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Removal of antibiotics in constructed 
wetlands: a review and bibliometric analysis

VALDEMIR F. DA SILVA & DELMIRA BEATRIZ WOLFF

Abstract: This study offers a comprehensive systematic review on the removal of 
antibiotics in Constructed Wetlands (CWs), evaluating their efficacy as an alternative 
to conventional wastewater treatment methods. Data from 82 articles were analyzed, 
focusing on removal rates, antibiotic types, and system configurations, including scale, 
vegetation, sediment, flow, hydraulic retention time (HRT), and hydraulic loading rate 
(HLR). The findings indicate that full-scale CWs, particularly those utilizing vegetation 
like Cyperus alternifolius L. and materials such as shells, zeolites, medicinal stone, 
and ceramics, achieved removal rates exceeding 90% for various antibiotics. The study 
underscores the importance of optimizing both anaerobic and aerobic conditions to 
enhance removal efficiency, noting that aerobic environments promote oxidative 
processes effective for β-lactams, while anaerobic environments facilitate reduction 
processes beneficial for sulfonamides. Hybrid systems combining these zones 
demonstrated maximal removal efficiency. This review advances the understanding of 
antibiotic removal in CWs, presenting them as a viable, sustainable solution to mitigate 
environmental impacts, preserve water quality, and protect public health. Further 
research is recommended to explore the impact of root types and bed configurations on 
removal efficiency.

Key words: emerging pollutants, environmental remediation, pharmaceuticals, pollutant 
degradation, wastewater treatment.

INTRODUCTION
Human development over millennia has 
positioned humans as dominant in the 
biosphere, evolving complex social structures 
and technological advancements that have 
significantly impacted the global environment. 
This progress, however, has increased pollution 
and led to the degradation of critical natural 
resources like soil and water, often accelerated 
by the incorrect disposal of pollutants such 
as pharmaceutical products, which resist 
conventional treatment methods (Kümmerer 
2001, Desai et al. 2022). 

The presence of pharmaceuticals in water 
bodies raises significant environmental and 
public health concerns, emphasizing the 

need for more advanced and effective water 
treatment systems to manage these emerging 
contaminants (Kümmerer 2001, Costa et al. 2014, 
Bila & Dezotti 2003, Senta et al. 2013, Bound & 
Voulvoulis 2004, Gorito et al. 2017). According 
to WPR (2024), Brazil is ranked as the eighth 
largest pharmaceutical market in the world 
in 2024, with total drug sales estimated at 
approximately $28.2 billion a significant 17.7% 
increase from the previous year. This ongoing 
development of Brazil as a key player in the 
global pharmaceutical industry, driven by rising 
demand and increased access to medications, 
necessitates heightened attention to mitigating 
the resulting environmental impacts.
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Antibiotics, crucial among these medicines, 
are a primary concern for the scientific 
community. When looking at the classification 
of antibiotics, it can be seen that the most 
commonly used are natural and semi-synthetic 
types, including β-lactams (penicillins, 
cephalosporins, carbapenems, oxapenems, and 
monobactams), tetracyclines, aminoglycosides, 
macrolides, and cyclic peptides (glycopeptides, 
lipodepsipeptides), along with streptogramins, 
lincosamides, chloramphenicol, and rifamycins. 
There are also synthetic antibiotics that are 
used less frequently, such as sulfonamides, 
fluoroquinolones, and oxazolidinones (Abraham 
2003, Patrick 2005, Pupo et al. 2006). The 
widespread use of these antibiotics, coupled 
with their varying degrees of environmental 
persistence and modes of action, highlights the 
complexity of managing their impact on public 
health and ecosystems. 

The removal of antibiotics in constructed 
wetlands can be significantly influenced by the 
redox conditions of the environment. Aerobic 
environments, characterized by high oxygen 
availability, favor degradation processes 
such as oxidation, which can be effective for 
antibiotics like β-lactams. In contrast, anaerobic 
environments, which have low or no oxygen 
availability, favor processes like reduction, 
which can be more effective for antibiotics 
like sulfonamides. Studies show that the 
combination of aerobic and anaerobic zones in 
hybrid systems can maximize the removal of a 
wide range of antibiotics (Verlicchi & Zambello 
2014, Matamoros et al. 2012).

Antibiotics, designed for potency and 
resistance, retain their chemical properties to 
fulfill therapeutic purposes, yet only 10 to 20% 
of each dose is absorbed by the human body. 
The remainder is excreted into the environment 
through feces and urine, contributing to 
significant environmental contamination (Senta 

et al. 2013). This excretion leads to substantial 
drug residues entering sewage systems and 
natural water bodies, burdening sewage 
treatment plants which often lack the capacity 
to effectively remove these compounds, thereby 
raising pollution levels (Bila, Dezotti 2003, Bound 
& Voulvoulis 2004, Senta et al. 2013, Gorito et al. 
2017, Alam et al. 2021). 

The World Health Organization’s 2022 Global 
Antimicrobial Resistance and Use Surveillance 
System (GLASS) report reveals escalating 
resistance in sepsis-causing bacteria and 
common infections, enhanced by the COVID-19 
pandemic. Furthermore, research indicates a 
21% increase in antibiotic dispensing during the 
pandemic (dos Santos et al. 2023), reinforcing 
the link between antibiotic use and rising 
microbial resistance, a critical threat to both 
environmental biodiversity and human health 
due to the scarcity of new antibiotics (Dalmolin 
et al. 2022). 

The WHO reports a severe global shortage of 
new antibiotics, noting that none of the 43 drugs 
currently in development effectively counteract 
resistance in the most perilous bacteria, many 
of these drugs are simply modifications of older 
classes from the 1980s, which could compromise 
treatment and pose a significant health threat 
globally (WHO 2020a).  

Despite the increase in the search for 
awareness and control over the use of 
antibiotics, studies carried out in Portugal show 
that consumption rates are still high, leading 
to an increase in the resistance of Gram-
positive and Gram-negative bacteria, enhanced 
by inappropriate antibiotic use (Loureiro et al. 
2016). In southern Brazil, studies have identified 
antibiotic-resistant bacteria and enterotoxins 
in the Dilúvio stream, which flows into Lake 
Guaíba, a major water source for Porto Alegre 
used for recreational activities, highlighting risks 
from environmental pollution and inadequate 



VALDEMIR F. DA SILVA & DELMIRA BEATRIZ WOLFF	  REMOVAL OF ANTIBIOTICS IN CONSTRUCTED WETLANDS﻿﻿

An Acad Bras Cienc (2024) 96(4)  e20240275  3 | 26 

sanitation (Basso et al. 2014). Low-and middle-
income countries with lower testing coverage 
reported higher rates of antimicrobial resistance 
(AMR) (WHO 2022). 

Moreover, the environmental role in 
spreading AMR is increasingly recognized as a 
severe public health threat. Recent antibiotics 
are losing effectiveness due to rising antibiotic 
resistance genes (ARGs), leading to higher 
mortality, extended hospital stays, and increased 
healthcare costs (Gashe et al. 2018, Koulenti et 
al. 2020, Friedman et al. 2016, Flach et al. 2024).  

The massive and often unregulated use of 
antibiotics in both humans and animals has 
increasingly led to the emergence of antibiotic-
resistant bacteria (ARB) and antibiotic resistance 
genes (ARGs). The persistence of these antibiotics 
in the environment not only contributes to the 
development of resistance but also necessitates 
a closer examination of the types and uses of 
antibiotics that are most prevalent. 

  The misuse of antibiotics exacerbates 
public health issues by increasing bacterial 
resistance and spreading resistant bacteria and 
ARGs via industrial effluents and wastewater 
treatment plants, intensifying soil and water 
pollution (Denyer et al. 2011, Klein et al. 2018, 
Jelić et al. 2012, Rodríguez-Mozaz et al. 2015). In 
addition, antibiotics act as endocrine disruptors, 
impacting both human health and environmental 
quality (Ebele et al. 2017). Highlighting the need 
for effective removal strategies in both aquatic 
and terrestrial environments (Barbosa et al. 
2016, Derakhsheshpoor et al. 2013). 

The proliferation of antibiotic resistance 
genes is hastened by environmental antibiotic 
exposure, making pathogens less sensitive 
(Gallego-Maldonado et al. 2018, WHO 2023). 
Inadequate antibiotic use, subpar water 
treatment, and poor hygiene contribute to 
resistance, particularly in medications for 

urinary tract infections and certain diarrheas 
(Monteiro et al. 2020, WHO 2020b).  

The WHO also notes significant variations 
in resistance levels, reinforcing the urgency 
of enhancing health practices and education. 
This resistance arises partly due to the disposal 
of antibiotics and their residues into the 
environment or through ineffective effluent 
treatment systems that fail to adequately 
remove these contaminants (Burch et al. 2014). 
Furthermore, the misuse of antibiotics and lack 
of proper guidance could result in approximately 
10 million deaths annually by 2050 if corrective 
measures are not implemented (WHO 2020c, 
Miranda et al. 2020, Arancibia 2019).

To address this scenario, different 
techniques for removing antibiotics from aquatic 
environments have been evaluated, various 
methods for removing antibiotics from water 
have been assessed, including physicochemical, 
biological, and advanced processes like 
adsorption on activated carbon, advanced 
oxidation, nanofiltration, reverse osmosis, and 
biological treatment, achieving removal rates of 
80 to 100% (Huang et al. 2022, Battak et al. 2022, 
Ilurdoz et al. 2022).

Various studies highlight the effectiveness 
of countless wastewater treatment techniques 
in removing antibiotics and other contaminants. 
Carballa et al. (2004) reported removal 
efficiencies of 40% to 90% for different 
pharmaceuticals using aerobic activated sludge 
in Spain. Similarly, Watkinson et al. (2007) in 
Australia noted an 87% reduction in antibiotics 
using a conventional activated sludge system. 
In France, Dinh et al. (2017) observed significant 
reductions in antibiotic concentrations at a 
WWTP, with decreases ranging from 10% to 86% 
for different antibiotics.

Activated charcoal has proven particularly 
effective, achieving antibiotic removal rates of 
76% to over 99% depending on the compound, 
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while biochar and nanotubes showed 
varying effectiveness (Rodriguez-Narvaez et 
al. 2017). Beyond these, techniques such as 
automated solid phase extraction, UHPLC-
MS, biodegradation, adsorption, coagulation, 
membrane filtration, reverse osmosis, and 
advanced methods like photolysis, hydrolysis, 
and advanced oxidation are used, with removal 
efficiencies often exceeding 90% (Mthiyane et 
al. 2023, Tang et al. 2022, Gupta et al. 2022, Safaei 
et al. 2023, Zheng et al. 2022). These studies 
underscore the critical need for diverse and 
effective treatment strategies to address the 
pervasive issue of antibiotic contamination.

Despite advances in effluent treatment, 
challenges persist, including the selection 
of resistant antibiotics and the long-term 
effectiveness of removal techniques. Studies 
have found high concentrations of antibiotics 
and bacterial resistance genes in wastewater 
treatment facilities (Rodriguez-Narvaez et al. 
2017). Antibiotics are also present in aquatic 
environments, ranging from µg L-1 to ng L-1, 
with higher concentrations in pharmaceutical 
effluents, often in the mg L-1 range (Gorito et 
al. 2017, Fick et al. 2009, Larsson 2014, Yang et al. 
2014, Bielen et al. 2017). Given these findings, it is 
vital to enhance research and develop effective, 
accessible, and low-cost methods to address 
this threat and reduce antibiotics in drinking 
water.

The study of CWs systems has been 
intensified and, like many other technologies 
that exist today and are implemented worldwide, 
it originates from the human view of nature and 
aim to artificially reproduce the multiple natural 
processes of pollutant removal in existing 
wetlands, such as the Brazilian Pantanal (Mattoso 
2014). The classification of CWs can be defined 
according to the growth forms of macrophytes 
(floating, submerged or emergent plants), the 
water level (saturated or unsaturated), the form 

of flow (surface or subsurface) and the preferred 
direction of flow (horizontal, vertical or hybrid) 
(Sezerino et al. 2015 & Chen et al. 2016c).

Considering that these are systems that 
employ natural means of toxin removal, reducing 
the influence on the molecular structure of 
bacteria circulating in the aquatic environment, 
preventing the emergence of bacteria resistant 
to available treatments, using a less complex 
methodology and in many cases, at a lower cost 
(GIZ 2011, Santos et al. 2019).

