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ABSTRACT  

Phytoremediation, which is the use of water-loving plants, proposed over 300 years ago has 

gained explicit acceptance as a more prolific approach towards the removal and uptake of organic and 

heavy metals pollutants. Metals gain access into water bodies through natural geochemical weathering 

of rocks and various indiscriminate human activities which includes waste generated from mining 

industries, urban runoff, electroplating, batteries etc. Pollution of aquatic environment by organic 

pollutant occurs through various pathway either naturally by aquatic microorganism like 2-

methylisoborneol and geosmin or by uncontrolled discharge of industrial waste or chemicals containing 

organic chemicals and its related products such as hormones, plasticizer, insect repellents, UV filters, 

Surfactant,  NSAIDs, Antibiotics, herbicides, lubricants, fuel combustion by product, volatile organic 

compounds, chlorinated solvents, perchlorate, pharmaceutical drugs and other metabolites. For effective 

phytoremediation of metals and organic pollutants by aquatic plants, the following processes should be 

observed: recognition and execution of effective aquatic plant systems; concentration and uptake of the 

contaminants by the aquatic macrophytes; harvesting and profitable use of the plants. Generally, there 
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are seven basic mechanisms or strategies involved in the phytoremediation of contaminants, these 

include: Phytoextraction, Phytodegradation, Phytofiltration, Phytostabilization, Phytovolatilization, 

Rhizodegradation and Phytodesalination. This work presented in details how aquatic plants can be used 

to phytoremediate heavy metals and organic pollutants present in aquatic environments. This review 

clearly elucidated the sources and effects of water pollution on aquatic organisms as well as humans, 

and the use of phytoremediation techniques involving aquatic macro- and microphytes such as algae, 

duckweed, water hyacinth, water lettuce, water fern, Canna indica L. to get rid of these pollutants from 

the aquatic environment while ensuring that water quality parameters are maintained in the process. 

 

Keywords: Phytoremediation, Heavy Metals, Organic Pollutants 

 

 

 

1.  INTRODUCTION 

 

The presence of water in the ecosystem cannot be underemphasized; it is the one of the 

most essential natural resources for sustaining all life forms (Vanloon and Duffy, 2005; Enyoh 

et al., 2018). Water has unique chemical properties like polarity and hydrogen bond which 

makes it is a universal solvent capable of dissolving, absorbing, adsorbing or suspending many 

different compounds (WHO, 2008), it is one of the most manageable natural resources capable 

of diversion, transport, storage, and recycling. Water is generally obtained from two principal 

natural sources namely surface water (fresh water lakes, rivers, streams, etc.) and ground water 

(borehole water and well water) (Mendie, 2005), but today due to the accelerated pace of 

anthropogenic activities, such as rapid urbanization, industrialization and population expansion 

as well as daily demand for water assets has led to serious contamination of  both surface and 

ground water in many parts of the world thereby making it unfit for its intended use (Braig et 

al., 2009; Wang et al., 2010; Schwarzenbach et al., 2010; Nwankwo et al., 2016). At present 

water pollution has become an important environmental issue, the European environmental 

agency accounts  40% of surface water to be in good ecological conditions while 38%  has their 

chemical properties unaltered (EEA, 2018). The introduction of these contaminants arising 

from the activities has earlier stated varies depending on its source which may be from a point 

or non-point but however, sources related to heavy metals and organic pollutants have 

substantial and long lasting effect because of certain properties like carcinogenic, non-

biodegradables, bioaccumulating, biomagnifying properties as well as being persistent in water, 

soil, bottom sediment and living organism (Adeogun et al., 2016; Ahmet et al., 2006; Chanpiwat 

et al., 2010; Muhammad et al., 2010).  

