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       ABSTRACT
Globally, with an increase in population, water demand is also increasing, but on the other 
hand, water availability is continuously decreasing due to various factors. Contamination of 
existing water bodies is the main factor for the freshwater shortage. Conventional methods 
are there to treat polluted water, but their construction and operational cost are very high. 
Phytoremediation is an economical, solar-driven, green plants (macrophytes) based, 
environment-friendly technology being researched worldwide. Many researchers contributed 
to identifying the potential of phytoremediation to treat different types of wastewater. Along the 
same line, an attempt has been made with this literature survey to contribute to technological 
advancement. The study results showed that water hyacinth plants could potentially treat 
almost all types of wastewater. Still, their use with other plants like Phragmites australis, 
Azolla filiculoides, Lemna minor, Typha latifolia, etc., as polyculture (mixed culture) could 
perform way better than the individual. It not only improves the efficiency of phytoremediation 
but also helps some plants to grow and perform for a long duration when used in mixed 
culture.

INTRODUCTION

Urban India generates around 73 billion liters of sewage on 
daily basis (Barco & Borin 2017). The installed operational 
treatment capacity is only about 37% to treat this huge 
sewage. Remaining untreated sewage is mainly responsible 
for surface and groundwater quality degradation in India. 
This situation worsens when this sewage is mixed with 
other types of wastewater, like industrial effluent.  An 
increase in domestic and industrial wastewater treatment 
plants can be a solution, but economic feasibility is the main 
obstacle to its application (Roy et al. 2014).  In addition, 
these conventional treatment plants require a centralized 
collection network for the effluents, which again puts a 
question mark on their feasibility in rural areas with low 
population density. Phytoremediation is an alternative 
wastewater treatment technology that is being researched all 
over the world. It offers great potential to treat wastewater, 
compared to conventional methods like trickling filters, 
sequential batch reactors, up-flow anaerobic sludge blankets, 
activated sludge processes, etc. (Ajibade & Adewumi 2017). 

Phytoremediation is a technique in which green plants 
(Macrophytes) convert pollutants into harmless forms 
(Abbasi & Abbasi 2010). The phytoremediation system 
uses natural plants, making this technique eco-friendly 
and economical. It is a solar-dependent, in situ treatment 
technology (Kinidi & Salleh 2017).

Plants are the key component of this system. The function 
of the different parts of the plant is depicted in Table 1. 
Microorganism lives and grow on and around the plant’s 
root. Oxygen supplied by the roots help microorganisms 
decompose organic matter, uptake of nutrient and heavy 
metals, and other biological processes (Amarea et al. 
2018). Phytoremediation technology is generally used 
in the form of constructed wetlands (Chavan & Dhulap 
2012a, 2012b). It can treat almost all types of wastewater, 
including domestic, municipal, industrial, etc. (Agarry et al. 
2018). For effective phytoremediation, it is very necessary 
to select an appropriate plant with high uptake of pollutants 
that can survive and grow well in wastewater (Magar et al.  
2017). 

Various studies conducted by many researchers to 
treat different types of wastewater using diverse plant 
species like Phragmites australis, Eichhornia crassipes, 

Azolla filiculoides, Typha latifolia, Salvinia molesta, Pistia 
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Table 1: Summarises the role played by different parts of the plant. (Source: Abbasi & Abbasi 2010)

Plant Parts Function

Roots and/or Stems (within the water column) Provide surface to grow bacteria
Provide media for adsorption and filtration of solids
Source of natural polymers to help in Sedimentation and Flocculation. 

Stems and/or leaves (on or above the water surface) Attenuate sunlight hence curtails the growth of algae
Reduce the effect of wind on water 
Worked as a facilitator for gases and heat transfer between water and atmosphere

Table 2: Studies on phytoremediation of different types of wastewater.

