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ABSTRACT

In this study, removal of Tetracycline (TC) antibiotics from artificially contaminated water has been
investigated with the aim of detoxifying pharmaceutical wastewater before their safe disposal onto
land or into river waters. The adsorption of TC occurred by studying the effects of adsorbent dose,
TC concentration and contact time at fixed temperature= 25°C and PH=7. The removal of TC
effluent is a rapid process. At adsorbent dose 2 g/L and at room temperature, the adsorption
equilibrium is reached after 60 min for low concentration and 90 min for high antibiotic
concentration and kinetics follow a pseudo-second-order model. The adsorption isotherm is in good
agreement with the Langmuir model. The adsorption of TC on the surface of LM biomass was done
in monolayer and maximum adsorption capacity of TC was determined as 18.26 mg/g. Also in this
study, have also been done five types of error functions. The results of error functions showed that
the best fit was obtained for the Langmuir isotherm and pseudo-second-order model with R

=0.9975 and Ri=0.9912.
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1. INTRODUCTION

Antibiotics for many years have been used in
both human and animals for treatment of
microbial infections, and also as feed additives
for the promotion of growth of livestock animals
[1-3]. Pharmaceutical antibiotics have attracted
increasing concern in recent years because they
have been proved to be a class of potent
pollutants [4,5]. Since most antibiotics including
tetracycline are poorly metabolized and absorbed
by the treated humans and animals, large
fractions are excreted through urine and
faeces as unmodified parent compound [6,7].
Except for the direct, acute toxic effect for
creatures, one of the most serious risks of
antibiotics in the water circulation is the potential,
chronic antimicrobial resistance [8,9]. This
suggests that antibiotics will gradually lose power
over the diseases caused by the antibiotic-
resistant bacteria [10,11].

Tetracycline (TC), as one of the most widely
used antibiotics all over the world, is extensively
used for human therapy and agricultural
purposes [12,13]. However, TC is poorly
absorbed and metabolized and has a long
environmental half-life. Most TC is discharged
into the environment through urine, faeces,
municipal wastewater treatment plants and
agricultural run-off [14,15]. Residues of TC
even below the threshold levels have serious
potential adverse effects on the target
organisms, including acute chronic toxicity,
endocrine disruption, and antibiotic-resistant
genes [16]. Therefore, the occurrence of residual
antibiotics in the environment has been a
worldwide issue and warrants the development
of inexpensive yet effective methods for
antibiotics removal from contaminated water
[17,18].

Techniques based on biological processes,
chemical processes, physical processes, or a
combination of these can be used to remove
organic pollutants [19]. Processes that have
been used to remove pollutants from wastewater
include membrane process, ozonation, Fenton
oxidation, chlorination, photocatalytic
degradation using UV-vis radiation, adsorption
and some new water treatment processes for
sustainability have been reported [20-22].

Nowadays, biological process is still the core unit
of the wastewater treatment plant, which is

specifically designed for biological removal of
soluble organics and nutrients. However, the
conventional biological process is not tailored
for treating antibiotics-bearing wastewater due
to the specific antimicrobial property of
antibiotics [23].

As well, the agricultural progress and increased
waste has stimulated a renewed interest in
utilizing  these  materials in  adsorption
applications for and wastewater water purification
because this type of absorbent can meet the
criteria required for a good adsorption process as
they possess a high surface area, large pore
volume, and strong physical and chemical
interactions with pollutants [24-26]. Therefore,
this kind of adsorbents has been used to remove
antibiotics such as for penicillin, azithromycin,
ciprofloxacin, tetracycline, Cephalexin from
pharmaceutical wastewater [27-29].

Aquatic plants play a key role as biosorbents
for the removal of pollutants from aqueous
solutions [30]. Lemna minor (LM) known as
duckweed, is a free-floating aquatic plant that
is widely distributed in many countries. LM
rapid growing and under optimum circumstances,
it can be doubled in a week and adapt to a
variety of conditions [31]. Previous studies
have reported that LM has the potential
for adsorption of contaminants such as
heavy metal, fluoride, dyes and antibiotics
such as penicilin from aqueous solutions
[32].