Considering their toxicity even at very low concentrations, government and scientist 

considers it a major research focus. Several traditional methods measures like vapor extraction, 

Solidification, precipitation and coagulation, ion exchange, membrane filtration, heterogeneous 

catalyst and adsorption, advanced oxidation, chemical extraction, chemical isolation, thermal 

method, chemical redox process, and electrokinetics have been widely used to remove these 

contaminants from water but because these methods are expensive and non-ecofriendly and 

puts the ecosystem at greater risk (Frank and Barkley, 1995; Alpaslan and Yukselen, 2012; 

Alothman et al., 2013; Naushad et al., 2015; Rai, 2009), the search for an alternatively cheap 

and ecofriendly align with zero waste technique is required to remove pollutants from water 

and yet improve the quality of water. Phytoremediation, which is the use of water-loving plants, 

proposed over 300 years ago has gained explicit acceptance as a more prolific approach towards 



World Scientific News 176 (2023) 76-103 

 

 

-78- 

the removal and uptake of organic and heavy metals pollutants (Carolin et al., 2017). Many 

aquatic plant species or macrophytes have identified in this study and has proven to be efficient 

in remediating heavy metals and organic pollutants in water (Maine and Sune, 2004; Skinner, 

2007).  

 

 

2.  WATER POLLUTION 

 

Water pollution has become a global challenge, the ecosystem is uttered as result of 

advances in science and technology, industrialization, urbanization, agriculture, and other 

human activities which contributes greatly to deposition of contaminants which affects water 

quality parameters thereby outweighing all benefits derived from water (Rana et al., 2017; 

Shrivastava et al., 2003; Romero et al., 2011; Harguinteguy et al., 2014). The contaminants are 

majorly of two types organic pollutants and heavy metals and the effects from these pollutants 

varies accordingly with its source which may be point or non-point, the former are pollution 

sources that have direct identifiable source examples includes pipe attached to a factory, oil 

spills from a tanker, effluents coming out from both municipal and industrial waste water etc. 

while the later are pollution sources from unknown or different sources examples includes 

runoff from urban waste and agricultural field.  

But nevertheless be it either point or non-point both still pose great dangers to the 

ecosystem, organic Contaminants can induce oxidative stress by generating reactive oxygen 

species (ROS) which leads to eutrophication (lack of oxygen in water caused by excessive 

growth of algae) cell damage and eventually death of aquatic lives (Zhang et al., 2017; Jiang et 

al., 2018). In 1997 the world health organization (WHO) reported that 40% of death in 

developing nations occurs due to infections from water related diseases. An estimated 500 

million cases of diarrhea, occurs every year in children below 5 years in parts of Asia, Africa 

and Latin America (Ogbuneke and Ezeibeanu, 2019).  

Recent discoveries reveal that 80% of the world’s population is exposed to social and 

political water instability (Vorosmarty et al., 2010). Furthermore, World Water Council 

estimated 3.9 billion people by 2030 will be living in water scare areas (Xu et al., 2018). In 

Nigeria today, irrespective of the total replenishable water resource estimated at 319 billion 

cubic meters, only 58% and 39% of the inhabitants in urban and rural areas have access to 

potable water supply respectively (Charity et al., 2018). 

 

 

3.  HEAVY METALS 

 

Heavy metals are metals with atomic weight between 63.546-200.590 atomic mass unit 

(amu) and relatively high density ranging from 3.5-7g/cm3 i.e. 5 times greater compared to 

water which explains its toxicat low concentrations (Ravindra et al., 2014). It is widely 

documented to be the major pollutant in environmental matrices, they exist in particulate phases 

and widely dispersed in nature thus; presents a long lasting effect on the ecosystem (Adepoju-

Bello and Alabi, 2005; Jarup, 2003).  

