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Review Article

INTRODUCTION
Antibiotics are widely used in the treatment of diseases in animals and 
humans, as well as applied in food rations in order to increase animal 
growth rates.1-3 Antibiotics have high antimicrobial activity associated 
it’s the aromatic structure containing the naphthol chemical group that is 
antibacterial.4 However, approximately 50-90% of the doses of antibiotics 
administered in health treatment procedures is not absorbed by 
organisms and is eliminated by humans and animals in sewage systems.5  
These molecules have a complex chemical structure and the natural  
environmental and sewage conditions are not sufficient to decompose 
their chemical structure.6 Thus, the amount of antibiotics accumulated  
in sewage can be a serious environmental problem.7 Due to the chemical  
structure of antibiotics, they are act as a resistant to many chemicals,  
oxidizing agents, and heat, and are biologically non-degradable.8 So it  
is difficult to removal the effluents, once released into the aquatic  
environment.9 Many of the methods are available for the removal of  
pollutants from water, the most important of which are reverse osmosis, 
ion exchange, precipitation and adsorption.10

Adsorption is used as top quality treatment procedures for the removal  
of dissolved organic pollutants like antibiotics from industrial waste  
water.11 Adsorption is defined as concentration of materials on the surface  
of solid bodies.12 Adsorption is a surface phenomenon which deals  
primarily with the utilization of surface forces.13 When a solution having 
absorbable solute, also called as adsorbate, comes into contact with a  
solid, called as adsorbent, with highly porous surface structure liquid-solid 
intermolecular forces of attraction causes the solute to be concentrated at  
the solid surface.14 Adsorption is one of the unit operations in the chemical  
engineering processes used for the separation of industrial wastewater 
pollutants.15

The present state of the art on the application of adsorption in the  
removal of antibiotics from aqueous solution is presented in this paper. 
The main goal of this review article is to provide up-to-date development 
on the application of commercial activated carbon and various 
sustainable low cost alternative adsorbents such as agricultural solid  
waste (azolla,Lemna minor, canola and …) , industrial solid waste,  
agricultural by-products, and biomass based cost effective activated  
carbon, and various natural materials in the removal of antibiotics from  
aqueous phase. This review article also critically analyses the effectiveness  
of various adsorbents under different physicochemical process para-
meters and their comparative adsorption capacity is also presented.  
A compilation of relevant published data with respect to adsorption 
kinetics, isotherm models, thermodynamics and adsorption capacity  
under various process conditions along with important findings is  
presented here.
Although there are a couple of review articles such as low cost adsorbents  
for the removal of organic pollutants from wastewater,16-18 but all are dealing  
with specific system only and also not relatively presented with up-to 
date information. Therefore, this present review article was undertaken 
in order to provide more comprehensive up-to-date and critical review  
information on the adsorption of various antibiotics from aqueous  
solution by wide range of adsorbents. The new aspect of this review  
article is to cover up-to-date research result presentation on various  
antibiotics adsorption and its adsorptive effectiveness in the removal of 
various antibiotics and also to critically analyzed and identify various 
operation conditions and their maximum adsorption capacity. Authors  
also tried to analyze the scattered available information on antibiotics 
adsorption by wide range of adsorbents since the last two decades. 
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ABSTRACT
With the widespread use of antibiotics, pharmaceutical effluents containing 
antibiotics have recently attracted wide attentions since it has potential  
adverse effects. Although the injuriousness of antibiotics is not so intuitive  
like other environmental pollution, residues of the antibiotic drug have  
become a seriously ignored problem. The abuse of antibiotics can damage 
the immune function of animals, when again infected, and then they need 
more antibiotics to treat. In this review article the authors presented up 
to-date development on the application of adsorption in the removal of  
antibiotics from aqueous solution. This review article provides extensive  
literature information about antibiotics, its classification and toxicity, various 
treatment methods, and antibiotics adsorption characteristics by various  
adsorbents. The effectiveness of various adsorbents under different physico- 
chemical process parameters and their comparative adsorption capacity 
towards antibiotics adsorption has also been presented. This review paper 

also includes the affective adsorption factors of antibiotics such as solution  
contact time, initial antibiotics concentration, adsorbent dosage, and  
temperature. The applicability of various adsorption thermodynamic models  
and isotherm models for antibiotics removal by wide range of adsorbents 
is also reported here. 
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METHODOLOGY
This systematic review aimed to study the antibiotics adsorption from 
aqueous solutions using different adsorbent. Studies published in 
electronic form in international database of Google Scholar, Scopus, 
PubMed, Web of Science and Science Direct from 2000 until end of the 
2019 year, was investigated. Search using antibiotic, adsorption, efficacy 
and removal keywords with AND/OR operators in title and abstract was 
conducted.