The present study aims to investigate the
adsorption of TC by modified LM as biosorbent.
The effects of various parameters such as initial
TC concentration, contact time, adsorbent
dosage and temperature at fixed pH=7 were
examined.

2. MATERIALS AND METHODS
2.1 Preparation of Biomass

LM was collected from Sari, Iran. Before use,
biomass was washed several times using sterile
distilled water and dried under sunlight for 24 h.
To prepare the modified biomass, LM was
immersed in 0.1 M HCI for 5 h. Finally, modified
LM was washed with distilled water several times
and dried. After drying, all the adsorbents were
straitened to obtain a particle size of 2 mm to use
for adsorption studies.



2.2 Chemicals

All the chemicals used were of analytical grade
reagent. The  tetracycline hydrochloride
(Molecular weight: 480.9, Molecular formula:
CyoHo4NoOg-HCI) was purchased from Sigma-
Aldrich, USA. The chemical structure of
Tetracycline is presented in Fig. 1. The distilled
water was used to prepare the stock solution of
tetracycline. Other chemicals used in this study
were prepared from Merck, Germany.

H
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PV
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OH

Fig. 1. The chemical structure of tetracycline
hydrochloride

2.3 Adsorption Experiment

Batch adsorption experiments were performed
using 200 ml glass bottles with the addition of
2 g LM biomass and 100 mL of TC solution with
initial concentrations 10 to 200 mg/L. The glass
bottles were sealed and placed within a
temperature control box to maintain water
temperature. The pH of the samples was
adjusted by adding 0.1 M HCl or 0.1 M NaOH. At
the end of the equilibrium period, the
suspensions were separated for later analysis
of the TC concentration. The supernatants were
filtered through Whatman 42 filter paper. All the
experiments and analysis have been carried out
in duplicate. The adsorbed phase concentration
(g, mg/g) was calculated using the following
equation [33,34]:

(Co—Ce)V
qe = oMe

Where C, and Ce (mg/L) are the liquid-phase
concentrations of TC at initial and equilibrium,
respectively, V (L) the volume of the solution and
M (g) is the mass of adsorbent used.

Final concentration of TC in solution was
determined by HPLC. In the HPLC analysis and
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an SPD-10A UV-Vis detector at the maximum
absorption wavelength of 365 nm which was
determined using a Shimadzu UV-1700
spectrophotometer to scan from 200 to 800 nm.
A 30:70 (v/v) acetonitrile and 0.01 M aqueous
oxalic acid mixture was used as mobile phase at
room temperature with a constant flow rate of 1.0
mL min™".The injection volume was 10 ml.

3. RESULTS AND DISCUSSION

3.1 Effect of Adsorption Contact Time
and Initial TC Concentration

For different TC concentrations (10-200 mg/L),
the change of adsorption on LM biomass with
time is seen in Figure 2. As shown in Fig. 2, the
time for reaching the adsorption equilibrium is
not identical for each initial TC concentration.
For instance, the time for reaching the
equilibrium 60 min for 10 mg/L TC concentration,
while the time for reaching the equilibrium is 90
min for 200 mg/L TC concentration. Moreover,
the adsorption at first occurs very fast, and it
becomes slower in later times. This case can be
explained that the active central on LM biomass
are more available for adsorption at the initial
times, and it becomes vice versa in later times
[35]. Additionally, the adsorption efficiency is
lower at higher concentration, due to the
electrostatic repulsion between the protein
molecules in solution and the TC molecules on
LM surface [36,37].

