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Abstract 

In recent times, interest in decentralized sanitation alternatives, especially constructed wetlands (CWs), has spiked 
because of the need for wastewater treatment systems that allow effluent reuse, all in an effort to try and meet the 
rising demand for new water sources. Therefore, due to the increase in research in the subject area, the present study 
aimed to identify the research trends and prevailing themes in the existing literature on constructed wetlands as 
domestic wastewater treatment systems. A scientometric methodology was adopted in the study. The scientometric 
review was conducted using the VOSviewer and Citespace software. A total of 68 peer-reviewed journal articles were 
quantitatively analyzed using Various methods such as co-authorship analysis, co-citation analysis, and keyword 
analysis. Constructed wetlands were found to be very effective and efficient in pollutant removal, nutrient recycling, 
and water recycling through the identified clusters. The advancement and modification of CWs to make them better 
at treating new toxins was a welcome notion in the field. However, the lack of extensive collaboration among 
researchers needs to be improved for the betterment of the field through ideas and information exchange. The study 
was limited because it was conducted using the Scopus database and only focused on domestic wastewater. Therefore, 
future research can be centred around other types of wastewater using databases other than Scopus.  

Keywords 
Constructed wetlands, Domestic wastewater treatment, Decentralized sanitation, Sustainable sanitation, 
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1. Introduction
The increasing demand for water brought on by urbanization around the world has a variety of socioeconomic 
repercussions that have put further strain on scarce natural resources. According to Waly et al. (2022), in the last 50 
years, the world's water demand has tripled, diminishing the available water supplies. As a result, non-traditional water 
resources are now required to manage water sources sustainably. Wastewater reuse is one of the options that can cover 
the gap of water shortage globally. However, this approach needs careful consideration because it is controlled by the 
reuse plans, which demand ad hoc effluent quality with the planned water use (Abdullah et al., 2020). As a result, it 
is believed that to avoid any potential adverse effects resulting from the various wastewater usage applications, a high-
efficiency treatment system with low to minimal risks is needed (Waly et al., 2022).  
Constructed wetlands (CWs) are, therefore, one of the systems that can potentially be the treatment technology that 
allows water reuse. CWs are a rapidly expanding class of wastewater treatment techniques built to mimic natural 
wetlands' physical, biological and chemical processes (Machado et al., 2017). In agreement, Hassan et al. (2021) state 
that these systems are artificial wetlands constructed to function and resemble natural wetlands utilizing plants, 
microorganisms, and soil to treat wastewater. Therefore, CWs are seen as low-cost technologies with little operating 
and maintenance needs that can be used in various socioeconomic contexts because they rely on indigenous plants 
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and microorganisms. Because of this, CWs are a cost-effective treatment alternative compared to conventional systems 
and other decentralized sanitation alternatives.  
 
1.1 Background  
Constructed wetlands depend on biological processes like plant assimilation and biodegradation, chemical processes 
like adsorption and precipitation, and physical processes like filtration and sedimentation for the treatment of 
wastewater (Pinninti et al., 2022). Plants play a significant role in CWs processes. However, due to the low oxygen 
concentration of wetlands, it has to be noted that only vascular plants are used in CWs as they thrive in low-oxygen 
environments (Shukla et al., 2021). High-density vegetation in CWs offers pollutant adsorption sites and creates 
microenvironments that act as microbe attachment sites (Machado et al., 2017). Furthermore, Oliveira et al. (2021); 
Shukla et al. (2021) add that plant waste is also a good source of nutrients (nitrogen and phosphorus) and organic 
carbon for the metabolism of microorganisms. Apart from plants, microorganisms are also crucial to the degradation 
of contaminants and the transition of contamination from the environment to the plant (Oliveira et al., 2021). 
According to Machado et al. (2017), the processes of pollutant degradation in CWs typically involve microbial 
consortia, each with a unique degrading mechanism for each particular pollutant. In design, CWs are characterized by 
slow water flow and shallow water depth (Nivala et al., 2018). The lengthy retention times caused by the slow water 
flow enable sedimentation and lengthen the time that the wastewater is in touch with the components of the wastewater 
(Hassan et al., 2021). Therefore, selecting the appropriate flow velocity in any CW is crucial to give the microorganism 
adequate time to break down the pollutants. 
 
The primary purposes of CWs are to improve the quality of effluent and recycle nutrients. The significant advantages 
of wetlands include low maintenance and operation costs, low construction costs, and high flexibility in the landscape 
design to provide shelter for organisms and wildlife, their environmentally friendly approach, and their ability to 
facilitate the reuse of treated water (Hassan et al., 2021; Waly et al., 2022). Table 1 below summarizes the economic 
values of CWs based on their direct, indirect, option, and existence value.  
 

