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a b s t r a c t
In this study, the adsorption of ciprofloxacin was reviewed from aqueous media (water and 
wastewater) in studies published over the last years (1990–2020). The objective of this research was 
to analyze ciprofloxacin removal from aqueous media by adsorption process through a systematic 
review and meta-analysis. It was found that the ciprofloxacin adsorption data were well fitted on 
the Langmuir isotherm and the pseudo-second-order kinetic models. The review further showed 
that the optimum pH ranged from 6 to 8.5 in most articles. Based on the reported results, the 
temperature and standard enthalpy change (ΔH°) varied in the range of 273–388 K and –1,212.6 
to 170.21 kJ/mol, respectively. The maximum reported adsorption capacity for ciprofloxacin was 
1,575 mg/g for C@silica core/shell nanoparticles. Also, the minimum adsorption capacity was 
related to birnessite (47 ng/g). The most effective adsorbent for ciprofloxacin removal was C@sil-
ica core/shell nanoparticles from ZIF-8. The results of the meta-analysis revealed that the adsorp-
tion process could remove ciprofloxacin with an acceptable mean efficiency of 59.32% (95% CI: 
44.66–73.97). It can be suggested to apply the novel hybrid processes, adsorbent modification, 
composite adsorbent development, neural network modeling to increase ciprofloxacin adsorption.
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1. Introduction

Population growth and increased production and con-
sumption of emerging pollutants have destroyed the quality 
of water resources. The amount and types of these hazard-
ous pollutants and related problems are increasing. They 
can cause enzymatic, hormonal, and genetic disorders in 
humans [1–5]. Recent researches have reported a large num-
ber of emerging pollutants, the metabolites of which have 
been identified in aqueous media. Conventional water and 
effluent treatment methods, including physical, chemical, 

and biological processes (individually or in combination) 
cannot remove or degrade these pollutants such that most 
of them eventually enter the ecosystem [6,7]. Antibiotics are 
among the emerging pollutants that can cause severe impact 
effects if their residues enter the body [8]. They target cer-
tain responsible organisms and destroy ecosystems. Some of 
them are non-biodegradable and remain in the environment 
for a long time [9,10]. Ciprofloxacin like other antibiotics 
could accumulate in the body of organisms, thus posing a 
potential health risk. Therefore, due to the high-level con-
centration in various wastewaters, stability, resistance to 



253M. Malakootian et al. / Desalination and Water Treatment 229 (2021) 252–282

degradation, and potential ecotoxicity, the effective removal 
of ciprofloxacin is plausible [11–14].

Ciprofloxacin is one of the most important antibiot-
ics in medicine for the treatment of bacterial infections 
caused by Gram-positive and Gram-negative bacteria [15]. 
Ciprofloxacin concentrations were reported to be 0.001 mg/L 
in effluent and surface water, more than 0.15 mg/L in hos-
pital wastewater, and 30 mg/L in pharmaceutical wastewa-
ter [16]. Although the concentration of ciprofloxacin may 
be low in aqueous media, its continued accumulation can 
increase the potential hazards to aquatic ecosystems as well 
as concerns about its biological and genetic damages [17,18]. 
Ciprofloxacin has a high solubility in aqueous media and 
high sustainability in soil and effluent systems at different 
pH conditions [19]. Several physicochemical processes have 
been used to remove ciprofloxacin from aqueous media 
such as ozonation [20], photocatalytic processes [21–23], 
adsorption [24,25], Fenton, and electrocoagulation [26,27].

There are many concerns about the presence of anti-
biotics, including ciprofloxacin in the surface and drink-
ing water, because they can pose a potential threat to the 
environment and human health. Chronic toxicity, endo-
crine disruption, and direct toxicity of microflora, even at 
low concentrations, are among these concerns [27]. This 
study aimed to review papers on the adsorption of cipro-
floxacin from different aqueous media from 1990 to 2020 
to determine which aqueous media, by what adsorbents, 
and to what efficiency can adsorb this antibiotic. In addi-
tion, the meta-analysis of the results of some papers deter-
mined the mean ciprofloxacin adsorption efficiency. The 
results of the current study will help researchers to identify 
shortcomings, and conduct their future studies on efficient 
processes and fill the gap of knowledge.