RESULTS
Table 1 shows the reported studies on the effect of adsorbent dosage on 
the percentage of antibiotics removal. Table 2 showed the compilation of 
results of various studies on the effect of temperature on the antibiotics  

adsorption by various adsorbents. Table 3 shows the various isotherm  
results of antibiotics adsorption by various adsorbents. Table 4 also 
shows the maximum adsorption capacity (qm) of different adsorbents 
in the field of antibiotic removal obtained from the Langmuir equation.

DISCUSSION
The term adsorption refers to the accumulation of a substance at  
the interface between two phases (liquid–solid interface or gas–solid 
interface).103 The substance that accumulates at the interface is called  
adsorbate and the solid on which adsorption occurs is adsorbent.104  
Adsorption can be classified into two types: chemical sorption and  
physical sorption. Chemical adsorption or chemisorption is illustrated 
by the formation of strong chemical associations between molecules  
or ions of adsorbate to adsorbent surface, which is generally due to  

Table 1: The results of various reported studies on the effect of adsorbent dose on antibiotics adsorption by various adsorbents.

Adsorbents Antibiotics name Adsorbent dosage %Removal References

Carbon materials Amoxicillin 0.05-0.5 g/L 39.5-75.6 19

AC-vine wood Cephalexin 0.1-1 g/L 44.5-87.2 20

Bentonite Amoxicillin 0.25-2.5 g/L 41.8-94.6 21

AC-siris seed Metronidazole 0.15-0.8 g/L 35.2- 64.2 22

AC tetracycline 0.05-0.6 g/L 44.6-78.9 23

Montmorillonite Penicillin G 0.4-2 g/L 64.8-98.2 24

AC-lignocellulosic Cephalexin 0.15-0.7 g/L 21.9-92.1 25

NiO nanoparticle Amoxicillin 0.1-0.5 g/L 54.3-87.9 26

AC- pyrolysis char Tetracycline 0.0.2-1 g/L 71.5-91.8 27

AC commercial Ibuprofen 0.25-1.5 g/L 61.4-97.4 28

Maize stalks Tetracycline 0.5-4 g/L 54.6-94.2 29

Azolla filiculoides Tetracycline 0.5-5 g/L 69.8-87.9 30

AC-macadamia shells Tetracycline 0.3-1.5 g/L 71.4-87.2 31

Granular sludge Oxytetracycline 0.4-2 g/L 39.8-79.8 32

Chestnut shell penicillin G 0.5-3 g/L 28.7-81.4 33

Table 2: The effect of temperature on the adsorption of Antibiotics using various adsorbents.

Adsorbents Antibiotics name Temperature (K) Results References

Grapheme oxide magnetic Tetracycline 273-323 Endothermic 34

Activated alumina Metronidazole 273-303 Exothermic 35

Rice husk Metronidazole 273-303 Endothermic 36

MWCNT Metronidazole 288-318 Endothermic 37

Azolla Filiculoides Cephalexin 293-333 Endothermic 38

mesoporous silica Tetracycline 273-313 Exothermic 39

Cu-13X Tetracycline 288-318 Endothermic 40

MWCNT Tetracycline 283-313 Exothermic 41

Zero-valent iron Tetracycline 273-313 Endothermic 42

AC-apricot nut shells Tetracycline 273-323 Endothermic 43

AC commercial Quinolone 283-313 Endothermic 44

NiO nanoparticle Amoxicillin 288-318 Exothermic 45

CuO nanoparticles Ciprofloxacin 288-323 Endothermic 46

MWCNT Amoxicillin 273-323 Endothermic 47

Graphene oxide Tetracycline 283-313 Exothermic 48
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Table 3: Various isotherm studies of antibiotics adsorption by various adsorbents.

