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1. Introduction 
Environmental contamination has been greatly increased by industrialization, especially when untreated 

wastewater is released into natural ecosystems (UNEP, 2018; WHO, 2017). Heavy metals, dyes, 

hydrocarbons, and medicines are among the hazardous materials found in industrial effluents that linger 

in the environment and lead to bioaccumulation (Khan et al., 2022; Rai, 2009).  

Although they are frequently costly and result in secondary pollutants, conventional wastewater treatment 

techniques such chemical precipitation, filtration, and oxidation are commonly utilized (Glass, 2000; 

Verma, 2012). Additionally, these techniques are less successful in eliminating pollutants at low 

concentrations (Polińska et al., 2021). 
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ABSTRACT 

Large amounts of wastewater containing hazardous elements such heavy metals, dyes, 

and organic pollutants are produced as a result of industrialization. Conventional 

treatment techniques are frequently costly and detrimental to the environment. In this 

regard, phytoremediation, or plant-based remediation, has become a viable, 

economical, and sustainable method of handling industrial waste. Pollutants from soil 

and water can be naturally absorbed, accumulated, broken down, or stabilized by 

plants. Lemna minor, Pistia stratiotes, and Eichhornia crassipes are examples of aquatic 

macrophytes that have demonstrated notable efficacy in eliminating pollutants from 

wastewater. The function of plants in the treatment of industrial waste is covered in this 

paper, along with methods, methodology, experimental study results, and future 

prospects. Although issues like sluggish processing rates and biomass disposal still 

exist, the results show that phytoremediation offers a promising substitute for 

conventional methods. To maximize its effectiveness, more study and extensive 

implementation tactics are necessary. 
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Using plants to eliminate, stabilize, or break down contaminants, phytoremediation has become a viable 

option (Ali et al., 2013; Salt et al., 1998). Phytoextraction, phytodegradation, phytostabilization, and 

rhizofiltration are some of the mechanisms (Pilon-Smits, 2005; Cunningham et al., 1996).  

Because of their large biomass and quick growth, aquatic macrophytes including Pistia stratiotes, Lemna 

minor, and Eichhornia crassipes are especially successful (Dhir, 2013; Akinbile & Yusoff, 2021). 

According to Dietz and Schnoor (2001), these plants encourage microbial breakdown in the rhizosphere 

and absorb contaminants through their roots.  

By integrating microbial activities and plant activity, constructed wetlands further improve 

phytoremediation effectiveness (Vymazal, 2010; Kadlec & Wallace, 2009). These methods are both 

economical and ecologically friendly (Ghosh & Singh, 2005).  
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Recent developments emphasize the significance of plant-microbe interactions, whereby bacteria that 

promote plant growth increase the effectiveness of pollutant removal (Afzal et al., 2014; Ahemad, 2015).  

Phytoremediation has drawbacks despite its benefits, including slow processing speeds and difficulties 

disposing of biomass (McCutcheon & Schnoor, 2003). Nonetheless, current biotechnology and genetic 

engineering research provides encouraging advancements (Singh & Singh, 2022). 

 
METHODOLOGY  

A controlled experimental approach was used in the study to assess the effectiveness of phytoremediation. 

 

1. Selection of Plants  
Based on their capacity to absorb pollutants, three aquatic plants were chosen: Lemna minor, Pistia 

stratiotes, and Eichhornia crassipes (Dhir, 2013; Rai, 2009).  

 

2. Collection of Wastewater  
Heavy metals and colors were found in industrial effluent collected from textile industry (Verma, 2012; 

Kaur et al., 2018).  

 

3. Experimental Configuration 

Tanks with one plant species each and a control tank were filled with equal amounts of effluent (Glass, 

2000).  

 

4. Length of Treatment  
To enable the absorption of pollutants, plants were subjected to natural circumstances for ten to twenty 

days (Ahemad, 2015).  

 

5. Measured Parameters  
• pH  

• COD and BOD TDS  

• Metals that are heavy  

• The concentration of dye 

Atomic absorption spectroscopy and spectrophotometry are common analytical methods (APHA, 2017; 

Sharma, 2014). 

 

5. Analysis of Data 

The percentage decrease in pollutant levels was used to measure removal effectiveness (Kumar, 2015). 

 

Results 
The results of the experiment showed that every plant species that was chosen made a substantial 

contribution to the elimination of contaminants from industrial effluent. The efficacy of phytoremediation 

was confirmed by notable improvements in important water quality measures.  
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1. Eichhornia crassipes' performance  
Among the species examined, Eichhornia crassipes, or water hyacinth, demonstrated the greatest efficacy 

in removing pollutants. • Removal of dye: up to 95% • Removal of heavy metals: up to 90%  

This plant's large fibrous root structure, high biomass output, and increased microbial activity in the 

rhizosphere all contribute to its exceptional performance. Maximum absorption and accumulation of 

pollutants are facilitated by these features (Dhir, 2013; Saha et al., 2017). 

 

 
2. Pistia stratiotes' performance  

 

Water lettuce, or Pistia stratiotes, demonstrated a moderate level of pollution removal efficacy. • Removal 

of dye: 70–85% • Removal of heavy metals: 60–75%  

Its floating growth habit increases absorption efficiency by enabling direct contact with contaminants at 

the water's surface. However, it performs less well than water hyacinth due to its smaller root system 

(Akinbile & Yusoff, 2021).  
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3. Lemna minor's performance  
Lemna minor, or duckweed, showed quick growth and flexibility but a lesser efficacy in removing 

pollutants. • Removal of dye: 60–75% • Removal of heavy metals: 50–65%  

Its rapid reproduction rate and extensive surface coverage make it appropriate for large-scale applications 

despite its lower absorption capacity (Rai, 2009). 
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4. Modifications to Physicochemical Characteristics  
All treatments showed notable improvements in the following water quality parameters:  

• A decrease in turbidity  

• A reduction in TDS, or total dissolved solids  

• pH level stabilization  

 

These modifications show better water quality and efficient pollution removal (Mishra, 2016).  

 
 

5. Comparing Controls  

Pollutant levels and water quality metrics barely changed in the control setting (without plants). This 

demonstrates that plant-mediated mechanisms were the main cause of the benefits seen in treated samples 

(Kumar, 2015). 
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Conclusion 
An economical and sustainable way to remediate industrial wastewater is phytoremediation (Ali et al., 

2013). Plants are environmentally friendly substitutes for traditional methods since they eliminate 

contaminants through natural biological processes (Salt et al., 1998).  

Because of its large biomass and absorption capability, Eichhornia crassipes was the most effective 

species among those examined (Dhir, 2013). Nevertheless, issues like biomass disposal and slow 

treatment rates still exist (McCutcheon & Schnoor, 2003).  

Large-scale application, plant genetic enhancement, and integration with artificial wetlands should be the 

main areas of future study (Vymazal, 2010; Singh & Singh, 2022). 
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