
IJSART - Volume 10 Issue 4 – APRIL 2024                                                                                      ISSN [ONLINE]: 2395-1052 

 

Page | 317                                                                                                                                                                     www.ijsart.com 

 

Enhancing Water Treatment Efficiency Using 

Artificial Wetlands 

 

Tejal Shelar1, Harshada Khatate2, Udayan Garud3, Muzammil Ansari4, Chinmay Monde5, Prof. Prajakta Kenjale6 
1, 2, 3, 4, 5 Dept of Civil Engineering 

6Associate Professor, Dept of Civil Engineering 
1, 2, 3, 4, 5, 6 Vivekanand Education Society's Polytechnic Sindhi Society, Chembur, Mumbai - 400 071 

 

Abstract- By emulating natural ecosystems, artificial wetlands 

aid in the resolution of environmental issues and the 

promotion of sustainable resource management. The 

development and implementation of artificial wetlands for the 

purposes of effluent treatment, habitat restoration, as well as 

environmental conservation is the primary aim of this 

research. The undertaking comprises various phases, 

commencing with site selection and concluding with 

management. These phases consist of structural construction, 

building up vegetation, hydrological management, monitoring 

of water quality, involvement from the community, and regular 

maintenance.  The goals encompass the purification of 

effluent, the development of water quality, the mitigation of 

pollution, and the establishment of wildlife habitats. Priority is 

given to stakeholder engagement and community participation 

in order to generate support and increase awareness of 

artificial wetland initiatives.  By implementing novel 

technologies and ecological principles, the viability and 

efficacy of man-made wetland restoration and conservation 

are demonstrated. The results of the project have the potential 

to provide insights for future wetland management, make a 

scientific contribution, and serve as a source of inspiration for 

more extensive endeavours aimed at conserving natural 

resources.  This study highlights the potential of man-made 

wetland systems as environmentally sustainable remedies, 

with the intention of preserving ecosystems for subsequent 

generations. 
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I. INTRODUCTION 

 

 Wetlands are remarkably diverse and essential 

ecosystems on a global scale, providing habitat for numerous 

endangered or migratory plant and animal species. By steadily 

releasing and retaining water, these ecosystems contribute 

significantly to the regulation of hydrological cycles(Jones, 

1997) Additionally, they facilitate groundwater replenishment, 

aid in flood control, and sustain the flow of rivers and streams. 

In addition to their ecological importance, wetlands offer 

considerable socioeconomic advantages, such as revenue-

generating recreational prospects, cultural significance for 

indigenous communities, and recreational prospects. Due to 

agricultural drainage, urban and industrial expansion, 

pollution from effluent and refuse, and the introduction of 

invasive species, wetland degradation and loss have 

unfortunately accelerated(Shutes, 2001) Artificial wetlands 

embody a novel methodology for emulating the operational 

characteristics of natural wetlands, specifically with regard to 

the treatment of effluent, management of flood water, and 

preservation of wildlife. Surface flow wetlands, in which 

water flows horizontally through vegetated channels, and 

subsurface flow wetlands, in which water flows vertically 

through a porous medium, are the two primary types of these 

engineered systems. Water purification and quality 

enhancement are achieved through the utilisation of physical, 

chemical, and biological processes, including sedimentation, 

adsorption, microbial degradation, and plant 

absorption(Gersberg et al., 1986) 

 

The primary aim of this inquiry is to examine the 

viability of man-made wetland systems as an ecologically 

sustainable and economical substitute for storm water 

management and effluent treatment. The primary objective of 

this research endeavour is to assess the ecological advantages 

of these areas in terms of habitat provision for wildlife, long-

term performance, and support for ecosystem services under a 

variety of climatic, hydrological, and land-use conditions. 

Furthermore, the study aims to identify potential avenues for 

incorporating man-made wetland systems into initiatives 

pertaining to urban planning, the creation of green 

infrastructure, and the restoration of landscapes(Addo-Bankas 

et al., 2022) The project investigates the potential 

incorporation of artificial wetland design, construction, 

operation, and maintenance into more comprehensive 

environmental management strategies, among other aspects. 

Artificial wetlands provide a sustainable resolution to various 

environmental issues, including nutrient contamination, urban 

discharge, habitat fragmentation, and the loss of green space, 

through the replication of natural processes. By employing 

natural filtration, adsorption, microbial action, and plant 
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absorption, the contaminants present in the effluent are 

efficiently eliminated. The objective of this study is to present 

artificial wetlands as a feasible and environmentally friendly 

approach to wastewater treatment through an extensive 

examination of relevant scholarly works, real-world 

implementations, and case studies. By employing this all-

encompassing strategy, the endeavour seeks to emphasise the 

capacity of man-made wetland systems to mitigate water 

contamination issues and promote environmental 

sustainability(D. Liu et al., 2009) 

 

 

Figure No.1 Artificial Wetlands 

 

1.1 Wastewater Treatment Challenges 

 

By utilising artificial wetlands to improve the efficacy of 

water treatment, a number of significant challenges in 

wastewater treatment are resolved. Wastewater is a complex 

mixture of contaminants that originate from sources including 

agriculture, industry, and household use. It comprises organic 

matter, nutrients (including nitrogen and phosphorus), heavy 

metals, and pathogens. Conventional treatment approaches, 

such as chemical treatments and activated sludge systems, 

encounter constraints when it comes to efficiently eliminating 

this wide range of pollutants. The following are particular 

challenges(Y. Liu et al., 2020) 

 

• Removal of Nutrients: Nutrient pollution, particularly 

excess nitrogen and phosphorus, is a major concern 

in wastewater treatment as it can lead to 

eutrophication of water bodies. Conventional 

treatment methods struggle to efficiently remove 

these nutrients. 

• Organic Contaminants: Wastewater often contains a 

range of organic pollutants such as oils, detergents, 

and pesticides. These can be challenging to break 

down completely with conventional treatment 

methods. 

• Heavy Metals: Industries discharge wastewater 

containing heavy metals like lead, mercury, and 

cadmium, which are toxic and persistent. Removing 

heavy metals effectively is crucial but can be difficult 

and expensive. 

