© 2025 JETIR May 2025, Volume 12, Issue 5 www.jetir.org (ISSN-2349-5162)

JETIR.ORG
JOURNAL OF EMERGING TECHNOLOGIES AND

INNOVATIVE RESEARCH (JETIR)

An International Scholarly Open Access, Peer-reviewed, Refereed Journal

JETIR

L 2
A )

o

Artificial Wetlands for the Improvement of
Domestic Wastewater Treatment

!Keshav Tokade , 2 Rohan Pardeshi, 3Shubham Dhatrak *Akash Jadhav

IStudent, 2Student, *Student “Guide
ICivil Dept, 2Civil Dept, 3Civil Dept “Civil Dept
Shatabdi Institute of Engineering and research, Nashik, India
2Shatabdi Institute of Engineering and research, Nashik, India
3Shatabdi Institute of Engineering and research, Nashik, India
“Shatabdi Institute of Engineering and research, Nashik, India

Abstract : The increasing demand for sustainable and cost-effective wastewater treatment solutions has led to the exploration
of artificial wetlands as an alternative treatment method for domestic wastewater. Constructed wetlands (CWs) are man-made
systems that mimic the functions of natural wetlands, utilizing vegetation, soil, microorganisms, and water to treat wastewater
through physical, chemical, and biological processes. This project investigates the potential of artificial wetlands to improve
domestic wastewater treatment by focusing on site selection, phytoremediation using native aquatic plants, and system
implementation. The project aims to design an artificial wetland system that is cost-efficient, low-maintenance, and capable of
removing contaminants such as nutrients, heavy metals, and suspended solids from wastewater. By selecting appropriate plant
species known for their phytoremediation properties, such as Duckweed, Water Cabbage, and Salvinia, and carefully monitoring
water quality and plant health, the system can contribute to the purification of wastewater, making it suitable for reuse or safe
discharge into the environment. The key benefits of artificial wetlands include their low energy consumption, simplicity of
operation, and ability to restore ecosystems by providing a habitat for plants and animals. Furthermore, CWs contribute to
environmental protection and water conservation, acting as natural water storage systems while enhancing the aesthetics of urban
areas. This report presents the methodology for designing and implementing an artificial wetland system for domestic wastewater
treatment, highlighting the steps involved in site selection, plant selection, system installation, and ongoing monitoring. The
findings suggest that artificial wetlands can be an effective, sustainable solution for improving wastewater quality, especially in
urban areas where traditional treatment methods may be expensive or difficult to maintain.

Index Terms — Wetland, Wastewater, Domestic, Treatment

l. INTRODUCTION

Acrtificial wetlands, also known as constructed wetlands, are engineered systems designed to replicate the natural filtration and
purification functions of traditional wetlands. These systems are specifically designed to treat wastewater, especially domestic
wastewater, using a variety of natural processes involving plants, microorganisms, and substrates. Constructed wetlands are a
sustainable, low-energy alternative to conventional wastewater treatment methods, providing an efficient solution for water
purification while also promoting environmental restoration. The working principle of artificial wetlands revolves around utilizing
the combined effects of physical, chemical, and biological processes to clean water. Physically, these wetlands work by filtering out
suspended solids and debris through the substrate, such as gravel, sand, or soil, which acts as a filtration medium. Chemically, the
plants and microorganisms within the wetland system absorb and transform nutrients such as nitrogen and phosphorus, which are
common pollutants found in wastewater. Biologically, microorganisms in the wetland break down organic contaminants, while
plants provide both physical structure and biochemical processes that help remove toxins and nutrients. The treatment capacity of
constructed wetlands is largely influenced by several factors, including the design of the system, the choice of plant species, and the
characteristics of the wastewater being treated. Some systems rely on floating or submerged aquatic plants, while others use
emergent plants that grow above the water’s surface. These plants are not only instrumental in pollutant removal but also play a
vital role in oxygenating the water, which helps sustain the microbial life necessary for biological treatment. In addition to
wastewater treatment, artificial wetlands offer a multitude of benefits. They are designed to mimic the ecological functions of
natural wetlands, providing valuable habitat for wildlife, enhancing biodiversity, and contributing to water retention and
groundwater recharge. Furthermore, they have the potential to reduce the impacts of urbanization on local ecosystems by restoring
some of the natural functions of wetlands, which are often lost due to land development and pollution. The rise in interest and
implementation of artificial wetlands is also fueled by the growing awareness of environmental sustainability and the need for cost-
effective and energy-efficient solutions to urban water management. As cities around the world struggle with increasing pollution
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levels and limited access to advanced treatment technologies, artificial wetlands provide a promising alternative that balances water
quality improvement with ecosystem preservation.

