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Abstract—Wastewater treatment is essential for 

environmental sustainability, and phytoremediation has 

emerged as an eco-friendly and cost-effective approach. 

Phytoremediation utilizes plants to absorb, accumulate, 

and detoxify pollutants from wastewater, including 

heavy metals, Organic contaminants, and nutrients. 

This study explores the potential of various aquatic and 

terrestrial plant species, such as eichhornia crassipes 

(water hyacinth), typha latifolia (cattail), and 

Phragmites australis (common reed), in treating 

wastewater. The mechanism of pollutant removal 

involves phytoextraction, rhizofiltration, 

phytodegradation, and phytostabilization. Results 

indicate that phytoremediation significantly reduces 

pollutant Levels, enhances oxygenation, and improves 

water quality. While phytoremediation is a Sustainable 

alternative to conventional treatment methods, 

challenges such as plant selection, Pollutant-specific 

efficiency, and maintenance need further research. This 

study highlights the potential of phytoremediation as a 

green solution for wastewater treatment, promoting 

ecological balance and resource recovery. 

 

Index Terms—Phytoremediation, Wastewater 

Treatment, Environmental Sustainability, Green 

Technology, Water Pollution. 

 

 
Fig 1.1. Before and after result of water purification 

I. INTRODUCTION 

 

In all over world the pollution is increasing day by 

day. The aquatic bodies and plants are also getting 

damage too. For survival of every living being should 

have access to sufficient amount of clean water in 

day-to-day life. Water scarcity is rapidly becoming a 

major problem for many developing countries like 

shortage of water and lack of access of safe water. 

The Increase in population growth has resulted in 

increasing demand of water. There are number of 

technology systems exist in world to purify 

wastewater. But for huge proportion of population in 

this developing world that lives in rural areas such 

technologies would be too expensive. This study 

describes the simple and cost-effective method for 

the design of smallscale wastewater treatment plant 

for the purification of wastewater which is generated 

from The household, canteen, laboratories of schools 

and colleges. Phytoremediation is the process of 

wastewater purification by using plants. In past few 

decades this process becomes an important and 

ecofriendly technique for the removal of toxic metal 

ions and harmful substances from wastewater. 

 

II. LITERATURE REVIEW 

 

2.1. Introduction 

Water scarcity and contamination are two of the most 

pressing global challenges today, with millions of 

people around the world lacking access to clean 

drinking water. Traditional water purification 

methods, including chemical treatments, filtration 

systems, and mechanical technologies, are often 

expensive, energy-intensive, and require significant 

infrastructure. In light of these challenges, researchers 
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have increasingly turned to nature-based solutions, 

such As using plants for water purification, as a more 

sustainable, cost-effective, and environmentally 

Friendly alternative. Phytoremediation—the use of 

plants to remove or neutralize pollutants Has 

emerged as a promising approach to treat 

contaminated water sources, offering an ecofriendly, 

low-energy method for improving water quality. 

Before the advent of plant-based water purification 

techniques, communities relied on a variety of 

conventional and rudimentary methods to purify 

water, depending on the available resources and 

technological advancements of the time. These 

methods ranged from boiling water, using filtration 

devices, and creating sand filters, to more complex 

chemical treatments. 

However, many of these techniques still have 

limitations in terms of cost, effectiveness, and 

environmental impact. This literature review 

discusses the current state of research on water 

purification using plants, The mechanisms involved, 

and the applications of phytoremediation in 

improving Water quality. It also provides context by 

exploring historical methods of water purification 

 

2.2. Traditional Water Purification Methods: 

A Historical perspective before modern water 

purification techniques, various cultures developed 

methods to purify drinking water, often relying on 

natural materials and simple mechanical processes. 

Here are some of the traditional methods used by 

people before the Widespread use of plants in water 

purification: 

 

Boiling Water: One of the oldest methods, boiling 

water kills most pathogens, including Bacteria, 

viruses, and parasites. This practice has been used for 

millennia across cultures but is Energy-intensive and 

often impractical in large-scale applications. 

 

Sand and Charcoal Filtration: Ancient civilizations, 

including the Egyptians and Greeks, Used natural 

filtration methods like sand, gravel, and charcoal to 

remove particulate matter from water. This process is 

still used in some modern filtration systems. 

 

Clay Pot Filtration: In many parts of the world, clay 

pots have been used to filter water. The porous nature 

of clay helps remove sediments and can filter some 

harmful microorganisms. This technique is still in use 

today in rural and developing regions. 

 

Chemical Treatments: Historically, substances like 

alum (potassium aluminum sulfate) have Been used 

to coagulate particles in water and improve clarity. 

Other early chemical treatments Involved the use of 

lime or bleach to disinfect water. 