• Pathogen Removal: Wastewater can carry disease-

causing pathogens like bacteria, viruses, and 

protozoa. Ensuring complete removal of these 

pathogens is vital to prevent the spread of waterborne 

diseases. 

• Sustainability and Energy Consumption: Many 

conventional treatment processes are energy-

intensive and can have a high carbon footprint. 

Finding sustainable and energy-efficient treatment 

solutions is becoming increasingly important. 

• Treatment Costs: Traditional treatment methods can 

be expensive to operate and maintain, especially 

when dealing with complex industrial effluents or 

decentralized wastewater sources. 

• Space and Infrastructure Requirements: Constructing 

and maintaining large-scale treatment plants in urban 

areas can be challenging due to space limitations and 

high infrastructure costs(Gu et al., 2017) 

 

Artificial wetlands present a viable resolution to these 

obstacles through the utilisation of natural processes to 

efficiently treat effluent. These systems emulate the operations 

of natural wetland ecosystems by employing microorganisms 

and plants to eliminate pollutants via biological, physical, and 

chemical mechanisms. It is possible to improve the 

sustainability of water treatment processes, decrease expenses, 

and increase treatment efficacy by incorporating artificial 

wetlands into wastewater treatment strategies(CHRISPIM, 

2021) 

 

1.2 Artificial wetlands as sustainable solution 

 

Artificial wetlands present an environmentally 

friendly and pioneering approach to improving the efficacy of 

water remediation in a variety of contexts. In contrast to 

conventional treatment approaches that frequently rely on 

chemical remedies and energy-intensive procedures, artificial 

wetlands effectively purify water by harnessing natural 

ecological processes. Utilising the power of soil, 

microorganisms, vegetation, and vegetation, these man-made 

wetlands are engineered to replicate the processes of natural 

wetland ecosystems by eliminating pollutants and 

contaminants from water(Solano et al., 2004) Wetland 

vegetation is of paramount importance in this process as it 

absorbs nitrogen and phosphorus, two nutrients that are 

prevalent contaminants in effluent. In addition to serving as a 

habitat for various microbial communities, the roots of these 

plants facilitate the decomposition of organic matter and 

pathogens. The sustainability of artificial wetlands is one of 

their primary benefits. Their operational energy requirements 
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are minimal, as they predominantly depend on solar radiation 

and organic biological processes. By doing so, operational 

expenses and environmental repercussions are substantially 

diminished in comparison to traditional treatment approaches. 

In addition, for decentralised water treatment in rural or 

remote locations, artificial wetlands may be utilised as 

autonomous systems or integrated into existing wastewater 

treatment infrastructure(Albarracin et al., 2022) 

 

Additionally, noteworthy is their adaptability. 

Synthetic wetland dimensions and configurations can be 

modified to accommodate particular treatment requirements 

and spatial limitations. These systems are capable of treating a 

wide range of wastewater, such as industrial effluents, 

agricultural discharge, and urban sewerage. Their adaptability 

renders them appropriate for an extensive spectrum of uses, 

spanning from modest community initiatives to sizable 

municipal water treatment establishments. Additionally, 

artificial wetlands promote plant diversity and serve as 

habitats for wildlife, thereby contributing to ecological 

restoration and biodiversity conservation. Furthermore, these 

assets provide aesthetic and recreational benefits to the 

surrounding communities by converting unused or degraded 

land into verdant spaces. In essence, artificial wetlands 

exemplify an environmentally conscious and sustainable 

approach to augmenting the efficacy of water treatment 

processes. Through the utilisation of ecological mechanisms, 

these systems not only efficiently cleanse water but also foster 

biodiversity, mitigate energy usage, and deliver an array of 

social and environmental advantages(Valipour & Ahn, 2016) 

Extensive implementation of these technologies exhibits 

considerable potential in effectively and ecologically 

mitigating water quality issues. 

 

1.3 Components of Artificial Wetland Construction 

 

Water treatment and environmental restoration are 

two of the primary goals of artificial wetlands, which are 

innovative systems that are meant to imitate the processes that 

occur in natural wetland environments. Constructing an 

artificial wetland that is both successful and efficient requires 

careful design and the integration of many important 

components in order to maximise the effectiveness of water 

treatment. A comprehensive list of components that are 

necessary for the creation of artificial wetlands is provided 

below(Spieles, 2022) 

 
Figure No.2 Artificial wetlands as sustainable solution 

 

1. Basin: The basin functions as the tangible framework or 

receptacle that confines the water contained within the 

man-made wetland. Materials such as prefabricated 

structures, geomembranes, or concrete may be utilised to 

construct it above ground or through excavation. The 

dimensions and configuration of the basin are critical 

factors that are established by the intended capacity for 

treatment and the space at hand. In general, the design of 

the basin facilitates the efficient passage of water through 

the wetland system, thereby guaranteeing sufficient 

residence time for remediation processes(Hong, 2014) 

2. Substrate: The term "substratum" denotes the substance or 

medium by which water traverses within a wetland. It is 

imperative in promoting microbial proliferation and 

facilitating the elimination of impurities. Slaughterhouses 

are frequently comprised of synthetic media, gravel, and 

sand, all of which are intended to increase surface area 

and foster favourable conditions for microbial 

colonization. The porosity and permeability of the 

substrate are pivotal factors in determining the fate of 

water and the elimination of pollutants within the 

wetland. 