In principle, CWs were not specifically 
designed to remove emerging organic pollutants 
(EOPs) from wastewater (Dotro et al. 2017). 
However, research on this topic shows year after 
year that this practice can be promising for 
reducing various EOPs from domestic wastewater 
(Hijosa-Valsero et al. 2011, Sochacki et al. 2018). 
According to Verlicchi & Zambello (2014), CWs 
do have the capacity to satisfactorily remove 
a significant number of pharmaceuticals and 
other organic micropollutants. The main factors 
responsible for this are the substrates and the 
microbiota associated with the macrophytes, 
which have been shown to be efficient at 
removing some POEs in CWs (Li et al. 2014). 

Araújo et al. (2019) observed that CWs 
systems have emerged as a promising and 
effective technology for the elimination of 
pharmaceuticals. The researchers point out 
that this system reduces the levels of these 
contaminants in the receiving bodies, achieving 
elimination efficiencies of over 80% for 
substances such as diclofenac, dipyrone, and 
paracetamol.

The results obtained by the authors were 
promising and indicate that CWs systems 
can achieve satisfactory levels of antibiotic 
removal. Therefore, the use of CWs can provide 
a sustainable solution to mitigate the negative 
impact of antibiotics on the environment, 
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contributing to the preservation of aquatic 
ecosystems and, consequently, human health. 

This study therefore set out to analyze the 
effectiveness of effluent treatment systems 
based on CWs for antibiotic removal or 
degradation, through a systematic literature 
review, as well as to present flow configurations, 
vegetation, and sediments that have shown the 
best results regarding efficiency of antibiotic 
removal by class.

Abbreviations
AMR - antimicrobial resistance
ARGs - antibiotic resistance genes
CWs - Constructed Wetlands
GLASS - Global Antimicrobial Resistance and 
Use Surveillance System
HLR - hydraulic loading rate
HRT - hydraulic retention time
WHO - World Health Organization
WWTPs - wastewater treatment plants

MATERIALS AND METHODS
The methodology of this study was structured 
to analyze the efficiency of antibiotic removal 
in different constructed wetlands (CWs) 
configurations through a bibliometric approach. 
This quantitative technique involves analyzing 
publication patterns, citations, and keywords, 
allowing for the identification of trends and 
the evaluation of publication impact (Araújo 
& Alvarenga, 2011, Moraes et al. 2013). A 
comprehensive search was conducted between 
October 2021 and December 2023 on the 
Science Direct©, Web of Science© and Scopus© 
platforms. Data extracted from selected articles 
were compiled and analyzed in Microsoft Excel 
spreadsheets, enhancing the reliability of the 
results (Wolfram 2017)

The eligible work for inclusion in the study 
was a result of searches on the platforms, 

and it presented the stipulated terms in the 
title, abstract, or key words during the reading 
process. Once approved, the work was fully read 
and the research aligned with the objectives of 
this review had their data extracted, separated, 
and analyzed.

Data analysis
Data analysis followed several steps. First, 
relevant studies addressing the presence and 
removal of antibiotics in different kinds of CWs 
were collected and revised. Then, data were 
extracted from papers following criteria such 
as: CWs flow configurations (horizontal, vertical, 
surface, subsurface); vegetation; water flow rate; 
sediment characteristics. The removal rates were 
then compiled in a spreadsheet and compared 
with the characteristics of the systems. 

In order to carry out a more detailed 
analysis, the characteristics of each system were 
observed individually, making it possible to 
obtain removal rates for each class of antibiotic, 
which made it possible to infer which antibiotics 
within their respective classes obtained the best 
removal results and which configurations proved 
to be the most suitable, in addition to analyzing 
removal as a function of flow, vegetation, 
sediment and HRT.

The results were interpreted considering 
environmental conditions and operational 
characteristics of the CWs systems, providing 
further insight into the main factors affecting 
antibiotic removal in these environments. The 
discussion of results emphasized the practical 
implications for planning and optimizing 
wasterwater treatment systems based on 
Cws, this seeking an alternative to mitigate 
the environmental impacts associated with 
antibitioc contamination.
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RESULTS
The articles were selected from the Science 
Direct©, Scopus© and Web of Science©. Key 
words were searched in English: “Constructed 
wetlands”, “Emerging pollutants”, “Wetlands 
constructed” and “Wastewater treatment”, 
“Wetlands constructed” and “Antibiotics”, 
“Constructed wetlands” and “Antibiotic removal”, 
“Constructed wetlands” and “Industrial effluents 
treatments”, “Constructed wetlands” and 
“Pharmaceutical removal”. The number of papers 
found per platform is shown in Table I, which 
details the article selection process in terms of 
number per stage and database origin. 

Bibliometric mapping
After papers were submitted to the selection 
criteria, 82 articles remained. Data was collected 
from these articles to create bibliometric maps 
using the VOSviewer® software. The maps 
present the literature found in the databases 
and were generated in “.RIS” format, compiled by 
the Mendeley Web Importer© platform. 

A bibliometric review aims to identify the 
current state of literature. This review evaluated 
the available knowledge on the removal of 
antibiotics from effluents, generating significant 
data using a database formed by 82 selected 
articles. 

To select papers, we first searched for the 
terms in the titles and kept those that presented 
them. The authors utilized The VOSviewer® 
software to identify the most frequently 
recurring terms and to generate a concept map 
based on them. Figure 1 displays the top ten 
most commonly used terms in the titles of the 
82 selected articles. 

The circle’s size corresponds to the 
frequency of the term appearance in the titles. 
The line connecting two terms indicates their co-
occurrence in the same title, and the thickness 

Figure 1. The ten most cited terms in the titles of the 
82 articles.
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of the line shows how frequently these terms 
were used together in different titles.

The second criterion was applied to the 
key words. Only research containing recognized 
terms from the works studied was selected. 
Based on this data, a bibliometric network 
map was constructed, showing the 192 most 
frequently used terms in the key words of 

Table I. Selection of artciles based on terms.

PLATFORMS

SCIENCE DIRECT WEB OF SCIENCE SCOPUS

Total 1841 787 401

Selection by title 556

Selection by keywords 409

Seleção by abstract 82

the works that comprised the database. The 
highlighted lines represent connections that 
link to the term “Constructed Wetlands” (CWs), 
as shown in Figure 2.

A connection between two terms should 
be interpreted as the occurrence of both terms 
together in the same paper. The abbreviation 
“CWs” was found in the key words of 45 works. 

Figure 2. Connection network between terms in key words.
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The most commonly used words associated 
with this term are “antibiotic”, “wastewater”, 
“pharmaceuticals”, “arg”, “removal” and “removal 
efficiency”. 

The density map, or heat map, was then used 
to show the terms with the highest occurrence in 
the abstracts of the 82 papers, as can be seen in 
Figure 3. The red area indicates the intensity of 
occurrence for the term’s “WCs”, “antibiotic”, and 
“removal”, as well as other terms that together 
support the purpose of this research, such as 
“pharmaceutical contaminant” and “pollutant”, 
which appear together frequently on the map. 
The proximity between terms indicates the 
frequency with which they co-occurred.

The density map is being used at this stage 
because it is easily understandable and clearly 
represents the current state of the literature 
in the database for this work. In order to 

understand the map, note that the color scale 
ranges from blue to green, green to yellow, and 
yellow to red. Warm colors indicate a higher 
intensity of occurrences, and proximity on the 
map indicates correlations with other terms. 

Selected works
After reading all 82 articles, 40 papers were 
selected to contribute to this review, in order 
to understand the antibiotic removal methods 
used, their peculiarities, and efficiency. Table II 
displays the authors, year of publication, and 
country, ordered chronologically. 

Removal of antibiotics according to the cha-
racteristics of CWs system
To examine contaminant removal through CWs, 
researchers test different combinantions of 
characteristics. These characteristics include 
flow, vegetation, sedimentation, HRT, and 

Figure 3. Term density map in the abstracts of 82 articles.



VALDEMIR F. DA SILVA & DELMIRA BEATRIZ WOLFF	  REMOVAL OF ANTIBIOTICS IN CONSTRUCTED WETLANDS﻿﻿

An Acad Bras Cienc (2024) 96(4)  e20240275  9 | 26 

Table II. Works in order of selection.

AUTHORS TITLE YEAR COUNTRY

16 Hijosa-Valsero, María 
et al..

Removal of antibiotics from urban wastewater by constructed 
wetland optimization. 2011 Spain

24 Liu, Lin et al..
Elimination of veterinary antibiotics and antibiotic resistance 
genes from swine wastewater in the vertical flow constructed 

wetlands.
2013 China

29
Aquino, S. F. ; Brandt, 
E. M. F; |Chernicharo, 

C.,A., L
Remoção de fármacos e desreguladores endócrinos em 
estações de tratamento de esgoto: revisão da literatura. 2013 Brazil

21 Berglund, Björn et al
Efficient removal of antibiotics in surface-flow constructed 
wetlands, with no observed impact on antibiotic resistance 

genes.
2014 Sweden

15 Chen, Jun et al.. Removal of antibiotics and antibiotic resistance genes in rural 
wastewater by an integrated constructed wetland. 2015 China

20
Yeong-Joo Choi, Lee-

Hyung Kim, Kyung-Duk 
Zoh,

Removal characteristics and mechanism of antibiotics using 
constructed wetlands. 2016 South 

Korea

22 Chen, Jun et al..
Removal of antibiotics and antibiotic resistance genes from 
domestic sewage by constructed wetlands: Optimization of 

wetland substrates and hydraulic loading.
2016 China

28 Chen, Jun et al..
Removal of antibiotics and antibiotic resistance genes from 

domestic sewage by constructed wetlands: Effect of flow 
configuration and plant species.

2016 China

4 Ávila, Cristina et al..
Enhancement of total nitrogen removal through effluent 
recirculation and fate of PPCPs in a hybrid constructed 

wetland system treating urban wastewater.
2017 Spain

12 Yi, Xinzhu et al..
Removal of selected PPCPs, EDCs, and antibiotic resistance 

genes in landfill leachate by a full-scale constructed wetlands 
system,

2017 Singapore

17 Huang, Xu et al..
Removal of antibiotics and resistance genes from swine 

wastewater using vertical flow constructed wetlands: Effect of 
hydraulic flow direction and substrate type.

2017 China

27 Hu, Xia-Lin et al..
Occurrence of 25 pharmaceuticals in Taihu Lake and their 

removal from two urban drinking water treatment plants and 
a constructed wetland.

2017 China

8 Chaves-Barquero, Luis 
G. et al..

Attenuation of pharmaceuticals, nutrients and toxicity in a 
rural sewage lagoon system integrated with a subsurface 

filtration technology.
2018 Canada

10 Petrie, Bruce et al.. Biotic phase micropollutant distribution in horizontal sub-
surface flow constructed wetlands. 2018 UK
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Table II. Continuation.

AUTHORS TITLE YEAR COUNTRY

3 Huang, Xiaofeng et al..
Influence of Two-Stage Combinations of Constructed 
Wetlands on the Removal of Antibiotics, Antibiotic 

Resistance Genes and Nutrients from Goose Wastewate.
2019 China

5 Christofilopoulos, 
Stavros et al..

Evaluation of a constructed wetland for wastewater 
treatment: Addressing emerging organic contaminants and 

antibiotic resistant bactéria.
2019 Greece

11
Filipa Santos, C. Marisa 
R. Almeida, Inolanda 
Ribeiro, Ana P. Mucha,

Potential of constructed wetland for the removal of 
antibiotics and antibiotic resistant bacteria from livestock 

wastewater,
2019 Portugal

1 Stroski, Kevin M. et al..
Wastewater sources of per- and polyfluorinated alkyl 

substances (PFAS) and pharmaceuticals in four Canadian 
Arctic communities.

2020 Canada

2
Xuan Guo, Hua Zhong, 

Peng Li, Chengjun 
Zhang

Microbial communities responded to tetracyclines 
and Cu(II) in constructed wetlands microcosms with 

Myriophyllum aquaticu.
2020 China

6 García, Joan et al..
A review of emerging organic contaminants (EOCs), 

antibiotic resistant bacteria (ARB), and antibiotic resistance 
genes (ARGs) in the environment: Increasing removal with 

wetlands and reducing environmental impacts.
2020 International 

review

7 Guedes et al.
A Survey of the Presence of Pharmaceutical Residues 

in Wastewaters. Evaluation of Their Removal Using 
Conventional and Natural Treatment Procedures.

