the adsorption process is considered
as the most effective and efficient method
[17,18]. The main drawback of adsorption
process for wastewater treatment is the cost of
adsorbent [19]. Commercially available
adsorbents such as activated carbon are
expensive [20]. If inexpensive and abundantly
available materials are found in nature as the
alternative adsorbents, the adsorption process
offers a very attractive method for environmental
remediation [21,22]. Recently, various materials
such as Azolla, wheat straw, fungus, orange
peels, Rice straw, Wheat straw and Sawdust
been applied to develop as low-cost and effective
adsorbent [23,24]. The Lemna minor is one of
wide-spread aquatic plant which is belonged to
duckweed species with special characteristics
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including rapid growth, high nutritional value, and
high water purification capabilities have been
used to remove the pollutant from water and
wastewater [25,26]. Therefore, the purpose of
present study was to assess the Lemna minor
ability as adsorbent for remove the Penicillin G
antibiotic. Also, the effect of several parameters
including contact time, pH, adsorbent dose and
initial Penicillin G concentration was investigated.

2. MATERIALS AND METHODS
2.1 Chemicals

The Penicillin G used in the experiments was
supplied by Aldrich Chemicals. Stock solutions of
Penicillin G were prepared in distilled water. All
chemicals used in this study were purchased
from Merck Co. All solutions used in this study
were diluted with distilled water as required.

In this study, the Lemna minor was used for
Penicillin G removal from aqueous solutions. The
Lemna minor were collected from Anzali wetland.
The collected materials were then washed
several times with distilled water to remove all
dirt particles. The dried materials were then
ground, using steel mill. The crushed particles
were then treated with 0.5 M H,SO, for 2 h
followed by washing with distilled water and then
kept for shaded dry [15].

The BET surface area of Lemna minor was
measured using surface area analyzer
(Micromeritics ASAP 2020 V3.04 H). Treated
Lemna minor biomass before and after use were
examined using an environmental scanning
electron microscopy (ESEM) instrument (Philips
XL30).

2.2 Adsorption experiments of synthetic
Penicillin G solution

The Initial Penicillin G solutions with different
concentrations were prepared by diluting a
Penicillin G stock standard solution of 1000 mg/L
with distilled water. The solution pH was adjusted
using either diluted 0.1 M H,SO,4 or 0.1 M NaOH
solution. 100 ml of Penicillin G solution and 4 g
biomass was placed in a Pyrex glass and stirred
at constant speed for 90 hours using a magnetic
stirrer (Remi Make, India). The equilibrium times
at different temperatures (30C, 40C and 50C)

were estimated by testing the samples collected
at different time intervals until Penicillin G content
in the sample was constant. At the end of the



equilibration time, the solution was centrifuged
(EBA21, Hettich) at 3600 rpm for 10 min. The
equilibrium concentration of Penicillin G in
solution was determined by HPLC (kenaver,
Germany). In the HPLC analysis, the mobile
phase was a mixture of 50 um phosphoric acid
and methanol (40:60,v/v). The flow rate was 1.0
ml/min, the detection wavelength was 215 nm,
and the injection volume was 10 ml [12]. All
batch experiments were carried out in triplicate.

The amount of Penicillin G adsorbed per was
calculated by following mass-balance equation
[27,28]:

_ (Co—-Ce)xV
e M
Where C, and C. are the initial and the

equilibrium Penicillin G concentrations in liquid
phase (mg/L) respectively, V is the volume of
solution and m is the mass of adsorbent.

2.3 Adsorption Isotherms

The equilibrium adsorption isotherm s
importance in the design of adsorption systems.
Although several isotherm equations are
available, but four important isotherms including
Langmuir, Freundlich, Tekmin and BET
isotherms were selected.

The Langmuir equation
[29,30]:

is given as follows

1 1 1 1
= + X—
Amax Ky, Ce

de  dmax

Where g (Mmg/g) and C, (mg/L) are the amount of

adsorbed Penicilin G per unit weight of
adsorbent and unabsorbed Penicilin G
concentration in  solution at equilibrium,

respectively. The constant K, is the Langmuir
equilibrium constant.

The Freundlich
expressed as [12]:

isotherm model equation is

Lnge=InKg + In Ce

Where q. is the equilibrium Pen|C|II|n G
concentration on the adsorbent (mg g™*); Ce, the
equmbnum Penicillin G concentration in solution
(mg L ) and K is the Freundlich constant.