3. Vegetation: Artificial wetlands are fundamentally devoid 

of vegetation, which serves ecological purposes including 

nutrient absorption, oxygenation, and as a habitat for a 

variety of microbial communities. It is of the utmost 

importance to choose the proper plant species, as they 

have a direct impact on the treatment efficacy of the 

wetland. Cattails, bulrushes, and sedges, which are typical 

wetland vegetation, are selected due to their capacity to 

flourish in wetland environments and engage in 

contaminant removal mechanisms such as 

phytoremediation(Hong, 2014) 

4. Liner: A liner may be implemented within the basin under 

specific circumstances to impede water infiltration into 

the adjacent soil or groundwater. In most cases, liners are 

constructed from impermeable materials such as clay 

sediments compacted to particular specifications or 

geomembranes (HDPE, PVC). The selection of a liner is 

contingent upon regulatory requirements as well as site-

specific conditions in order to prevent environmental 
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impacts compared to treated or untreated wastewater 

along with ensure encapsulation(Hong, 2014) 

5. Inlet/Outlet Arrangement System: For the purpose of 

controlling the flow of water into and out of the artificial 

wetland, the inlet and outlet arrangements have been 

designed. The hydraulic residence duration is controlled 

by these systems, which is an essential component in the 

process of attaining successful treatment. Both inlets and 

outputs are designed to permit regulated release or reuse 

of treated water. Inlets are responsible for distributing 

influent water uniformly over the wetland, which will 

promote consistent treatment. For the purpose of 

controlling the hydraulic conditions that exist inside the 

wetland, structures such as weirs, pipelines, and flow 

regulators are used. 

 

1.4 Artificial wetland wastewater treatment systems 

 

As a substitute for wastewater treatment method, 

artificial wetlands purify water by imitating natural processes. 

Naturally present in soil, water, boulders, and on the root 

system and stems of wetland plants, microorganisms remove 

pollutants from effluent by consuming organic matter and 

nutrients. Analogue wetlands are constructed with the purpose 

of filtering grey or black household wastewater(Gersberg et 

al., 1986) 

 

 
Figure 3. Artificial Wetland System 

 

A tank, the wetland tank or cell, and a means for returning 

purified effluent to the environment, such as a reservoir or 

sewer, comprise an artificial wetland system. Initial 

remediation of the wastewater occurs within the receptacle. 

Solid waste is decomposed by bacteria, which causes the 

formation of a slurry layer; greases and lubricants float, 

contributing to the formation of a mucus layer. Following 

filtration, the cleansed middle layer (effluent) is transported to 

the artificial wetland reservoir or cell. Wastewater in artificial 

wetlands is submerged beneath the surface(Gersberg et al., 

1986) This minimizes the likelihood of human contact with 

the effluent and controls mosquitoes. Reeds, the cattail, 

bulrushes, and additional aquatic vegetation are cultivated 

within the cell. On the surface of the sediment and in the roots 

of plants, microorganisms decompose organic matter in the 

effluent. Moreover, the vegetation facilitates the removal of 

nutrients and produces oxygen from the effluent. A portion of 

the residues coalesce and adhere to the surfaces of the 

particles. The treated water is typically discharged into the 

main sewer. When effluent quality improves, the water may be 

repurposed for use in gardens or lawns via a trickle system. 

Additional purposes encompass the evaporation of pond water 

and the hydration of livestock(Gersberg et al., 1986) 

 

In general, constructed wetlands can be categorised 

based on various factors, including circulation path (horizontal 

or vertical), hydrology (surface-flow as well as subsurface-

flow), as well as macrophyte types (free-floating, emergent, 

and submerged). Surface flow (SF), subsurface flow (SSF), 

and hybrid systems, which combine surface and subsurface 

flow wetlands, are just a few of the numerous varieties of 

constructed wetlands. The hybrid system operates as a 

multistage system, wherein the treatment is executed within 

distinct elements that are purpose-built to carry out particular 

functions(ZhZhang, L. yu, Zhang, L., Liu, Y. ding et al., 2010) 

For example, in the context of wastewater treatment, certain 

units are specifically engineered to facilitate aerobic reactions, 

whereas others are Optimised for anaerobic environments. An 

aerated artificial wetland is one that is supported by a 

subsurface structure containing air distribution pipelines and is 

outfitted with an air pump. By increasing the oxygen transfer 

rate in wetlands with horizontal flow (HF) or vertical flow 

(VF), the air pump-introduced air bubbles effectively establish 

conditions that are aerobic. The amount of oxygen needed in 

an artificial wetland is estimated to be 250 g/m2/d, assuming 

an air flow rate of at least 0.6 m3/m2/h and a distribution of 30 

cm × 30 cm. Wetlands that are mechanically aerated have the 

capacity to deliver oxygen transfer rates in excess of 1 

m3/m2/h. In addition to enhanced nitrification and 

denitrification capabilities, the aerated wetland exhibits 

improved environmental conditions beneath the surface and 

among the vegetation(ZhZhang, L. yu, Zhang, L., Liu, Y. ding 

et al., 2010) 

 

Diverse terms are employed by scientists and 

engineers in the literature to delineate wetlands. For example, 

the effluent flow surface is elevated above the soil (material in 

artificial wetlands) in free-surface flow (FSF). Conversely, 

certain scientists designate the FSF using the abbreviation SF 

surface flow. Furthermore, subsurface flow systems (SSFs) are 

characterised by effluent moving horizontally or vertically to a 

depth below the surface of the earth(Vymazal, 2019) 

Horizontal subsurface flow is denoted by the acronym HSSF; 

alternatively, subsurface flowing horizontally is denoted by 

SSHF. The abbreviations VSSF and SSVF denote, 

respectively, vertical subsurface flow and subsurface vertical 
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flow. On occasion, the aforementioned terms are 

supplemented with the abbreviation for "artificial wetlands" 

that has been constructed. As an illustration, HF is 

supplemented with artificial wetlands to produce HF Artificial 

Wetlands. The remainder of this piece will employ the 

following abbreviations to facilitate terminology unification in 

the literature: HSSF for transverse subsurface flow, VSSF for 

perpendicular subsurface flow, as well as SF for exterior 

flow(Vymazal, 2019) 

 

II. RELATED WORK 

 

Ikrema Hassan et.al (2021) Constructed wetlands (CW) offer 

an eco-friendly method to treat wastewater by removing 

pollutants, applied across various sectors like municipal 

wastewater, petroleum refining, agriculture, and mining. This 

paper presents a critical overview of CW, including its types, 

contaminant removal mechanisms, degradation pathways, 

challenges, materials, applications, and recent advances over 

the past thirty years. It also outlines future projections and 

unresolved issues, aiming to standardize design aspects and 

performance metrics within the CW community, fostering 

future research and development.Haiming Wu et.al (2015) 

Constructed wetlands (CWs) have served as an alternative to 

traditional wastewater treatment methods for over 50 years. 