2020 Spain

13 Zheng, Yucong  et al..
Fate of an antibiotic and its effects on nitrogen 

transformation functional bacteria in integrated vertical 
flow constructed wetlands.

2021 China

18 Sakurai, Karen S. I. et 
al..

Hybrid constructed wetlands as post-treatment of 
blackwater: An assessment of the removal of antibiotics. 2021 Brazil

19 A, Dan et al..
Removal efficiency, kinetic, and behavior of antibiotics from 

sewage treatment plant effluent in a hybrid constructed 
wetland and a layered biological filter.

2021 China

23 Tang, Xiaoyan et al..
Irrigation using hybrid constructed wetland treated 

domestic sewage: Uptake of phthalic acid esters and 
antibiotics by Ipomoea aquatica forssk.

2021 China

25 Lu, Shaoyong et al..
Effects of sulfamethoxazole on nitrogen removal and 

molecular ecological network in integrated vertical flow 
constructed wetlands.

2021 China

26 Ávila, Cristina et al..
New insights on the combined removal of antibiotics 
and ARGs in urban wastewater through the use of two 
configurations of vertical subsurface flow constructed 

wetlands.
2021 Spain

9
Silvia Venditti, Hana 

Brunhoferova, Joachim 
Hansen,

Behaviour of 27 selected emerging contaminants in vertical 
flow constructed wetlands as post-treatment for municipal 

wastewater.
2022 Luxembourg
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effluent load, among others. Researchers may 
also vary the scale and different combinations 
of technologies, as well as build hybrid systems, 
combining different flows, sediments, substrates, 
and vegetation. These hybrid systems have been 

shown to significantly remove POEs (Li et al. 
2014, Avila et al. 2017).

This section analyses the results obtained 
for each characteristic individually in regard to 
the antibiotic removal rates indicated by the 

Table II. Continuation.

AUTHORS TITLE YEAR COUNTRY

14 Du, J., Xu, T., Guo, X., & 
Yin, D.

Characteristics and removal of antibiotics and antibiotic 
resistance genes in a constructed wetland from a drinking 

water source in the Yangtze River Delta.
2022 China

30 Wen, Huiyang et al..
High removal efficiencies of antibiotics and low 

accumulation of antibiotic resistant genes obtained in 
microbial fuel cell-constructed wetlands intensified by 

sponge iron.
2022 China

33 Ramdat, N. et al..
Effects of Enrofloxacin on Nutrient Removal by a Floating 

Treatment Wetland Planted with Iris pseudacorus: 
Response and Resilience of Rhizosphere Microbial 

Communities
2022 China

34
LEI, Yu; Rijnaarts, 

Huub; Langenhoff, 
Alette.

Mesocosm constructed wetlands to remove 
micropollutants from wastewater treatment plant effluent: 

Effect of matrices and pre-treatments
2022 Netherlands

38 Drzymała, J. et al..
Towards SustainableWastewater Treatment: Bioindication 

as a Technique for Supporting Treatment Efficiency 
Assessment

2022 Poland

31 Al-Mashaqbeh, 
Othman et al..

Assessment of novel hybrid treatment wetlands as nature-
based solutions for pharmaceutical industry wastewater 

treatment.
2023

Jordan

32 Sánchez, M. et al..
Combining Constructed Wetlands and UV Photolysis for 
the Advanced Removal of Organic Matter, Nitrogen, and 

Emerging Pollutants from Wastewater
2023 Spain

35 López-Vinent, Núria 
et al.

Nature-based solution as an efficient wastewater 
pretreatment to enhance micropollutants abatement by 

solar photo-Fenton at natural pH
2023 Spain

36 Maldonado, Ingrid; et 
al..

Maldonado, Ingrid; Terrazas,Edmundo G. Moreno; Mamani, 
Jesus Miranda; Vilca, Franz Zirena. 2023 Peru

37 Karungamye, Petro; 
et al..

The removal of ciprofloxacin from synthetic wastewater in 
constructed wetland 2023 Tanzania

39 Lei, Yu et al.. The removal of micropollutants from treated effluent by 
batch-operated pilot-scale constructed wetlands 2023 Netherlands

40 Nazir, Alina a et al..
Environmental remediation and generation of green
electricity using constructed wetlands coupled with

microbial fuel cell model system
2023 Pakistan
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researchers, in order to discuss the specific use 
and impact of characteristics on the results 
obtained in the CWs. The flow, vegetation, 
sedimentation, and HRT characteristics of 
the studies are presented separately, and the 
appropriate associations of the removal rates 
found for each of them are described below.

The García et al. (2020) study is not included 
in this specific analysis, as it is classified as a 
review.

Of all the CWs systems studied, not all 
presented all the characteristics, 169 reported 
the type of flow, 168 the type of vegetation, 
149 the substrate and sediment, 102 the HRT 
and 120 the HLR. The data set revealed that 
the most information was present in the flow 
variabe. Therefore, the analysis starts with this 
characteristic.

Flow
In terms of flow, CWs can be classified in two 
ways: horizontal and vertical. Horizontal flow 
can be presented as surface or subsurface flow 
(Sezerino et al. 2015). In the case of subsurface 
flow, the flow passes below ground level, and in 
the case of surface flow, the water level is above 
ground level. 

Among the studies selected, there are 
horizontal, vertical, surface, and subsurface 
flows. It is important to note that some studies 
did not present all the characteristics of the 
systems, and therefore the observations are 
made only to those cases that took these aspects 
into account. Among all the presented systems 
in the review, 195 had their flow reported. 

In the studies, 91 CWs were reported to have 
horizontal flow, of which 63 were subsurface flow 
and the rest the surface flow. 84 CWs operated 
with vertical flow. And 20 CWs were reported 
to have “hybrid” flow, a term that indicates a 
combination of different flows, which occurred 

by aligning different CWs with the measurement 
of the removal index at the end of the system. 

When horizontal subsurface flow CWs 
were filtered, 178 antibiotic removal rates were 
observed, of which 50 were removal rates of 
less than 50%, 84 removal rates above 80%, 
and approximately 25% of the rates indicated 
total removal of the contaminant in the effluent. 
These rates refer to 8 antibiotics: novobiocin, 
sulfamerazine, ofloxacin, ciprofloxacin, 
sulfamethoxazole, chloramphenicol, leucomycin, 
and sulfamethazine. 

Among the horizontal surface flow CWs 
rates, 12,5% of the data, a total of 12 indices, were 
negative, which indicates recontamination of the 
effluent. Six antibiotics achieved total removal, 
with only one index for each: Trimethorpim, 
Oxytetracycline, Chlortetracycline, Leucomycin, 
Sulfamethazine, Tilcomycin. 42.71% of the indices 
were equal to or greater than 50% removal.

Approximately 20% of the indices in CWs with 
vertical flow exhibited a removal rate below 50%. 
Conversely, half of the records demonstrated 
a removal rate exceeding 90%. Additionally, 
13 reports documented the complete removal 
of antibiotics, including sulfamethoxazole, 
trimethoprim, leucomycin, sulfamethazine, and 
tilcomycin. 

The 20 hybrid flow systems generated 
83 removal rates, among which there was no 
recontamination and only 15 were rates below 
50% of removal. There was no record of total 
removal, but for the Roxithromycin, Erythromycin 
and Ofloxacin rates above 98% were observed. 

It is important to note that a CWs is 
comprised of a multitude of configurations 
beyond the mere flow of effluent. To achieve 
removals, it is essential to consider the entirety of 
the system’s characteristics. Based on this logic, 
for the effluent to be treated, it is necessary for 
there to be vegetation, sediments, substrates, 
and for these to remain in contact with the 
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effluent for a sufficient duration. This allows for 
the gradual and continuous entry of the effluent 
into the system, which is then removed through 
the mechanisms. The next section examines the 
role of vegetation in the removal of antibiotics 
from the selected studies, which were used to 
compile this review. 

Vegetation
Among the works analyzed, 168 CWs had their 
vegetation presented, which included 26 
different species reported. Hybrid systems were 
also observed, which utilized combinations of 
vegetation. Among the CWs with vegetation, 
55 originated from research that reported the 
presence of vegetation but did not specify which 
species were cultivated. 

Among the indices presented regarding 
vegetation, 22 were from works that declared 
they did not use vegetation. These indices 
fluctuated from -17 to 96.9% removal, with only 
6 indices being above 50%. The antibiotics that 
had the highest removal indices were lincomycin 
(96.9%), salinomycin (87.1%), and sulfacetamide 
(86.7%). In contrast, 73 CWs used two or more 
species together, accounting for 162 indices. No 
recontamination reported, 25,31% of reports had 
removal rates below 50% and 5 total removals: 
ciprofloxacin, doxycycline, chloramphenicol, 
azithromycin, and sulfamethoxazole.

Of the cultivated CWs, 101 used single 
species, while the remaining 67 were cultivated 
with combinations of different species. Among 
the species individually cultivated in CWs, those 
that were used in four or more CWs stand out: 
Phragmites australis, Miscanthus giganteus, 
Typha angustifolia, and Cyperus alternifolius.

The species with the highest number of 
cultures recorded in the CWs included in this 
study was Phragmites Australis, which was used 
individually in 34 CWs, and had 80 removal 
indices recorded, 8.75% of which were negative, 

and more than 28% were indices of more than 
90% of removal rate. This vegetation achieved 
total removal three times for Tilcomycin.

The second most used species was recorded 
in 24 CWs. The Miscanteus Giganteus were used 
for the evaluation of Sulfamethoxazole removal, 
and recorded high removal rates, ranging from 
78,9% to 98%. In third place is Typha Angustifolia, 
a macrophyte grown individually in 16 CWs, with 
63 removal rates recorded in the articles analyzed 
in this review, none of these studies recorded 
recontamination, only 14.29% of the removal 
rates were below 50%, and total removal was 
achieved with the antibiotics Sulfamethoxazole 
and Trimethoprim 8 times. 

The Cyperus Alternifolius species had 
85 removal rates reported in 13 CWs, no 
recontamination rates, and among all the 
reports of CWs cultivated exclusively with 
this vegetation, only around 8,2% had rates 
of less than 50%, while 36 of these had total 
removal rates for the antibiotics: Novobiocin, 
Sulfamerazine and Ofloxacin. 

In addition to vegetation and flow, another 
important component in the configuration of a 
CWs for effluent treatment are sediments and 
substrates, elements that can enhance the 
result obtained in the system, since they provide 
more ways for removal to occur. The next section 
will present the sediments and substrates used 
in the CWs mentioned in the articles that were 
part of this removal. 

Sediments and substrates 
175 of the analyzed CWs in the selected papers 
reported the sediment and/or substrate used, 
14 did not use these components, and the rest 
did not report the configuration used. Among 
those that did mention the use of different types 
and sizes of gravel in 88 systems, sand in 83, 
some type of soil in 58, zeolite in 20, and biochar 
in 12, used exclusively or together, other types of 
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sediment and substrate were also used, but in 
fewer CWs.

Of the CWs that presented data on this 
configuration, 72 used only one sediment or 
substrate. Gravel was used exclusively in 21 WCs, 
generating 96 rates, more than half of which were 
above 50%, and there were 3 records of complete 
removal of Doxixycline and Ciprofloxacin, while 
sand was used as the sole configuration in only 
one CWs, where removal rates fluctuated from 
9% to 53.8%, with the highest rate being achieved 
for the class of antibiotics called Quinolones, 
at the time represented by Norfloxacin, 
Ciprofloxacin, Enrofloxacin, Ofloxacin, Fleroxacin 
and Sarafloxacin.

In addition to sand, another widely used 
substrate was “soil”, as it tends to be collected 
from different places, the generic time will be 
used in this way, the soil was used in 24 CWs 
without combinations of sediments or other 
substrates, 80 indices were found, among which 
there was no recontamination, but there was 
also no total removal of any of the antibiotics 
analyzed, 19 of these indices showed removal 
below 50%, and approximately 34% were of 
removal equal to or greater than 80%, the 
highest index was 99,4% for Ofloxacin.  

In addition to gravel, zeolite was a sediment 
that stood out, with exclusive use in 13 CWs, 
a use that yielded 71 removal rates, with the 
lowest rate being 11,1%, with only 8 rates below 
50% removal and an impressive 21 total removal 
rates, in five different antibiotics: Novobiocin, 
Sulfamerazine, Ofloxacin, Sulfamethazine and 
Leucomycin. 