3.2 Effect of Adsorbent Dosage

The adsorption percent at various doses of LM
biomass from 0.5 to 4 g/L is shown in Fig 3. The
optimum adsorbent dosage was found to be 2.5
g/L. It was found that the removal of TC by any of
the adsorbents increases with an increase in the
adsorbent dosage initially and, thereafter,
becomes constant after some value of dose. This
value is taken as the optimum dosage. The
increase in adsorption with the adsorbent dosage
can be attributed to the availability of the greater
surface area and a larger number of adsorption
sites [38]. At doses higher from optimum dosage,
the adsorbent surface becomes saturated with
TC and the residual TC concentration in the
solution is large. With an increase in dose, the
TC removal increases due to increased
TC uptake by the increased amount of
adsorbent [39].
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Fig. 2. Effect of contact time and concentration on TC removal (Dose = 2.5 g/L, pH =7 and
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Fig. 3. The effect of adsorbent dose on TC removal efficiency (contact time= 60 min, C,=100
mg/L, pH=7 and Temp= 30°C)

3.3 Adsorption Isotherms Study

The adsorption isotherm can describe the
distribution of TC between the solid phase and
the solution at a certain temperature when the
equilibrium was reached. The Langmuir and
Freundlich models were applied to fit the
equilibrium data.

3.4 Langmuir Isotherm

The Langmuir theory assumes monolayer
coverage of adsorbate over a homogeneous
adsorbent surface. Once an adsorbate molecule
occupies a site, no further adsorption can take
place at that site. The sorbent has a finite

capacity for the adsorbate. The Langmuir
equation is applicable to homogeneous sorption
where the sorption of each molecule has equal
sorption activation energy [40].

K1Ce

Ge= 1+ayCe

Where K| is Langmuir isotherm constant (L/g), a_
is Langmuir isotherm constant (L/mmol).

3.5 Freundlich Isotherm
The Freundlich equation is an empirical equation

employed to describe heterogeneous systems, in
which it is characterized by the heterogeneity



factor 1/n. Hence, the empirical equation can be
written [41,42]:

Qe- KpCJ'™

Where qe is solid phase sorbate concentration in
equilibrium (mmol/g), Ce is liquid phase sorbate
concentration in equilibrium (mmol/L), Kg is
Freundlich constant (L/mg1/”'1g) and 1/n is the
heterogeneity factor. When n = 1, the Freundlich
equation reduces to Henry’s Law.

3.6 Error Functions

In order to evaluate the validity of the adsorption
mathematical models with experimental results, a
number of error functions are available in the
literature. The use of only one R? for isotherm
and kinetic data analysis is not sufficient,
because the experimental results may have high
R? value. It is, therefore, necessary to diagnose
the result of a regression for residue analysis. In
this study, five types of statistical functions
among the most widely used in such studies
[43-47]:
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Where N: number of performed experiments, P:
number of parameters of the fitted model, R%:
coefficient of determination.

The results of isotherm modelling data for are
summarized in Tables 2 and Fig. 4. By
comparing the results of the values of the error
functions (Table 1), it is found that the Langmuir
model is the most suitable model to satisfactorily
describe the studied sorption phenomenon. The
value of Freundlich exponent n is greater than 1,
indicating a favourable adsorption of TC at
experimental conditions.

According to the results, the TC adsorption on
the LM biomass follows Langmuir isotherm and it
is assumed in this isotherm that monomolecular
layer is formed when biosorption takes place
without any interaction between the adsorbed.

3.7 Adsorption Kinetics Study

To determine the kinetic order and the time
required to reach adsorption equilibrium, the
adsorption kinetic study of TC on LM biomass is
carried out at room temperature. The amount of
adsorbed TC onto LM biomass is calculated
according to Equation [48,49]:

Co—C
q = ( oMt)V
Moreover, to acquire the order of the TC

adsorption kinetic, five kinetic models (pseudo-
first-order, pseudo-second—order, Avrami,
general order and Elovich models) were used.