Types of 
wastewaters

Plant species Concentration reduction (in %) Reference

Greywater Canna indica, Colocasia, Hymenocallis littoralis, and 
Phragmites australis

TN:34.54, NH4-N:53.06, PO4-P: 37.49 
COD: 58.26  

Nema et al. (2020)

Municipal 
Wastewater

Phragmites australis, Iris pseudacorus TN:74.3, NH4-N: 62.1, NO3-N: 77.7, 
TP: 29.6, PO4-P: 37.4, COD:46.7 

Barco and Borin 
(2017)

Iris pseudacorus (IP) and Phragmites australis (PA), 

Lemna minor (LM), Azolla filiculoides (AF) and Pistia 

stratiotes (PS)

NO3-N: 69, NH4-N: 76, PO4-P: 53, TP: 
63, COD: 45.6 - 76.8, BOD: 37.7- 62.3

Ali et al. (2017)

Phragmites australis, Azolla filiculoides, Pistia 

stratiotes, Lemna minor,  Lactuca sativa

NH4-N:70, TN: 59  Prajapati et al. (2017)

Commelina cyanea, Phragmites australis, and water 
hyacinth

NO3-N: 92, NO2-N: 91, PO4-P: 85%, 
COD:69, BOD: 74 

Ajibade and Adewumi 
(2017)

Domestic 
wastewater

water hyacinth NH3-N: 64, BOD: 61, COD: 41 Rezania et al. (2016)
Phragmites karka NO3-N: 84, NO2-N: 76, PO4-P- 68  Khare and Jain (2019)

Green algae (Chlorella vulgaris), duckweed, and water 
hyacinth 

COD:43, BOD:42 El-din and Aziz (2018)

Monochoria vaginalis, Typha angustifolia, Limnocharis 

flava, Lepironia articulata, Pistia stratiotes and 

Eichhornia crassipes

BOD:79.4 Syukor et al. (2014)

Typha latifolia, Phragmites australis, Colocasia 

esculenta, Polygonum hydropiper, Alternanthera 

sessilis and Pistia stratoites

NO3–N: 84, PO4–P: 76, NH4–N: 86, 
BOD: 90

Rai et al. (2013)

Phragmites karka NH4-N: 45–55, NO3-N: 33–45, TN: 
45–50, BOD: 40–50 

Prashant et al. (2013)

Pennisetum pedicellatum and Cyperus rotundus NH4-N: 84.47; NO3– 
N: 69, PO4–P: 90, BOD: 83, COD: 65

Thalla et al. (2019)

Sewage Azolla filiculoides NH4-N:54.8, NO2-N: 71.4, P-68.65, 
TP:80.52  

Soman and Arora 
(2018)

Cana indica NO3 : 73.13, PO4 : 56.02,  BOD: 73.77, 
COD: 75.19,  

Chavan and Dulap 
(2012)

Eichhornia crassipes NO3-N: 86.63, BOD: 48.69, COD: 
54.38, Co: 78.78, Cu: 28.90, Fe: 23.42

Chavan and Dulap 
(2012)

Industrial 
Wastewater

Eichhornia crassipes, Salvinia molesta and Pistia 

stratiotes

  Zn: 36, Fe: 26.6, Cu: 32.6, Cr: 58.6, 
Ni: 26.9, Cd: 27.1, Pb: 42.4

Kodituwakku et al. 
(2020)

Lemmna minor Cd: 44.93, Cr :32.26, Ni :74.48, Pb :79.1 Al-Khafaji et al. (2017)

Petroleum 
refinery 
wastewater

Azolla filiculoides N: 33, P: 40.5, COD: 98.8 Golzary et al. (2017)

Petroleum 
refinery 
secondary 
wastewater

Eichhornia crassipes NO3-N: 72.8, BOD5: 94.6, COD: 80.2, 
Cd: 94, Pb: 92.5, Cr: 93, Fe : 94.8, Ni : 
92.2, Zn: 87

Agarry et al. (2018)

Table Cont....
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stratiotes, Vetiver grass, etc., have been reviewed and 
depicted in Table 2.