Adsorbents Antibiotics name studied isotherms best isotherm References

Chitosan Amoxicillin Langmuir-Freundlich-Temkin-D-R Langmuir 49

Composite iron nano Ibuprofen Langmuir-Freundlich-Temkin-R-P D-R 50

Carbon xerogel Ciprofloxacin Langmuir-Freundlich-BET-D-R Langmuir 51

Polyoxometalates-NP Tetracycline Langmuir-Freundlich-Temkin-BET BET 52

Fe3O4-graphene Tetracycline Langmuir-Freundlich-BET-D-R D-R 53

Hydroxyapatite Tetracycline Langmuir-Freundlich-Temkin- D-R D-R 54

Magnetic-MWCNT Amoxicillin Langmuir-Freundlich-Temkin-BET Langmuir 55

Rice husk ash Tetracycline Langmuir-Freundlich-Temkin-BET Temkin 56

MWCNT Cephalosporins Langmuir-Freundlich-Temkin-D-R Langmuir 57

MWCNT Tetracycline Langmuir-Freundlich-Temkin-BET Temkin 58

SWCNT Ibuprofen Langmuir-Freundlich-Temkin-R-P Freundlich 59

Granular AC Trimethoprim Langmuir-Freundlich-Temkin- D-R Langmuir 60

Coal fly ash Norfloxacin Langmuir-Freundlich-Temkin Langmuir 61

Coal fly ash Ciprofloxacin Langmuir-Freundlich-Temkin- D-R Langmuir 62

Activated sludge Tetracycline Langmuir-Freundlich-Temkin Temkin 63

Canola Amoxicillin Langmuir-Freundlich-Temkin-R-P Freundlich 64

Montmorillonite Tetracycline Langmuir-Freundlich-Temkin-BET Langmuir 65

Table 4: Adsorption capacity of different adsorbents in the field of antibiotic removal.

Adsorbents Antibiotics Qm(mg/g) Ref Adsorbents Antibiotics Qm(mg/g) Ref

NH4Cl-AC Amoxicillin 28.24 66 Iron particles Ampicillin 41.17 67

Azolla filiculoides Ampicillin 19.45 68 Aluminum oxide Tetracycline 71.49 69

Fe–Mn oxide Tetracycline 82.57 70 Goethite Tetracycline 35.79 71

Activated sludge Tetracycline 41.43 72 Chitosan Tetracycline 28.64 73

MnFe2O4/AC Tetracycline 73.96 74 Titania–silica Tetracycline 41.72 75

Azolla -AC Amoxicillin 98.47 76 Magnetic-CNT Amoxicillin 148.2 77

Lemna minor Penicillin G 29.47 78 Montmorillonite Tetracycline 36.94 79

Kaolinite Tetracycline 41.56 80 Illite Tetracycline 38.74 81

Cay minerals Tetracycline 35.68 82 Lemna minor algal Tetracycline 36.47 83

Wheatstalks Tetracycline 21.79 84 Corylus -AC Ciprofloxacin 125.9 85

Azolla-AC Sulfamethoxazole 119.7 86 Alumina-CNT Tetracycline 264.8 87

Graphite Tetracycline 84.35 88 Grapheme oxide Tetracycline 114.6 89

Bntonite Ampicillin 61.74 92 Palygorskite Tetracycline 146.5 91

Silica Tetracycline 48.14 92 Polyaniline-NP Metronidazole 36.94 93

Zirconium Oxide-NP Ciprofloxacin 219.8 94 Zeolite A Clinoptilolite 181.2 95

siris seed pods- AC metronidazole 81.46 96 NH4Cl- AC Tetracycline 92.17 97

Ativated carbons Tetracycline 95.27 98 SiO2-NP Ciprofloxacin 84.91 99

Red mud Ciprofloxacin 52.14 100 Plm bark Amoxicillin 29.65 101

MAC Ciprofloxacin 156.4 102 Cu-13X Tetracycline 64.81 40

Fe3O4-graphene Tetracycline 54.62 53 Canola Amoxicillin 24.19 64

the exchange of electrons and thus chemical sorption generally is  
irreversible.105 Physical adsorption or physisorption is characterized  
by weak Van der Waals intraparticle bonds between adsorbate and  
adsorbent and thus reversible in most cases22. Adsorption on most of  
the adsorbent including agricultural by-products is controlled by physical  
forces with some exception of chemisorption.106 The main physical 
forces controlling adsorption are Van der Waals forces, hydrogen bonds, 