The Tempkin isotherm model
expressed as [29]:

equation is
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ge=BINnA+BlInCe

Where B = RT/b, T is the absolute temperature |n
K, R the universal gas constant (8.314 JK™
mol™), A the equilibrium binding constant and
the constant B is related to the heat of
adsorption.

The BET isotherm model in the linear form as
used is represented as [20]:

(ci —ce)q _(_) (_)
C. is the equilibrium concentration (mg/L), C ; the
adsorbate monolayer saturation concentration
(mg/ L), A the BET adsorption isotherm relating
to the energy of surface interaction (I/mg).

2.4 Adsorption Kinetics

The study of kinetic models was performed in
contact time between 10-180 min with Penicillin
G concentration of 25 and 200 mg/L and
optimum amount of pH and adsorbent dose. To
evaluate the differences in the biosorption rates
and uptakes, the kinetic data were described with
Elovich, Intraparticle diffusion, pseudo first,
pseudo second order models.

The pseudo first order kinetics model in the linear
form as used is represented as [31,32]:

) = 10g Qe — 1t

2.303

Log (ge —

Where qe and g, are the amounts of Penicillin G
(mg g ) adsorbed at equilibrium and time t,
respectively, and k, is the rate constant of
adsorption (min- ) biosorption.

model is

The pseudo-second-order Kkinetic

expressed as [12]:

t 1 1

qe  kzqe?  get

Where (. is the biosorbed Penicillin G amount at
equilibrium (mg g™) for the pseudo-second-order
biosorption, q; is the amount of Penicillin G
biosorbed at time t (mg g™) and k, is the pseudo-
second-order kinetic rate constant (g mg
min~?).

The intraparticle diffusion equation can be written
as follows [13]:

q=kat®+c



where C is the intercept, and kdif is the
intraparticle diffusion rate constant (mg gt
min).

The Elovich model
expressed as [20]:

equation is generally

de = (IN(@B)+ () Int

where a is the initial adsorption rate (mg/g.min)
and B is the adsorption constant (g/mg) during
any experiment.

3. RESULTS AND DISCUSSION

The specific surface area is related to the
number of active adsorption sites of dried Lemna
minor. The adsorption was increased with the
specific surface area and pore volume of the
sorbent. The specific surface area of the
modified Lemna minor was determined in the
size of 32.5 m%/g.

Dried Lemna minor was also examined before
and after use using environmental scanning
electron microscopy. Fig. 1(a) clearly shows the
pore textural structure of dried Lemna minor
before use. However, as shown in Fig. 1(b), clear
pore textural structure is not observed on the
surface of dried Lemna minor after use which
could be due to either agglomeration on the
surface or the incursion of penicillin G into the
pores of dried Lemna minor biomass.
3.1 Effect of Contact Time and Initial
Penicillin G Concentration

The adsorption of penicillin G onto Lemna minor
was studied as a function of contact time in order
to decide whether the equilibrium was reached.
For, 10-200 mgL™" of penicillin G solutions at pH
5 were contacted with 4 gL™ of Lemna minor
suspensions. The samples were taken at
different periods of time and analyzed for their
penicillin G concentration (Fig. 2). The penicillin
G adsorption rate is high at the beginning of the
experiment because initially the adsorption sites
are more available and penicilin G ions are
easily adsorbed on these sites [33]. The
equilibrium can be reached within 75 min, and
thus, further adsorption experiments were carried
out for a contact time of 75 min.

3.2 Effect of pH

The surface charge of the adsorbent and the
ionization degree of the adsorbate are strongly
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affected by the pH of the aqueous solutions,
hence the uptake of penicillin G by the adsorbent
depends on the solution pH. In order to evaluate
the effect of pH on the adsorption of penicillin G
onto Lemna minor, the adsorption experiments
were carried out with initial penicilin G
concentration of 50 mg L™ and biomass dose of
4 gL'1 by varying the pH of the solutions over a
range of 2-10 (Fig. 3). The uptake of penicillin G
by the Lemna minor is almost constant in the pH
range of 2-5. However when the pH value
exceeds 5, the adsorption of penicillin G
decreases abruptly. Penicilin G as a acid
compound with pKa value of 2.8 is dissociated at
pH>pKa [34]. At higher pH values, the ionization
degree of penicillin G and the quantity of OH™
ions increase thereby the diffusion of penicillin G
are hindered, and the electrostatic repulsion
between the negatively charged surface sites of
the adsorbent and penicillin G ions increases
[35]. As a result, the removal of penicillin G is
greater at lower pH compared to the higher pH.
Similar results were reported by Malakotian [12].
From the experimental results, pH 5 was
selected as an optimum pH value.