2. Materials and methods

This review study was conducted during the second six 
months of 2019 and the first month of 2020. The research 
team was composed of four university professors who were 
interested in the subject of study and had research back-
grounds in the various fields of research. The members of 
this team collaborated by supervising the research, monitor-
ing the work process, extracting and data.

2.1. Literature sources and search strategies

The papers analyzed in this study were those published 
from 1990 to 2020. An extensive search was conducted on the 
electronic information sources of PubMed (1 October 2019 
to 30 October 2019), Web of Science (1 November 2019 to 06 
December 2019), Proquest (7 December 2019 to 24 December 
2019), and Scopus (25 December 2019 to 30 December 2019) 
based on the following terms (using the Medical Subject 
Headings (MeSH)): ((Organic material) OR (Micropollutant)) 
AND ((Drug) OR (Fluoroquinolone) OR (Pharmaceutical) 
OR ((Antibiotic) OR (Ciprofloxacin)) AND ((Degradation) 
OR Adsorption) OR (Removal) OR (Mineralization) OR 
(Decomposition) OR (Oxidation) OR (Treatment) OR 
(Abatement) OR (Elimination)) AND ((Aqueous) OR 
(Seawater) OR (Groundwater) OR (Water) OR (Freshwater) 
OR (Wastewater) OR (Waste) OR (Effluent) OR (Influent)).

2.2. Inclusion and exclusion criteria

The literature search was limited to peer-reviewed pub-
lications written in English between 1990 until January 
2020. After this stage, we considered a set of inclusion and 
exclusion criteria, which are described below:

The study inclusion criteria apply to each publica-
tion, which consists of scope (Step 1), study quality (Step 
2), and data availability (Step 3). For Step 1, two indepen-
dent screeners first evaluated the titles and abstracts of the 
retrieved articles to assess whether the paper included cip-
rofloxacin removal using the adsorption process in aque-
ous media. In addition, the full text of the papers whose 
abstracts passed the first screening step to confirm that the 
document contained an experimental study and to evalu-
ate the efficiency of the ciprofloxacin adsorption process. 
We excluded books, presentations, review papers, and 
letters to the editor about the adsorption process for the 
removal of ciprofloxacin and other environmental matrices 
such as soil and air. Also, papers about the development 
of detection methods of ciprofloxacin in different media 
were excluded. Information on each paper was extracted, 
such as the first author, year of publication, the type and 
nature of the adsorbent, initial concentration, fitted mod-
els, thermodynamic parameters, optimum pH, adsorption 
capacity and removal efficiency. For Step 2, the quality 
of a study was evaluated independently by two scientific 
reviewers. The studies have passed the criteria of clarity. 
Publications in which their study and associated method-
ologies were not sufficiently documented to investigate 
the quality of the study were not included. After a publica-
tion passed both scope and quality criteria, the availability 
of the data (Step 3) was analyzed. For this selection step, 
papers that used the experimental design method were 
included in the meta-analysis

2.3. Meta-analysis

Papers with accessible experimental data were included 
in the meta-analysis. Eventually, 8 papers were meta-ana-
lyzed. The binomial distribution was applied to calculate 
the variance of the data in each paper. Cochran test and I2 
index were used to evaluate the heterogeneity of data, and 
the random-effects model was used to combine papers due 
to the heterogeneity in them. Data were analyzed using 
STATA software (version 12.2). A P-value of less than 0.05 
was considered as the significant level.