The pseudo first-order model was described by
Lagergren. The expression of the pseudo-first-
order model is as follows [38]:

dq
— = K;(qe — q¢)

dt
Integrating equation above with the boundary
conditions, t=0 to t and from 0 to q; leads to non-
linear form [50]:

q, =q,(1-exp(-k,1)
rate

Where k4: pseudo-first-order adsorption
constant (min'1).

The Pseudo-second-order kinetic model is
described by Ho and Mckay. The expression of
the pseudo-second-order model is as follows
[51]:



dq )
e SN Y _

dt Z(qc ql)
The integration of equation above leads to the
non-linear form (48):

q = k,q;t
1+k,q,t

The advantage of using the non-linear form lies
directly on the fact that we don’t need to know
the equilibrium capacity g, from experience since
it can be determined from the model. This makes
it possible to determine K, and the initial rate of
adsorption following equation [49]:

h, =k2(qe )2

Where K;: pseudo-second-order adsorption rate
constant (g/mg.min), hq: initial sorption rate for
pseudo-second-order adsorption (mg/g.min).

The General order kinetic models based on the
number of sites available on the surface of the
adsorbent for adsorption. The general order

kinetic model equation is given following
equation [47]:
q. .
9, =9. ~ - withn =1
[.(@.)" th-1)+1]
Where: ky: kinetic adsorption rate constant

(min~". (g.mg™")™"), n: order of adsorption.

The Elovich model is generally applied to
chemisorption kinetics. The equation has been
used to cover a wide range of slow adsorption
rates. The same equation is often valid for
systems in which the adsorbing surface is
heterogeneous. The Elovich equation is given in
following equation [52, 53]:
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dq,
— = aexp(-
it p(-Bq,)

Integrating equation above with the boundary
conditions; t=0 to t and from 0 to q; gives
following equation [54,55]:

q, :éln(a.ﬁ)+%ln(t)

Where: a: initial adsorption rate (mg/g.min), B:
adsorption constant related to the surface
coverage (g/mg).

The Avrami equation is used to verify specific
changes of kinetic parameters as functions of the
temperature, initial concentration and adsorption
time. Avrami model is expressed mathematically
by following equation [56,571]:

q, =q. (1 —exl{—(k W) ))

Where kay: Avrami kinetic constant (min'1), Nav:
fractional adsorption order.

The fitting parameters of the kinetics models
were summarized in Table 2. As can observe
from the table 2, the modelling kinetic data could
conform to Avarmi kinetic model and pseudo—
second order.

The results revels that of the five kinetics
model, the best fit was obtained for the
pseudo-second-order and  Avarmi  kinetic
model with a high value of R?adj wish is equal to
0.9912 and 0.9948 respectively. The adsorption
capacity at equilibrium is very close to
experimental value. Based on the correlation
coefficient (R?) (Table 2), the adsorption of TC is
more best fit by the pseudo—second-order model
(Fig. 5).

Table 1. Parameters of the Langmuir, Freundlich isotherms for the TC onto LM

Langmuir Freundlich

K. 0.0972 Ke 1.793
Om 26.42 n 4.281
RSS 0.0321 RSS 0.0592
. 0.0072 Krea 0.0156
SD 0.0825 SD 0.0125
R? 0.9982 R? 0.937
R?2 0.9975 R?2 0.928

ajd

ajd
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Table 2. Kinetic parameters for adsorption of TC onto LM biomass

Pseudo-first order Pseudo-second order Avrami
k4 0.0547 ko 0.0821 ge(cal) 18.74
ge(cal) 19.66 ge(cal) 28.3 Kav 0.071
RSS 0.0019 ho 0.0118 Nav 0.0823
X2 0.00189 RSS 0.0039 RSS 0.0028
red 0.0217 2 0.00041 2 0.00042
SD Xred Xred
R’ 0.928 SD 0.0195 SD 0.0193
, 0.914 R? 0.994 R? 0.9972
Ry 0.9912 0.981
Rid_] R:dj
Elovich General order
a 0.418 ge(cal) 9.284
B 11.25 Kn 0.0782
RSS 0.00146 n 1.086
X2 .007810 RSS 0.00125
red 0.0235 2 0.00018
SD Xred
R? 0.918 sD 0.0017
, 0.9137 R? 0.948
R 0.9427
Rjdj
30 7 [
25 - . ¢
= 20 - o °
eh i °®
\%/ 15 °
o 10 1 e
I
0
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Fig. 4. Langmuir isotherm plots for TC adsorption onto LM
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Fig. 5. Pseudo-second-order kinetics and experimental data plots to adsorb TC by LM