Table 1. Economic value of CWs 
 

Direct values Indirect values Option values Existence values 
Resources Function and Services Future applications Intrinsic significance 
Recreation Water quality attenuation 

and supply 
Industrial Biodiversity 

Irrigation Energy saving Agricultural Landscape 
Water Carbon sequestration Pharmaceutical Aesthetic 
  Other application  

 
Adopted from (Waly et al., 2022) 
Even though they have many benefits, CWs have some limitations to their applications, such as low tolerance for 
conditions of near-complete drying, inability to treat if discharge meets specific standards, large land requirements, 
and inconsistent treatment (Machado et al., 2017). Despite these few minor setbacks, CWs have been used all over the 
world as wastewater treatment systems. According to Hassan et al. (2021); Waly et al. (2022), CWs have been in use 
since the second part of the 20th century, with service in large numbers in European nations such as Denmark, Turkey, 
Austria, the United Kingdom, Slovenia, and Switzerland; several African countries such as Kenya, Seychelles, South 
Africa, and Tanzania; Asian nations such China (with more than 400 CWs), India, Pakistan; South American countries 
such as Brazil, Colombia, and Argentina. Numerous academics have described the apparent benefits of using CWs for 
wastewater treatment as green and sustainable technology, and as a result, there have been enormous gains in both 
research and applications (Waly et al., 2022). Therefore, due to the increase in research in the subject area, this study 
seeks to map out and identify the research trends and prevailing themes in the existing literature on constructed 
wetlands as domestic wastewater treatment systems. 
 
2. Materials and Methods 
This work used a quantitative approach based on scientometric methods to asses, depict, and discuss the defined 
research objectives. The methodology was used to look for novel patterns in the behaviour of published literature, 
mainly journal articles, patterns of collaboration and research components, and the theoretical underpinnings of 
constructed wetlands as domestic wastewater treatment systems. Although scientometric reviews are novel in 
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completed wetlands studies, few examples have previously employed them. Zhang et al. (2021) used scientometrics 
in their research on "A review on China's constructed wetlands in the recent three decades: Application and practice". 
The approach was also used by (Oliveira et al., 2021) in their review on "Floating treatment wetlands in domestic 
wastewater treatment as decentralized sanitation alternative". 
 
2.1 Scientometric review  
Early studies on scientometrics (Karami et al., 2011) define it as the quantitative analysis of scientific fields based on 
communication and published literature, all of which includes discovering new fields of scientific study, analyzing 
how research has evolved through time, or analyzing how research is distributed geographically and organizationally. 
According to Donthu et al. (2021, scientometrics is the application of quantitative methods to bibliometric data, such 
as bibliometric analysis or citation analysis. Moreover, scientometrics typically employs mathematical and statistical 
examination of bibliographic data through scientific mapping techniques (Cooper, 2015). Scientific mapping 
techniques, according to Oliveira et al. (2021), are data visualization techniques that help scientists compare and 
contrast the structure and dynamics of scholarly knowledge and include methods such as bibliographic coupling, 
citation analysis, keyword analysis, and co-citation analysis.  
As highlighted by Cooper (2015); Donthu et al. (2021), to make it easier to analyze bibliographic data in a reasonable 
practical manner, bibliometric software tools such as VOSviewer, Citespace, or Gephi are used. This study used 
VOSviewer and Citespace to produce scientific maps. VOSviewer is an analysis software that provides visually 
comprehensible, aesthetically beautiful, and decipherable bibliometric maps and graphs, which allow users to see 
interactions, links, networks, and comparisons among bibliographic data (Onososen & Musonda, 2022). Furthermore, 
Donthu et al. (2021); Oliveira et al. (2021) state that it is advantageous because it is user-friendly and can use different 
databases simultaneously. Citespace, on the other hand, much like VOSviewer, integrates clustering and social 
network analysis techniques as software for data mining and visualizing scholarly publications primarily drawing on 
the concepts of community factor analysis and pathfinder network scaling (Niu et al., 2022). According to Che (2017), 
Citespace is very advantageous because it has sound visualization effects, fast processing speeds and strong readability 
in data analysis. Hence, the researcher chose to use the two software for the present study. Figure 1 below shows the 
methodological scheme followed in the scientometric analysis.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 1: Schematic of the scientometric process 
 

There are a host of databases where researchers can obtain data for scientific enquiry, chief amongst them are the most 
popular google scholar, Web of Science, and Scopus. The researcher in this study used Scopus as the database for data 
retrieval, as shown in figure 1. Web of science was disqualified as a database for data retrieval because almost all of 
the scientific publications in Web of Science are also found in Scopus. Google Scholar is a much more extensive 
repository than both Scopus and Web of Science, but as (Onososen & Musonda, 2022) highlighted, it has issues 
indexing publications since it counts conference abstracts, and this inevitably leads to an enormous increase in the 
number of papers, therefore, making it difficult to conduct a scientometric review. Hence, the choice to use Scopus.  
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Therefore, search words were entered in Scopus, as shown in Table 1, and the results showed about 1040 documents. 
The years were limited to two decades, from 2002 to 2022. The search was left to include all countries as the study's 
objective is to try and understand the recent research trends in constructed wetlands as domestic wastewater treatment 
systems. The search was then refined to the subject area of engineering and the English language; the resulting tab 
showed about 70 relevant documents, as illustrated in Fig 1. Further refinery was done through abstract filtering. The 
researcher read through the abstracts of all 70 documents to eliminate all the documents irrelevant to the subject area. 
Two documents were identified as false positives and were removed; the remaining 68 documents were retrieved for 
analysis. The 68 documents were then analyzed in Vosviewer and Citespace software using the following analysis 
techniques: Co-occurrence, Co-authorship, and Co-citation. Table 2 below shows the essential parameters of the 
search strategy used in Scopus for data retrieval. 
 