polarity, dipole–dipole ∏–∏ interaction, etc.107 This process provides an 
attractive alternative for the treatment of polluted waters, especially if the 
sorbent is inexpensive and does not require an additional pretreatment  
step before its application.24 As for environmental remediation purpose, 
adsorption techniques are widely used to remove certain classes of 
chemical contaminants from waters, especially those that are practically  
unaffected by conventional biological wastewater treatments.25 Adsorption  
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has been found to be superior to other techniques in terms of flexibility 
and simplicity of design, initial cost, insensitivity to toxic pollutants and  
ease of operation.26 Adsorption also does not produce harmful substances.28  
Factors that influence the adsorption efficiency include adsorbate– 
adsorbent interaction, adsorbent surface area, adsorbent to adsorbate 
ratio, adsorbent particle size, temperature, pH and contact time and etc.
Adsorbent dosage is an important process parameter to determine  
the capacity of an adsorbent for a given amount of the adsorbent at the 
operating conditions.108 Generally the percentage of antibiotics removal  
increases with increasing adsorbent dosage, where the quantity of  
sorption sites at the surface of adsorbent will increase by increasing the 
amount of the adsorbent.109 The effect of adsorbent dosage gives an idea  
for the ability of a antibiotics adsorption to be adsorbed with the smallest  
amount of adsorbent, so as to recognize the capability of a antibiotics 
from an economical point of view. 
Effect of temperature is another significant physico-chemical process 
parameter because temperature will change the adsorption capacity of 
the adsorbent.108 If the amount of adsorption increases with increasing  
temperature then the adsorption is an endothermic process.109 This  
may be due to increasing mobility of the antibiotics molecules and  
an increase in the number of active sites for the adsorption with increasing  
temperature.110 Whereas the decrease of adsorption capacity with  
increasing temperature indicates that the adsorption is an exothermic  
process.111 This may be due to increasing temperature decreasing the  
adsorptive forces between the antibiotics species and the active sites on the  
adsorbent surface as a result of decreasing the amount of adsorption.112 
Table 2 showed the compilation of results of various studies on the effect 
of temperature on the antibiotics adsorption by various adsorbents.
The adsorption isotherm is significant for the explanation of how the 
adsorbent will interact with the adsorbate and give an idea of adsorption 
capacity. They play an important role in understanding the mechanism 
of adsorption. The surface phase may be considered as a monolayer or 
multilayer. Several isotherm models are presented in the literature.113 
Langmuir and Freundlich models are the most widely used to describe  
the adsorption isotherm. The Langmuir adsorption isotherm model  
assumed that adsorption takes place at specific homogeneous sites within  
the adsorbent, and it has been used successfully for many adsorption  
processes of monolayer adsorption.114 The Freundlich adsorption  
isotherm model considers a heterogeneous adsorption surface that has 
unequal available sites with different energies of adsorption.115

CONCLUSION
Is review article presented a wide range of adsorbents such as nanoparticles, 
carbon nano tubes, various agricultural adsorbent, activated carbon, 
biomass-based activated carbon, biosorbents, various other inorganic  
oxides, and clay minerals in the removal of antibiotics from aqueous  
solution. From the large number of published literature reviewed here, it 
is observed that the mechanism and kinetics of adsorption of antibiotics 
on various adsorbents depend on the chemical nature of the materials 
and various physico-chemical experimental conditions such as initial  
antibiotics concentration, adsorbent dosage, and temperature of the  
system. Therefore, these factors are to be taken into account while 
evaluating the adsorption capacity of different adsorbents. This review 
article also reveals that the Langmuir and Freundlich adsorption 
isotherm models are usually used to evaluate the adsorption capacity of 
various adsorbents.

REFERENCES
1. Klavarioti M, Mantzavinos D, Kassinos D. Removal of residual pharmaceuticals  

from aqueous systems by advanced oxidation processes. Environ Int. 
2009;35(2):402–17.



Balarak, et al: Antibiotics Removal by Adsorption Process

110 International Journal of Pharmaceutical Investigation, Vol 10, Issue 2, Apr-Jun, 2020

57. Jafari M, Aghamiri SF, Khaghanic G. Batch adsorption of cephalosporins  
antibiotics from aqueous solution by means of multi-walled carbon nanotubes. 
World appl Sci J. 2011;14(11):1642-50. 

58. Ji L. Adsorption of tetracycline on single-walled and multi-walled carbon 
nanotubes as affected by aqueous solution chemistry. Environ Toxicol Chem. 
2011;29(12):2713-9.

59. Kim H, Hwang YS, Sharma VK. Adsorption of antibiotics and iopromide 
onto single-walled and multiwalled carbon nanotubes. Chem Eng Technol. 
2014;255:23-7.

60. Kim SH, Shon HK, Ngo HH. Adsorption characteristics of antibiotics  
trimethoprim on powdered and granular activated carbon. J IndEng Chem. 
2010;16(3):344-9.

61. Zhang CL, Li BY, Wang Y. Adsorption of norfloxacin from aqueous solution onto 
modified coal fly ash. Chem Eng Technol. 2010;33(6):969-72.