Necessity / Needs

The need for efficient and sustainable wastewater treatment solutions has become increasingly urgent in modern society due to
rapid urbanization, growing populations, and the escalating environmental challenges that accompany these trends. One of the
primary concerns in urban water management is the treatment of domestic wastewater, which, if left untreated, can lead to
significant environmental pollution, public health risks, and the degradation of aquatic ecosystems. Urban areas, particularly in
developing countries, face the dual challenge of managing wastewater effectively while also addressing the strain placed on
existing infrastructure. In many parts of the world, conventional wastewater treatment plants (WWTPs) are either inadequate,
outdated, or absent, leaving a large portion of wastewater untreated or poorly treated before being discharged into natural water
bodies. This untreated or inadequately treated wastewater can introduce pollutants such as nitrogen, phosphorus, heavy metals,
pathogens, and suspended solids into rivers, lakes, and groundwater, leading to contamination and the degradation of water quality.
The consequences of such pollution are far-reaching, affecting not only the health of the ecosystem but also human health,
agriculture, and overall quality of life. In addition to the environmental and health concerns, conventional treatment technologies
often involve high costs and significant energy consumption. The construction, operation, and maintenance of traditional WWTPs
can be expensive, especially in regions where resources are limited or where wastewater treatment infrastructure is underdeveloped.
Furthermore, many conventional systems rely heavily on chemical treatments, which can have negative environmental impacts and
contribute to the generation of hazardous by-products. In contrast, artificial wetlands offer a sustainable, low-cost, and energy-
efficient solution to the wastewater treatment problem. These systems rely on natural processes, reducing the need for costly
chemicals and extensive infrastructure. By utilizing plant species, microorganisms, and substrates, artificial wetlands can treat
wastewater through processes such as filtration, adsorption, nutrient uptake, and biodegradation, all of which contribute to pollutant
removal. The simplicity of these systems, coupled with their low operational and maintenance costs, makes them an attractive
alternative for small communities, rural areas, or places with limited resources. Beyond their ability to treat wastewater, artificial
wetlands also serve a broader environmental function. Wetlands are vital ecosystems that contribute to water retention,
groundwater recharge, and flood control. As natural buffers, they help maintain water quality by trapping pollutants and nutrients
before they can enter larger bodies of water. Constructed wetlands not only restore some of these functions but also enhance
biodiversity by providing a habitat for various species of plants, birds, insects, and amphibians. Moreover, artificial wetlands are
particularly beneficial in areas where space is available but traditional treatment plants cannot be built or are too expensive to
construct. By integrating these systems into urban and peri-urban environments, municipalities can help address water management
challenges while simultaneously improving local environmental conditions. In a world facing the challenges of climate change,
water scarcity, and pollution, artificial wetlands offer a solution that is not only effective but also aligned with the principles of
sustainability and ecological restoration.

Objective

The primary objective of this project is to design, implement, and evaluate the effectiveness of an artificial wetland system for
the treatment of domestic wastewater. Through this project, the aim is to demonstrate that constructed wetlands can be a viable,
sustainable, and cost-effective alternative to conventional wastewater treatment technologies, especially in areas where access to
advanced treatment infrastructure is limited or unavailable.

The key objectives of this project are as follows:

1.  Design and Development of an Artificial Wetland System:

The first objective is to design an artificial wetland system that is suitable for treating domestic wastewater. This involves
selecting an appropriate site, determining the size and configuration of the wetland, and choosing suitable plant species for
phytoremediation. The design will incorporate factors such as the types of pollutants to be treated, the volume of wastewater to be
processed, and the climatic conditions of the site. The system will be designed to mimic the natural filtration and purification
processes of a wetland ecosystem, ensuring efficient removal of contaminants.

2. Site Characterization and Selection:

An important part of the project is to identify and select a suitable site for the construction of the artificial wetland. Site
selection will be based on several criteria, including the availability of space, the proximity to sources of wastewater, and
environmental considerations such as topography and soil conditions. Additionally, the site will be chosen with the goal of
restoring ecological functions, such as water retention and biodiversity enhancement, which are key benefits of wetland
ecosystems.

3. Phytoremediation and Plant Selection:

Another major objective is to select plant species that are known for their ability to remove or degrade pollutants from
wastewater. These plants will play a crucial role in the treatment process by absorbing excess nutrients like nitrogen and
phosphorus, as well as providing a surface for microbial activity that breaks down organic contaminants. The project will focus on
native aquatic plants, such as duckweed, water cabbage, and salvinia, which are well-suited to the local environment and known for
their phytoremediation properties.