Table 2 Parameters of the search strategy 
 

Search Words Constructed wetlands and Domestic wastewater treatment 

Document Type Journal Article 

Subject Area Engineering 

Period time ≤ 2022 

Language English 

Limit to (Query) Scopus: Title-Abs-Key (Constructed wetlands and Domestic wastewater 
treatment) and publication year >2001 and publication year < 2023 and 
refined by (Document type: Article; Subject Area: Engineering; Key 
Words: Wastewater treatment, wastewater management; Language: 
English; Source Type: Journal) 

Search Date November 2022 

 
3. Results and Discussion 
The results from the analysis are presented below. The first section covers the overview of the research publications, 
followed by co-citation analysis in section 3.2. The next section covers the results of the co-occurrence analysis. The 
penultimate section covers the results of the results of the co-authorship analysis. Finally, the last section summarizes 
the results by giving an overview of the lessons learnt and the recommendations.  
 
3.1 Oversight of publications  
Regarding publication trends in the past two decades, China leads the research outputs with 21 papers in the subject 
area as shown in Figure 2 below. India and the United States of America followed with eight and six publications, 
respectively. Brazil, Turkey, and the United Kingdom followed with four research outputs in the subject area. Africa 
was also represented in research outputs by countries like Tunisia, with two publications, and Morocco and Uganda, 
with a single publication each. A developing country like China leads in research outputs in CWs mainly because of 
the need of the country to find sanitation alternatives for their large populations. The same can be said about India and 
nations like Brazil. However, developed nations like the USA can be considered anomalies to this general notion. But 
it can be argued that the increased research outputs in the subject area from these countries are because of the push for 
sustainable alternatives to the energy-intensive conventional systems. Only a few African nations are present; this is 
concerning as these countries particularly need solutions to the problems posed by poor sanitation frameworks, which 
in turn cause health risks amongst the majority of all African countries. The future allows more research in the subject 
area, especially for the African nations, to try and turn theory into practice.  
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Figure 2. Research publications by country 

 
3.2 Co-citation analysis  
The first analysis which was run in the software was co-citation analysis. Co-citation analysis is a scientific mapping 
method that assumes that papers that are frequently cited together have similar themes, and the analysis can be used 
to discover the study's underlying hypotheses (Donthu et al., 2021). This study used author co-citation analysis, as 
illustrated in the visualization in Figure 3. For an accurate analysis, the minimum number of citations per author was 
set at 10. Out of the 5178 authors identified, only 77 met the threshold. The most cited authors in the subject area were 
Vyzmal, J with 101 citations; Brix, H with 75 citations and Zhang, J with 35 citations. One of the studies by Vymazal 
(2009) describes the performance of two horizontal subsurface flow-constructed wetlands in the Czech Republic. The 
study's findings suggested that when suspended particles and organics are the predominant pollutants, horizontal-flow 
constructed wetlands are a viable alternative to the modest sources of contamination. Being one of the most influential 
authors in the subject area, (Vymazal, 2010) study on constructed wetlands as domestic wastewater treatment 
concluded the same also, stating that the removal of organics and suspended particles are quite effective in constructed 
wetlands while nutrient removal is poor. However, poor nutrient removal in CWs can be offset by combining different 
types of CWs and using a medium with high adsorption capacity. Zhang et al. (2010)also had a study with the same 
underlying themes as Vyzamal, J. The study showed that artificial aeration in CWs is an innovative or cost-effective 
technology for treating domestic wastewater because it is more productive technologically and economically, 
especially in nutrient removal. Both Vyzamal, J and Zhang, J seem to agree that besides the traditional advantages of 
CWs, such as being substantially cheaper in operation and maintenance and environmentally sustainable, they also 
provide many functions, such as carbon sequestration, flood control, or wildlife habitat.  
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Figure 3. Author co-citation density map 
3.3 Co-occurrence analysis 
Co-occurrence analysis is a method that examines the text of a publication, sometimes referred to as keyword analysis. 
According to Donthu et al. (2021), co-occurrence analysis indicates that words that commonly occur together have a 
thematic relationship. However, it has to be noted that the technique has drawbacks in the sense that certain words can 
be termed as keywords even though they are out of context, and in addition, general words can be termed as keywords. 
The first analysis was run in Citespace. The analysis was done using only one splice from 2002 to 2022. Figure 4 and 
5 represent the keyword analysis in Citespace. Figure 4 shows the network for keywords, including the clusters, 
formed, whilst Fig 5 shows the neural network of the keyword analysis. The second analysis was done in Vosviewer. 
Fig 6 shows the co-occurrence analysis in the VOSviewer software. For this analysis, for a word to be included, the 
minimum number of co-occurrences of that particular word was supposed to be five. Out of 796 words, only 38 met 
the threshold. 
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Figure 4 Key words network including clusters 