The aim of the present study was to investigate the 
potential of phytoremediation to decrease oxygen demand 
(BOD, COD), nutrients, and heavy metals for different types 
of wastewater.

PHYTOREMEDIATION POTENTIAL 

Potential to Abate Oxygen Demand (COD, BOD)

Biochemical oxygen demand (BOD) and chemical oxygen 
demand (COD) are generally used to indicate the organic 
strength of different types of wastewater. BOD (BOD5) 
and COD are the two important parameters to analyze the 
treatment efficiency of any technology to treat the organic 
pollution of wastewater. These two parameters are used 
globally. The higher percentage of removal of BOD and 
COD indicates the potential of technology to treat the organic 
contamination of polluted water.

Fatmawati & Azizah (2018) performed a Comparative 
experimental study on sewer water with three samples. In 
Set-1, Set-2, and Set -3 the percentage of the Kiapu plant 
used were 0%, 50%, and 100%. Samples were analyzed 
before and after the treatment to determine BOD reduction. 
In the Results Set, -3 performed well compared to the 
other two sets, showing the kiapu plant’s phytoremediation  
ability.

Panday (2005) studied the effect of phytoremediation if 
the two plants Lemna minor and E.crassipes were used in 
monoculture (use of single plant) and polyculture (use of 
multiple plants). Four experimental sets were used to treat 
polluted river water. Set 1 with no aquatic plants(control), 
set -2 with 100% E. Crassipes plant, set-3 with 100% Lemna 

minor plant, and Set-4 with 50% each of both the plants. 
Samples were analyzed for COD and BOD reduction. Set-4 
showed a significant reduction in COD and BOD compared 
to other sets. It was clear from the results (Table 3) that the 
combined use of Lemna minor and E.crassipes is favorable 
for phytoremediation.  

El-Din & Aziz (2018) evaluated the wastewater treatment 
efficiency of three aquatic plants, water hyacinth, duckweed, 
and green algae, with laboratory-scale experiments. COD and 
BOD reduction were determined after 21 days of detention 
time. Duckweed showed higher removal efficiency for BOD 
and COD than water hyacinth and green algae. 

Textile effluent not only pollutes water but also imparts 
color to the water body. Due to this, the color penetration 
of sunlight is interrupted and affects the aquatic ecosystem. 
It also causes skin irritation, allergies, etc., because of the 
various dyes in the textile effluent. Mahajan et al. (2019) 
studied the treatment potential of Chara vulgaris to treat 
textile effluent. To check the adaptability of selected 
macrophytes, dilution of different percentage concentrations 
(10, 25, 50 and 75) of textile effluent was prepared. 

Types of 
wastewaters

Plant species Concentration reduction (in %) Reference

The mixture of 
textile, distillery, 
and domestic 
sources

Lemna minor and Azolla filiculoides TN: 94.6, P: 98, COD: 96, BOD: 92, 
Co: 72, Cd: 66, Zn: 91, Cr:26, Ni: 50, 
Cu: 91, Fe: 83, Mn: 89

Amarea et al. (2018)

Industrial mines 
wastewater

Water hyacinth (Eichhornia crassipes) BOD: 50, COD: 34, Cr (VI): 99.5 Saha et al. (2017)

Textile effluent Chara vulgaris COD: 78, BOD: 82  Daud et al. (2018)

Eichhornia crassipes, Pistia stratiotes  and Salvinia 

molesta 

NO3-N: 79.5, PO4-P: 81.9, COD: 74, 
Cd: 47.4, Zn: 99, Ni: 59.3 

Wickramasinghe et al. 
(2018)

Pistia stratiotes, Eichhornia crassipes and Oedogonium 

sp.
Pb: 98.1, Fe: 94.4, Cd: 89.74, Cu: 98.64  Tabinda et al. (2019)

Landfill leachate Duckweed (Lemna minor) COD: 39, BOD: 47, Cu: 91, Zn: 86, Pb: 
81 , Ni: 76 , Fe: 78  

Daud et al. (2018)