3. Results

The PRISMA flow diagram (the flow diagram depicts 
the flow of information through the different phases of 
a systematic review) for the inclusion of studies in the 
systematic review is shown in Fig. 1. The extracted data 
from selected papers about the adsorption of ciprofloxacin 
from water and wastewater media are shown in Tables 1 
and 2, respectively. The classification of published papers 
on ciprofloxacin adsorption based on the type of media 
and adsorbent as illustrated in Fig. 2a and b, respec-
tively. Fig. 3 shows the number of relevant publications 
from 1990 to 2020. A forest plot of the mean efficiencies of 
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Fig. 1. PRISMA flow diagram for the inclusion of studies in the systematic review.

ciprofloxacin removal by the adsorption process is demon-
strated in Fig. 4. Experimental conditions of the studies 
included in the meta-analysis shown in Table 3.

4. Discussion

This study aimed to investigate the removal of cipro-
floxacin from two aqueous media (water and wastewater) 
by adsorption process, through a systematic review and 
meta-analysis. From 219 papers reviewed, 199 (90.9%) and 
20 (9.13%) papers survived the removal efficiency of cip-
rofloxacin in water and wastewater media, respectively 

(Fig. 2a). As shown in Fig. 3, no paper has been published 
on the ciprofloxacin removal from aqueous media until 2008 
and less than 10 papers have been published from 2009 to 
2013. The number of published papers has increased from 
2014 to 2019 so that the highest number of papers was 
published in 2019 (64 papers). An increasing trend in pub-
lished papers from 1990 to 2020 could be associated with 
several factors; further usage of antibiotics in recent years, 
the establishment of strict standards on the quality of drink-
ing water and water bodies, improvement of the analytical 
chemistry, and more researches about the impact effects 
of emerging pollutants on the human health and ecosystems.

(a) 

 

Water Wastewater (b)

 

88%

2%

10%

Natural Natural and synthe�c synthe�c

8.71%

90.9%

Fig. 2. Classification of published papers on ciprofloxacin adsorption based on (a) the type of aquatic environment (water or 
wastewater) and (b) the type of adsorbent nature (natural, synthetic or natural and synthetic).
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4.1. Adsorbent type

The type and nature of the adsorbent were consid-
ered as the effective factors on the adsorption capacity and 
removal efficiency of ciprofloxacin [243]. According to Tables 
1 and 2, the adsorbents used for the adsorption of ciproflox-
acin originated from different natural and synthetic mate-
rials. According to Fig. 2b, 22 (10.04%) of adsorbents were 
natural adsorbents, 4 (1.82%) natural and synthetic, and 193 
(88.12%) had a synthetic nature. In the reviewed papers, 
natural sorbents such as bentonite, diatomaceous earth, 
montmorillonite, kaolinite, birnessite, clinoptilolite, hema-
tite, silica-pillared clays, sawdust, wheat bran, rice husk, 
Enteromorpha prolifera, clay soil, and etc and synthetic sor-
bents such as synthesized nanoceria, chitosan grafted SiO2–
Fe3O4 nanoparticles, zinc oxide supported on Santa Barbara 

Amorphous SBA-15 type mesoporous silica, ethylene 
diaminetetraacetic acid–β-cyclodextrin, groundnut shell 
powder and zinc oxide (ZnO) nanoparticles, magnetic fuller-
ene nanocomposite obtained from sustainable polyethylene 
terephthalate bottle wastes, and etc have been used.

By reviewing the adsorbents used to remove ciproflox-
acin in various studies, it was observed that a number of 
adsorbents showed high adsorption capacity, for example, 
adsorbents containing carbon and graphene, clay adsor-
bents, magnetic adsorbents, and nanoparticles. In addi-
tion, most adsorbents with high adsorption capacity had a 
synthetic nature.