 
Figure 5. Keyword neural network 

 
 
Citespace analysis 
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The clusters identified by the Citespace software, as illustrated in, Figure 4, include wetland treatment, plant selection, 
bioaugmentation, statistical modelling, treatment efficiencies etc. It has to be noted that Citespace struggles to label 
its clusters when compared to VOSviewer. However, from the analysis of the keywords in Fig 5, there are apparent 
keywords that stick out. The types of CWs are clearly shown in Figure 5; the most prevalent types are the tidal flow 
CW, the horizontal flow CW, and the subsurface flow CW. A study by Kabbour et al. 2022) specifically looked at 
domestic wastewater treatment by a tidal flow CW in Casablanca, Morocco. The results showed steady treatment 
efficiencies of 70% BOD (Biological Oxygen Demand), 80% for COD (Chemical Oxygen Demand), and 73% for SS 
(Suspended Solids), and the effluent from the CW was within Morocco's legal guidelines for discharge. Delgado et al. 
(2020) also looked at the removal of new pollutants like personal care products from domestic wastewater using a 
subsurface flow CW in Medellin, Colombia. The abatement and removal efficiency was above 95% for the organic 
load. Plant selection was also one of the significant clusters in Figure 4. The plant that sticks out here is vetiveria 
zizanoides, as illustrated in Figure 6. The study by Abdullah et al. (2020) looked at the performance of CWs using 
vetiveria zizanoides in Malaysia and showcased the effectiveness of the plant in pollutant removal. This is, however, 
different from the VOSviewer software analysis, as will be shown later in the discussion. Generally, from the 
keywords identified, one can conclude that CWs offer reliable pollutant removal, faecal coliform removal, and nutrient 
removal satisfactory enough to warrant the application of the various types of CWs in multiple countries across the 
globe. 

 
Figure 6. Co-occurrence analysis 

VOSviewer analysis 
As mentioned earlier, the main difference between keyword analysis using Citespace or VOSviewer is that the latter 
clearly shows cluster items and groups them according to the prevailing theme of the key terms in that particular 
cluster. The keyword analysis using VOSviewer revealed about four clusters, as shown in Fig 6. Cluster one mainly 
describes the functionality of CWs and is represented by the colour red. Cluster two primarily speaks on water 
reclamation and is represented by the colour green. Cluster three, represented by the colour blue sub-theme, is nutrient 
removal. Finally, cluster four, represented by the colour yellow underlying theme, is effluent quality. Cluster one 
shows all the keywords in the processes of CWs. Contrasting to the Citespace analysis, the most popular plant type 
used in CWs, as illustrated in Fig 6, is phragmites australis, commonly known as the common reed. A number of 
studies indicated the varied use of the plant type. Mesquita et al. (2018) demonstrated the effectiveness of the plant in 
a full-scale horizontal subsurface flow CW in Sarnadas Rodao, Portugal. Besides aquatic plants, bacteria 
(microorganisms) also play a significant role in breaking down pollutants in CWs. A clear indication of the importance 
of bacteria is illustrated in the study by (Shao et al., 2013), where bio augmentation (specifically the addition of 
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Paenibacillus sp. XP1) was used to improve the removal efficiency of nitrogen in a CW in Shanda, China. Due to the 
poor nutrient removal abilities of CWs, the result of the study clearly showed that bioaugmentation improved nitrates 
and TN (Total Nitrogen) removal efficiencies. The other biological processes that take place in CWs include 
nitrification and denitrification, where ammonia is converted into nitrates and then reduced to nitrogen gas. It is, 
therefore, essential to note that for wastewater treatment, CWs employ a lot of biological and physiochemical 
processes based on the type of bacteria, media or plant available in the CW. 
 
Cluster two is mainly speaking on wastewater reclamation and water recycling. One of the main advantages of CWs, 
as suggested by various authors, is their water-saving capabilities. De Simone Souza et al. (2017) looked at the 
feasibility of CWs in treating grey water for reuse. The study concluded that CWs as water-saving technologies need 
water utilities, the state government, and the local authorities to provide some subsidy if they do not attain the required 
economic viability. This can be justified because these systems produce favourable externalities that increase social 
welfare, such as crop irrigation and fish farming. The reclaimed water can also irrigate green spaces in cities to enhance 
the local microclimate, encourage energy conservation, and promote public health (da Silva et al., 2017). Cluster 
three's sub-theme is nutrient removal. It has to be noted that the poor removal of nitrogen and phosphorous in CWs 
has been well documented in scientific literature. However, steps have been taken to improve the removal of TN and 
TP in CWs; bioaugmentation is one of the methods used to enhance nutrient removal, as mentioned earlier. Besides 
the innovative methods, there are other types of CWs that are generally good in nutrient removal, as illustrated by 
(Cheng et al., 2021); tidal flow CWs are good in \nutrient removal, especially nitrogen. Nutrient removal can also be 
enhanced using plant types with high adsorption capacities, like vetiveria zizanoides (Abdullah et al., 2020). Finally, 
the last cluster focuses on water quality. The water quality mentioned herein is the effluent quality from the effluent 
from CWs. The consensus with CWs is that they produce effluent free from pollutants due to their high removal 
efficiencies, which is why it is safe for reuse. Ayaz et al. (2015) did a performance analysis of two full-scale hybrid 
CWs treating domestic wastewater near a water source in Kocaeli, Turkey. The results indicated that the CWs 
complied with the effluent discharge standards and never compromised the water quality of the nearby water source. 
Another perfect example is the study by (Kabbour et al., 2022) in Morocco which was mentioned earlier. Therefore, 
CWs are one of the best options for wastewater reuse because of their high-quality effluent.  
 