3.3 Effect of Lemna minor Concentration

The effects of Lemna minor dose on the removal
of penicilin G from aqueous solutions were
investigated by using different Lemna minor dose
in the range of 0.5-8 g L™ and initial penicillin G
concentration of 100 mg L* at pH 5. As the
Lemna minor dose was increased from 1 to 8 g
L™, the equilibrium adsorption capacity of Lemna
minor (qe), decreased from 6.0 to 2.6 mg g,
whereas, the penicilin G removal efficiency
increased from 5.5% to 58.5% (Fig. 4). The
increase in adsorption percentage of penicillin G
was probably due to the increased more
availability of active adsorption sites with the
increase in Lemna minor dose [36]. The
decrease in equilibrium adsorption capacity of
Lemna minor for penicillin G uptake could be
attributed to two reasons. First, the Lemna minor
particles aggregated with increasing the
adsorbent dose hence total surface area of the
adsorbent decreased and diffusion path length of
penicillin G increased [37]. Secondly, the
increase in Lemna minor dose at constant
concentration and volume of penicillin G lead to
unsaturation adsorption sites, so the equilibrium
adsorption capacity of Lemna minor decreased
[12].

The adsorption kinetics is one the most important
data in order to understand the mechanism of the



adsorption and to assess the performance of the

adsorbents. For evaluating the kinetics of
penicillin  G-Lemna minor interactions, the
pseudo-first-order, pseudo-second-order and

intraparticle diffusion models were used to fit the
experimental data. The pseudo-first-order rate
constant k; and the value of g, cal were
calculated and the results are given in Table 1.
The correlation coefficient (R? is relatively
low which may be indicative of a bad
correlation. In addition, ¢, cal determined
from the model is not in a good agreement
with the experimental value of q. exp.
Therefore, the adsorption of penicilin G onto
Lemna minor is not suitable for the first-order
reaction.

N
» )
-l p? -

KYKY-EM3200

1.00 KX

26 KV 10 um SN:0548
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From Table 1, the value of C obtained from
intraparticle diffusion model is not zero, and the
correlation coefficient is not satisfactory thereby
intraparticle diffusion may not be the controlling
factor in determining the kinetics of the process.
The pseudo-second-order rate constant k, and
the value of q. cal were determined from the
model and the results are presented in Table 1.
The value of correlation coefficient is very high
(R® >0.994) and the calculated q. cal value is
closer to the experimental g exp value. In the
view of these results, the pseudo-second-order
kinetic model provided a good correlation for the
adsorption of penicillin G onto Lemna minor in
contrast to the pseudo-first-order and
intraparticle diffusion model.

26KV 1.00KX 10um KYKY-EM3200 SN.0548

36 -
32 -
28 -
24 - =o—10 mg/L
<20 - —e—25mg/L
E 6 —e—50 mg/L
12 100 mg/L
81 / ——ae  ——150mglL
41 ( —o—s 200 mg/L
0

10 20 30 45 60 75 90 105 120
Contact time(min)

Fig. 2. Effect of contact time and initial penicillin G concentration
(pH =3, dose: 4 g/L and temp 30°C)
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Fig. 4. Effect of adsorbent dose (Contact time =75 min, pH =5, Con: 100 mg/L and temp 30°C)

Table 3. Parameters of pseudo-first-order, pseudo-second-order and intraparticle diffusion
models

Co(mg/L) ge(mg/L) Pseudo-first-order

Pseudo-second-order

Intraparticle diffusion

ki de(mg/g) R*  g.(mg/g)k, R k C (mg/g) R?
25 5.96 0.014 3.41 0.901 5.68 0.32 0.994 0.128 2.17 0.845
50 11.45 0.0 22 7.65 0.916 11.39 0.49 0.996 0.156 2.95 0.869
100 21.32 0.036 17.39 0.887 21.94 0.67 0.999 0.194 3.64 0.837
200 35.71 0.044 29.76 0.877 36.42 0.86 0.998 0.223 4.11 0.912
A study of the temperature dependence of temperature. The adsorption capacity of

adsorption reactions gave valuable knowledge
about the enthalpy and entropy changes during
adsorption. The removal of penicilin G onto
Lemna minor was studied at 20, 30, 40 and
50°C to determine the adsorption isotherms and
thermodynamic  parameters. As seen in
Fig. 5, adsorption ability of Lemna minor for
penicilin G increased  with  increasing

penicillin G increased from 31.11 to 41.82 mg/g
by increasing the temperature of the solution
from 20 to 50°C, indicating that the process is
endothermic.