Recent research has focused on modified CWs to enhance 

treatment effectiveness. However, understanding of these 

technologies for robust pollutant removal remains limited. 

This paper provides an overview of CW strategies, 

summarizing key innovations in configuration and 

performance. It discusses treatment efficacy and limitations, 

identifying future directions for improved, sustainable CW 

design and implementation. This information aims to inspire 

new methods and applications of CW technologies.Sandro 

Xavier de Campos et.al (2024) Constructed wetland systems 

(CWs) are increasingly utilized for wastewater treatment, 

relying on natural processes for pollutant removal. Over the 

past six years, 81 reviewed articles highlighted CWs' efficacy 

in treating various effluents, often in conjunction with other 

technologies. Of these, 41 studies provided quantitative data 

on effluent quality, meeting reuse standards worldwide. CWs 

treat gray water, runoff, and industrial effluents for reuse, with 

emerging challenges focusing on pathogen and new 

contaminant removal. Integration with conventional and 

advanced technologies shows promise for optimizing pollutant 

removal, underscoring CWs' role in addressing water scarcity 

amid climate change.Fuyao Huang et.al (2022)A water body 

enhancement project was carried out in Baozi River, Wuhan 

City, utilizing ecological aeration, artificial wetlands, gravel 

beds, multi-pond systems, underwater forests, and other 

bypass treatment components. Aquatic plants, floating islands, 

and a sediment purifier were used as auxiliary measures. 

Results demonstrated stable operation and efficient pollutant 

removal, with monitored parameters showing NH3−N < 1.0 

mg/L, TP < 0.2 mg/L, COD < 20 mg/L, DO > 5 mg/L, and 

transparency > 60 cm. Water quality improved from Class V 

to Class III per Chinese standards (GB3838-2002), 

showcasing method effectiveness and ecosystem restoration 

benefits for urban rivers. 

 

Baneen Hussein Zaboon et.al (2022)This study investigated 

the effectiveness of four experimental free water surface 

constructed wetlands (FWSCWs) in treating sewage effluents 

during winter. It aimed to evaluate the removal efficiency of 

pollutants like COD, BOD, nutrients, and TSS. Results 

indicated that all systems improved water quality, with biofilm 

carriers notably enhancing BOD reduction. The combination 

of plants, carriers, and gravel significantly boosted treatment 

efficiency for various pollutants compared to the control 

system(Zaboon et al., 2022)Olivia Addo-Bankas et.al 

(2022)This paper discusses the use of artificial landscape 

water bodies in urban settings, primarily using reclaimed 

water (treated wastewater) to enhance ecological quality. 

However, this practice often leads to eutrophication and algal 

blooms due to poor hydrodynamics and infrequent water 

changes. The paper aims to summarize treatment techniques 

and strategies for improving the quality of urban landscape 

waters, proposing integrated design solutions for sustainable 

urban environments(Olivia Addo-Bankas, 2022)Mathieu 

Nsenga Kumwimba et.al (2021)Floating treatment wetlands 

(FTWs) exhibit varying nutrient removal efficiencies from 

22% to 98%. Efforts to boost FTW performance range from 

internal modifications to external operational improvements. 

Freshwater pollution threatens water quality and human 

health, with nutrients being a key concern. FTWs, employing 

macrophytes and root systems, are effective in warm periods 

but less so in low temperatures due to reduced metabolic 

processes. This paper reviews strategies to enhance FTW 

efficacy in cold conditions for better eutrophic water 

improvement(Mathieu Nsenga Kumwimba, 2023)Shengjiong 

Deng et.al (2021)Constructed wetlands (CWs) are 

acknowledged as cost-effective and eco-friendly technologies 

for cleaning contaminated water, particularly in rural areas. 

The substrate within CWs plays a crucial role in their 

performance. Biochar, derived from biomass carbonization, is 

now being used in CWs/biofilters to enhance wastewater 

treatment. This paper assesses biochar's impact on removing 

pollutants like nitrogen, phosphorus, organic contaminants, 

heavy metals, and pathogens, while also fostering macrophyte 

growth and reducing greenhouse gas emissions. The study 

emphasizes microbial involvement and suggests recycling 

biochar for soil improvement post-use. Further research is 

needed on biochar's durability and potential downsides in 

CW/BF systems.Haiming Wu et.al (2023)Artificial wetlands, 

https://www.nature.com/articles/s43017-023-00395-z#auth-Haiming-Wu-Aff1
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deployed across 50+ nations, offer sustainable wastewater 

treatment using natural processes to eliminate organic matter 

and nutrients. These constructed wetlands (CWs) deliver 

additional benefits like ecosystem services and recreation. Yet, 

performance varies due to local factors like weather, 

wastewater mix, and operational nuances. Research examines 

335 CWs, finding hybrid models most effective, removing 

76% of organic matter, 63% of nitrogen, and 72% of 

phosphorus. CW performance hinges on plant species, 

substrate choice, and environmental conditions. Enhanced 

strategies include aeration, cold-resistant plants, and clog 

repairs to optimize long-term efficiency(Wu et al., 2015) 

 

Hao Zheng et.al (2023) Constructed wetlands (CW) are 

effective for decentralized rural sewage treatment, yet suffer 

from low pollutant removal due to limited DO levels. A falling 

water enhanced tidal flow CW (F-TFCW) was developed to 

address these issues. This study analyzed the impact of falling 

water deoxygenation, tidal operation, and flood rest ratio (F/R) 

on F-TFCW's performance. Results showed COD, NH4+-N, 

and TP removal rates of 99.50%, 87.16%, and 88.43% 

respectively at F/R 3:1. Microbial analysis revealed bacteria 

capable of organic degradation and adaptation to tidal flow, 

suggesting F-TFCW's potential for improving treatment 

efficiency(Hao Zheng, 2023)Xinyue Zhao et.al (2022) 

Constructed wetlands (CWs), natural systems for wastewater 

treatment, interact continuously with the environment. This 

study examined how CW pollutant removal is affected by day-

night cycles. Results revealed a dynamic internal environment 

during steady CW operation, with rhythmic changes in 

microbial communities, metabolism, and pollutant removal. 