4. CONCLUSION

In this study ,LM biomass used as an effective
adsorbent for the removal of TC antibiotics in
aqueous solution. For this purpose, we have
studied different parameters such as initial
concentration of TC, contact time and adsorbent
dose. The adsorption capacity of LM increased
when the initial concentration of TC increased
from 10 to 200 mg/L. Langmuir isotherm and
pseudo-second-order model fitted well with the
adsorption data. These findings suggest that LM
is a promising low-cost absorbent for the
treatment of wastewater containing TC
antibiotics.

CONSENT

It is not applicable.

ETHICAL APPROVAL

It is not applicable.

ACKNOWLEDGEMENT

The authors are grateful of Zahedan University of
Medical Sciences for supporting this study (Code
Project: 97-8803).

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Upadhyayula VKK, Deng S, Mitchell MC,
Smith GF. Application of carbon nanotube
technology for removal of contaminants in
drinking water: A review. Science of the
Total Environment. 2009;408:1-13.

2. Yahiaoui |, Aissani-Benissad F, Fourcade
F, and Amrane A. Removal of tetracycline
hydrochloride from water based on direct
anodic oxidation (Pb/PbO, electrode)
coupled to activated sludge culture.
Chemical Engineering J. 2013;221:418-
425.

3. Ocampo-Pérez R, Rivera-Utrilla J, Gomez-
Pacheco C, Sanchez-Polo M, Lopez-
Penalver JJ. Kinetic study of tetracycline
adsorption on sludge-derived adsorbents
in aqueous phase. Chem Eng J. 2012;
213:88-96.

Balarak et al.; JPRI, 23(2): 1-11, 2018; Article no.JPRI.42583

4. Parolo ME, Savini MC, Vallés JM, Baschini
MT, Avena MJ. Tetracycline adsorption on
montmorillonite: pH and ionic strength
effects, Appl. Clay Sci. 2008;40:179-186.

5. Brinzila Cl, Pacheco MJ, Ciriaco L,
Ciobanu RC, Lopes A. Electro degradation
of tetracycline on BDD anode. Chem. Eng.
J. 2011;209:54-61.

6. Ghauch A, Tugan A, Assi HA
Elimination of amoxicillin and ampicillin by
micro scale and nano scale iron particles.
Environ Pollut. 2009;157:1626—-1635.

7. Malakootian M, Balarak D,
Mahdavi Y, Sadeghi SH, Amirmahani N.
Removal of antibiotics from wastewater by
Azolla filiculoides: Kinetic and equilibrium
studies. IJAPBS. 2015;4(7):105-113.

8. Chen WR, Huang CH. Adsorption and
transformation of tetracycline antibiotics
with aluminum oxide. Chemosphere. 2010;
79:779-785.

9. Liu H, Yang Y, Kang J, Fan M,
Qu J. Removal of tetracycline from water
by Fe—-Mn binary oxide. J. Environ. Sci.
2012; 24:242-247.

10. Kang J, Liu H, Zheng YM, Qu J, Paul
Chen J. Application of nuclear magnetic
resonance spectroscopy, Fourier transform
infrared spectroscopy, UV-Visible
spectroscopy and kinetic modeling for
elucidation of adsorption chemistry in
uptake of tetracycline by zeolite beta, J.
Colloid Interface Sci. 2011;354:261-267.