The equilibrium adsorption isotherm is of
importance in the design of adsorption systems.
In general, the adsorption isotherm describes



how adsorbate interacts with adsorbents and
thus is critical in optimizing the use of
adsorbents. Several isotherm equations are
available, and four important isotherms were
selected for this study: The Langmuir,
Freundlich, Tekmin and BET isotherms. The
Langmuir adsorption isotherm assumes that
adsorption takes place at specific homogeneous
sites within the adsorbent, and it has been used
successfully for many adsorption processes of
monolayer adsorption.

The values for gm, K., ke , B, ki, A and n are
summarized in Table 2. The isotherm data were
calculated from the least square method and the
related correlation coefficients (R2 values) are
given in the same table. As seen from Table 2,
the Langmuir equation rezpresents the adsorption
process very well; the R values were all higher
than 0.99, indicating a very good mathematical
fit. The fact that the Langmuir isotherm fits the
experimental data very well may be due to the
homogeneous distribution of active sites onto the
Lemna minor surface, since the Langmuir
equation assumes that the surface is
homogenous. As seen in Table 4, the maximum
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adsorption capacities for penicilin G onto
Lemna minor at 20, 30, 40 and 50°C were found
to be 32.36, 36.18, 38.45 and 42.27 mg/qg,
respectively. Maximum adsorption capacities of
Lemna minor increased with increasing
temperature.

It is generally stated that the values of n in the
range of 1 to 10 represent good adsorption. In
the present work, the exponent was 1 <n <10,
indicating favorable adsorption.

The essential features of the Langmuir isotherm
can be expressed in terms of a dimensionless
constant separation factor (R.), which is defined
by the following relationship [38].

1
1+ K1.Co

RL:

The value of R, indicates the type of the
isotherm; which is unfavorable (R_ >1), linear (R,
=1), favorable (0<R_ <1) or irreversible (R =0).
The results given in Table 2 show that the
adsorption of penicilin G onto Lemna minor is
favorable.

48 -
40 - "
32 -

G

2,4 ——20C

et ——30C
16 1 40C
g | ——50C
0

10 20 30 45 60 75 90 105 120
Time (min)

Fig. 5. Effect of contact time on the adsorption at different temperature

Table 4. The adsorption isotherms constants for the removal penicillin G onto Lemna minor

Tem Langmuir model Freundlich model Temkin model BET model

(°C) gm KL R2 n KF R2 B A R2 kt B R2
20 22.45 0.0014 0.994 265 6.14 0.812 31.71 7.41 0.804 144 0.041 0.914
30 23.95 0.0039 0.995 2.17 7.39 0.845 3745 652 0.781 17.7 0.073 0.943
40 25.29 0.0063 0.997 3.09 7.85 0.791 41.12 436 0.768 21.2 0.095 0.904
50 26.17 0.0098 0.998 3.44 8.13 0.826 44.69 2.79 0.819 234 0.104 0.935




4. CONCLUSIONS

1.

The present study shows that Lemna
minor, can be used as an adsorbent for the
removal of antibiotics from aqueous
solutions.

The amount of penicillin G adsorbed was
found to vary with adsorbent dosage, initial
penicilin G concentration, pH, and
temperature.

The amount of penicillin G uptake (mg/g)
was found to increase with increase in
contact time, temperature, and in initial
penicillin G concentration, but decreased
with an increase in adsorbent dosage.

The rate of adsorption was found to
conform to pseudo-second-order kinetics
with a good correlation.

Equilibrium data fitted very well in the
Langmuir isotherm equation, confirming
the monolayer adsorption capacity of
penicillin G onto Lemna minor with a
monolayer adsorption capacity of 36.18
mg/g at room temperature.

The dimensionless separation factor (R.)
showed that Lemna minor can be used for
removal of Lemna minor from aqueous
solutions.

Lemna minor, an inexpensive and easily
available material, can be an alternative for
more costly adsorbents used for antibiotics
removal in wastewater  treatment
processes.
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