Pollutant removal rates, like total nitrogen, were 1.31 times 

higher during the day. Certain rhizosphere microbes (e.g., 

Chloroflexus, Beijerinckia) varied with circadian rhythm, 

influencing nutrient and energy metabolism. Nighttime 

conditions favored pollutant removal processes, influenced by 

environmental factors(Xinyue Zhao, 2022)Agnieszka Micek 

et.al (2020) This paper summarizes a 3-year study on two 

hybrid constructed wetland systems (CWs) in Poland's 

Roztocze National Park. The systems included settling tanks 

and beds of vertical flow (VF) and horizontal flow (HF) with 

reed and willow. With flow rates of 0.4 and 1.0 m3/d, 60 

samples were analyzed during 2017–2019. Biochemical and 

chemical oxygen demand removal was 96–99%, with slightly 

lower removal for phosphorus (90–94%), suspended solids 

(80–87%), and nitrogen (73–86%). The CWs showed high 

technological reliability, particularly for BOD5 and COD. 

Hybrid VF–HF CWs are recommended for protected area 

wastewater treatment and water quality protection(Micek et 

al., 2020)G. Campo-Daza et.al (2022) Constructed wetlands, 

renowned for their cost-effectiveness and low maintenance, 

boast intricate pollutant removal mechanisms. In a study, four 

artificial wetlands were tested for 72 days using wastewater 

mixed with residual fuel and clean water. Wetlands, both 

planted and unplanted, exhibited effective removal of total 

petroleum hydrocarbons (>84% efficiency), with 

biostimulated, Typha latifolia-planted wetlands performing 

best. Despite evidence of phytotoxicity in planted wetlands, 

results underscore the potential of constructed wetlands for 

hydrocarbon-contaminated wastewater treatment(de Campos 

& Soto, 2024) 

 

III. EXPERIMENTAL METHOD AND SETUP 

 

Artificial wetlands are an innovative approach to 

enhance water treatment efficiency. This methodology utilizes 

constructed wetland systems which mimic natural wetland 

processes. These systems integrate various components such 

as plants, soil, and microbial communities to remove 

contaminants from water through physical, chemical, and 

biological processes. The plants in artificial wetlands absorb 

pollutants like nutrients and heavy metals, while microbes in 

the root zone break down organic matter. Additionally, 

sedimentation and filtration occur as water moves through the 

wetland. This method offers a sustainable and cost-effective 

solution for improving water quality and can be tailored to 

target specific contaminants based on design and plant 

selection. 

 

 
Figure No. Methodology Flowchart 

 

In this study, we investigate the effectiveness of 

artificial wetlands in enhancing water treatment efficiency, 

particularly focusing on sewage treatment using a model 

comprising a three-partition system: artificial wetland, 

filtration tank, and purified water collector. The research 

methodology involves designing, constructing, and evaluating 

the performance of this system using home kitchen wastewater 

as the source of sewage. Artificial wetlands have emerged as a 

promising approach for wastewater treatment due to their 

effectiveness in removing contaminants and promoting 

ecological sustainability. This research aims to investigate and 
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optimize the water treatment efficiency of artificial wetlands 

by implementing a systematic methodology. The following 

sections outline the step-by-step approach adopted in this 

study. 

 

3.1 Research Design 

 

The research design encompasses both experimental 

and analytical components to evaluate the performance of 

artificial wetlands in treating domestic wastewater. The study 

involves the construction and operation of a model artificial 

wetland system under controlled conditions. 

 

A. Procedure 

 

1. Selection of Sewage Source 

 

Domestic kitchen wastewater was selected as the 

source of sewage due to its composition of food scraps, soapy 

water, and other household contaminants, representing typical 

sewage generated in residential areas. 

 

3.2 Construction of Artificial Wetland 

 

A. Design and Setup 

 

Transparent Settling Tank 

 

• A transparent settling tank was constructed using glass or 

acrylic to allow visual monitoring of the settling process. 

• Inflow rates were adjusted using valves or pumps to 

simulate various sewage flow conditions realistically. 

 

Three-Partition System: a. Artificial Wetland Bed 

 

• Constructed using PVC pipes, gravel, sand, soil, and 

selected water purification plants (e.g., Alternanthera 

Reinecke, Echinodorus grandiflorus). 

• Materials were arranged in layers (gravel, fine aggregate, 

sand, soil) to facilitate filtration and absorption of 

contaminants. 

• Water flow through the wetland bed was optimized to 

support biological processes essential for effective water 

treatment. 

 

B.Filtration Tank 

 

• Linked to the wetland bed to further refine water quality. 

• Incorporation of filter media such as ceramic rings and 

activated carbon to eliminate residual impurities. 

• Regular monitoring and adjustment of filtration media for 

optimal performance. 

 

C. Purified Water Collector: 

 

• Designed to collect treated water from the filtration tank. 

• Water quality indicators such as clarity, odor, and residual 

contaminants were assessed regularly to ensure efficient 

purification. 

 

3.3 Wetland Bed Construction 

 

Layer Formation: a. Gravel Layer: 

 

• Coarse gravel (2-5 mm diameter) was selected for 

effective drainage and support within the wetland bed. 

• Gravel layer thickness was maintained at 4.5 cm to ensure 

proper water flow and substrate stability. 

 

A. Fine Aggregate Layer: 

 

• Positioned above the gravel layer to target finer particles 

and impurities. 

• Consisted of small granular materials (sand, silt, crushed 

stone) with particle sizes ranging from 0.075 to 4.75 mm. 

 

B.Sand Layer: 

 

• Placed above the fine aggregate layer to act as a highly 

effective filtration medium. 

• Supported vegetation growth and provided stability to the 

wetland bed structure. 