11. Zhang W, He G, Gao P, Chen G.
Development and characterization of
composite nanofiltration membranes and
their application in concentration of
antibiotics. Sep Purif Technol. 2003;30:
27-35.

12. Zhao Y, Geng J, Wang X, Gu X, Gao S.
Adsorption of tetracycline onto goethite in
the presence of metal cations and humic
substances. J. Colloid Interface Sci. 2011;
361:247-251.

13. Martins AC, Pezoti O, Cazetta AL, Bedin
KC, Yamazaki DAS, Bandoch GFG.
Removal of tetracycline by NaOH-
activated carbon produced from
macadamia nut shells: Kinetic and
equilibrium studies.Chemical Engineering
Journal. 2015;260:291-299.

14. Prado N, Ochoa J, Amrane A.
Biodegradation and  biosorption  of
tetracycline and tylosin antibiotics in



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

activated  sludge  system.  Process

Biochem. 2009;44:1302—-1306.

Kang J, Liu H, Zheng Y, Qua J,
Paul Chen J. Systematic study of
synergistic and antagonistic effects on
adsorption of tetracycline and copper onto
a chitosan. J. Colloid Interface Sci. 2010;
344:117-125.

Shao L, Ren Z, Zhang G, Chen L. Facile

synthesis, characterization of a
MnFe,0,4/activated carbon magnetic
composite and its effectiveness in

tetracycline removal. Mater Chem Phys.
2012;135:16-24.

Brigante M, Schul PC. Remotion of the
antibiotic tetracycline by titania and titania—
silica composed materials. J. Hazard.
Mater. 2011;192:1597-1608.

Gulkowsk A, Leung HW, So MK, Taniyasu
S, Yamashita N. Removal of antibiotics
from wastewater by sewage treatment
facilities in Hong Kong and Shenzhen,
China. Water Research. 2008;42:395-403.

Balarak D, Mahdavi Y, Azadi NA, Sadeghi
SH. Isotherms and thermodynamic study
on the biosorption of amoxicillin using
canola. International Journal of Analytical,
Pharmaceutical and Biomedical Sciences.
2016;5(3):8-14.

Choi KJ, Kima SG, Kim SH. Removal of
antibiotics by coagulation and granular
activated carbon filtration. Journal of
Hazardous Materials. 2008;151:38—43.

Balarak D, Azarpira H, Mostafapour FK.
Adsorption isotherm studies of tetracycline
antibiotics from aqueous solutions by
maize stalks as a cheap biosorbent.
International Journal of Pharmacy &
Technology. 2016;8(3):16664-75.

Balarak D, Azarpira H. Rice husk as a
Biosorbent for antibiotic metronidazole
removal: Isotherm studies and model
validation. International Journal of
ChemTech Research. 2016;9(7):566-573.

Balarak D, Azarpira H. Photocatalytic
degradation of sulfamethoxazole in water:
Investigation of the effect of operational
parameters. International Journal of Chem
Tech Research. 2016;9(12):731-8.

Azarpira H, Mahdavi Y, Khaleghi O,
Balarak D. Thermodynamic studies on the
removal of metronidazole antibiotic by
multi-walled carbon nanotubes. Der
Pharmacia Lettre. 2016;8(11):107-13.

Balarak et al.; JPRI, 23(2): 1-11, 2018; Article no.JPRI.42583

25.

26.

27.

28.

290.

30.

31.

32.

33.

34.

35.

Balarak D, Azarpira H, Mostafapour FK.
Study of the adsorption mechanisms of
cephalexin on to Azolla filiculoides. Der
Pharma Chemica. 2016;8(10):114-121.

Balarak D, Joghataei A, Mostafapour FK.
ciprofloxacin  antibiotics removal from
effluent  using heat-acid  activated
red mud. British Journal of Pharmaceutical
Research. 2017;20(5):1-11.