Phragmites australis, Vetiver grass NO3-N: 83, PO4-P: 82, BOD: 68, COD: 
60  

Koupai et al. (2019)

Laundry 
Wastewater

Kiapu and water hyacinth PO4-P: 54.3, COD: 77.5 Siswoyo et al. (2019)

Dairy 
wastewater

Water hyacinth TN: 66, TP: 89, BOD: 85.59, COD: 
85.86

Trivedy and 
Pattanshetty (2002)

Units in mg.L-1, TN: Total nitrogen, NO3-N: Nitrate nitrogen, NO2-N: Nitrite nitrogen, NH4-N: Ammonia nitrogen, TP: Total phosphorus, PO4-P: 
Orthophosphate, N: Nitrogen, P: Phosphorus, Cd: Cadmium, Pb: lead, Cr: Chromium, Fe: Iron, Ni: nickel, Zn: Zinc, Co: Cobalt, Cu: copper
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After 120 hours of treatment, Chara vulgaris showed a 
maximum reduction of BOD (82%) and COD (78%) in  
10% concentrated textile effluent. Due to the toxic effect of 
effluent, no significant reduction was observed in 50% and 
75% concentrated effluent. This study revealed that dilution 
of highly concentrated effluent is necessary for effective 
phytoremediation.

Similarly, Adelodun et al. (2021) used water hyacinth 
to purify textile effluents and monitored changes in the 
physicochemical properties weekly to estimate the removal 
rate of contaminants. Removal of COD and other nutrients 
was observed, and water hyacinth is very effective in treating 
textile effluent. Still, results were continuously altered due 
to the decomposition of dead elements of the plant (because 
of the high strength of textile effluent). So, dilution of the 
effluent is suggested before the phytoremediation.

Siswoyo et al. (2019) investigated the ability of 
phytoremediation combined with sludge as an absorbent 
to treat laundry waste. Water hyacinth and kiapu plant 
were used, sludge obtained from a water treatment plant 
(WTP) was used, and concentration reduction of COD was 
analyzed. Results of the study showed that this combination 
of phytoremediation and absorption could remove 77.5% of 
COD from laundry wastewater.

Potential to Abate Nutrients

Excessive nutrients (like nitrogen and phosphorus) in any 
water body result in eutrophication. Due to eutrophication, 
excessive growth and decay of plants and algae have caused 
water quality degradation. It also disturbs the penetration 
of sunlight-induced degradation of water quality. It also 
depletes dissolved oxygen in the water body (Kinidi & Salleh 
2017). The phosphorus removal capacity of plants depends 
on various factors like their growth rate, water depth, season, 
per unit area biomass, etc. (Amarea et al. 2018). Nitrogen 
removal involves nitrification and denitrification, nitrogen 
uptake by plants, ammonia volatilization, etc. (Amarea et 
al. 2018). Many researchers have studied the potential of 
various aquatic macrophytes to abate nutrients. Even after 
treatment, these plants can be used for animal feeding, 

compost production, high protein source, biogas production, 
etc. (Pandey 2015).

Nema et al. (2020) conducted a study to identify the 
treatment potential of four macrophytes (Phragmites australis, 

Canna indica, Hymenocallis littoralis, and Colocasia) to treat 
greywater. Two reactors, R-1 (monoculture) and R-2 (mixed 
culture), were prepared and operated for 90 days with a  
10 mL/min flow rate.  The removal efficiency of ammonia 
and phosphate was higher in R-2, with Significant differences 
of 13% and 10%, respectively. It was also discovered that 
Phragmites australis survived in R-2, while in R-1, it 
deteriorated during the experiment.  

Ali et al. (2017) investigated the treatment potential of 
various floating treatment wetlands (FTWs) to treat domestic 
wastewater. A total of six pairs of wetlands (five with plants 
and one without plants as control) were used. Samples were 
collected and analyzed weekly for three months. Results 
of the study showed that as compared to A. filiculoides, P. 

stratoites,  and L. minor, Emergent macrophytes (P. asutralis 

and I. pseudacorus) performed better in low as well as in 
high influent concentration.