4.  Implementation of the System:

The project will also involve the physical implementation of the artificial wetland system. This includes the installation of the
wetland tank, setting up the necessary infrastructure, and introducing the selected plants into the system. Proper installation is
crucial to ensure that the system functions effectively and is capable of treating wastewater to the desired standards. This phase will
include the setup of the water table, substrate, and necessary flow patterns to promote efficient treatment.

5. Water Quality Monitoring and Evaluation:
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The effectiveness of the artificial wetland system will be evaluated through regular monitoring of water quality. This will
involve the collection and analysis of water samples at different stages of treatment. Key parameters to be measured include
turbidity, pH, temperature, levels of suspended solids, dissolved oxygen, and concentrations of nutrients such as nitrogen and
phosphorus. The data collected will be used to assess the performance of the wetland system in removing contaminants and to
identify any areas for improvement.

6.  Sustainability Assessment:

An important aspect of this project is to assess the long-term sustainability of the artificial wetland system. This includes
evaluating its operational and maintenance costs, the longevity of the plant species selected, and the overall environmental impact
of the system. The project will explore how artificial wetlands can be integrated into existing wastewater management systems and
contribute to the sustainable management of water resources.

7. Promoting Public Awareness and Adoption:

In addition to technical objectives, the project seeks to raise awareness about the benefits of artificial wetlands as an innovative
and sustainable approach to wastewater treatment. By showcasing the effectiveness of this system in treating domestic wastewater,
the project aims to promote the adoption of constructed wetlands in other regions, especially in areas where conventional
wastewater treatment plants are not feasible due to financial or logistical constraints.

8.  Contributing to Ecological Restoration:

A broader objective is to contribute to the restoration of local ecosystems by integrating the artificial wetland into the urban or
peri-urban environment. These systems will not only improve water quality but also provide a habitat for local wildlife, enhance
biodiversity, and support ecosystem services such as carbon sequestration and flood mitigation

1. RESEARCH METHODOLOGY
The methodology for developing the artificial wetland system can be broken down into the following steps:

Site Selection: The first step in the system development process is selecting an appropriate site for the constructed wetland. This
involves identifying the areas where wastewater needs to be treated and evaluating the environmental and logistical factors, such
as land availability, accessibility, proximity to the wastewater source, and soil characteristics. For this project, the focus will be on
a nalla (drain) or similar water body that receives untreated domestic wastewater.

Sample Collection

During the collection process, care was taken to:

Use sterilized containers to avoid contamination.

Collect samples at different times to account for variability in wastewater flow and composition.
Ensure proper labeling and storage for subsequent analysis

VVYVYVYV

Plant Selection: The next step is to choose native aquatic plants that are known for their phytoremediation properties. Plants like
duckweed, water cabbage, and cattails are suitable due to their ability to uptake nutrients and provide surfaces for microbial
growth, which aids in the treatment process. The selection of plants should consider local climate conditions and the specific
pollutants in the wastewater.When selecting native aquatic plants for phytoremediation, focus on those that effectively absorb
contaminants from water. Here are key species to consider:
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Duckweed (Lemna spp.): Properties: Fast-growing, floating plant that absorbs excess nutrients, heavy metals, and pollutants.
Benefits: High biomass production and easy to harvest; can significantly reduce nitrogen and phosphorus levels in water.

Water Cabbage (Pistia stratiotes): Properties: Floating plant with broad, rosette-shaped leaves; effective in nutrient uptake and
pollutant absorption. Benefits: Provides habitat for aquatic life while improving water quality; can help stabilize sediments.

Salvinia (Salvinia natans): Properties: Floating fern known for its ability to absorb heavy metals and organic pollutants. Benefits:
Contributes to water purification and can thrive in a range of water conditions; helps control algae growth. When selecting native
aquatic plants for phytoremediation, consider these options: 1. Duckweed (Lemna spp.): This small floating plant can absorb
excess nutrients and heavy metals from water, making it effective in treating wastewater.

System Design: Based on the selected site and plants, a detailed design of the artificial wetland system will be developed. This
includes the size and layout of the wetland, the type of substrate (e.g., gravel, sand), and the configuration of the flow system
(e.g., free water surface or subsurface flow). The design will ensure that the water passes through the wetland in a manner that
allows maximum contact between the water, plants, and substrate for efficient pollutant removal.

3.2.3 Installation Process: After the design is finalized, the system will be installed. This involves preparing the site, setting up the
tank or wetland structure, planting the selected vegetation, and ensuring the proper flow of wastewater through the system. The
installation process will also include setting up monitoring equipment to track the performance of the system.

1.Site Preparation: Select a suitable location with adequate sunlight and minimal water flow and Ensure access to electricity if
aeration or water circulation systems are needed.