Balarak D, Mostafapour FK, Azarpira H.
Chanisms and equilibrium studies of
sorption of metronidazole using graphene
oxide. British Journal of Pharmaceutical
Research. 2017;19(4):1-10.

Balarak D, Mostafapour FK, Akbari, H.
Adsorption of amoxicillin antibiotic from
pharmaceutical wastewater by activated
carbon prepared from Azolla filiculoides.
British ~ Journal  of  Pharmaceutical
Research. 2017;18(3):1-10.

Balarak D, Mostafapour FK, Joghtaei A.
Thermodynamic analysis for adsorption of

amoxicillin onto magnetic carbon
nanotubes. British Journal of
Pharmaceutical Research. 2017;16(6):1-
10.

Dayaniti RA, Yazdani J, Balarak D. Effect
of sorbitol on phenol removal rate by
Lemna minor. Journal of Mazandaran
University Medical Science. 2013;22(87):
58-64.

Balarak D, Mostafapour FK, Joghataei A.
Experimental and kinetic studies on
penicillin G adsorption by Lemna minor.
British ~ Journal  of  Pharmaceutical
Research. 2016;9(5):1-10.

Zazouli MA, Balarak D, Karimnezhad F,
Khosravi F. Removal of fluoride from
aqueous solution by using of adsorption
onto modified Lemna minor: Adsorption
isotherm and kinetics study. Journal of
Mazandaran University Medical Sciences.
2014;23(109):208-17.

Diyanati RA, Yousefi Z, Cherati JY,
Balarak D. The ability of Azolla and Lemna
minor biomass for adsorption of phenol
from aqueous solutions. J Mazand Uni
Med Sci. 2013;23(106):17-23.

Zhao Y, Gu X, Gao S, Geng J, Wang X.
Adsorption of tetracycline (TC) onto
montmorillonite: Cations and Humic acid
Effects Geoderma. 2012;183:12-18.

Li Z, Schulz L, Ackley C, Fenske N.
Adsorption of tetracycline on kaolinite with



36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

pH-dependent surface charges. J. Colloid
Interface Sci. 2010;351:254-260.

Chang PH, Li Z, Jean J, Jiang W, Wang
CJ, Lin KH. Adsorption of tetracycline on
2:1 layered non-swelling clay mineral illite.
Appl. Clay Sci. 2012;67-68:158—163.

Chang PH, Li Z, Jiang WT, Jean JS.
Adsorption and intercalation of tetracycline
by swelling clay minerals. Appl. Clay Sci.
2009;46:27-36.

De Godosa |, Munozb R, Guieyssea B.
Tetracycline removal during wastewater
treatment in high-rate algal ponds. J.
Hazard. Mater. 2012;229-230:446-449.

Liu P, Liu W, Jiang H, Chen J, Li W, Yu H.
Modification of bio-char derived from fast
pyrolysis of biomass and its application in

removal of tetracycline from aqueous
solution, Bioresour. Technol. 2012;121:
235-240.

Yang K, Wu W, Jing Q, Zhu L. Aqueous
adsorption of aniline, phenol, and their
substitutes by  multi-walled  carbon
nanotubes. Environ Sci Technol. 2008;42:
7931-6.

Balarak D, Mostafapour FK, Azarpira H.
Adsorption kinetics and equilibrium of
ciprofloxacin from aqueous solutions using
Corylus avellana (Hazelnut) activated
carbon. British Journal of Pharmaceutical
Research. 2016;13(3):1-10.

Balarak D, Mostafapour FK. Batch
equilibrium, kinetics and thermodynamics
study of sulfamethoxazole antibiotics onto
Azolla filiculoides as a novel biosorbent.
British Journal of Pharmaceutical
Research. 2016;13(2):1-10.

Balarak D, Mahdavi Y, Mostafapour FK.
Application of alumina-coated carbon
nanotubes in removal of tetracycline from
aqueous solution. British Journal of
Pharmaceutical Research. 2016;12(1):1-
11.