3.4 Co-authorship analysis 
Co-authorship analysis looks at how researchers connect with each other. According to Donthu et al. (2021), 
understanding how academics engage with one another is crucial because it is a formal way of measuring and assessing 
collaboration among researchers and identifying leading countries, organizations, or individual scientists in a 
particular research area. A co-authorship network for the present study is shown in Figure 7. A co-authorship network 
analysis was done using VOSveiwer for researchers who contributed significantly to constructed wetlands. The 
investigation was conducted as follows; the minimum number of documents per author was set at 1, and the minimum 
number of citations per author was set at 20. Out of the 280 authors in the 68 documents analyzed, only 96 met the 
threshold.  
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Figure 7. Co-authorship analysis visualization 

 
The most active researchers in the area, as shown by the big nodes, are Zhang X, Zhang Y, and Zhang L, all with three 
documents each. One of the most recent works of Zhang X looked at the performance of a recirculating standing 
hybrid CW in treating wastewater mixed with heavy metals. In one of his earlier works. In the findings, X. Zhang et 
al. (2020) note that the recirculating standing hybrid CWs were influential in the co-precipitation of heavy metals, 
reducing their toxicity to plants and microbes. Regarding the timeline of the publications, the most recent ones are 
represented by the colour yellow. Bermeo L, Delgado N, Li K, and Chen J are some of the authors with the most 
recent publications. The current trends in CWs research, as highlighted by (Delgado-González et al., 2021), include 
trials in the improvement of phosphorus removal by using granulated apatite filters as the media in the systems. Li et 
al. (2021)also recently did an interesting study that looked at the role of wetland plants on wastewater treatment and 
electricity generation in a constructed wetland coupled with microbial fuel cells. The recent trends show a bit of 
progress in the betterment of CWs as wastewater treatment systems. However, it has to be noted that the highly 
disconnected nodes between authors in Figure 7 are a cause for concern as it shows little collaboration amongst the 
researchers in the field. There is only high interconnectivity between Asian authors, specifically Chinese researchers; 
this can be bad for the growth of the field in general as there is no passing on of information and exchange of ideas. 
With the introduction of new toxins to wastewater, the advancement of treatment methods is significant in combating 
these pollutants to protect and preserve human health. This duty mainly falls to scientific researchers. Therefore, there 
is a need for more information exchange collaboration to come up with new ideas and refine the old ones. 
 
3.5 Lessons learnt and Recommendations 
The review covered a lot of aspects, but there were a few critical and noteworthy points. The first point to note was 
the lack of research publications on the subject area from African nations. This can be attributed to many factors, like 
the lack of funding for research. Sanitation is sometimes the least pressing issue in these countries as they have a host 
of other social and economic problems that need immediate solutions. The second lesson from the review regarding 
the CWs themselves is that the choice of plant and media is significant for effective pollutant removal. The choice of 
plant and media will determine the microbial community responsible for the biodegradation of pollutants. The 
selection of plants and media also has a bearing on the overall performance of the systems; as showcased already, 
there other plants that facilitate better pollutant removal than others, whereas there are others that are better enhancers 
in nutrient removal than others. Thirdly, poor nutrient removal in CWs has also pushed researchers to experiment with 
different types of systems to make them well-rounded and efficient. Lastly, it can be seen that the research trends in 
the subject area are pushing for more technologically advanced techniques that can do multiple things at once, whether 
it is to produce renewable energy, deal with new toxins, or serve as wastewater reuse systems. The most cited and 
discussed themes as found in the analysis are listed below in Table 3 
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Table 3. Most cited themes 
 

I.D Theme 
1 Effectiveness of CWs in treating physical, chemical and microbial contaminants in domestic 

wastewater 
2 Impacts of different media on CWs in sewage treatment 
3 Bio-elecricity generation in CWs  
4 Effects of different weather conditions on CWs  
5 Effectiveness of different types of CWs in treating domestic wastewater 

 
Therefore, with all these things in mind, a few recommendations can be made to further the application and research 
on CWs.  

• The discussion on CWs needs more African researchers because African nations are in dire need of cheap 
sanitation alternatives which are economically sustainable. 