Some heavy metals such as Zinc (Zn), Copper (Cu), Iron (Fe) etc. are beneficial to human 

health in minute quantities but beyond it maximum allowable limits serves as toxins, Same also 

applies to metals like Manganese (Mn), Sulfur (S), Phosphate, nitrates, urea, potassium (K) etc. 
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which is of great use in agriculture, but certain heavy metals like Lead (Pb), arsenic (As), 

mercury (Hg), chromium (Cr), nickel (Ni), barium (Ba), cadmium (Cd), cobalt (Co), selenium 

(Se), vanadium (V) and Copper (Cu) is very harmful and can lead to death of  organism, even 

when consumed in minute quantities of parts per billion (ppb) (Banuelos et al., 2015, Ohiagu 

et al., 2020; Ohiagu et al., 2020a). Heavy metals  produces their toxicity by forming complexes 

with proteins groups such as carboxylic (-COOH), amine (-NH2) and thiol (-SH) the complexes 

formed results in the malfunctioning of the biological groups involved and leads to death of 

cells (Flora et al., 2012).  

Metallic pollutant have critical biological functions in both plants and animals sometimes 

their chemical coordination and oxidation-reduction properties allow them to easily run the 

control mechanism such homeostasis, transport, compartmentalization and binding to required 

cell constituents (Naushad et al., 2018). Heavy metals bind to protein-binding sites by 

displacing original metals from their natural binding sites and results to destruction of cells 

(Jaishsankar et al., 2014). Summary of heavy pollutants, effects and maximum allowable limits 

of intake into the body is shown in Table 1. Due to the increasing potential risk to human health 

and aquatic biodiversity, the united states environmental protection agency (EPA) has included 

it as list of priority pollutants with lead, mercury, arsenic, and cadmium being among top 

priority pollutant (Prabhatkumar, 2009).  

Heavy metals are released into water bodies via natural origin (seepage from rocks into 

water bodies, forest fires, leaching of ore and volcanic activities) or anthropogenic 

disturbances(industrial, agricultural, domestic effluents, harbor channel dredging) (Verla et al., 

2017; Verla et al., 2019; Verla et al., 2019a). Significant quantities of itare often discharged in 

air is governed by their metal properties and various environmental factors (Boyd, 2010) such 

as precipitation, rainfall, and wind etc (Rashmi and Pratima, 2013).  

Due to man’s thrive for economic development virtually all water source over the world 

would be affected by heavy metalspollution, recent accounts from literature shows that many 

Asian countries is faced with the problem of heavy metal pollution to due rapid economic 

expansion, reports of some selected heavy metals(Ni, Cu, Zn, Cd, Pb, Co, Ti) exceeding 

permissible limits was found in major estuarine and sediments in china [LIU-2006] In 

Bangladesh, above 50µg/l concentration of arsenic exceeding permissible limits was released 

from industrial effluent into water bodies (Liu et al., 2006).  

Greater amounts of cadmium released from zinc mines was identified in Jinzu river Japan 

(Chakraborti et al., 2010). USA  data base reveals that over 19000km of streams and rivers have 

been contaminated by heavy metals from coal mines and acid mine drainage (Muhammad et 

al., 2010; Ragnardottir and Hawkins, 2005). In west, east and southern Africa, agricultural 

activities such as the consistent use of phosphate fertilizers and pesticides, petroleum related 

activities, indiscriminate dumping of refuse and mining activities has contributed greatly to the 

occurrence of heavy metals into the environment and water bodies (Lone et al., 2008; Yabe et 

al., 2010).  

In Nigeria deposit from oil terminals and gasoline stations, uncontrolled mining activities 

and steel industries has been reported to be the cause of heavy metal pollution in ground water 

(Enyoh et al., 2018).  

However on a general term heavy metal pollution in all parts of the universe is caused 

majorly by accelerated pace of uncontrolled anthropogenic activities and if not alleviated may 

pose greater danger in coming decades. 
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Table 1. The standard metal concentrations in drinking water and health effects 

 

Heavy metals Effects Permissible limits 

Copper 

▪ D

amage in variety of aquatic 

fauna  

▪ p

hytotoxic 

▪ m

ucosal irritation and Corrosion 

▪ c

entral nervous system               

irritation followed by 

depression  

▪ 1

.0 mg/l by environmental protection agency 

▪ 3

mg/l by European community  

 