Additionally, 103 of CWs identified combined 
different sediments and substrates. A general 
analysis of the performance of these systems 
resulted in 140 indexes. Only 5,71% of these 
indexes indicated recontamination, while 75% 
of the records demonstrated removal greater 
than 70%. Thirteen indexes revealed complete 

removal of four different antibiotics, namely:  
sulfamethoxazole, tilmicosin, trimethoprim, and 
chloramphenicol.

In addition to these configurations, there 
are other aspects that are more directly related 
to the effluent. One such configuration is the 
hydraulic retention time (HRT), which determines 
the length of time the effluent will remain in 
the CWs. This characteristic is manipulated by 
researchers in many studies to analyze the ideal 
configuration that will provide the best result. 

Hydraulic retention time (HRT)
HRT, despite being an important factor in 
effluent treatment, had many omissions in the 
works that form the database of this review. 
As these data differ greatly from each other, 
classifications were created to group them 
together and thus be able to analyze them more 
comprehensively, therefore, the HRTs of the 
articles in the database of this review will be 
presented within the following classifications: 
less than 3 days, from 3 to 6 days, from 6.1 to 9 
days, from 10 to 12 days. 

A total of 189 indices were obtained for 
HRTs of less than 3 days, of which less than 
12% indicated recontamination of the effluent, 
57 indices showed removal equal to or greater 
than 80%, and total removal was achieved 
for four antibiotics with one index each: 
Ciprofloxacin, Oxytetracycline, Chlortetracycline 
and Trimethoprim.  

For HRTs between 3 and 6 days, there are 
80 indices, among which there is no record 
of recontamination, and more than 43% are 
above 90% removal. 13 of the indices reported 
total removal for the antibiotics azithromycin, 
sulfamethoxazole, tilcomycin, viprofloxacin, 
doxycycline, and trimethoprim. 

The indices included in the classification of 
HRTs between 6,1 and 9 days amounts to a total of 
47, among which there was no recontamination, 
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only 5 indices were below 50% removal and 
approximately 65% of the recorded indices 
indicated a removal of more than 92%. This 
HRT demonstrated no total removal, but for the 
antibiotics Sulfamethoxazole and Carithromycin, 
6 and 8 indices were found, respectively, ranging 
from 99.1% to 99.7%.

Finally, for HRTs between 10 and 12 
days, there were 13 removal rates, with no 
recontamination recorded, and with all the 
values above 28%, four of them equal to or 
greater than 95%.  Sulfamethazine stands out 
with removal records greater than 99%. There 
was also a single study that used HRT of 22,75 
days, but only one removal rate was recorded, 
also for Sulfamethazine, which was over 99%.

Although very important for successful 
removal in CWs, the articles do not have a 
standard for indicating data on the effluent load, 
and many do not inform it, so the different water 
loads used in the works in this review will not be 
explored here. To complement this analysis, the 
following section presents observations on the 
classes of antibiotics and the best configuration 
for achieving removal of these pollutants during 
treatment in CWs. 

Analysis of antibiotic removal and antiobiotic 
classes
After reading all 82 papers, only 40 were 
used. These included mentions of 165 CWs, in 
which the removal of 45 different antibiotics 
from 11 different classes was studied. The 
studies provided 666 removal indices for 
the 45 antibiotics analyzed. Approximately 
49.4% of these indices are attributed to seven 
antibiotics: sulfamethoxazole, sulfamethazine, 
erythromycin, trimethoprim, ciprofloxacin, 
ofloxacin, and clarithromycin.

The best removal rate for sulfamethoxazole 
was 100%, recorded by Lei et al (2022), who 
pretreated the effluent with UVC lamps and 

WC sedimented with gravel, glass beads, and 
sand. Some systems were supplemented with 
bovine manure shells and biochar. All systems 
were cultivated with Typha angustifolia. The 24 
CWs system studied by Maldonado et al. (2023) 
also achieved 100% of removal rate. Cultivated 
with L. gibba and A. filiculoides, the system had 
a horizontal surface flow and was configured 
with 10 cm of sand and silt. The lowest removal 
rate for this antibiotic was reported by Ávila et 
al. (2017) due to the 50% recirculation of the 
effluent.

Sulfamethazine had 36 removal rates 
reported, reaching 100% of removal in 6 CWs 
evaluated by Chen et al. (2016a). With the lowest 
index being -9.1% in a surface flow CW1 containing 
the macrophyte Myriophyllum verticillatum L., 
as recorded by Chen et al. (2015).

Chen et al. (2016b) also reported a high 
removal rate of 98.9% for Erythromycin in 
CW5. The system’s configurations included 
horizontal subsurface flow, Iris tectorum Maxim 
macrophyte, zeolite sediment, and a hydraulic 
load of 20 cm d1. The lowest index recorded in 
the literature studied was -17% in CW2 by Chen 
et al. (2015), which used subsurface flow, straw, 
and oil, in full scale.

Trimethoprim had 79 removal rates in 16 
studies, one negative removal and seven below 
zero. Stroski et al. (2020) recorded total removal 
at the Cambridge Bay WC on a full scale, as did 
Lei et al. (2023), who cultivated a system using 
Typha angustifolia, gravel, and sand as sediment, 
resulting in total removal. Similarly, Lei et al. 
(2022) achieved total removal using the same 
macrophyte, along with pretreatment using a 
UVC lamp and sedimentation with biochar from 
cow dung. Notwithstanding, Ávila et al. (2017) 
found negative removal due to recirculation.

The antibiotics ciprofloxacin and ofloxacin 
obtained, respectively, 54 ad 30 removal rates 
reported in the literature. Ciprofloxacin had a 
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total removal rate recorded twice: by Berglund 
et al. (2014) in four CWs with a HRT configuration 
of 5.7 days and a HLR of 0.1 m d-1, and by Hu et 
al. (2017), in a full-scale CWs.

Chen et al. (2016a) recorded 12 times the 
total removal of Ofloxacin in the effluent across 
four sediments and three different hydraulic 
loads. The removal rate fell below 90% only 
three times, two of which were reported by Chen 
et al. (2015), and the lowest removal rate (-200%) 
was reported by Ávila et al. (2021). 

Venditti et al. (2022) reported a rate of 99.1% 
for clarithromycin removal in column D. The 
sediment was in a configuration of 30% activated 
biochar and 70% sand and was cultivated by 
Phragmites australis and Iris Pseudacorus. 

Table III shows the 11 antibiotic classes 
found in the 40 analyzed articles, along with the 
number of drugs representing each class.

A m o n g  t h e  s u l f o n a m i d e s , 
sulfachloropyridazine had the lowest removal 
rate, not exceeding 29.6%. Sulfasalazine, on 
the other hand, had the highest removal 
rate of 51%. Sulfamerazine, sulfamethazine, 
and trimethoprim recorded 100% removal 
at least once, while sulfadimethoxine and 
sulfamethoxazole exceeded the 90% removal 
rate in five CWs.

In the quinolone class, ciprofloxacin 
achieved complete removal twice, while ofloxacin 
achieved this result twelve times. However, there 
was a record of -200% removal in this class. 
Difloxacin had indices above 97% for all cases, 
and enrofloxacin obtained 5 indices above 90%. 
Sarafloxacin had a maximum removal rate of 
approximately 75%. 

Within the macrolide class, leucomycin 
demonstrated complete removal six times. 
Tilmicosin showed total removal in all mentioned 
indices, while azithromycin achieved complete 
removal in one-third of the indices. Erythromycin 
and roxithromycin had four removal indices 
higher than 96%. Tylosin had the lowest index, 
with only one occurrence, as reported by Du et 
al. (2022). 

From the 40 articles, removal indices were 
extracted for 45 different antibiotics from 11 
classes: sulfonamides, quinolones, macrolides, 
tetracyclines, amphenicols, ionophores, 
lincosamides, penicillins, aminocoumarins, 
cephalosporins and nitroimidazoles. Those that 
were represented by at least 3 antibiotics are 
shown in Table V, which summarizes the CWs 
configurations that delivered the best removal 
indices per class. 

These configurations correspond to the 
CWs that resulted in the highest removal rates 
for each antibiotic class. It is important to note 
that this does not refer to a specific CWs, but 
rather to the characteristics of those that were 
most successful in removing antibiotics from 

Table III. Occurrences of antibiotics per class.

CLASS OCCURRENCES

SULFONAMIDES 12

QUINOLONES 10

MACROLIDES 7

TETRACYCLINE 4

AMPHENICOLS 3

IONOPHORES 3

LINCOSAMIDES 2

PENICILLINS 2

AMINOCOUMARINS 1

CEPHALOSPORINS 1

NITROIMIDAZOLES 1

The database of 40 surveys analyzed shows 
that approximately 30% of the antibiotics 
removed by the CWs belong to the classes of 
sulfonamides, quinolones, or macrolides. Table 
IV lists the antibiotics that belong to each of 
these three prominent classes.
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Table IV. Antibiotics and their respective classes.

CLASS OF ANTIBIOTICS ANTIBIOTICS

SULFONAMIDES
Sulfacetamide, Sulfachloropyridazine, Sulfadiazine, Sulfadimethoxine, Sulfamerazine, 
Sulfamethazine, Sulfamethoxazole, Sulfamonomethoxine, Sulfapyridine, Sulfasalazine, 

Sulfathiazole and Trimethoprim.

QUINOLONES Pipemidic Acid, Ciprofloxacin, Difloxacin, Enrofloxacin, Fleroxacin, Flumequine, 
Norfloxacin, Ofloxacin and Sarafloxacin.

MACROLIDES Azithromycin, Erythromycin, Leucomycin, Roxithromycin, Tilmicosin, Tylosin, and 
Clarithromycin.

Table V. CWs configurations that provided the best removal rates for the antibiotic classes with the highest number 
of occurrences.

CLASS SCALE VEGETATION SEDIMENTS FLOW

SULFONAMIDES Real and mesocosm
Cyperus Alternifolius L, A 
Thalia Delbata Fraser E A 

Iris Tectorum Maxim.

Shells and Oysters, 
Zeolites, Medicinal Stone 

and Ceramics. 
Cow dung biochar

All

QUINOLONES Real and mesocosm Cyperus Alternifolius L.
Shells and Oysters, 

Zeolites, Medicinal Stone 
and Ceramics.

Subsurface 
and horizontal

MACROLIDES Pilot, real and 
mesocosm

Cyperus Alternifolius L, 
A Thalia Delbata Fraser, 
Phragmites Australis E 
Iris Tectorum Maxim

Shells and Oysters, 
Zeolites, Medicinal Stone 

and Ceramics.
All

TETRACYCLINES Real Myriophyllum Aquaticum Without sediments Horizontal

AMPHENICOLS Real - - -

IONOPHORES Mesocosm
Cyperus Alternifolius L, A 
Thalia Delbata Fraser E 

Iris Tectorum Maxim

Shells and Oysters, 
Zeolites, Medicinal Stone 

and Ceramics.
All

each class. It should be noted that the classes 
represented here had at least three antibiotics 
analyzed in the database. 

The table V shows six classes, each with 
configurations that achieved a minimum 
antibiotic removal rate of 90%, except for 
Amphenicols, which obtained 84,8%. Additionally, 
the reported best indices for this class did 
not include information on the configurations 
of their CWs, creating a significant gap in the 
available data.

DISCUSSION
The results of this research extend beyond 
the numerical data that indicate the relative 
efficiency or inefficiency of CWs systems. They 
also reveal a series of significant findings in 
several aspects. First, it is possible to identify 
some of the direct impacts on the environment 
and human health, and to highlight the adverse 
effects of the indiscriminate use of antibiotics 
and the growing resistance of bacteria. Second, it 
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addresses the effectiveness of antibiotic removal 
in wastewater treatment, with a particular focus 
on the ability of CWs to mitigate the presence 
of these compounds. In addition, it presents 
detailed analysis of the data collected, providing 
important information on patterns and trends 
related to the topics covered. A bibliometric 
mapping was carried out to contextualize the 
research within the current scientific scenario 
and identify knowledge gaps. Finally, the main 
selected works that served as the basis for this 
investigation are presented, demonstrating the 
relevance and contribution of these sources 
to the development of the study. These results 
provide a comprehensive and well-founded 
view of the aspects examined in this work, 
contributing to a better understanding of the 
challenges and opportunities associated with 
the topic.