4.2. Initial concentration of ciprofloxacin

The concentrations of ciprofloxacin in the aqueous media 
were measured by one of the methods of spectrophotometry 
or high-performance liquid chromatography. A review of 
the literature showed that an initial concentration of cip-
rofloxacin in the range of 2 ng/L to 10,000 mg/L was used. 
Ciprofloxacin concentrations were reported to be 0.001 mg/L 
in effluent and surface water, more than 0.15 mg/L in hos-
pital wastewater, and 30 mg/L in pharmaceutical wastewa-
ter [11]. It can be concluded that the concentration ranges 
of ciprofloxacin used in the studies completely covered 
the concentration of ciprofloxacin in real environments. 
By reviewing the concentrations used in the studies, we 
found that in most studies, concentrations ranging from 
5 to 500 mg/L demonstrated a high adsorption capacity.

4.3. Optimum pH of the solution

Since pH affects the surface charge of the adsorbent 
and ciprofloxacin structure, it is considered an important 
factor for adsorption [243–245]. In 94 articles (42.15%), the 
optimum pH ranged from 6 to 8.5, which is close to the 
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Fig. 4. Forest plot of mean efficiencies of ciprofloxacin removal 
by the adsorption process.
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values recommended by the World Health Organization 
(WHO), the Environmental Protection Agency (EPA) and the 
Food and Agriculture Organization (FAO) for discharging 
effluent for irrigation, which is an advantage for the process 
because it does not need to adjust the solution pH. In addi-
tion, in most studies, the optimum pH was 6.

4.4. Fitted kinetic and isotherm models

Kinetic equations are used to describe the transfer behav-
ior of adsorbed molecules per time and study variables 
affecting the reaction rate [243]. In addition, models and 
equations of adsorption equilibrium isotherms are used to 
describe the adsorbent surface properties, provide insight 
into the adsorption process, and report experimental data 
[244]. Isotherms are also considered an important factor in 
designing adsorption systems and describing the relationship 
between the adsorbate concentration and adsorption capac-
ity of an adsorbent [245]. It was found that in most articles, 
the adsorption data fitted well with the Langmuir isotherm 
and the pseudo-second-order kinetic models (Tables 1 and 2). 
However, some studies well fitted with Freundlich [28,31], 
Sips [33,52], Dubinin–Radushkevich [38,51,69], Redlich–
Peterson [41,196], Brouers–Sotolongo [55,77], Hill and Toth 
[61], Temkin [165,203], Koble–Corrigan [111], Thomas and 
Yoon–Nelson [39], Liu [227], and Guggenheim Anderson and 
De Boer [241] isothermal models. Also, some studies well 
fitted with pseudo-first-order [29,39], intraparticle diffusion 
[63,94,156], Elovich [92,151], Boyd [91], and Avrami [227] 
kinetics models.

4.5. Thermodynamic model

The concept of thermodynamics hypothesizes that 
energy cannot be gained or lost and the entropy change is 
the driving force in an isolated system [243–245]. The results 
of reviewing the articles showed that a limited number of 
articles examined thermodynamics. In addition, in arti-
cles involving thermodynamics studies, the temperature 
and standard enthalpy change (ΔH°) varied in the range 
of 273°K–388°K and –1,212.6–170.21 kJ/mol, respectively 
(Tables 1 and 2). We found few studies reported activation 

energy values (n = 4 articles). Although the process of cipro-
floxacin adsorption in aqueous medium has been reported 
both physically and chemically. But in most studies, the pro-
cess of ciprofloxacin adsorption was physical. A total of 53 
papers examined thermodynamic parameters. According 
to the studies, the adsorption process of ciprofloxacin in 
aqueous medium was both endothermic (n = 35 articles) 
and exothermic (n = 17 articles). In one article, the process 
of ciprofloxacin adsorption was reported both exothermic 
and endothermic.

4.6. Adsorption capacity and removal efficiency

According to Tables 1 and 2, many papers reported an 
adsorption capacity greater than 100 mg/g. In the reviewed 
studies, the minimum and maximum adsorption capac-
ities were related to birnessite (47 ng/g) [19] and C@silica 
core/shell nanoparticles from ZIF-8 (1,575 mg/g) [121], 
respectively.