 

Sunlight (Solar Disinfection): In some cultures, 

sunlight was used to disinfect water. Water 

Containers were placed in the sun for several hours, 

allowing ultraviolet rays to kill pathogens. This 

method is still promoted today, especially in areas 

with limited access to clean water and Where access 

to fuel for boiling water is scarce. 

 

Water Wells and Natural Springs: In rural and ancient 

societies, natural springs, streams, and Wells were the 

primary sources of drinking water. People often 

relied on these natural sources For clean water, 

although contamination from nearby settlements or 

agricultural activities could Lead to waterborne 

diseases. 

 

While these methods were effective to some extent, 

they often fell short in providing Sustainable, long-

term solutions for large-scale water purification, 

especially in industrialized And urbanized settings. 

The advent of modern science and technology has led 

to the Development of more advanced techniques, 

including chemical water treatment plants, 

Desalination, and more recently, plant-based water 

purification systems. 

 

III. PHYTOREMEDIATION: USING PLANTS TO 

PURIFY WATER 

 

Phytoremediation, the use of plants to treat 

environmental contaminants, is an emerging field 

That has gained significant attention in the last few 

decades. This process leverages the natural Ability of 

plants to absorb, accumulate, or degrade various 

pollutants in water, including heavy Metals, organic 

compounds, nutrients (such as nitrogen and 

phosphorus), and pathogens. Phytoremediation is 

seen as a viable, sustainable, and low-cost alternative 

to conventional Methods of water purification. 
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3.1. Applications of Plant-Based Water Purification 

Constructed Wetlands: One of the most widely 

studied and applied methods of Phytoremediation is 

the use of constructed wetlands (CWs), which are 

artificial water treatment Systems designed to 

simulate the natural filtering processes of wetland 

ecosystems. Wetlands Are planted with a variety of 

macrophytes that help remove contaminants from 

water. Constructed wetlands are commonly used for 

treating domestic 

wastewater, storm water, and Agricultural runoff. A 

study by Vymazal (2011) showed that CWs could 

effectively remove Nitrogen, phosphorus, and 

suspended solids from wastewater effluent. 

 

3.2. Challenges and Limitations of Phytoremediation 

While phytoremediation shows great promise, several 

challenges must be addressed: 

 

Efficiency and Speed: Plant-based water purification 

systems tend to be slower than chemical Or 

mechanical treatments. The growth rates of plants and 

the time it takes to accumulate Pollutants can be 

limiting factors for large-scale applications. 

 

Plant Selection: Not all plants are equally effective for 

all types of pollutants. The success Of 

phytoremediation depends on selecting plant species 

that are suited to the specific Contaminants present in 

the water. For example, plants that absorb heavy 

metals might not be Effective at removing nutrients, 

and vice versa 

 

Secondary Pollution: In cases where plants 

accumulate large amounts of contaminants, there Is a 

risk of secondary pollution if the plants are not 

disposed of properly after they have been Harvested. 

 

IV. METHODOLOGY 

 

4.1. Introduction 

Water purification is essential for providing safe and 

clean water for consumption, industrial Use, and 

environmental sustainability. Various methods are 

used to remove contaminants, Pathogens, and 

impurities from water. Here are some common water 

purification methods: 

 

 

Sedimentation – Allows heavy particles to settle at the 

bottom before filtration. 

 

Advantages: 

• Simple and cost-effective 

• Requires minimal energy 

• Useful for removing large particles. 

 

Disadvantages: 

• Does not remove dissolved contaminants or 

pathogens 

• Slow process, especially for fine particles 

 

4.1.2 Filtration 

Uses sand, gravel, activated carbon, or membranes to 

remove impurities. 

Advantages: 

• Removes suspended particles and some 

microorganisms 

• Can be combined with other methods (e.g., 

activated carbon for chemical removal) 

• Requires little maintenance 

Disadvantages: 

• Does not remove dissolved substances (salts, heavy 

metals) 

• Filters require regular cleaning/replacement 

 

V. CONCLUSION 

 

Phytoremediation is an eco-friendly and cost-effective 

method for treating wastewater Using plants to 

remove, degrade, or stabilize contaminants. Below is 

an analysis of its Effectiveness, results, and 

challenges in wastewater treatme 

 

Duckweed (Lemna minor) is widely used in 

wastewater treatment due to its rapid growth, High 

nutrient uptake, and ability to thrive in polluted 

water. Below is an analysis of its Effectiveness in 

treating wastewater. 

 

The use of duckweed (Lemna minor) for wastewater 

treatment through phytoremediation Has been 

extensively researched and proven to be an efficient, 

low-cost, and sustainable Method for pollutant 

removal. Its ability to absorb excess nutrients, heavy 
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metals, and Organic pollutants makes it a promising 

alternative or supplement to conventional Wastewater 

treatment processes. 
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