62. Zhang CL, Qiao GL, Zhao F, Wang Y. Thermodynamic and kinetic parameters of 
ciprofloxacin adsorption onto modified coal fly ash from aqueous solution. J 
Mol Liq. 2011;163(1):53-6.

63. Yahiaoui I, Aissani-Benissad F, Fourcade F, Amrane A. Removal of tetracycline 
hydrochloride from water based on direct anodic oxidation (Pb/PbO2 electrode) 
coupled to activated sludge culture. Chem Eng J.  2013;221:418-25.

64. Balarak  D, Mahdavi Y, Azadi NA, Sadeghi SH. Isotherms and thermodynamic 
study on the biosorption of amoxicillin using canola. Int J Anal Pharm Biomed 
Sci. 2016;5(3);8-14.

65. Parolo ME, Savini MC, Vallés JM, Baschini MT, Avena MJ. Tetracycline  
adsorption on montmorillonite: pH and ionic strength effects. Appl Clay Sci. 
208;40(14);179-186.

66. Yaghmaeian K, Moussavi G, Alahabadi A. Removal of amoxicillin from  
contaminated water using NH4Cl-activated carbon: Continuous flow fixed-bed  
adsorption and catalytic ozonation regeneration. Chem Eng J. 2014;236:538-44.

67. Ghauch A, Tuqan A, Assi HA. Elimination of amoxicillin and ampicillin by micro 
scale and nano scale iron particles. Environ Pollut. 2009;157(5):1626-35.

68. Malakootian M, Mahdavi Y, Sadeghi SH, Amirmahani N. Removal of antibiotics 
from wastewater by azolla filiculoides: kinetic and equilibrium studies.  Int J 
Anal Pharm Biomed Sci. Sci. 2015;4(7):105-13.

69. Chen WR, Huang CH. Adsorption and transformation of tetracycline antibiotics 
with aluminum oxide. Chemosphere. 2010;79:779-85.

70. 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(2):242-7.

71. 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(1):247–51.

72. Prado N, Ochoa J, Amrane A. Biodegradation and biosorption of tetracycline  
and tylosin antibiotics in activated sludge system. Process Biochem. 
2009;44(11):1302-6.

73. Kang J, Liu H, Zheng Y, Qua J, Chen PJ. Systematic study of synergistic and 
antagonistic effects on adsorption of tetracycline and copper onto a chitosan. 
J Colloid Interface Sci. 2010;344(1):117-25.

74. Shao L, Ren Z, Zhang G, Chen L. Facile synthesis, characterization of a  
MnFe2O4/activated carbon magnetic composite and its effectiveness in tetra-
cycline removal. Mater Chem Phys. 2012;135(1):16-24.

75. Brigante M, Schul PC. Remotion of the antibiotic tetracycline by titania and 
titania–silica composed materials. J Hazard Mater. 2011;192(3):1597-608.

76. Balarak D, Mostafapour FK, Akbari, H. Adsorption of Amoxicillin Antibiotic from  
Pharmaceutical Wastewater by Activated Carbon Prepared from Azolla filiculoides.  
Br J Pharm Res. 2017;18(3):1-10.

77. Balarak D, Mostafapour FK, Joghtaei A. Thermodynamic Analysis for  
Adsorption of Amoxicillin onto Magnetic Carbon Nanotubes. Br J Pharm Res. 
2017;16(6);1-10. 

78. Balarak D, Mostafapour FK, Joghataei A. Experimental and Kinetic Studies on 
Penicillin G Adsorption by Lemna minor. Br J Pharm Res. 2016;9(5):1-10.

79. Zhao Y, Gu X,  Gao S, Geng J, Wang X. Adsorption of tetracycline (TC) onto 
montmorillonite: cations and humic acid effects. Geoderma. 2012;183:12-8.

80. Li Z, Schulz L, Ackley C, Fenske N. Adsorption of tetracycline on kaolinite with 
pH-dependent surface charges. J Colloid Interface Sci. 2010;351(1):254-60.

81. 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;67:158-63.

82. Chang PH, Li Z, Jiang WT, Jean JS. Adsorption and intercalation of tetracycline 
by swelling clay minerals. Appl Clay Sci. 2009;46(1):27-36.

83. Godosa I, Munozb R, Guieyssea B. Tetracycline removal during wastewater 
treatment in high-rate algal ponds. J Hazard Mater. 2012;229:446-9.

84. 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;121:235-40.

85. Homem V, Santos L. Degradation and removal methods of antibiotics from 
aqueous matrices- a review. J Environ Manage. 2011;92(10):2304-47.