A number of studies have shown high adsorption 
capacity, for example; Genç et al. [29] used bentonite adsor-
bent and initial concentrations of 50–500 mg/L to adsorb 
ciprofloxacin from water and reported adsorption capacity 
of 147.06 mg/g. In a study by Danalıoğlu et al. [30], chitosan 
grafted SiO2–Fe3O4 nanoparticles and initial concentrations 
of 5–40 mg/L were used to remove ciprofloxacin from water 
showed an adsorption capacity of 100.74 mg/g. Moreover, 
the adsorption data fitted well with the Langmuir isotherm 
and the pseudo-second-order kinetic models. Sousa et al. 
[31] used zinc oxide supported on SBA-15 type mesoporous 
silica and initial concentrations of 5–40 mg/L to adsorb 
ciprofloxacin from water and reported an optimum pH 
of 9 and adsorption capacity of 446.42 mg/g. In addition, 
the results of researchers have shown that the adsorp-
tion data fitted well with the Freundlich isotherm and the 
pseudo- second-order kinetic models. In thermodynamic 
studies, they used a temperature of 298.15°K–318.15°K 
and obtained a ΔH° of 4.67. Yu et al. [38] used ethylene 
diaminetetraacetic acid–β-cyclodextrin and ciprofloxacin 
initial concentrations of 100 mg/L to adsorb from water 
and reported an optimum pH 4–5 and adsorption capacity 
of 335.8 mg/g. Moreover, the adsorption data fitted well 

Table 3
Experimental conditions of the studies included in the meta–analysis

Type of adsorbent Initial 
concentration 
(mg/L)

Optimum 
pH (–)

Optimum 
reaction time 
(min)

References

Guava leaves 20–40 4 60 Tay and Ong [45]
Metal–organic frameworks 301–100 6.8 39.95 Dehghan et al. [66]
V2O5/ZnO coated carbon nanofibers 10–200 6 20 Chaba and Nomngongo [118]
MIL-53 (Fe)-directed synthesis of hierarchically 
mesoporous carbon

10 4 120 Tran et al. [139]

Fly ash, activated carbon, bentonite and bagasse ash 31.3–66.2 – 360 Deb et al. [188]
Magnetite imprinted chitosan nanocomposite 1–50 6.5 200 Rasoulzadeh et al. [70]
Semi-fluid Fe/charcoal micro-electrolysis reactor 10–35 5.3 105 Mandizadeh et al. [129]
Pectin-functionalized magnetic nanoparticles 5–10 7 30 Attallah et al. [206]
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with the Dubinin–Radushkevich isotherm and the pseu-
do-second-order kinetic models. In thermodynamic stud-
ies, researchers used a temperature of 298.15–318.15oK and 
obtained a ΔH° of –4.74. De Oliveira Carvalho et al. [227] 
used activated carbon produced from Jerivá and ciproflox-
acin initial concentration of 100 mg/L to adsorb from waste-
water. They reported an optimum pH of 7 and adsorption 
capacity of 335.8 mg/g. Also, the adsorption data fitted 
well with the Liu isotherm and the Avrami kinetic mod-
els. In thermodynamic studies, they used a temperature 
of 288°K–318°K and showed a ΔH° of 3.34. Aydin et al. 
[228] used magnetic Fe3O4/red mud-nanoparticles and cip-
rofloxacin initial concentration of 3 mg/L to adsorb from 
wastewater and reported an optimum pH 6.5 and adsorp-
tion capacity of 110.15 mg/g. In addition, the adsorption 
data fitted well with the Freundlich isotherm and the 
pseudo-second-order kinetic models.