Zinc 

▪ P

hytotoxic 

▪ A

nemia 

▪ L

ack of muscular coordination 

▪ A

bdominal pain  

▪ 5

mg/l by environmental protection agency 

▪ 5

mg/l by European community 

Cadmium 

▪ C

auses serious damage to 

kidneys and bones in humans  

▪ B

ronchitis, emphysema 

▪ A

cute effect in children 

▪ 0

.005 mg/l by environmental protection agency 

▪ 0

.2 mg/l by European community 

Chromium 

(hexavalent and 

trivalent) 

▪ N

ecrosis nephritis and death in 

man (i.e. when consumed at 10 

mg/kg 

▪ I

rritation of gastrointestinal 

mucosa  

▪ 0

.1mg/l by environmental protection agency 

▪ 0

.5 by European community 

 

Nickel 

▪ H

igh concentration causes DNA 

damage 

▪ E

czema  

▪ H

igh phototoxicity 

▪ D

amaging fauna 

▪ 0

.1 mg/l by environmental protection agency 

▪ 0

.1 mg/l by European community 
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Lead 

▪ T

oxic to plants, animals and 

aquatic lives 

▪ H

igh doses causes metabolic 

poison 

▪ T

iredness, irritability 

▪ H

ypertension 

▪ B

rain damage 

▪ 0

.1 mg/l by environmental protection agency 

▪ 0

.5 mg/l by European community 

Mercury 

▪ M

utagenic effect 

▪ D

isturbs the cholesterol 

▪ 0

.002 mg/l by environmental protection agency 

▪ 0

.001 mg/ L by European community 

 

Arsenic 

▪ T

oxicological and carcinogenic 

effects 

▪ M

elanosis, keratosis and 

hyperpigmentation in humans 

▪ G

enotoxicity through generation 

of reactive oxygen specie and 

lipid peroxidation 

▪ I

mmunotoxic 

▪ M

odulation of co-receptor 

expression 

▪ 1

0 µg/L by World health organization 

▪ 0

.01 mg/L by European community 

 

Source: Ravindra et al. (2014) 

Sources of pollution 

 

 

All heavy metals have different unique chemical properties and are used vastly for 

different purpose most especially in the electronics, electricals, steel and industrial sectors 

respectively. Its use in the economy cannot be substituted as long as man strives for 

development, metals gain access into water bodies through natural geochemical weathering of 

rocks and various indiscriminate human activities which includes waste generated from mining 

industries, urban runoff, electroplating, batteries etc.as shown in Table 2 with this increasing 

generation of metals from technological activities alongside with unique property of 

persistence, bioaccumulation,  many aquatic environment will face challenges emanating from   

heavy metals and will eventually leads to loss of biodiversity.  
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Table 2. Sources through which metals enter into the environment. 

 

Heavy Metal Sources 

Cadmium 

Electroplating industries, solders, batteries, television sets, ceramics, 

photography, insecticide, electronic, metal-finishing industries and 

metallurgical activities, phosphate fertilizers and detergent. 

Zinc Mining, metallurgical processing of zinc ore, burning of coal 

Nickel 
Electroplating, automobile, nickel-cadmium batteries, spark, plugs, 

cosmetics, stainless steel. 

Arsenic 
Natural weathering of rocks, mining, smelting, pesticides, coal 

combustion 

Mercury Volcanic eruption, weathering of rocks, mercury vapor lamps 

Chromium 
Volcanic eruption, burning of fossil fuels, production of chromate, 

plastics, electroplating of metals, leather and tannery industries. 

Source: Ravindra et al. (2014) 

 

 

4.  ORGANIC POLLUTANTS 

 

At present, increasing pollutants in water bodies has reached critical level due to 

uncontrolled emission of organic compounds discharged from waste production. Organic 

compounds are heterogeneous group of compounds that are organic in nature, pollution of 

aquatic environment by organic pollutant occurs through various pathway either naturally by 

aquatic microorganism like 2-methylisoborneol and geosmin or by uncontrolled discharge of 

industrial waste or chemicals containing organic chemicals and its related products such as 

hormones, plasticizer, insect repellents, UV filters, Surfactant,  NSAIDs, antibiotics, herbicides, 

lubricants, fuel combustion by product (Verla et al., 2019; Burton and Pitt, 2001), volatile 

organic compounds, chlorinated solvents, perchlorate, pharmaceutical drugs and other 

metabolites as summarized in Table 3.  