Similarly, Prajapati et al. (2017) conducted an 
experimental study to identify the treatment efficiency of 
different plants in FTWs. The study results showed that P. 

stratiotes were best in removing total nitrogen and ammonia 
with 59% and 70% efficiency, respectively. Removal 
of phosphate was found to be high for P. stratiotes with  
29.5% efficiency, followed by L. sativa with 24.1%.

Rai et al. (2013) developed a constructed wetland with six 
macrophytes (Polygonum hydropiper, Phragmites australis, 

Typha latifolia, Pistia stratoites, Colocasia esculenta, and 

Alternanthera sessilis) to evaluate the treatment potential 
in sewage water. For the full establishment of constructed 
wetland, six months were provided. After that, the monitoring 
of CW started. Samples were collected from the outlet with a 
retention time of 36 hours and compared with inlet samples. 
Results showed a reduction of   PO4–P, NO3-N, and NH4-N 
between 75% and 86%.

Koupai et al. (2019) conducted a pilot study to improve 
the leachate quality using Reed and vetiver plants. Phosphate 

Table 3: Comparative results for monoculture and polyculture.

Plant Species Type of Culture Average concentration reduction [%] Reference

P1 Monoculture BOD: 67, COD: 62, Nitrate: 55, Phosphate: 82 Pandey (2015)

P2 BOD: 54, COD: 56, Nitrate: 44, Phosphate: 76

P1+P2 Polyculture BOD: 73, COD: 74, Nitrate: 65, Phosphate: 86

P3, P4, P5, P6 Monoculture COD: 51, Ammonia: 41, Phosphate: 28 Nema et al. (2020)

P3+P4+P5+P6 Polyculture COD: 58, Ammonia: 54, Phosphate: 38

P1: Water hyacinth, P2: Lemna minor, P3: Canna indica, P4: Colocasia, P5: Hymenocallis littoralis, P6: Phragmites australis
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have extraordinary power to accumulate metals in their body. 
Such types of plants are called hyperaccumulating plants 
(Mahajan & Kaushal 2018). They can tolerate and even grow 
in high metal concentrations. While screening these plants, 
food crops should be avoided (Panday et al. 2019).

Agarry et al. (2018) studied the potential of constructed 
wetlands vegetated with Eichhornia crassipes to treat 
petroleum refinery secondary wastewater. A total of five 
constructed wetlands were prepared, out of which three 
were planted with Eichhornia crassipes, and the remaining 
two served as the unvegetated control. The vegetated 
constructed wetland significantly performed better than 
the unvegetated control. The study showed 90 to 95% iron, 
nickel, chromium, lead, and cadmium removal efficiency 
in 10 days. Similarly, Saha et al. (2017) also examined 
the phytoremediation potential of Water hyacinth to treat 
toxic hexavalent chromium (Cr VI) contamination from 
wastewater of chromite mines. It was found that Water 
hyacinth removed 99.5% Cr (VI) of processed water in just 
15 days. Similar efficiency was achieved in a large-scale 
experiment using 100 liters of the same wastewater.

Panday et al. (2019) Conducted a pot experiment 
to identify the best lemon grass varieties to treat sites 
contaminated through tannery effluent. Of nine selected 
varieties of lemon grass, Suwarna showed the highest 
removal efficiency of about 70 to 85% for lead, chromium, 
and cadmium.

Sukumaran (2013) assessed the efficiency of Eichhornia 

crassipes, Typha latifolia, Pistia stratiotes, and Salvinia 

molesta in treating effluent. Constructed wetlands based on 
Typha latifolia and Eichhornia crassipes were found viable 
options for effluent treatment. Eichhornia crassipes observed 
a significant reduction in the lead than Typha latifolia 
(emergent plant), whereas Typha latifolia prominently 
removed metals like cadmium and copper.

and nitrate reduction after 3, 7, 14, and 21 days was analyzed. 
Results of the study showed that vetiver grass reduced 82-
83% of phosphate and nitrate while the reed plant reduced 
60-63% in 21 days. 