In addition, a number of studies reported very low 
adsorption capacities, for example; Dube et al. [37] used 
perlite, coal fly ash, talc, and vermiculite as adsorbent 
and ciprofloxacin initial concentrations of 25–100 mg/L 
to adsorb from water and reported an optimum pH 3–4.5 
and adsorption capacities of 0.81 to 11.93 mg/g. Also, the 
adsorption data fitted well with the Freundlich isotherm 
and the pseudo-second-order kinetic models. In a study by 
Avcı et al. [41], in the use of activated carbon, montmoril-
lonite, modified montmorillonite, and alumina as adsor-
bent and initial concentration of 4 mg/L to the removal 
of ciprofloxacin from water showed adsorption capaci-
ties of 0.6–1.86 mg/g. In research by Gao et al. [62], in the 
use of clickable azido periodic mesoporous organosilica 
as adsorbent and initial concentration of 0.1 mg/L to the 
removal of ciprofloxacin from water showed an adsorp-
tion capacity of 0.241 mg/g. Reynaud et al. [103] used 
spray-dried chitosan-metal microparticles adsorbent and 
initial concentrations of 25 to 400 mg/L to adsorb cipro-
floxacin from water and reported adsorption capacities of 
0.005–0.35 mg/g. Also, their results show that the adsorp-
tion data fitted well with the pseudo-second-order kinetic  
model.

A number of studies recorded removal efficiencies 
above 85%, for example; in a study by Malik et al. [231], 
functionalized magnetic nanoparticles and ciprofloxacin 
initial concentrations of 5–20 mg/L were used to remove 
from wastewater showed an optimum pH of 7 and removal 
efficiency of 85%. Moreover, the adsorption data fitted well 
with the Langmuir isotherm and the pseudo-second-or-
der kinetic models. García-Alonso et al. [35] used diato-
maceous earth and an initial concentration of 20 mg/L to 
adsorb ciprofloxacin from water and reported a removal 
efficiency of 97%. In addition, the results of research-
ers have shown that the adsorption data fitted well 
with the Langmuir isotherm and the pseudo-second-or-
der kinetic models. Dhiman and Sharma [39] used ZnO 
nanoparticles and ciprofloxacin initial concentrations of 
10–100 mg/L to adsorb from water and reported an opti-
mum pH 4 and removal efficiency of 85%. Moreover, the 
adsorption data fitted well with the Freundlich isotherm 
and the pseudo-first-order kinetic models. Wang et al. 
[65], used activated carbon fiber in combination with the 
electro chemical process to remove ciprofloxacin (initial 

concentration of 50 mg/L) from water media with an opti-
mal pH of 7.4 and removal efficiencies of 98.9%–99.9%.

4.7. Meta-analysis

As shown in Fig. 4, the results of the meta-analy-
sis revealed a mean ciprofloxacin removal efficiency of 
59.32% (95% CI: 44.66–73.97) using the adsorption process.

5. Conclusion, recommendations, and perspectives

The available literature reviewed here has shown a 
growing interest in recent years in adsorption process 
application for the removal of ciprofloxacin from aqueous 
media. Although a wide range of adsorbents has been used 
to adsorb ciprofloxacin over the past decade, magnesium 
oxide/chitosan/graphene oxide nanoparticles, magnetic 
nanosorbents with siliceous hybrid shells of alginic acid 
and carrageenan and C@silica core/shell nanoparticles 
from ZIF-8 had shown a better performance (adsorption 
capacity > 1,000 mg/g). The highest adsorption capacity 
reported for ciprofloxacin was 1,575 mg/g for C@silica core/
shell nanoparticles from ZIF-8. In 94 articles (42.15%), the 
pH ranged from 6 to 8.5, which is close to the values sug-
gested by the WHO, EPA, and FAO for discharging efflu-
ent for irrigation. This review has successfully elucidated 
the progress in ciprofloxacin removal. It can be concluded 
that adsorption is an effective technique of mitigating cip-
rofloxacin pollution in the aqueous media. In addition, 
regarding the importance of selecting environmentally 
friendly processes, the use of natural adsorbents and green 
synthesis methods can be suggested.
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