 

C.Soil Layer: 

 

• Applied on top of the sand layer to serve as a planting 

medium for water purification plants. 

• Monitored for optimal moisture levels and nutrient 

content to support plant growth and biological filtration. 

 

3.4 Data Collection and Analysis 

 

1. Water Quality Assessment 

 

• Treated water samples were collected from the purified 

water collector for analysis. 

• Water quality parameters such as biochemical oxygen 

demand (BOD), chemical oxygen demand (COD), 

suspended solids (SS), and nutrient levels were measured 

and compared against regulatory standards. 
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2. Performance Evaluation 

 

• The efficiency of the artificial wetland system was 

evaluated based on contaminant removal rates and overall 

water treatment effectiveness. 

• Statistical analysis and graphical representation of data 

were conducted to interpret the results. 

 

The research methodology outlined above provides a 

structured approach for investigating and optimizing water 

treatment efficiency using artificial wetlands. By 

implementing this methodology, valuable insights can be 

gained to enhance the design and operation of artificial 

wetland systems for sustainable wastewater treatment.This 

comprehensive methodology integrates experimental setup, 

systematic construction of artificial wetland components, 

water quality assessment, and performance evaluation to 

achieve the research objectives effectively. 

 

3.5 Plant Selection 

 

1. Alternanthera Reinecke 

 
Figure No. Alternanthera Reinecke 

 

a) Nutrient Absorption 

 

This plant, Alternanthera Reinecke, efficiently 

absorbs nutrients such as nitrogen and phosphorus from water. 

Excess nutrients, often from sewage or agricultural runoff, 

cause water pollution and algae blooms. By reducing these 

nutrient levels, Alternanthera Reinecke plays a vital role in 

enhancing water quality. 

 

b) Oxygen Production 

 

Alternanthera Reinecke, like many other aquatic 

plants, plays a crucial role in oxygen production through 

photosynthesis. This process is vital for supporting aerobic 

organisms in the aquatic ecosystem and helps reduce 

anaerobic conditions that can cause odors and nutrient release, 

thereby contributing to overall ecosystem health and balance. 

 

c) Aesthetic Value 

 

The vivid red and green foliage of this plant enhances 

the beauty of the wetland area, making it visually appealing 

and supporting biodiversity by offering habitat and food for a 

range of organisms. 

 

2. Echinoderms Grandifloras 

 
Figure 13: Echinoderms Grandifloras 

 

a) Nutrient Uptake 

 

Similar to Alternanthera Reinecke, Echinodorus 

grandiflorus is adept at absorbing nutrients, especially 

nitrogen and phosphorus. By incorporating these nutrients into 

their biomass, they assist in purifying water by removing 

nutrients, thus curbing eutrophication and fostering a more 

balanced aquatic ecosystem. 

 

b) Root System 

 

Echinoderms grandifloras possesses a strong root 

system which stabilizes soil and aids in water filtration. These 

roots also form microhabitats for beneficial microorganisms, 

thereby enhancing water quality through biological processes. 

 

d) Adaptability 

 

This particular plant species is recognized for its 

ability to thrive in diverse water conditions, adapting well to 

fluctuating nutrient concentrations and water depths. This 

makes it an ideal choice for the environment within your 

wetland model, showcasing its adaptability and resilience to 

varying aquatic settings. 

 

3.6 Layer Arrangement in Wetland Bed 



IJSART - Volume 10 Issue 4 – APRIL 2024                                                                                      ISSN [ONLINE]: 2395-1052 

 

Page | 325                                                                                                                                                                     www.ijsart.com 

 

In the process of constructing a free surface wetland 

bed, the arrangement of distinct layers plays a crucial role in 

creating an effective and efficient filtration system. The 

method involves the careful placement and compaction of 

various materials such as gravel, fine aggregate, sand, and soil 

to facilitate optimal growth of water purification plants and 

ensure effective filtration. Let's delve into the step-by-step 

layer arrangement and filtration tank setup required for this 

purpose.The layer arrangement within the wetland bed is 

essential for providing stability, proper drainage, and a 

conducive environment for water purification plants. 

 

a. Gravel Layer (4.5cm Height): 

 

Begin by spreading a layer of gravel evenly across 

the bottom of the wetland bed. The gravel layer, 

approximately 4.5cm in height, serves as the foundational 

base, offering excellent drainage and structural support.Ensure 

the gravel layer is uniformly distributed and compacted using 

a level to create a stable foundation for subsequent layers. 

 

b. Fine Aggregate Layer (3.5cm Height) 

 

Add a layer of fine aggregate over the gravel layer, 

approximately 3.5cm in height. The fine aggregate further 

enhances drainage while providing a smooth and even surface 

for the subsequent layers.Level and compact the fine 

aggregate layer meticulously to ensure uniformity and stability 

throughout the wetland bed. 

 

c. Sand Layer (4cm Height) 

 

Place a layer of sand on top of the fine aggregate 

layer, approximately 4cm in height. The sand layer aids in 

filtration and root penetration for the vegetation to be planted 

subsequently.Utilize a rake or similar tool to evenly spread 

and compact the sand layer, ensuring optimal porosity for 

water movement and plant growth. 

 

d. Soil Layer (3.2cm Height) 

 

Apply a layer of soil above the sand layer, 

approximately 3.2cm in height. The soil layer serves as the 

growth medium for water purification plants, providing 

essential nutrients and support for their root systems.Smooth 

and compact the soil layer to create a stable and fertile bed 

conducive to the healthy growth of vegetation. 

 

e. Vegetation Planting 

 

Once the layers are in place, proceed with planting 

water purification plants such as Alternanthera Reinecke and 

Echinoderms grandifloras directly into the soil layer.Ensure 

proper spacing and planting depth to optimize plant growth 

and water purification capabilities within the wetland bed. 

 

3.7 Filtration Tank Setup 

 

The filtration tank setup complements the layer 

arrangement by facilitating effective filtration of contaminants 

and debris, ensuring the quality and clarity of the purified 

water. 