ENVIRONMENTAL EFFECTS AND REMOVALS 
IN CWs
Impacts on the environment
The high use of antibiotics has raised concerns 
due to environmental impacts and bacterial 
resistance. Their toxicity to environmental 
bacteria contributes to the emergence 
of resistant strains, rendering medicines 
ineffective, common bacterial infections are 
increasingly resistant to treatments. Over 60% 
of Neisseria gonorrhoeae strains, which cause 
sexually transmitted diseases, are resistant 
to ciprofloxacin. Furthermore, over 20% of 
Escherichia coli strains, common in urinary tract 
infections, are resistant to first and second-line 
treatments (WHO 2022). 

In recent years, the scientific community 
has devoted special attention to the presence 
and fate of antibiotics in natural environments. 
These compounds are persistent and resistant to 
biodegradation, resulting in their accumulation 

in the environment. Even in detectable minimum 
concentrations, they can cause adverse impacts 
on both aquatic and terrestrial ecosystems. 
For those reasons, various removal and 
degradation processes have been investigated 
as potential solutions to mitigate environmental 
contamination caused by these compounds 
(Ternes 1998, Hernando et al. 2006, Homem & 
Santos 2011, González-Pleiter et al. 2013, Dalmolin 
et al. 2022).

Studies have been conducted for 
several years on the effects of environmental 
contaminants. It has been observed that 
with each new study, there is an increase in 
the existence of bacteria that have acquired 
resistance to most or all the antibiotics used. 
This suggests that mutations may result from 
exposure to residues of these drugs (WHO 2022). 
Therefore, it is important to adopt measures 
to mitigate the impacts of antibiotics and their 
byproducts (unmetabolized) in the environment, 
as they play a fundamental role in ecosystems 
(Thiele-Bruhn & Beck 2005, Aminov & Mackie 
2007, Baran et al. 2011, Grenni et al. 2018). 

Understanding the contamination route 
is crucial. Antibiotics are mainly introduced 
into ecosystems through the discharge of 
treated wastewater, particularly in areas where 
hospital sewage is included (Korzeniewska & 
Hamisz 2013, Lien et al. 2017, Wang et al. 2018). 
One possible explanation for this is the low 
efficiency of treatment systems or even the 
absence of treatment of hospital effluents. 
This is a common issue in many municipalities, 
particularly in small and medium-sized ones. 
This accelerates the spread of multidrug-
resistant bacteria from hospitals to wastewater 
treatment plants (WWTPs) and, subsequently, to 
the environment (Korzeniewska et al. 2013, Ahn 
& Choi 2016, Lekunberri et al. 2017).

The study by Montagner et al. (2019) 
demonstrates the negative impacts of inefficient 
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treatment methods used for removing or 
reducing antibiotics and other pharmaceuticals 
in effluents. The study reports the presence 
of amoxicillin, trimethoprim, cephalexin, 
ciprofloxacin, sulfamethoxazole, norfloxacin, 
and ampicillin in samples of drinking water, 
surface water, wastewater, and groundwater in 
the state of São Paulo from 2015 to 2016. This 
finding highlights the concern with emerging 
contaminants and reinforces the need for 
improvement in treatment strategies to ensure 
the quality of these water resources, as indicated 
in the scientific literature. 

Impacts on human health
The growing threat to global health posed by AMR 
is the subject of an increasing number of studies 
that seek solutions to this serious problem, 
as the action of drugs such as antibiotics, 
antifungals and antivirals is impaired when 
microorganisms develop resistance, resulting in 
long-lasting and sometimes incurable infections. 
This phenomenon, known as AMR, threatens not 
only individual well-being but also public health 
worldwide.

Exposure to antimicrobials, such as 
antibiotics, antifungals, antivirals, antimalarials, 
or anthelmintics, can cause microorganisms, 
including bacteria, fungi, viruses, and parasites, 
to undergo alterations in their characteristics, 
leading to the development of resistance. 
Microorganisms that are resistant to most 
antimicrobials are referred to as ultra-resistant. 
The development of resistance compromises 
the efficacy of medicines, leading to persistent 
infections and an increased risk of transmission 
to others, thus becoming a growing threat to 
public health worldwide (FIOCRUZ 2019).

According to WHO data, around 700,000 
people die each year worldwide from 
antimicrobial-resistant infections. Many 
diseases that are considered common, such as 

respiratory infections, urinary tract infections 
and sexually transmitted infections, run the risk 
of becoming untreatable with the current drugs 
available on the market (PAHO 2021).

Removal of antibiotics in CWs
According to Verlicchi and Zambello (2014), the 
CWs have the capacity of satisfactorily removing 
a significant number of drugs and other organic 
micropollutants. The substrates and microbiota 
associated with macrophytes are the main 
factors responsible for the efficient removal of 
some Emerging Organic Pollutants (EOPs) in CWs 
(Li et al. 2014). 

The removal of antibiotics in constructed 
wetlands can be significantly influenced by the 
redox conditions of the environment. Aerobic 
environments, characterized by high oxygen 
availability, favor degradation processes such as 
oxidation, which can be effective for antibiotics 
like β-lactams (Verlicchi & Zambello 2014). In 
contrast, anaerobic environments, with low or 
no oxygen availability, favor processes such 
as reduction, which can be more effective for 
antibiotics like sulfonamides (Matamoros et 
al. 2012). Studies show that the combination of 
aerobic and anaerobic zones in hybrid systems 
can maximize the removal of a wide range of 
antibiotics.

The efficiency of antibiotic removal in 
constructed wetlands can be enhanced by 
optimizing anaerobic and aerobic conditions. 
Aerobic environments promote the activity of 
aerobic bacteria, efficient in degrading organic 
compounds through oxidation processes. 
Conversely, anaerobic environments favor 
the activity of anaerobic bacteria, which use 
reduction processes. The combination of these 
zones in hybrid systems can maximize antibiotic 
removal, as observed in studies of horizontal 
and vertical flow wetlands (Sezerino et al. 2015).
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Plants play a crucial role in the efficiency 
of removal in constructed wetlands. In this 
study, it can be seen that several articles cite 
the use of species such as Phragmites australis, 
Typha latifolia and Cyperus alternifolius, which 
according to the literature, tend to be used more 
because of their extensive roots that promote 
the adhesion of microbial biofilms, increasing 
the degradation of pollutants (Sezerino et al. 
2015). Phragmites australis, for example, is known 
for its dense, fibrous roots that provide a large 
surface area for microbial activity, while Typha 
latifolia has robust rhizomes that improve the 
stability and oxygenation of the substrate. The 
diverse root structures of these plants enhance 
aerobic and anaerobic processes, increasing the 
overall effectiveness of antibiotic removal in 
constructed wetlands (Vymazal 2011).

The bed depth and applied hydraulic loads 
are critical factors influencing the efficiency 
of antibiotic removal. Shallower beds tend to 
maintain more consistent aerobic conditions, 
while deeper beds can create anaerobic 
zones, favoring the combination of oxidation 
and reduction processes. Studies show that 
wetlands with hybrid beds and variable loads 
can optimize the removal of a wide range of 
antibiotic compounds (Verlicchi & Zambello 
2014).

CWs systems effectively eliminate drug 
compounds through different processes, such 
as assimilation by plants, photodegradation, 
hydrolysis,  and microbial degradation 
(Matamoros et al. 2012 & Zhang et al. 2014). 
The removal efficiency depends on the plant 
species, water flow, and reactor construction 
characteristics. It is possible to degrade 
antibiotics in CWs through physical, chemical, 
and biological processes (Hijosa-Valsero et al. 
2011).

Therefore, it is possible to say that CWs are 
systems capable of removing drugs as well as 

conventional stations, and in some cases and 
depending on the configuration of the system, 
they can reach removal levels above 90% for 
diclofenac and paracetamol, for example, this 
is mainly due to the coexistence of different 
physicochemical conditions, with both aerobic 
and anaerobic degradation routes (Araújo et al. 
2019).

CONCLUSIONS
This study provides an in-depth analysis of 
antibiotic removal efficiency rates in various 
CW configurations, based on an extensive 
compilation of scientific literature on the subject. 
The results emphasize the importance of full-
scale implementation, vegetation, particularly 
Cyperus alternifolius L., and materials such as 
shells, oysters, zeolites, medicinal stones and 
ceramics to improve contaminant removal. 
The research also found that the presence of 
sediment improves removal efficiency. Shells 
and oysters proved particularly effective in 
this context. All the streams analysed showed 
satisfactory antibiotic removal rates, highlighting 
the importance of considering specific 
characteristics to maximize the effectiveness of 
each class of drug.

To solve the problem of water contamination 
by pharmaceuticals, it is necessary to look for 
low-cost or easily accessible technologies. Thus, 
CW systems have shown relevant potential to 
help with this urgent issue, and hybrid CWs have 
shown promising results in improving the quality 
of these environments. However, in order to better 
optimize CW systems, it is essential to consider 
the specific characteristics of the antibiotic 
compounds and the environmental conditions 
(aerobic and anaerobic) in which they are 
treated. In CW systems, aerobic conditions favor 
the degradation of certain antibiotics through 
oxidative processes, while anaerobic conditions 
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are more effective for others through reductive 
processes. Combining these environments in 
hybrid systems can significantly increase overall 
removal efficiency. In addition, new studies can 
be developed to further evaluate the impact of 
root types and bed configurations on antibiotic 
removal efficiency, as these factors play a vital 
role in optimizing CW performance.

Acknowledgments
The authors would like to thank the federal university of 
Santa Maria - UFSM for the support, the Coordenação de 
Aperfeiçoamento de Pessoal de Nível Superior (Capes/
Brazil) for the scholarships granted.

REFERENCES
ABRAHAM DJ. 2003. Burger’s Medicinal Chemistry & Drug 
Discovery. Chemotherapeutic Agents, John Wiley & Sons: 
San Francisco, vol. 5.

AHN Y & CHOI J. 2016. Bacterial communities and 
antibiotic resistance communities in a full-scale 
hospital wastewater treatment plant by high-throughput 
pyrosequencing. Water 8, 580. DOI: https://doi.
org/10.3390/w8120580.

ALAM UM ET AL. 2021. Effective Treatment Strategies for 
the Removal of Antibiotic-Resistant Bacteria, Antibiotic-
Resistance Genes, and Antibiotic Residues in the 
Effluent From Wastewater Treatment Plants Receiving 
Municipal, Hospital, and Domestic Wastewater: Protocol 
for a Systematic Review. JMIR Research Protocols, vol.10. 
https://doi.org/10.2196/33365.

AMINOV RI & MACKIE RI. 2007. Evolution and ecology of 
antibiotic resistance genes. FEMS Microbiol Lett Jun 
271(2): 147-161. doi: 10.1111/j.1574-6968.

ARANCIBIA JM. 2019. Estratégias para el uso de antibióticos 
en pacientes críticos. Revista Médica Clínica Las Condes 
30(2): 151-159. DOI: 10.1016/j.rmclc.2019.03.001.

ARAÚJO RF & ALVARENGA L. 2011. A bibliometria na 
pesquisa científica da pós-graduação brasileira de 
1987 a 2007. Encontros Bibli: Revista Eletrônica de 
Biblioteconomia e Ciência da Informação 16(31): 51-70. 
DOI: 10.5007/1518-2924. 

ARAÚJO RK, WOLFF DB & CARISSIMI E. 2019. Fármacos em 
águas residuárias: efeitos ambientais e remoção em 
wetlands construídos. Revista DAE 67(218): 137-155. DOI: 
10.4322/dae.2019.039.

ÁVILA C, GARCÍA-GALÁN MJ, BORREGO CM, RODRÍGUEZ-MOZAZ S, 
GARCÍA J & BARCELÓ D. 2021. New insights on the combined 
removal of antibiotics and ARGs in urban wastewater 
through the use of two configurations of vertical 
subsurface flow constructed wetlands. Sci Total Environ 
755(2): artigo 142554. DOI: https://doi.org/10.1016/j.
scitotenv.2020.142554.

ÁVILA C, PELISSARI C, SEZERINO PH, SGROI M, ROCCARO P & 
GARCÍA J. 2017. Enhancement of total nitrogen removal 
through effluent recirculation and fate of PPCPs in a 
hybrid constructed wetland system treating urban 
wastewater. Sci Total Environ 584-585: 414-425. DOI: 
https://doi.org/10.1016/j.scitotenv.2017.01.024.