• In terms of application, careful consideration has to be done on the type of CW, the kind of plant and the 
media to use and consideration of the weather of the area also has to be taken into account. 

• Finally, researchers in the field need to collaborate more with each other and pass on ideas on the 
advancement of the systems to deal with new toxins that come with the ever-expanding global environment.  
 

4. Conclusion 
Constructed wetlands offer a sustainable option for wastewater treatment. The interest in constructed wetlands as 
decentralized sanitation alternatives has garnered much interest recently, mainly because of their environmentally 
friendly approach to domestic wastewater treatment. This paper identified the research trends on domestic wastewater 
treatment using constructed wetlands. Developing countries like China and India lead the research publication the 
research area mainly because of the need to find sanitation alternatives to their hugely populated cities. Constructed 
wetlands have been concluded to be effective and efficient in pollutant removal, nutrient recycling, and water 
recycling. The advancement and modification of CWs are welcome in the field as it is crucial, especially in this day 
in age where new toxins are emerging daily. However, it has to be noted that a lack of collaboration among the 
researchers in the field is concerning as information and idea exchange is necessary to advance the research field. The 
presence of only a few African researchers is also a cause for concern as the continent is in dire need of cheap, 
sustainable alternatives to the centralized systems, which are not economical to these nations. However, it is important 
to note that the study was limited in that it was conducted using only the Scopus database and only focused on domestic 
wastewater treatment. Future research can therefore be conducted using other databases and should focus on the 
various types of waste water.  
 
Declaration of Competing Interest 
The authors declare that they have no known competing financial interests or personal relationships that could have 
appeared to influence the work reported in this paper. 
 
Acknowledgements 
This research is funded by the Intra-Africa Mobility Scheme of the European Union in partnership with the African 
Union under the Africa Sustainable Infrastructure Mobility (ASIM) scheme. Opinions and conclusions are those of 
the authors and are not necessarily attributable to ASIM. The work is supported and part of collaborative research at 
the Centre for Applied Research and Innovation in the Built Environment (CARINBE). 
 
References 
Abdullah, N. H., Ahmad, N., Sohaili, J., Salim, N. A. A., Lazim, Z. M., Idris, N., & Kaamin, M., Performance of 

constructed wetlands using Vetiveria Zizanioides for sewage treatment. International Journal of Emerging 
Trends in Engineering Research, 8(1 1.2 Special Issue), 227–232, 2020. 
https://doi.org/10.30534/ijeter/2020/3281.22020 

Ayaz, S., Aktaş, Ö., Akça, L., & Fındık, N., Full-scale hybrid constructed wetlands incorporated with an initial 
anaerobic stage for domestic wastewater treatment in a drinking water catchment area. New Pub: Balaban, 
57(19), 8626–8638, 2015. https://doi.org/10.1080/19443994.2015.1024751 

1503



Proceedings of the 8th North American International Conference on Industrial Engineering and Operations 
Management, Houston, Texas, USA, June 13-16, 2023 

© IEOM Society International 
 

Chen, C., CiteSpace: A Practical Guide for Mapping Scientific Literature, 2017. 
https://www.researchgate.net/publication/308204148 

Cheng, Y. X., Chen, J., Wu, D., Liu, Y. S., Yang, Y. Q., He, L. X., Ye, P., Zhao, J. L., Liu, S. S., Yang, B., & Ying, 
G. G., Highly enhanced biodegradation of pharmaceutical and personal care products in a novel tidal flow 
constructed wetland with baffle and plants. Water Research, 193, 2021. 
https://doi.org/10.1016/j.watres.2021.116870 

da Silva, J. B., de Oliveira, P. J. A., Boncz, M. Á., & Paulo, P. L. , A modified constructed wetland system for 
greywater treatment. Desalination and Water Treatment, 91, 31–39, 2017. 
https://doi.org/10.5004/dwt.2017.20849 

de Simone Souza, H. H., Paulo, P. L., & Boncz, M. A., A constructed wetland system for residential greywater reuse: 
Economic feasibility of, and willingness to pay for. Desalination and Water Treatment, 91, 336–348, 2017. 
https://doi.org/10.5004/dwt.2017.20878 

Delgado, N., Bermeo, L., Hoyos, D. A., Peñuela, G. A., Capparelli, A., Marino, D., Navarro, A., & Casas-Zapata, J. 
C., Occurrence and removal of pharmaceutical and personal care products using subsurface horizontal flow 
constructed wetlands. Water Research, 187, 2020. https://doi.org/10.1016/j.watres.2020.116448 

Delgado-González, L., Prost-Boucle, S., Troesch, S., & Molle, P., Granulated apatite filters for phosphorous retention 
in treatment wetlands: Experience from full-scale applications. Journal of Water Process Engineering, 40, 2021. 
https://doi.org/10.1016/j.jwpe.2021.101927 

Diane Cooper, I., Bibliometrics basics. In Journal of the Medical Library Association (Vol. 103, Issue 4, pp. 217–
218), 2015. Medical Library Association. https://doi.org/10.3163/1536-5050.103.4.013 