86. Balarak D, Mostafapour FK. Batch Equilibrium, Kinetics and Thermodynamics  
Study of Sulfamethoxazole Antibiotics Onto Azolla filiculoides as a Novel  

Int J Pharm  Technol. 2016;8(3):16664-75.
30. Mahvi AH, Mostafapour FK. Biosorption of tetracycline from aqueous solution  

by azolla filiculoides: equilibrium kinetic and thermodynamics studies. Fresenius  
Environ. Bull. 2018;27(8);5759-67.

31. Martins AC, Pezoti O, Cazetta AL, Bedin KC, Yamazaki DAS, Bandoch GFG, et al.  
Removal of tetracycline by NaOH-activated carbon produced from macadamia 
nut shells: kinetic and equilibrium studies. Chem Eng J. 2015;260:291-9.

32. Mihciokur H, Oguz M. Removal of oxytetracycline and determining its  
biosorption properties on aerobic granular sludge. Environ Toxicol Pharmacol. 
2016;46:174-82.

33. Mohammadi AS, Sardar M. The removal of penicillin G from aqueous solutions 
using chestnut shell modified with H2SO4: isotherm and kinetic study. Iranian J 
Health Environ. 2012;6:497-508.

34. Lin Y, Xu S, Jia L. Fast and highly efficient tetracyclines removal from environ-
mental waters by grapheme oxidefunctionalized magnetic particles. Chem Eng 
J. 2013;225:679-85.

35. Liu W, Zhang J, Zhang C, Ren L. Sorption of norfloxacin by lotus stalk-based  
activated carbon and iron-doped activatedalumina: Mechanisms, isotherms 
and kinetics. Chem Eng J. 2011;171(2):431-8.

36. Balarak D, Azarpira H. Rice husk as a Biosorbent for Antibiotic Metronidazole  
Removal: Isotherm Studies and Model validation. Int J ChemTech Res. 
2016;9(7):566-573.

37. Azarpira H, Mahdavi Y, Khaleghi O. Thermodynamic Studies on the Removal 
of Metronidazole Antibiotic by Multi-Walled Carbon Nanotubes. Pharm Lett. 
2016;8(11):107-13.

38. Balarak D, Azarpira H, Mostafapour FK. Study of the Adsorption Mechanisms 
of Cephalexin on to Azolla Filiculoides. Pharm Chem. 2016;8(10):114-21.

39. Zhang Z, Li H, Liu H. Insight into the adsorption of tetracycline onto amino and 
amino-Fe3+ gunctionalized mesoporous silica: Effect of functionalized groups. 
J Environ Sci. 2018;65:171-8.

40. Lv JM, Ma YL, Chang X, Fan SB. Removal and removing mechanism of  
tetracycline residue from aqueous solution by using Cu-13X. Chem Eng J. 
2015;273:247-53.

41. Xiong W, Zeng G, Yang Z, Zhou Y, Zhang C, Cheng M, et al. Adsorption of  
tetracycline antibiotics from aqueous solutions on nanocomposite multi-walled 
carbon nanotube functionalized MIL-53(Fe) as new adsorbent. Sci Total Environ. 
2018;627:235-44.

42. Cao J, Xiong Z, Lai B. Effect of initial pH on the tetracycline (TC) removal by  
zero-valent iron: Adsorption, oxidation and reduction. Chem Eng J. 2018;343:492-9.

43. Marzbali MH, Esmaieli M, Abolghasemi H, Marzbali MH. Tetracycline adsorption  
by H3PO4-activated carbon produced from apricot nut shells: A batch study. 
Process Saf Environ Prot. 2016;102:700-9.

44. Ahmed MJ. Adsorption of quinolone, tetracycline, and penicillin antibiotics  
from aqueous solution using activated carbons: Review. Environ Toxicol  
Pharmacol. 2017;50:1-10.

45. Vona A, Martino F, Garcia-Ivars J, Picó Y, Mendoza-Roca JA, Iborra-Clar MI. 
Comparison of different removal techniques for selected pharmaceuticals. J 
Water Process Eng. 2015;5:48-57.

46. Ahmadi S, Banach A, Kord Mostafapour F. Study survey of cupric oxide  
nanoparticles in removal efficiency of ciprofloxacin antibiotic from aqueous  
solution: Adsorption isotherm study. Desalin Water Treat. 2017;89;297-303.

47. Balarak D, Mostafapour F, Bazrafshan E, Saleh TA. Studies on the adsorption of 
amoxicillin on multi-wall carbon nanotubes. Water Sci Technol. 2017;75(7):1599-
606.