BARAN W, ADAMEK E, ZIEMIAŃSKA J & SOBCZAK A. 2011. Effects 
of the presence of sulfonamides in the environment and 
their influence on human health. J Hazard Mater 196: 
1-15. DOI: https://doi.org/10.1016/j.jhazmat.2011.08.082.

BARBOSA MO, MOREIRA NFF, RIBEIRO AR, PEREIRA MFR & 
SILVA AMT. 2016. Occurrence and removal of organic 
micropollutants: An overview of the watch list of EU 
Decision 2015/495. Water Res 94: 257-279. DOI: https://
doi.org/10.1016/j.watres.2016.02.047.

BASSO AP, MARTINS PD, NACHTIGALL G, SAND SVD, MOURA TMD & 
FRAZZON APG. 2014. Antibiotic resistance and enterotoxin 
genes in   Staphylococcus sp. isolates from polluted water 
in Southern Brazil. An Acad Bras Cienc 86(4): 1813-1820. 
DOI: https://doi.org/10.1590/0001-3765201420130512.

BATTAK N, KAMIN Z, BAHRUN MH, CHIAM CK, PETER E & BONO 
A. 2022. Antibiotics usage in plant agriculture and its 
removal from wastewater using adsorption process: A 
short review. AIP Conference Proceedings 2610: artigo 
040006. DOI: 10.1063/5.0099701.

BERGLUND B, KHAN GA, WEISNER SEB, EHDE PM, FICK J & LINDGREN 
PE. 2014. Efficient removal of antibiotics in surface-flow 
constructed wetlands, with no observed impact on 
antibiotic resistance genes. Sci Total Environ 476-477: 
29-37. DOI: https://doi.org/10.1016/j.scitotenv.2013.12.128.

BIELEN A, ŠIMATOVIĆ A, KOSIĆ-VUKŠIĆ J, SENTA I, AHEL M, BABIĆ 
S, JURINA T, GONZÁLEZ PLAZA JJ, MILAKOVIĆ M & UDIKOVIĆ-KOLIĆ 
N. 2017. Negative environmental impacts of antibiotic-
contaminated effluents from pharmaceutical industries. 
Water Res 126: 79-87. DOI: https://doi.org/10.1016/j.
watres.2017.09.019.

BILA DM & DEZOTTI M. 2003. Fármacos no meio ambiente. 
Química Nova 26: 523-530.

BOUND JP & VOULVOULIS N. 2005. Household disposal of 
pharmaceuticals as a pathway for aquatic contamination 
in the United Kingdom. Environ Health Persp 113: 1705-
1711. DOI: https://doi.org/10.1289/ehp.8315.

https://doi.org/10.3390/w8120580
https://doi.org/10.3390/w8120580
https://doi.org/10.2196/33365
https://doi.org/10.1016/j.scitotenv.2020.142554
https://doi.org/10.1016/j.scitotenv.2020.142554
https://doi.org/10.1016/j.scitotenv.2017.01.024
https://doi.org/10.1016/j.jhazmat.2011.08.082
https://doi.org/10.1016/j.watres.2016.02.047
https://doi.org/10.1016/j.watres.2016.02.047
https://doi.org/10.1590/0001-3765201420130512
https://doi.org/10.1016/j.scitotenv.2013.12.128
https://doi.org/10.1016/j.watres.2017.09.019
https://doi.org/10.1016/j.watres.2017.09.019
https://doi.org/10.1289/ehp.8315


VALDEMIR F. DA SILVA & DELMIRA BEATRIZ WOLFF	  REMOVAL OF ANTIBIOTICS IN CONSTRUCTED WETLANDS﻿﻿

An Acad Bras Cienc (2024) 96(4)  e20240275  22 | 26 

BURCH TR, SADOWSKY MJ & LAPARA TM. 2014. Fate of 
antibiotic resistance genes and class 1 integrons in soil 
microcosms following the application of treated residual 
municipal wastewater solids. Environ Sci Technol 48(10): 
5620-5627. DOI: 10.1021/es501098g.

CARBALLA M, OMIL F, LEMA JM, LLOMPART M, GARCÍA-JARES 
C, RODRÍGUEZ I, GÓMEZ M & TERNES T. 2004. Behavior of 
pharmaceuticals, cosmetics and hormones in a sewage 
treatment plant. Water Res 38(12): 2918-2926. DOI: https://
doi.org/10.1016/j.watres.2004.03.029.

CHEN J ET AL. 2015. Removal of antibiotics and antibiotic 
resistance genes in rural wastewater by an integrated 
constructed wetland. Environ Sci Pollut Res 22  : 1794-
1803. DOI: https://doi.org/10.1007/s11356-014-2800-4.

CHEN J, WEI XD, LIU YS, YING GG, LIU SS, HE LY, SU HC, HU LX, CHEN 
FR & YANG YQ. 2016a. Removal of antibiotics and antibiotic 
resistance genes from domestic sewage by constructed 
wetlands: Optimization of wetland substrates and 
hydraulic loading. Sci Total Environ 565: 240-248. DOI: 
https://doi.org/10.1016/j.scitotenv.2016.04.176.

CHEN J, YING GG, WEI XD, LIU YS, LIU SS, HU LX, HE LY, CHEN ZF, 
CHEN FR & YANG YQ. 2016b. Removal of antibiotics and 
antibiotic resistance genes from domestic sewage by 
constructed wetlands: Effect of flow configuration and 
plant species. Sci Total Environ 571: 974-982. DOI: https://
doi.org/10.1016/j.scitotenv.2016.07.085.

CHEN Z, CUERVO DP, MÜLLER JA, WIESSNER A, KÖSER H, 
VYMAZAL J, KÄSTNER M & KUSCHK P. 2016c. Hydroponic root 
mats for wastewater treatment—a review. Environ Sci 
Pollut Res Int, v. 23, n. 16, p. 15911-15928. DOI: 10.1007/
s11356-016-6801-3.

COSTA J IL, PLETSCH AL & TORRES YR. 2014. Ocorrência 
de fármacos antidepressivos no meio ambiente 
- Revisão. Revista Virtual de Química 6(5): DOI 
10.5935/1984-6835.20140092.

DALMOLIN J, NAKANO RL, MARCUSSO P, BOLETA-CERANTO 
DCF, COGO J, MELO PGB & ZARDETO G. 2022. Mecanismos 
de expressão de resistência aos antibióticos e saúde 
pública. Arquivos de Ciências da Saúde da UNIPAR 26(3): 
681-692.

DENYER SP, HODGES NA, GORMAN SP & GILMORE BF. 2011. 
Pharmaceutical Microbiology. 8th ed., New Delhi: Wiley 
Blackwell Publishing House, p. 200-229.

DERAKHSHESHPOOR R ET AL. 2013. Amoxicillin separation 
from pharmaceutical wastewater by high permeability 
polysulfone nanofiltration membrane. J Environ Health 
Sci Eng 11(9): DOI https://doi.org/10.1186/2052-336X-11-9.

DESAI M, NJOKU A & NIMO-SEFAH L. 2022. Comparing 
environmental policies to reduce pharmaceutical 
pollution and address disparities. Int J Environ Res Public 
Health 19(14): artigo 8292. DOI: 10.3390/ijerph19148292.

DINH Q, MOREAU-GUIGON E, LABADIE P, ALLIOT F, TEIL MJ, & 
BLANCHARD M, EURIN J, CHEVREUIL M. 2017. Fate of antibiotics 
from hospital and domestic sources in a sewage 
network. Sci Total Environ 575: 758-766. DOI:https://doi.
org/10.1016/j.scitotenv.2016.09.118.

DOS SANTOS ML, FALCÃO AHPBM, DE JESUS MMR, OLIVEIRA 
APS, BAIA SJA & BRITO FÍS. 2023. Aumento do consumo 
de antibióticos em ambiente hospitalar durante a 
pandemia de Covid-19. Braz J Health Rev 6(1): 2341-2350. 
DOI: 10.34119/bjhrv6n1-183.

DOTRO G, LANGERGRABER G, MOLLE P, NIVALA J, PUIGAGUT J, STEIN 
O & SPERLING VM. 2017. Biological Wastewater Treatment 
Series: Treatment Wetlands. V. 7, 1st ed., London: IWA 
Publishing. ISBN: 9781780408767 (paperback), ISBN: 
9781780408774 (ebook). DOI: 10.2166/9781780408774.

DU J, XU T, GUO X & YIN D. 2022. Characteristics and removal 
of antibiotics and antibiotic resistance genes in a 
constructed wetland from a drinking water source in the 
Yangtze River Delta. Sci Total Environ 813: artigo 152540. 
DOI: https://doi.org/10.1016/j.scitotenv.2021.152540. 

EBELE AJ, ABDALLAH MAE & HARRAD S. 2017. Pharmaceuticals 
and personal care products (PPCPs) in the freshwater 
aquatic environment. Emerging Contaminants 3(1): 1-16. 
DOI: https://doi.org/10.1016/j.emcon.2016.12.004. 

FICK J, SÖDERSTRÖM H, LINDBERG RH, PHAN C, TYSKLIND M & 
LARSSON DG. 2009. Contamination of surface, ground, and 
drinking water from pharmaceutical production. Environ 
Toxicol Chem 28(12): 2522-2527. DOI: 10.1897/09-073.1. 

FIOCRUZ - FUNDAÇÃO OSWALDO CRUZ. 2019. Glossário de 
acesso disponível em: https://portal.fiocruz.br/noticia/
antibioticos-resistencia-de-microrganismos-e-grave-
ameaca-saude-global.

FLACH KA, BONES UA, WOLFF DB, SILVEIRA AO, DA ROSA GM, 
CARISSIMI E & SILVESTRI S. 2024. Antibiotic resistant bacteria 
and genes (ARB and ARG) in water and sewage treatment 
units: A review. Environmental Nanotechnology, 
Monitoring & Management 21: artigo 100941. DOI: https://
doi.org/10.1016/j.enmm.2024.100941.

FRIEDMAN ND, TEMKIN E & CARMELI Y. 2015. The negative 
impact of antibiotic resistance. Clinic Microbiol Infect 
22: 416-422.

GALLEGO-MALDONADO G, OTÁLORA-DÍAZ AS, URBANO-
CÁCERES EX & MORALES-SÚAREZ CM. 2018. Multirresistencia 

https://doi.org/10.1016/j.watres.2004.03.029
https://doi.org/10.1016/j.watres.2004.03.029
https://doi.org/10.1007/s11356-014-2800-4
https://doi.org/10.1016/j.scitotenv.2016.04.176
https://doi.org/10.1016/j.scitotenv.2016.07.085
https://doi.org/10.1016/j.scitotenv.2016.07.085
https://doi.org/10.1186/2052-336X-11-9
https://doi.org/10.1016/j.scitotenv.2016.09.118
https://doi.org/10.1016/j.scitotenv.2016.09.118
https://doi.org/10.1016/j.scitotenv.2021.152540
https://doi.org/10.1016/j.emcon.2016.12.004
https://doi.org/10.1016/j.enmm.2024.100941
https://doi.org/10.1016/j.enmm.2024.100941


VALDEMIR F. DA SILVA & DELMIRA BEATRIZ WOLFF	  REMOVAL OF ANTIBIOTICS IN CONSTRUCTED WETLANDS﻿﻿

An Acad Bras Cienc (2024) 96(4)  e20240275  23 | 26 

bacteriana: Reto terapéutico en trasplante renal. 
Universidad Y Salud, 10 de diciembre de 2018.

GARCÍA J, GARCÍA-GALÁN MJ, DAY JW, BOOPATHY R, WHITE JR, 
WALLACE S & HUNTER RG. 2020. A review of emerging 
organic contaminants (EOCs), antibiotic resistant 
bacteria (ARB), and antibiotic resistance genes (ARGs) 
in the environment: Increasing removal with wetlands 
and reducing environmental impacts. Biores Technol 
307: artigo 123228. DOI: https://doi.org/10.1016/j.
biortech.2020.123228.

GASHE F, MULISA E, MEKONNEN M & ZELEKE G. 2018. Perfil 
de resistência antimicrobiana de diferentes isolados 
clínicos contra cefalosporinas de terceira geração. 
J Pharm (Cairo) 2018: 5070742-5070747. http://doi.
org/10.1155/2018/5070742. 

GIZ - DEUTSCHE GESELLSCHAFT FÜR INTERNATIONALE 
ZUSAMMENARBEIT GMBH. 2011. Technology review of 
constructed wetlands: subsurface flow constructed 
wetlands for greywater and domestic wastewater 
treatment. Sustainable sanitation - ecosan program. 
Eschborn: GIZ, 36 p.