Donthu, N., Kumar, S., Mukherjee, D., Pandey, N., & Lim, W. M., How to conduct a bibliometric analysis: An 
overview and guidelines. Journal of Business Research, 133, 285–296, 2021. 
https://doi.org/10.1016/j.jbusres.2021.04.070 

Hassan, I., Chowdhury, S. R., Prihartato, P. K., & Razzak, S. A., processes Wastewater Treatment Using Constructed 
Wetland: Current Trends and Future Potential, 2021. https://doi.org/10.3390/pr 

Kabbour, A., Mouhir, L., Benrahmane, L., Bendaoud, A., Laaouan, M., & el Hafidi, M., Domestic wastewater 
treatment using tidal flow constructed wetlan. Desalination and Water Treatment, 257, 91–95, 2022. 
https://doi.org/10.5004/dwt.2022.28475 

Karami, N., Khasseh, A. A., Mooghali, A., Alijani, R., Karami, N., & Khasseh, A., Scientometric Analysis of the 
Scientometric Literature. In Scientometric Analysis of the Scientometric Literature Article in International 
Journal of Information Science and Management, 2011. https://www.researchgate.net/publication/267704390 

Li, K., Qi, J., Zhang, F., Miwornunyuie, N., Amaniampong, P. S., Koomson, D. A., Chen, L., Yan, Y., Dong, Y., 
Setordjie, V. E., & Samwini, A. M. N., The role of wetland plants on wastewater treatment and electricity 
generation in constructed wetland coupled with microbial fuel cell. Applied Sciences (Switzerland), 11(16), 
2021. https://doi.org/10.3390/app11167454 

Machado, A. I., Beretta, M., Fragoso, R., & Duarte, E., Overview of the state of the art of constructed wetlands for 
decentralized wastewater management in Brazil. In Journal of Environmental Management (Vol. 187, pp. 560–
570), 2017. Academic Press. https://doi.org/10.1016/j.jenvman.2016.11.015 

Mesquita, C., Albuquerque, A., Amaral, L., & Nogueira, R., Effectiveness and temporal variation of a full-scale 
horizontal constructed wetland in reducing nitrogen and phosphorus from domestic wastewater. 
ChemEngineering, 2(1), 1–14, 2018. https://doi.org/10.3390/chemengineering2010003 

Niu, Y., Adam, M., & Hussein, H., Connecting Urban Green Spaces with Children: A Scientometric Analysis Using 
CiteSpace. In Land (Vol. 11, Issue 8), 2022. MDPI. https://doi.org/10.3390/land11081259 

Nivala, J., van Afferden, M., Hasselbach, R., Langergraber, G., Molle, P., Rustige, H., & Nowak, J., The new German 
standard on constructed wetland systems for treatment of domestic and municipal waste water. Water Science 
and Technology, 78(11), 2414–2426, 2018. https://doi.org/10.2166/wst.2018.530 

Oliveira, G. A., Colares, G. S., Lutterbeck, C. A., Dell’Osbel, N., Machado, Ê. L., & Rodrigues, L. R.,Floating 
treatment wetlands in domestic wastewater treatment as a decentralized sanitation alternative. In Science of the 
Total Environment (Vol. 773), 2021a. Elsevier B.V. https://doi.org/10.1016/j.scitotenv.2021.145609 

Oliveira, G. A., Colares, G. S., Lutterbeck, C. A., Dell’Osbel, N., Machado, Ê. L., & Rodrigues, L. R., Floating 
treatment wetlands in domestic wastewater treatment as a decentralized sanitation alternative. In Science of the 
Total Environment (Vol. 773), 2021b. Elsevier B.V. https://doi.org/10.1016/j.scitotenv.2021.145609 

Onososen, A. O., & Musonda, I.,Research focus for construction robotics and human-robot teams towards resilience 
in construction: scientometric review. In Journal of Engineering, Design and Technology. Emerald Group 
Holdings Ltd., 2022 https://doi.org/10.1108/JEDT-10-2021-0590 

1504



Proceedings of the 8th North American International Conference on Industrial Engineering and Operations 
Management, Houston, Texas, USA, June 13-16, 2023 

© IEOM Society International 
 

Pinninti, R., Kasi, V., Sallangi, L. K. S. V. P., Landa, S. R., Rathinasamy, M., Sangamreddi, C., & Dandu Radha, P. 
R., Performance of Canna Indica based microscale vertical flow constructed wetland under tropical conditions 
for domestic wastewater treatment. International Journal of Phytoremediation, 24(7), 684–694, 2022. 
https://doi.org/10.1080/15226514.2021.1962800 

Shao, Y., Pei, H. yan, & Hu, W. rong., Nitrogen removal by bioaugmentation in constructed wetlands for rural 
domestic wastewater in autumn. Desalination and Water Treatment, 51(34–36), 6624–6631, 2013. 
https://doi.org/10.1080/19443994.2013.791787 