2.Tank Selection: Choose a tank made of durable, non-toxic materials (e.g., plastic or fiberglass) to prevent leaching. Size the
tank based on the volume of wastewater to be treated, allowing enough space for plant growth.

3.Tank Setup: Base Layer: Add a layer of gravel or small stones at the bottom for drainage. Water Fill: Fill the tank with the
sample wastewater, leaving some space at the top to prevent overflow.

4.Plant Placement: Floating Plants: Introduce Duckweed, Water Cabbage, and Giant Salvinia on the water surface. Distribute
evenly to allow sunlight penetration. Ensure that the plants are not overcrowded to facilitate growth and nutrient uptake.

5.Aeration and Maintenance: If necessary, install an aeration system to maintain oxygen levels, especially if the tank is large.
Regularly monitor water quality and plant health, adjusting water levels and adding nutrients if needed.
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IV. RESULTS AND DISCUSSION
TESTS AND RESULTS

Monitoring and Maintenance: The success of the artificial wetland system will depend on regular monitoring and
maintenance. This includes checking the health of the plants, measuring water quality parameters (e.g., pH, turbidity, nutrient
concentrations), and ensuring that the system is functioning as intended. Periodic maintenance will also be required to remove any

accumulated solids and replace plants if necessary. Regular Water Quality Monitoring:
Parameters to Test:
pH: Importance: Affects nutrient availability and plant health.

Ideal Range: 6.5 - 7.5. Frequency of performing this test Weekly. Action: Adjust with lime (to increase) or sulfur (to decrease)

if outside the ideal range.

Biological Oxygen Demand (BOD)
- Importance: Indicates organic matter levels; lower values suggest better water quality.
- Frequency: Monthly.
- Action: High BOD may require increased plant density or reduced organic input.

Electrical Conductivity Test :
- Importance: Reflects ion concentration and salinity; high levels may indicate nutrient overload.
- Frequency: WeekKly.
- Action: Consider dilution with fresh water if conductivity is excessive.

Turbidity:
- Importance: Measures water clarity; high turbidity can inhibit light penetration.
- Frequency: Weekly.
- Action: High turbidity may require mechanical filtration or additional aquatic plants to improve clarity.
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Plant Health Monitoring: Visual Inspections:
Check for vibrant color, buoyancy, and overall growth. Look for signs of stress such as discoloration or wilting.
Density Management: Regularly assess plant density. Thin out overcrowded areas to ensure adequate light and nutrient access.
Maintenance Tasks:
Water Level Management: Monitor and maintain appropriate water levels, topping up as needed.
Nutrient Supplementation: If nutrient levels drop, consider adding organic fertilizers to support plant health.
Debris Removal: Clear any organic debris or algal blooms that may hinder growth.
Pest and Disease Control: Monitor for pests and diseases, using eco-friendly treatments as needed.

Record Keeping: Maintain a log of all water quality tests, plant health observations, and maintenance activities to track trends
and inform management decisions.Consistent monitoring of water quality and plant health, along with proactive maintenance, is
essential for the success of phytoremediation systems. By managing parameters like BOD, pH, conductivity, and turbidity, you
can enhance the effectiveness of aquatic plants in improving water quality.

Result
pH Electrical BOD Turbidity
Conductivity
7.79 0.440 18 mg/lit 50 NTU
7.76 0.430 17.9 mg/lit 20 NTU
7.73 0.428 17.88 mg/lit 10 NTU
Conclusion -

The application of artificial wetlands in treating domestic wastewater for Nalla demonstrates that natural, plant-based systems can
significantly improve water quality while being low-cost and environmentally friendly. The selected plants (Ludwigia glandulosa,
Cymbopogon citratus, Portulaca oleracea, water lettuce, and duckweed ) have proven effective in reducing pollutants like
nitrogen, phosphorus, and organic waste, enhancing water clarity, and increasing oxygen levels. These improvements not only
support public health but also promote a healthier ecosystem, encouraging biodiversity in and around the water body.
Implementing artificial wetlands in this context has shown potential in stormwater management by reducing flood risks and
contributing to groundwater recharge, which is particularly valuable in urban areas with variable water resources. This project
serves as a model for other urban water bodies facing pollution and restoration challenges, offering a sustainable, replicable
solution for civil engineering applications. Ultimately, it supports the integration of ecological engineering principles into urban
infrastructure, promoting a balanced relationship between city development and natural resource conservation.

Artificial wetlands have emerged as a promising nature-based solution for the treatment and restoration of domestic wastewater
quality. By harnessing the natural processes found in wetland ecosystems, these systems offer a sustainable, cost-effective, and
ecologically beneficial approach to wastewater management.
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