GONZÁLEZ-PLEITER M, GONZALO S, RODEA-PALOMARES I, 
LEGANÉS F, ROSAL R, BOLTES K, MARCO E & FERNÁNDEZ-PIÑAS 
F. 2013. Toxicity of five antibiotics and their mixtures 
towards photosynthetic aquatic organisms: Implications 
for environmental risk assessment. Water Research 47: 
2050-2064. https://doi.org/10.1016/j.watres.2013.01.020.

GORITO AM, RIBEIRO AR, ALMEIDA CMR & SILVA AMT. 2017. A 
review on the application of constructed wetlands for 
the removal of priority substances and contaminants 
of emerging concern listed in recently launched EU 
legislation. Environ Pollut 227: 428443. https://doi.
org/10.1016/j.envpol.2017.04.060.

GRENNI P, ANCONA V & CARACCIOLO AB, 2018. Ecological 
effects of antibiotics on natural ecosystems: a review. 
Microchem J 136: 25-39.https://doi.org/10.1016/j.
microc.2017.02.006.

HERNANDO MD, MEZCUA M, FERNÁNDEZ-ALBA AR & BARCELÓ D. 
2006. Environmental risk assessment of pharmaceutical 
residues in wastewater effluents, surface waters and 
sediments. Talanta 69: 334-342. https://doi.org/10.1016/j.
talanta.2005.09.037. 

HIJOSA-VALSERO M, FINK G, SCHLÜSENER MP, SIDRACH-CARDONA 
R, MARTÍN-VILLACORTA J, TERNES T & BÉCARES E. 2011. Removal 
of antibiotics from urban wastewater by constructed 
wetland optimization. Chemosphere 83: 713-719. https://
doi.org/10.1016/j.chemosphere.2011.02.004.

HOMEM V & SANTOS L. 2011. Degradation and removal 
methods of antibiotics from aqueous matrices - A review. 
J Environ Manag 92: 2304-2347. http://doi.org/10.1016/j.
jenvman.2011.05.023. 

HU XL, BAO YF, HU JJ, LIU YY & YIN DQ. 2017. Occurrence of 
25 pharmaceuticals in Taihu Lake and their removal 
from two urban drinking water treatment plants and a 
constructed wetland. Environ Sci Pollut Res 24: 14889-
14902. http://doi.org/10.1007/s11356-017-8830-y.

HUANG S, YU J, LI C, ZHU Q, ZHANG Y, LICHTFOUSE E & MARMIER N. 
2022.The Effect Review of Various Biological, Physical and 
Chemical Methods on the Removal of Antibiotics. Water 
14(19): 3138. DOI: https://doi.org/10.3390/w14193138. 

HUANG X, LUO Y, LIU Z, ZHANG C, ZHONG H, XUE J, WANG Q, ZHU 
Z & WANG C. 2019. Influence of Two-Stage Combinations 
of Constructed Wetlands on the Removal of Antibiotics, 
Antibiotic Resistance Genes and Nutrients from Goose 
Wastewater. Int J Environ Res Public Health 16 4030. 
http://doi.org/10.3390/ijerph16204030. 

HUANG X, ZHENG J, LIU C, LIU L, LIU Y & FAN H. 2017. Removal of 
antibiotics and resistance genes from swine wastewater 
using vertical flow constructed wetlands: Effect of 
hydraulic flow direction and substrate type. Chem Eng J 
308: 692-699. https://doi.org/10.1016/j.cej.2016.09.110.

ILURDOZ MS, SADHWANI JJ & REBOSO JV. 2022. Antibiotic 
removal processes from water & wastewater for the 
protection of the aquatic environment - a review. J 
Water Pro Eng 45: 102474. https://doi.org/10.1016/j.
jwpe.2021.102474.

JELIĆ A, GROS M, PETROVIĆ M, GINEBREDA A & BARCELÓ D. 
2012. Occurrence and elimination of pharmaceuticals 
during conventional wastewater treatment. In 
Emerging and priority pollutants in rivers, p. 1-23. 
Springer, Berlin, Heidelberg. Vol.19. https://doi.
org/10.1007/978-3-642-25722-3_1.

KLEIN EY, VAN BOECKEL TP, MARTINEZ EM, PANT S, GANDRA 
S, LEVIN SA, GOOSSENS H & LAXMINARAYAN R. 2018. Global 
increase and geographic convergence in antibiotic 
consumption between 2000 and 2015. Proc Natl Acad 
Sci U S A 115(15): E3463-E3470. http://doi.org/10.1073/
pnas.1717295115.

KORZENIEWSKA E & HARNISZ M. 2013. Extended-spectrum 
beta-lactamase (ESBL)-positive Enterobacteriaceae in 
municipal sewage and their emission to the environment. 
J Environ Manag 128: 904-911.https://doi.org/10.1016/j.
jenvman.2013.06.051.

KORZENIEWSKA E, KORZENIEWSKA A & HARNISZ M. 2013. 
Antibiotic resistant Escherichia coli in hospital and 

https://doi.org/10.1016/j.biortech.2020.123228
https://doi.org/10.1016/j.biortech.2020.123228
http://doi.org/10.1155/2018/5070742
http://doi.org/10.1155/2018/5070742
https://doi.org/10.1016/j.watres.2013.01.020
https://doi.org/10.1016/j.envpol.2017.04.060
https://doi.org/10.1016/j.envpol.2017.04.060
https://doi.org/10.1016/j.microc.2017.02.006
https://doi.org/10.1016/j.microc.2017.02.006
https://doi.org/10.1016/j.talanta.2005.09.037
https://doi.org/10.1016/j.talanta.2005.09.037
http://doi.org/10.1016/j.jenvman.2011.05.023
http://doi.org/10.1016/j.jenvman.2011.05.023
http://doi.org/10.1007/s11356-017-8830-y
https://doi.org/10.3390/w14193138
http://doi.org/10.3390/ijerph16204030
https://doi.org/10.1016/j.cej.2016.09.110
https://doi.org/10.1016/j.jwpe.2021.102474
https://doi.org/10.1016/j.jwpe.2021.102474
https://doi.org/10.1007/978-3-642-25722-3_1
https://doi.org/10.1007/978-3-642-25722-3_1
http://doi.org/10.1073/pnas.1717295115
http://doi.org/10.1073/pnas.1717295115
https://www.sciencedirect.com/journal/journal-of-environmental-management/vol/128/suppl/C
https://doi.org/10.1016/j.jenvman.2013.06.051
https://doi.org/10.1016/j.jenvman.2013.06.051


VALDEMIR F. DA SILVA & DELMIRA BEATRIZ WOLFF	  REMOVAL OF ANTIBIOTICS IN CONSTRUCTED WETLANDS﻿﻿

An Acad Bras Cienc (2024) 96(4)  e20240275  24 | 26 

municipal sewage and their emission to the environment. 
Ecotoxicol Environ Saf 91: 96-102 https://doi.org/10.1016/j.
ecoenv.2013.01.014. 

KÜMMERER K. 2001. Drugs in the environment: emission of 
drugs, diagnostic aids and disinfectants into wastewater 
by hospitals in relation to other sources: a review. 
Chemosphere vol 45: 957-969. https://doi.org/10.1016/
S0045-6535(01)00144-8.

LARSSON DGJ. 2014. Pollution from drug manifacturing: 
review and perspectives. Philos Trans R Soc B 369 : 1-7. 
https://doi.org/10.1098/rstb.2013.0571.

LEI Y, RIJNAARTS H & LANGENHOFF A. 2022. Mesocosm 
constructed wetlands to remove micropollutants from 
wastewater treatment plant effluent: effect of matrices 
and pre-treatments. Chemosphere 305: 135306. https://
doi.org/10.1016/j.chemosphere.2022.135306.

LEI Y, WAGNER T, RIJNAARTS H, DE WILDE V & LANGENHOFF 
A. 2023. The removal of micropollutants from treated 
effluent by batch-operated pilot-scale constructed 
wetlands. Water Res 230: 119494. https://doi.org/10.1016/j.
watres.2022.119494.

LEKUNBERRI I, VILLAGRASA M, BALCÁZAR JL & BORREGO CM. 
2017. Contribution of bacteriophage and plasmid DNA 
to the mobilization of antibiotic resistance genes in a 
river receiving treated wastewater discharges. Sci Total 
Environ 601-602: 206-209. https://doi.org/10.1016/j.
scitotenv.2017.05.174.

LI Y, ZHU G, NG WJ & TAN SK. 2014. A review on removing 
pharmaceutical contaminants from wastewater by 
constructed wetlands: Design, performance and 
mechanism. Sci Total Environ 468: 908 -932. https://doi.
org/10.1016/j.scitotenv.2013.09.018.

LIEN TQ, LAN PT, CHUC NTK, HOA NQ, NHUNG PH, THOA NTM, 
DIWAN V, TAMHANKAR AJ & STÅLSBY LUNDBORG C. 2017. 
Antibiotic resistance and antibiotic resistance genes 
in Escherichia coli isolates from hospital wastewater 
in Vietnam. Int J Environ Res Public Health 14: 699. DOI: 
https://doi.org/10.3390/ijerph14070699. 

LOUREIRO JM, COSTA FG, NEVES ICA & PRATES JP. 2016. Use of 
antibiotics and bacterial resistances: Brief notes on its 
evolution. Revista Portuguesa de Saúde Pública 34(1): 
117-124.

MATAMOROS V, NGUYEN XL, ARIAS CA, SALVADÓ V & BRIX 
H. 2012. Evaluation of aquatic plants for removing 
polar microcontaminants: a microcosm experiment. 
Chemosphere 88: 1257-1264. DOI: https://doi.org/10.1016/j.
chemosphere.2012.04.004.

MATTOSO FDAB. 2014. Estudo de eficiência de Wetland 
no córrego Pirajussara. 2014. Trabalho de Conclusão de 
Curso (Engenharia Ambiental). Escola Politécnica da 
Universidade de São Paulo, São Paulo. (Unpublished).

MIRANDA C, SILVA V, CAPITA R, ALONSO-CALLEJA C, IGREJAS G, 
& POETA P. 2020. Implications of antibiotics use during 
the COVID-19 pandemic: present and future. J Antimicr 
Chemoth 75(12): 3413-3416. https://doi.org/10.1093/jac/
dkaa350. 

MONTAGNER CC, SODRÉ FF, ACAYABA RD, VIDAL C, CAMPESTRINI I, 
LOCATELLI MA, PESCARA IC, ALBULQUERQUE AF, UMBUZEIRO GA 
& JARDIM WF. 2019. Ten years-snapshot of the occurrence 
of emerging contaminants in drinking, surface and 
ground waters and wastewaters from São Paulo State, 
Brazil. J Braz Chem Soc 30(3): 614-632. DOI: https://doi.
org/10.21577/0103-5053.20180232.

MONTEIRO RFS, SANTOS VRR, FERREIRA AACT & ABREU JRG. 
2020. O uso indiscriminado de antimicrobianos para 
o desenvolvimento de micro-organismos resistentes. 
Revista Eletrônica Acervo Saúde 53: e3597. DOI: https://
doi.org/10.25248/reas.e3597.2020.

MTHIYANE ZL, MAKHUBELA N, NYONI H, MADIKIZELA LM, MASEKO 
BR & NCUBE S. 2023. Determination of antibiotics during 
treatment of hospital wastewater using automated solid-
phase extraction followed by UHPLC-MS: Occurrence, 
removal and environmental risks. Environ Technol 45: 
3118-3128 DOI: https://doi.org/10.1080/09593330.2023.22
09741.

PAHO - PAN AMERICAN HEALTH ORGANIZATION. 2020. Regional 
Office for the Americas of the World Health Organization 
(WHO). Brazil. COVID-19 (disease caused by the novel 
coronavirus) fact sheet.

PATRICK GL. 2005. An Introduction to Medicinal Chemistry, 
Oxford University Press: New York, cap. 16.

PUPO MT, GUIMARÃES DO, FURTADO NAJC & BORGES WS. 2006. 
In Modern Biotechnology in Medicinal Chemistry and 
Industry, Taft CA (Ed), Kerala: Research Signpost, cap. 4.