Shukla, R., Gupta, D., Singh, G., & Mishra, V. K., Performance of horizontal flow constructed wetland for secondary 
treatment of domestic wastewater in a remote tribal area of Central India. Sustainable Environment Research, 
31(1), 2021. https://doi.org/10.1186/s42834-021-00087-7 

Vymazal, J., Desalination and Water Treatment Constructed wetlands with horizontal subsurface flow in the Czech 
Republic: Two long-term case studies. 11–15. www.deswater.com 

Vymazal, J., Constructed wetlands for wastewater treatment. In Water (Switzerland) (Vol. 2, Issue 3, pp. 530–549), 
2010. MDPI AG. https://doi.org/10.3390/w2030530 

Waly, M. M., Ahmed, T., Abunada, Z., Mickovski, S. B., & Thomson, C., Constructed Wetland for Sustainable and 
Low-Cost Wastewater Treatment: Review Article. Land, 11(9), 1388, 2022. 
https://doi.org/10.3390/land11091388 

Zhang, H., Tang, W., Wang, W., Yin, W., Liu, H., Ma, X., Zhou, Y., Lei, P., Wei, D., Zhang, L., Liu, C., & Zha, J., 
A review on China's constructed wetlands in recent three decades: Application and practice. In Journal of 
Environmental Sciences (China) (Vol. 104, pp. 53–68). Chinese Academy of Sciences.2021 
https://doi.org/10.1016/j.jes.2020.11.032 

Zhang, L. yu, Zhang, L., Liu, Y. ding, Shen, Y. wu, Liu, H., & Xiong, Y., Effect of limited artificial aeration on 
constructed wetland treatment of domestic wastewater. Desalination, 250(3), 915–920, 2010. 
https://doi.org/10.1016/j.desal.2008.04.062 
Zhang, X., Wang, T., Xu, Z., Zhang, L., Dai, Y., Tang, X., Tao, R., Li, R., Yang, Y., & Tai, Y., Effect of heavy 

metals in mixed domestic-industrial wastewater on performance of recirculating standing hybrid 
constructed wetlands (RSHCWs) and their removal. Chemical Engineering Journal, 37, 20209. 
https://doi.org/10.1016/j.cej.2019.122363 

 
Biographies 
Happison Muzioreva holds an Honours Degree in Quantity Surveying from the National University of Science and 
Technology in Zimbabwe. He is currently doing his Master's in Civil Engineering with the University of 
Johannesburg within the Faculty of Engineering and the Built Environment. His research interests include 
sustainability, sanitation, and wastewater systems.  
 
Professor Trynos Gumbo is a C2 NRF rated researcher and a SACPLAN Registered Professional Planner; who is 
currently working as a Full Professor and leader of the Sustainable and Smart Cities and Regions (SSRC) 
research group within the Department of Urban and Regional Planning within the Faculty of Engineering and 
the Built Environment at the University of Johannesburg (UJ), South.  Prof Gumbo holds a PhD from Stellenbosch 
University, South Africa, masters and honours degrees from the University of Zimbabwe in Rural and Urban Planning. 
He has published in a wide range of research areas that include smart and sustainable cities and regions, intelligent 
transport systems & infrastructure planning, integrated and sustainable human settlements, spatial analysis using 
geographical information systems to statistical analysis using statistical package for social sciences. 
 
Professor Innocent Musonda is a C2 NRF rated researcher, who is currently working as a Full Proffessor in the 
department of Construction Management and Quantity within the Faculty of Engineering and the Built Environment 
at the University of Johannesburg. Professor Innocent Musonda holds a PhD in Engineering Management and 
qualifications in Construction Management and Civil Engineering. He is a registered Civil Engineer, a professional 
Construction Manager and a full member of the Chartered Institute of Building (CIOB). He has worked in the public 
and private sector in Botswana, South Africa and Zambia. He is a researcher, invited speaker, founder and director of 
the Centre for Applied Research and Innovation in the Built Environment (CARINBE) at the University of 
Johannesburg. He has served as a chairperson of an international conference series on infrastructure development and 
investment in Africa from its inception in 2014. Prof Musonda is also a roaming scholar at the University of Toronto, 
Canada, on the Engineering Education for Sustainable Cities in Africa Project (EESC-A). Research Interests include, 
Construction health and safety, BIM and digital applications in the Built environment, Infrastructure development and 

1505



Proceedings of the 8th North American International Conference on Industrial Engineering and Operations 
Management, Houston, Texas, USA, June 13-16, 2023 

© IEOM Society International 

sustainability, Energy efficiency and environmental protection in built infrastructure, and Skills development and new 
knowledge areas for the Built environment. 

Doctor Neema Kavishe holds a PhD in Civil Engieering. She currently works at Ardhi University in Dar es Salaam 
Tanzania as a lecturer at Ardhi University within the department of Building Economics. Dr Neema Kavishe did her 
PhD at the School of Civil Engineering, University of Birmingham in the UK. She does research in Construction and 
Project Management. Her research interests include Public Private Partnership, sustainability, and housing. 

1506