 

a) PVC Pipe Installation: Position five pieces of PVC 

pipes strategically within the filtration tank—placing 

them in the corners and one in the middle—to serve 

as conduits for water flow. 

b) Secure the PVC pipes in place using appropriate 

connectors and fittings, ensuring they are positioned 

to facilitate efficient water distribution and 

circulation. 

c) Aluminium Steel Cage (Jali): Rest an aluminium 

steel cage on top of the PVC pipes to create a stable 

and elevated support structure for the subsequent 

filtration layers. 

d) Ensure the aluminium steel cage is level and securely 

positioned to withstand the weight of the filtration 

materials and facilitate proper water flow. 

e) Stanch for Support: Place stanch (a type of support 

material) on top of the aluminium steel cage to 

provide additional reinforcement and stability to the 

filtration setup. 

f) The stanch enhances the structural integrity of the 

filtration system, ensuring longevity and durability 

under varying water flow conditions. 

g) Filtration Layers: Layer the filtration materials 

systematically on top of the stanch to facilitate 

effective water purification and filtration. 

h) Filter Paper: Begin by placing a layer of filter paper 

atop the stanch. The filter paper serves as the initial 

barrier, capturing larger particles and debris 

suspended in the water. 

 

 
Figure No. Filter Paper 
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Figure No. Ceramic Ring 

 

 

Figure No. Activated Carbon 

 

The filter paper plays a critical role in preventing 

clogging of subsequent filtration layers and ensuring the 

longevity of the filtration system.The careful arrangement of 

layers within the free surface wetland bed and the filtration 

tank setup is essential for establishing a robust and efficient 

water purification system. By following these meticulous 

steps, one can create an environmentally friendly and 

sustainable solution for water treatment, promoting the growth 

of water purification plants and enhancing the quality of 

purified water. 

 

IV. RESULT AND DISCUSSION 

 

4.1 Comparison of Artificial and Natural Wetlands 

 

Artificial and natural wetlands are two distinct 

approaches to water treatment and ecological restoration, each 

offering unique advantages and considerations. Understanding 

the differences between these wetland types is crucial for 

effective environmental management and decision-making. 

This comparison will delve into various aspects, including 

water treatment efficiency, control and management, cost and 

maintenance, biodiversity and habitat value, scalability and 

flexibility, as well as regulatory considerations. 

 

Water Treatment Efficiency 

 

Artificial Wetlands: Engineered to optimize water 

treatment processes, artificial wetlands are designed with 

specific treatment objectives in mind. By controlling factors 

such as hydraulic residence time, nutrient levels, and plant 

species composition, artificial wetlands can achieve high 

treatment efficiencies. They are particularly effective at 

targeted pollutant removal, such as nutrients (e.g., nitrogen 

and phosphorus), heavy metals, and organic contaminants. 

The engineered design allows for predictable performance, 

making them suitable for applications requiring consistent 

water quality outcomes. 

 

Natural Wetlands: In contrast, natural wetlands rely 

on ecological processes to treat water. While they also provide 

water treatment benefits, their effectiveness can vary 

depending on factors like hydrology, vegetation type, and 

nutrient inputs. Natural wetlands can be efficient at nutrient 

removal through processes like denitrification and 

sedimentation. However, the variability inherent in natural 

systems means that their treatment performance may not 

always meet specific targets or standards. Additionally, natural 

wetlands can be sensitive to fluctuations in climate and land 

use, which can affect their water treatment capacity over time. 

 

Control and Management 

 

Artificial Wetlands: One of the key advantages of 

artificial wetlands is the level of control and management they 

offer. Engineers can adjust flow rates, nutrient concentrations, 

and vegetation to optimize treatment performance. This 

flexibility allows for targeted responses to changing water 

quality conditions or treatment goals. Artificial wetlands can 

be integrated into broader water treatment systems, where 

monitoring and adaptive management strategies can further 

enhance their effectiveness. 

 

Natural Wetlands: Natural wetlands operate within 

the constraints of ecological processes and natural variability. 

While this reliance on natural processes can be advantageous 

for sustainability and habitat conservation, it limits direct 

control over treatment processes. Managers of natural 

wetlands may need to focus on monitoring and adaptive 

management to understand and influence treatment outcomes. 

Restoration efforts in natural wetlands often involve habitat 

enhancement and hydrological restoration rather than direct 

treatment optimization. 
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Cost and Maintenance 

 

Artificial Wetlands: The construction of artificial 

wetlands typically involves higher initial costs due to 

engineering design, earthworks, and material expenses. 

However, they often require less maintenance over time 

compared to natural wetlands. Once established, artificial 

wetlands can operate with minimal intervention, especially 

when designed for specific treatment goals. Routine 

maintenance may involve periodic sediment removal, 

vegetation management, or adjustments to hydraulic 

infrastructure. 

 

Natural Wetlands: Natural wetlands generally have 

lower upfront costs since they rely on existing ecological 

processes and vegetation. However, ongoing maintenance can 

be more intensive and unpredictable. Natural wetlands may 

require regular management activities such as invasive species 

control, sediment dredging, or hydrological restoration to 

maintain optimal water treatment and ecological function. The 

long-term success of natural wetlands often depends on 

sustainable management practices and community 

engagement. 

 

Biodiversity and Habitat Value: 

 

Artificial Wetlands: While artificial wetlands can 

support specific plant species and wildlife, their biodiversity 

may be more limited compared to natural wetlands. Engineers 

can design artificial wetlands to mimic certain habitat features, 

but they may not fully replicate the complexity and diversity 

of natural ecosystems. However, artificial wetlands can still 

provide valuable habitat for wetland-dependent species and 

contribute to local biodiversity conservation efforts. 

 

Natural Wetlands: One of the primary strengths of 

natural wetlands is their ability to support diverse habitats for 

various plant and animal species. Natural wetlands play a 

critical role in maintaining biodiversity by providing breeding 

grounds, foraging areas, and shelter for a wide range of 

organisms. The unique hydrological and ecological conditions 

found in natural wetlands support a complex web of life, 

contributing to ecological balance and resilience in 

landscapes. 