RODRIGUEZ-MOZAZ S, CHAMORRO S, MARTI E, HUERTA B, GROS 
M, SÀNCHEZ-MELSIÓ A, BORREGO CM, BARCELÓ D & BALCÁZAR JL. 
2015. Occurrence of antibiotics and antibiotic resistance 
genes in hospital and urban wastewaters and their 
impact on the receiving river. Water Res 69: 234-242. DOI: 
https://doi.org/10.1016/j.watres.2014.11.021.

RODRIGUEZ-NARVAEZ OM, PERALTA-HERNANDEZ JM, 
GOONETILLEKE A & BANDALA ER. 2017. Treatment technologies 
for emerging contaminants in water: A review. Chem Eng J 
323: 361-380. DOI: https://doi.org/10.1016/j.cej.2017.04.106.

https://doi.org/10.1016/j.ecoenv.2013.01.014
https://doi.org/10.1016/j.ecoenv.2013.01.014
https://doi.org/10.1016/S0045-6535(01)00144-8
https://doi.org/10.1016/S0045-6535(01)00144-8
https://doi.org/10.1098/rstb.2013.0571
https://doi.org/10.1016/j.chemosphere.2022.135306
https://doi.org/10.1016/j.chemosphere.2022.135306
https://doi.org/10.1016/j.watres.2022.119494
https://doi.org/10.1016/j.watres.2022.119494
https://abciencias-my.sharepoint.com/personal/dlopes_abc_org_br/Documents/Registros AABC/Volumes/Volume 96/96.4/2024-0275/ 601-602
https://doi.org/10.1016/j.scitotenv.2017.05.174
https://doi.org/10.1016/j.scitotenv.2017.05.174
https://doi.org/10.1016/j.scitotenv.2013.09.018
https://doi.org/10.1016/j.scitotenv.2013.09.018
https://doi.org/10.3390/ijerph14070699
https://doi.org/10.1016/j.chemosphere.2012.04.004
https://doi.org/10.1016/j.chemosphere.2012.04.004
https://doi.org/10.1093/jac/dkaa350
https://doi.org/10.1093/jac/dkaa350
https://doi.org/10.21577/0103-5053.20180232
https://doi.org/10.21577/0103-5053.20180232
https://doi.org/10.25248/reas.e3597.2020
https://doi.org/10.25248/reas.e3597.2020
https://doi.org/10.1080/09593330.2023.2209741
https://doi.org/10.1080/09593330.2023.2209741
https://doi.org/10.1016/j.watres.2014.11.021
https://doi.org/10.1016/j.cej.2017.04.106


VALDEMIR F. DA SILVA & DELMIRA BEATRIZ WOLFF	  REMOVAL OF ANTIBIOTICS IN CONSTRUCTED WETLANDS﻿﻿

An Acad Bras Cienc (2024) 96(4)  e20240275  25 | 26 

SAFAEI S, MIRBAGHERI SA, EHTESHAMI M, TEYMOURI E & SALARI 
M. 2023. Removal of Antibiotics from Wastewater by 
Comparison of Coagulation, Membrane and Adsorption 
Methods. Jordan J Civ Eng: DOI https://doi.org/10.14525/
jjce.v17i3.10.

SANTOS MFN, ENOKIBARA M & OLIVEIRA EL. 2019. Projeto 
e avaliação de custos de um sistema compacto de 
wetlands construídos para habitação social no município 
de Bauru-SP. Revista Nacional de Gerenciamento de 
Cidades 7: 1-13 DOI: https://doi.org/10.17271/23188472752
20192156.

SENTA I, TERZIC S & AHEL M. 2013. Occurrence and fate of 
dissolved and particulate antimicrobials in municipal 
wastewater treatment. Water Res 47: 705-714. DOI: https://
doi.org/10.1016/j.watres.2012.10.041.

SEZERINO PH, BENTO AP, DECEZARO ST, MAGRI ME & PHILIPPI LS. 
2015. Experiências brasileiras com wetlands construídos 
aplicados ao tratamento de águas residuárias: 
parâmetros de projeto para sistemas horizontais. 
Engenharia Sanitaria E Ambiental 20(1): 151-158. DOI: 
https://doi.org/10.1590/S1413-41522015020000096615.

SOCHACKI A, YADAV AK, SRIVASTAVA P, KUMAR N, FITCH MW 
& MOHANTY A. 2018. Constructed Wetlands for Metals: 
Removal Mechanism and Analytical Challenges. DOI: 
https://doi.org/10.1002/9781119268376.ch11.

STROSKI KM, LUONG KH, CHALLIS JK, CHAVES-BARQUERO LG, 
HANSON ML & WONG CS. 2020. Wastewater sources of 
per- and polyfluorinated alkyl substances (PFAS) and 
pharmaceuticals in four Canadian Arctic communities. 
Sci Total Environ 708: DOI https://doi.org/10.1016/j.
scitotenv.2019.134494. 

TANG J, CHEN X, QIN MC, TANG X & TANG CJ. 2022. Removal 
Characteristics of Four Typical Antibiotics in 
Denitrification System. Huan Jing Ke Xue 8,43(6): 3204-
3210. http://doi.org/10.13227/j.hjkx.202109144.

TERNES TA. 1998. Occurrence of drugs in German sewage 
treatment plants and rivers. Water Res 32(11): 3245-3260. 
DOI: https://doi.org/10.1016/S0043-1354(98)00099-2. 

THIELE-BRUHN S & BECK IC. 2005. Effects of sulfonamide 
and tetracycline antibiotics on soil microbial activity 
and microbial biomass. Chemosphere 59: 457-465. DOI: 
https://doi.org/10.1016/j.chemosphere.2005.01.023. 

TSIODRAS S & LIPMAN J. 2020. Emerging treatment options 
for infections by multidrug-resistant gram-positive 
microorganisms. Microorganisms 8(2): artigo 191. DOI: 
10.3390/microorganisms8020191.

VENDITTI S, BRUNHOFEROVA H & HANSEN J. 2022. Behaviour 
of 27 selected emerging contaminants in vertical flow 

constructed wetlands as post-treatment for municipal 
wastewater. Sci Total Environ 819. DOI: https://doi.
org/10.1016/j.scitotenv.2022.153234. 

VERLICCHI P & ZAMBELLO E. 2014. How efficient are 
constructed wetlands in removing pharmaceuticals from 
untreated and treated urban wastewaters? A review. Sci 
Total Environ 470: 1281. DOI: https://doi.org/10.1016/j.
scitotenv.2013.10.085. 

VYMAZAL J. 2011. Plants used in constructed wetlands with 
horizontal subsurface flow: a review. Hydrobiologia 674(1): 
133-156. DOI: https://doi.org/10.1007/s10750-011-0738-9.

WANG Q, WANG P & YANG Q. 2018. Occurrence and diversity 
of antibiotic resistance in untreated hospital wastewater. 
Sci Total Environ 621(15): 990-999. DOI: https://doi.
org/10.1016/j.scitotenv.2017.10.128.

WATKINSON AJ, MURBY EJ & CONSTANZO SD. 2007. Costanzo 
Removal of antibiotics in conventional and advanced 
wastewater treatment: implications for environmental 
discharge and wastewater recycling Water Res 
41 (18): 4164-4176. DOI: https://doi.org/10.1016/j.
watres.2007.04.005.

WHO - WORLD HEALTH ORGANIZATION. 2020a. Preventing the 
COVID-19 pandemic from causing an antibiotic resistance 
catastrophe. World Health Organization, Europa 1(1), p. 
1-1.

WHO - WORLD HEALTH ORGANIZATION. 2020b. Antibacterial 
agents in clinical and preclinical development: 
an overview and analysis. Geneva: World Health 
Organization.

WHO - WORLD HEALTH ORGANIZATION. 2020c. Antimicrobial 
resistance. Available from: https://www.who.int/
news-room/fact-sheets/detail/antimicrobial-resistance.

WHO - WORLD HEALTH ORGANIZATION. 2022. Report Global 
Antimicrobial Resistance and Use Surveillance System 
(GLASS). Geneva: World Health Organization.

WOLFRAM D. 2017. Bibliometrics Research in the Era of 
Big Data: Challenges and Opportunities. Bibliometria e 
Cientometria no Brasil: infraestrutura para avaliação da 
pesquisa científica na Era do Big Data, p. 91-101. 

WORLD POPULATION REVIEW. 2024. Pharmaceutical Market 
Size by Country.

YANG Y, LI B, ZOU S, FANG HHP & ZHANG T. 2014. Fate of 
antibiotic resistance genes in sewage treatment plant 
revealed by metagenomic approach. Water Res 62: 97-
106. DOI: https://doi.org/10.1016/j.watres.2014.05.019.

ZHANG D, GERSBERG RM, JERN WN & TAN SK. 2014. Removal of 
pharmaceuticals and personal care products in aquatic 

https://doi.org/10.14525/jjce.v17i3.10
https://doi.org/10.14525/jjce.v17i3.10
https://doi.org/10.17271/2318847275220192156
https://doi.org/10.17271/2318847275220192156
https://doi.org/10.1016/j.watres.2012.10.041
https://doi.org/10.1016/j.watres.2012.10.041
https://doi.org/10.1590/S1413-41522015020000096615
https://doi.org/10.1002/9781119268376.ch11
https://doi.org/10.1016/j.scitotenv.2019.134494
https://doi.org/10.1016/j.scitotenv.2019.134494
http://doi.org/10.13227/j.hjkx.202109144
https://doi.org/10.1016/S0043-1354(98)00099-2
https://doi.org/10.1016/j.chemosphere.2005.01.023
https://doi.org/10.1016/j.scitotenv.2022.153234
https://doi.org/10.1016/j.scitotenv.2022.153234
https://doi.org/10.1016/j.scitotenv.2013.10.085
https://doi.org/10.1016/j.scitotenv.2013.10.085
https://doi.org/10.1007/s10750-011-0738-9
https://doi.org/10.1016/j.scitotenv.2017.10.128
https://doi.org/10.1016/j.scitotenv.2017.10.128
https://doi.org/10.1016/j.watres.2007.04.005
https://doi.org/10.1016/j.watres.2007.04.005
https://doi.org/10.1016/j.watres.2014.05.019


VALDEMIR F. DA SILVA & DELMIRA BEATRIZ WOLFF	  REMOVAL OF ANTIBIOTICS IN CONSTRUCTED WETLANDS﻿﻿

An Acad Bras Cienc (2024) 96(4)  e20240275  26 | 26 

plant-ba-sed systems: A review. Environ Pollut 184 : 620-
639. DOI: https://doi.org/10.1016/j.envpol.2013.09.009.

ZHENG S, WANG Y, CHEN C, ZHOU X, LIU Y, YANG J, GENG Q, CHEN 
G, DING Y & YANG F. 2022. Current Progress in Natural 
Degradation and Enhanced Removal Techniques of 
Antibiotics in the Environment: A Review. Int J Environ 
Res Public Health 1;19(17): 10919. DOI: https://doi.
org/10.3390/ijerph191710919.

How to cite
SILVA VF & WOLFF DB. 2024. Removal of antibiotics in constructed 
wetlands: a review and bibliometric analysis. An Acad Bras Cienc 96: 
e20240275. DOI 10.1590/0001-3765202420240275.

Manuscript received on March 18, 2024;
accepted for publication on July 7, 2024

VALDEMIR F. DA SILVA¹
https://orcid.org/0000-0001-7871-5434

DELMIRA BEATRIZ WOLFF²
https://orcid.org/0000-0003-2146-1503

1Universidade Federal de Santa Maria, Programa de 
Pós-Graduação em Engenharia Ambiental, Centro de 
Tecnologia, Av. Roraima, 1000, Cidade Universitária, 
Bairro Camobi, 97105-900 Santa Maria, RS, Brazil
2Universidade Federal de Santa Maria, Departamento de 
Engenharia Sanitária Ambiental, Avenida Roraima, 1000, Cidade 
Universitária, Bairro Camobi, 97105-900 Santa Maria, RS, Brazil 

Correspondence to: Valdemir Fonseca da Silva
E-mail: valdemir.fonseca@acad.ufsm.br

Author contributions
valdemir Fonseca da Silva: Collected literature data; Designed; 
Wrote the manuscript; Checked and approved the manuscript. 
Delmira Beatriz Wollf: Edited and revised the manuscript; 
Checked and approved the manuscript.

https://doi.org/10.1016/j.envpol.2013.09.009
https://doi.org/10.3390/ijerph191710919
https://doi.org/10.3390/ijerph191710919
https://orcid.org/0000-0001-7871-5434
https://orcid.org/0000-0003-2146-1503