48. Yu B, Bai Y, Ming Z, Yang H, Chen L, Hu X, et al. Adsorption behaviors of tetracy-
cline on magnetic graphene oxide sponge. Mater Chem Phys. 2017;198:283-90.

49. Adriano W. Adsorption of amoxicillin on chitosan beads: Kinetics, equilibrium 
and validation of finite bath models. Biochem Eng J. 2005;27(2):132-7.

50. Ali I, AL-Othman ZA, Alwarthan A. Synthesis of composite iron nano adsorbent 
and removal of ibuprofen drug residue from water. J Mol Liq. 2016;219:858-64.

51. Carabineiro S. Comparison between activated carbon, carbon xerogel and  
carbon nanotubes for the adsorption of the antibiotic ciprofloxacin. Catal today. 
2012;186(1):29-34.

52. Ou J, Mei M, Xu X. Magnetic adsorbent constructed from the loading of amino 
functionalized Fe3O4 on coordination complex modified polyoxometalates 
nanoparticle and its tetracycline adsorption removal property study. J Solid 
State Chem. 2016;238:182-8. 

53. Zhang Y, Jiao Z, Hu Y, Lv S, Fan H, Zeng Y. Removal of tetracycline and  
oxytetracycline from water by magnetic Fe3O4@graphene. Environ Sci Pollut 
Res. 2017;24(3):2987-95.

54. Harja M, Ciobanu G. Studies on adsorption of oxytetracycline from aqueous 
solutions onto hydroxyapatite. Sci Total Environ. 2018;628:36-43.

55. Fazelirad H. Preparation of magnetic multiwalled carbon nanotubes for an  
efficient adsorption and spectrophotometric determination of amoxicillin.  
J IndEng Chem. 2015;21:889-2.

56. Chen Y, Wang F, Duan L, Yang H, Gao J. Tetracycline adsorption onto rice husk 
ash, an agricultural waste: Its kinetic and thermodynamic studies. J Mol Liq. 
2016;222:487-94.



Balarak, et al: Antibiotics Removal by Adsorption Process

International Journal of Pharmaceutical Investigation, Vol 10, Issue 2, Apr-Jun, 2020 111

Biosorbent. Br J Pharm Res. 2016;13(2):1-10.
87. Balarak D, Mahdavi Y, Mostafapour FK.  Application of Alumina-coated Carbon 

Nanotubes in Removal of Tetracycline from Aqueous Solution. Br J Pharm Res. 
2016;12(1):1-11.

88. Ji LG, Chen W, Duan L, Zhu D.  Mechanisms for strong adsorption of tetra-
cycline to carbon nanotubes: a comparative study using activated carbon and 
graphite as adsorbents. Environ Sci Technol. 2009;43(7):2322-7.

89. Gao Y, Li Y, Zhang L, Huang H,  Hu J, Shah SM, et al. Adsorption and removal 
of tetracycline antibiotics from aqueous solution by grapheme oxide. J Colloid 
Interface Sci. 2012;368(1):540-6.

90. Rahardjo A, Susanto M, Kurniawan A, Indraswati N. Modified Ponorogo 
bentonite for the removal of ampicillin from wastewater. J Hazard Mater. 
2011;190(1-3):1001-8.

91. Chang PH, Li Z, Yu TL, Munkhbayer S, Kuo TH, Hung YC. Sorptive removal of 
tetracycline from water by palygorskite. J Hazard Mater. 2009;165(1-3);148-55.

92. Turku I, Sainio T, Patero E. Thermodynamics of tetracycline adsorption on silica. 
Environ Chem Lett. 2007;5(4):225-8.

93. Balarak D, Mansouri AH, Chandrika K. Adsorption characteristics of metronida-
zole from industrial wastewater onto polyaniline nanocomposite. Int J Life Sci 
Pharm Res. 2019;9(4):49-58.

94. Balarak D, Chandrika K. Investigating the Efficiency of Zirconium Oxide 
Nanoparticles in Removal of Ciprofoxacin from Aqueous Environments. Int J 
Life Sci Pharm Res. 2020;10(1):17-22.

95. Faghihian H, Amini MK, Nezamzadeh AR. Cerium uptake by zeolite A synthesized  
from natural clinoptilolite. J Rad Nucl Chem. 2005;264(3):577-82.

96. Ahmed MJ, Theydan SK. Microwave assisted preparation of microporous  
activated carbon from siris seed pods for adsorption of metronidazole antibiotic.  
Chem Eng J.  2013;214:310-8. 