 

Scalability and Flexibility 

 

Artificial Wetlands: The engineered nature of 

artificial wetlands allows for scalability and adaptability to 

different site conditions and treatment objectives. They can be 

designed and constructed to fit specific spatial and hydraulic 

requirements, making them suitable for a wide range of 

applications—from decentralized wastewater treatment to 

industrial effluent polishing. Advances in design and 

technology continue to expand the scalability and versatility of 

artificial wetland systems. 

 

Natural Wetlands: Natural wetlands are integral 

components of broader landscapes and ecosystems. While 

they provide invaluable ecological services, they may not 

always be scalable or easily adaptable for specific treatment 

needs. Modifying natural wetlands to enhance treatment 

efficiency or accommodate changing conditions can be 

challenging and may require careful planning and stakeholder 

engagement. However, strategic restoration efforts can 

improve the resilience and adaptive capacity of natural 

wetlands in response to environmental stressors. 

 

Regulatory Considerations 

 

Both artificial and natural wetlands are subject to 

regulatory guidelines and requirements aimed at protecting 

water quality, conserving habitats, and guiding land use 

decisions. Regulatory frameworks vary by jurisdiction but 

generally emphasize the importance of wetland conservation, 

restoration, and sustainable management. Compliance with 

water quality standards, habitat protection measures, and 

environmental impact assessments is essential for the 

responsible development and management of wetland systems. 

In summary, the choice between artificial and natural wetlands 

depends on specific project objectives, site conditions, 

regulatory constraints, and stakeholder preferences. Artificial 

wetlands offer controlled treatment environments and targeted 

pollutant removal but require higher initial investments. 

Natural wetlands leverage ecological processes and support 

biodiversity but may necessitate ongoing maintenance and 

adaptive management. Ultimately, a combination of both 

approaches—integrated wetland management—can maximize 

the benefits of wetland ecosystems for water treatment, habitat 

conservation, and ecological resilience in the face of global 

environmental challenges. 

 

4.2 Efficient Filtration and Purification System 

 

An effective filtration and purification system relies 

on carefully arranged layers consisting of gravel, fine 

aggregate, sand, and soil. This layered approach creates a 

pathway for water to flow through, enabling thorough 

filtration and purification processes to take place. Each layer 

plays a crucial role in ensuring that water quality is improved 

as it passes through the system. 

 

Role of Each Layer 
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The gravel layer serves as the foundational 

component of the filtration system. Its primary functions 

include providing initial drainage and structural support. By 

preventing compaction and allowing for proper water 

movement, the gravel layer ensures that water flows smoothly 

through the filtration system without encountering blockages. 

Following the gravel layer, the fine aggregate layer enhances 

filtration by capturing finer particles and impurities present in 

the water. This layer significantly improves water quality by 

trapping suspended contaminants that might otherwise pass 

through the system. The subsequent layer, composed of sand, 

acts as a secondary filtration barrier. As water permeates 

through the sand layer, remaining impurities are further 

removed, refining the water and making it cleaner and clearer. 

The topmost layer of soil in the filtration system serves 

multiple purposes. It not only supports the growth of water-

purifying plants but also facilitates biological filtration and 

nutrient uptake. Water-purifying plants play a vital role in 

enhancing the overall effectiveness of the system. 

 

Enhancement of Water Quality through Plant Growth 

 

The incorporation of water-purifying plants like 

Alternanthera Reinecke and Echinoderms grandifloras is 

instrumental in improving water quality within the filtration 

system. These plants have the unique ability to absorb 

nutrients and contaminants present in the water, effectively 

reducing pollutant levels.Moreover, the root systems of these 

plants create a biofilm that further enhances filtration 

capabilities. This biofilm serves as an additional filtration 

layer by trapping particles and promoting beneficial microbial 

activity, which aids in the breakdown of organic matter and 

pollutants. Overall, the integration of water-purifying plants 

into the filtration system not only contributes to the aesthetic 

appeal of the environment but also plays a critical role in 

maintaining the cleanliness and health of the water. By 

harnessing the natural filtration capabilities of these plants, the 

purification system achieves optimal performance, resulting in 

cleaner and healthier water for various applications. 

 

PH Test Result 

 

Raw Water ph. = 10  

Purified Water ph. = 7 

 

In summary, the free surface artificial wetland 

designed with the specified method achieves an efficient and 

holistic approach to water filtration and purification, 

showcasing the synergy between physical and biological 

components for improving water quality. 

 

 
Figure No. Artificial Wetland Model 

 

V. CONCLUSION 

 

The study has demonstrated the effectiveness of 

artificial wetlands as a sustainable and efficient method for 

water treatment. The objectives set forth have been largely 

achieved:Firstly, the wetland beds have proven to be proficient 

in purifying water, effectively removing nutrients, degrading 

organic matter, and improving overall water quality.Secondly, 

the wetland model has positively impacted biodiversity and 

ecosystem functions, creating habitats and enhancing 

ecological balance within the system.Moreover, the model 

exhibits promise for real-world applications of sustainable 

wastewater treatment, presenting a viable alternative to 

traditional methods.Key innovations such as the selection of 

specific plant species like Alternanthera Reinecke and 

Echinoderms grandifloras, optimized layering techniques for 

enhanced filtration and nutrient retention, and unique design 

elements like specialized flow patterns have significantly 

contributed to the efficiency and sustainability of the system. 

Looking ahead, there are exciting new directions for this 

research: 

 

1. Scaling Up for Real-World Applications: Strategies 

need to be explored to scale up the artificial wetland 

model for large-scale wastewater treatment projects, 

ensuring scalability, cost-effectiveness, and 

compliance with regulations. 

2. Exploring Different Plant Species or Media 

Combinations: Investigating alternative plant species 

or media combinations can further enhance the 

system's pollutant removal capabilities, resilience, 

and adaptability. 

 

In summary, leveraging these findings and future 

directions will enable the broader implementation of artificial 

wetlands, paving the way for more sustainable and effective 

water treatment solutions globally. 
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