Wickramasinghe and Jayawardana (2018) examined 
the pollutant removal efficiency of Eichhornia crassipes 

(water hyacinth), water lettuce, and Salvinia molesta 

(water fern) to treat textile wastewater. The reduction 
efficiencies of nitrates and phosphates by each aquatic 
plant were estimated. All three species observed significant 
reductions in nitrates and phosphates. Among all three 
plants, Eichhornia crassipes showed the highest percentage 
reduction (81.9%) for phosphate, whereas S. molesta 
showed the highest percentage reduction (79.5%) for nitrate  
reduction.

Ajibade & Adewumi (2017) performed an experimental 
study on municipal wastewater with a Laboratory-scale 
constructed wetland to evaluate the phytoremediation 
potential of Water hyacinth in addition to Phragmites 

australis and Commelina cyanea, before and after treatment 
samples were collected and analyzed for nutrients removal. 
Results showed that all the plants effectively abate nutrients. 
Phragmites australis obtained the highest removal efficiency 
for Nitrite, Nitrate, and phosphate.

Potential to Abate Metals

Contamination of the environment with metal ions is 
increasing and has become a major concern worldwide. With 
rapid industrialization and urbanization, sources of metals are 
also increasing (Rana & Maiti 2020). Some anthropogenic 
sources are depicted in Table 4.

Metals in the contaminated aquatic environment can 
enter the food chain through their consumption by a living 
organism. The presence of metals in the food chain could 
create serious hazards (Rana & Maiti 2020). Some plants 

Table 4: Anthropogenic sources of common metals found in wastewater.

Metal Anthropogenic sources

As Tannery, electroplating, pesticides, fertilizers, smelting, landfilling paints/chemicals, and mining

Cd Manufacturing of cadmium–nickel batteries, phosphate fertilizers, pigments, stabilizers, alloys, and electroplating industries

Cu Electroplating, agricultural run-off, mining, electrical and electronics, iron and steel production, nonferrous metal industry, printing and 
photographic industries, and metalworking and finishing processes

Hg Solid waste incineration, coal and oil combustion, and pyrometallurgical processes

Ni Nickel plating, colored ceramics, electroplating, batteries manufacturing, mining, and metal finishing and forging

Cr Electroplating, leather tanning, metal finishing, nuclear power plant, textile industries, and chromate preparation

Pb Combustion of coal, processing, and manufacturing of lead products, manufacturing of lead additives such as tetraethyllead (TEL) for gasoline

Zn Mining, smelting, steel making, fossil fuel combustion, phosphate fertilizer, manure, sewage sludge, pesticides, motor vehicles, and 
galvanized metal

Source: Rana & Maitii (2020)
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Kodituwakku & Yatawara (2020) experimented on a 
pilot-scale constructed wetland (free flow) to treat industrial 
sewage sludge with the help of Eichhornia crassipes, Salvinia 

molesta, and Pistia stratiotes. Among these three macrophytes, 
S. molesta showed the highest percentage decreases in Fe, Cu, 
Zn, Cr, and Ni, whereas the highest % reduction in Cd and 
Pb was shown by P. stratiotes and E. crassipes, respectively. 

CONCLUSION

In the present literature, numerous studies conducted for 
the phytoremediation of various types of wastewater using 
diverse plant species have been reviewed. It can be concluded 
that phytoremediation can potentially treat wastewater from 
different sources. It has been found in the present literature 
that limited literature is available based on the comparative 
study with the use of monoculture and polyculture (mixed 
culture) of plants. Results showed higher treatment efficiency 
could be obtained using mixed culture plants. It not only 
improves the efficiency of phytoremediation but also helps 
some plants to grow and perform for a long duration when 
used in mixed culture. It is also observed that in the case of 
strong industrial effluent, dilution of the sample can increase 
the overall efficiency.
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