97. Moussavi G, Alahabadi A, Yaghmaeian K, Eskandari M. Preparation, character-
ization and adsorption potential of the NH4Clinduced activated carbon for the 
removal of amoxicillin antibiotic from water. Chem Eng J. 2013;217:119-28.

98. Ocampz PR, Leyva RR, Rivera UJ, Flores CJV, Sánchez PM. Modeling adsorption  
rate of tetracyclines on activated carbons from aqueous phase. Chem Eng Res 
Design. 2015;104:579-88.

99. Mostafapour FK, Baniasadi M. Removal of Ciprofloxacin from of Pharma-
ceutical Wastewater by Adsorption on SiO2Nanoparticle. J Pharm Res Int. 
2018;25(6):1-9.

100. Balarak D, Mostafapour FK, Joghataei A. Kinetics and mechanism of red mud 
in adsorption ciprofoxacin in aqueous solution. Biosci Biotechnol Res commun. 
2017;10(1):241-8.

101. Torres PJ, Gérente C, Andrès Y. Sustainable Activated carbons from agricultural 
residues dedicated to antibiotic removal by adsorption. Chinese J Chem Eng. 
2012;20(3):524-9.

102. Carabineiro SAC, Thavorn-Amornsri T, Pereira MFR. Adsorption of ciprofloxacin 
on surface-modified carbon materials. Water Res. 2012;45(15):4583-91.

103. Xie HJ, Liu WF, Zhang J, Zhang CL, Ren L. Sorption of norfloxacin from aqueous  
solutions by activated carbon developed from Trapanatans husk. Sci. China 
Chem. 2011;54(5):835-43.

104. Xu XR, Li XY. Sorption and desorption of antibiotic tetracycline on marine  
sediments. Chemosphere. 2010;78(4):430-6.

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

106. Yahya MA, Al-Qodah Z, Zanariah CW. Agricultural bio-waste materials as  
potential sustainable precursors used for activated carbon production: a review.  
Renew Sustain Energy Rev. 2015;46:218-35.

107. Yang W, Lu Y, Zheng F, Xue X, Li N, Liu D. Adsorption behavior and mecha-
nisms of norfloxacin onto porous resins and carbon nanotube. Chem Eng J. 
2012;179:112-8.

108. Li K, Ji F, Liu Y, Tong Z, Zhan X, Hu Z. Adsorption removal of tetracycline from 
aqueous solution by anaerobic granularsludge: equilibrium and kinetic studies. 
Water Sci Technol. 2013;67(7):1490-6.

109. Liu H, Ning W, Cheng P, Zhang J, Wang Y, Zhang C. Evaluation of animal  
hairs-based activated carbon for sorption of norfloxacin and acetaminophen 
by comparing with cattail fiber-based activated carbon. J Anal Appl Pyrol. 
2013;101: 156-65.

110. Li X, Chen S, Fan X, Quan X, Tan F, Zhang Y, et al. Adsorption of ciprofloxacin, 
bisphenol and 2-chlorophenol onelectrospun carbon nanofibers: in comparison 
with powder activated carbon. J Colloid Interf Sci. 2015;447:120-7.

111. Sun Y, Yue Q, Gao B, Wang B, Li Q, Huang L, et al. Comparison of activated 
carbons from arundo donax Linn with H4P2O7 activation by conventional and 
microwave heating methods. Chem Eng J. 2012 192:308-14. 

112. Lian F, Song Z, Liu Z, Zhu L, Xing B. Mechanistic understanding of tetracycline 
sorption on waste tire powder and its charsas affected by Cu2+ and Ph. Environ 
Pollut. 2013;178:264-70.

113. Cong Q, Yuan, X, Qu J. Removal of antibiotics by carbon nanotubes. Water Sci 
Technol. 2013;68(8):1679-87.

114. Daghrir R, Drogui P. Tetracycline antibiotics in the environment. Environ Chem 
Lett. 2013;11(3):209-27.

115. Derakhshan Z. Removal methods of antibiotic compounds from aqueous  
environments - A review. J Environ Health Sustainable Dev. 2016;1(1):43-62.

Article History: Submission Date : 04-02-2020; Revised Date : 29-02-2020; Acceptance Date : 18-03-2020.
Cite this article: Balarak D, Khatibi AD, Chandrika K. Antibiotics Removal from Aqueous Solution and Pharmaceutical Wastewater by Adsorption Process: A 
Review. Int. J. Pharm. Investigation. 2020;10(2):106-11.