Zazouli MA, Mahvi AH, Dobaradaran S,
Barafrashtehpour M, Mahdavi Y, Balarak
D. Adsorption of fluoride from aqueous
solution by modified Azolla filiculoides.
Fluoride. 2014;47(4):349-58.

Balarak D, Jaafari J, Hassani G, Mahdavi
Y, Tyagi |, Agarwal S, Gupta VK. The use
of low-cost adsorbent (Canola residues)
for the adsorption of methylene blue from
aqueous solution: Isotherm, kinetic and
thermodynamic studies. Colloids and
Interface Science Communications.

10

Balarak et al.; JPRI, 23(2): 1-11, 2018; Article no.JPRI.42583

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Colloids and Interface Science
Communications. 2015;7:16-19.
Ji LG, Chen W, Duan L, Zhu D.

Mechanisms for strong adsorption of
tetracycline to carbon nanotubes: A
comparative study using activated carbon
and graphite as adsorbents. Environmental

Sciences Technology. 2009;43:2322—
2327.

Balarak D, Mahdavi Y, Bazrafshan E,
Mahvi AH, Esfandyari Y.
Adsorption of fluoride from aqueous
solutions by carbon nanotubes:

Determination of equilibrium, kinetic and
thermodynamic  parameters.  Fluoride.
2016;49(1):35-42.

Gao VY, Li Y, Zhang L, Huang H, Hu J,
Shah SM, Su X. Adsorption and removal of
tetracycline antibiotics from aqueous
solution by grapheme oxide. J. Colloid.
Interface Sci. 2012;368:540-546.

Gupta VK, Agarwal S, Saleh TA.
Synthesis and  characterization  of
alumina-coated carbon nanotubes and
their application for lead removal.
Journal of Hazardous Materials. 2011;
185:17-23.

Zazouli MA, Yazdani J, Balarak D,
Ebrahimi M, Mahdavi Y. Removal acid
blue 113 from aqueous solution by Canola.
J Mazand Uni Med Sci. 2013;23(2):73-81.
Aksu Z, Tunc O. Application of biosorption
for Penicillin G removal: Comparison with
activated carbon. Process Biochemistry.
2005;40(2):831-47.

Balarak D, Mahdavi Y, Maleki A, Daraei H
and Sadeghi S. Studies on the Removal of
Amoxicillin by Single Walled Carbon
Nanotubes. British Journal of
Pharmaceutical Research. 2016;10(4):1-9.
Balarak D, Mostafapour FK,
Azarpira H. Langmuir, freundlich, temkin

and dubinin-radushkevich isotherms
studies of equilibrium sorption
of ampicilin unto montmorillonite
nanoparticles. British Journal of

Pharmaceutical
10.

Rahardjo A, Susanto M, Kurniawan A,
Indraswati N. Modified Ponorogo bentonite
for the removal of ampicillin from
wastewater. Journal of Hazardous
Materials. 2011;190:1001-8.

Chang PH, Li Z, Yu TL, Munkhbayer S,
Kuo TH, Hung YC and et al. Sorptive

Research. 2016;20(2):1-



56.

removal of tetracycline from water by
palygorskite. Journal of Hazardous
Materials. 2009;165:148-155.

Balarak D, Mahdavi Y, Bazrafshan E,
Mahvi AH. Kinetic, isotherms and
thermodynamic modeling for adsorption of
acid blue 92 from aqueous solution by

Balarak et al.; JPRI, 23(2): 1-11, 2018; Article no.JPRI.42583

57.

modified Azolla filicoloides. Fresenius
Environmental Bulletin. 2016;25(5):1321-
1330.

Ali I. The quest for active carbon adsorbent
substitutes: Inexpensive adsorbents for
toxic metal ions removal from wastewater.
Sepn. & Purfn. Rev. 2010;39(3-4):91-171.

© 2018 Balarak et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http.//creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history/25622

11