Some of these organic compounds are non-biodegradables and has the ability to persist 

in the environment even at low concentrations, they are therefore called persistent organic 

pollutant (POPs). In regards to this  hazard, the United States environmental protection agency 

(USEPA) has included persistent organic pollutant in the list as one of top priority pollutant 

facing the society (Nieva-Cano et al., 2001), in 2001 stockholm convention was set aside as a 

global treaty to reduce the amount of POPs in the environment, but despite such efforts several 

POPs like polychlorinated dibenzo-p-dioxins, antibiotics, herbicides and bisphenol is becoming 

more and more emergent and has recently become a major conflict of interest for most 

environmental analyst (David et al., 2016).  

However naturally occurring organic chemicals produced by aquatic microorganism is 

also contributes greatly to this menace, these microorganisms causes water pollution by 

eutrophication (i.e. increased nitrogen or phosphorus element due to discharge arising from 

industrial or domestic waste into water bodies).  
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Table 3. Major sources of organic pollutants in water 

 

Organic groups Sources 

Aliphatic and aromatic hydrocarbons 

including benzene, phenols, and petroleum 

hydrocarbons) 

Petrochemical industry waste, heavy/fine 

chemicals industry waste, plastic resins, 

synthetic fibers, rubbers, paint product, coke 

oven and coal gasification effluents, urban 

run-off, oil disposal and lubricating waste 

Poly aromatic Hydrocarbons( PAHs) 

Urban run-off, petrochemical industry waste, 

various high temperature prolytic processes, 

bitumen production, electrolytic aluminum 

smelting, coal tar coated distribution pipes 

Halogenated aliphatic and aromatic 

hydrocarbons 

Disinfection of water and waste water, 

heavy/fine chemicals industry wastes, 

industrial solvent waste and dry cleaning 

waste, plastics, resin, synthetic fibres, 

rubbers and paints production, heat –transfer 

agents, aerosol propellants, fumigants  

Organochlorine pesticide 

Agricultural run-off, domestic usage, 

pesticide production, carpet mothproofing, 

timber treatment 

Polylchlorinated biphenyls 

Capacitor and transformer manufacture, 

disposal of hydraulic fluids and lubricants, 

waste carbonless copy paper recycling, heat 

transfer fluids, investment casting industries 

PCB production 

Phthalates esters 

Plastic, resins, synthetic fiber, rubbers and 

paints production, heavy/fine chemical 

industry waste, synthetic polymer 

distribution pipes. 

Source: Bedding et al. (1982)  

 

 

Table 4. The concentrations of organic compounds present in waste water and the efficiency 

of their removal in waste water treatment plants. 

 

Groups of organic 

compounds 

Concentration range 

Influent (ng/L) Effluent (ng/L) Removal range (%) 

Hormones <MQL-670 <MQL-275 0-100 
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Plasticizer <MQL-5850 <MQL-1840 32-100 

Insect repellents <MQL-42334 <MQL-1663 27-100 

UV filters <MQL-7800 <MQL-772 0-97.5 

Surfactants <MQL-8520 <MQL-3200 42-99 

Antimicrobials <MQL-8880 <MQL-5860 0-100 

NSAIDs <MQL-611000 <MQL-62000 0-100 

Antibiotics <MQL-303500 <MQL-37000 0-100 

Source: Joanna and Urszul (2019); MQL- Method quantification limit 

 

 

These compounds are present in all waste water  released from effluent discharge of waste 

water treatment plant (WWTPs) into the immediate environment (Garcia-Corcoles et al., 2019), 

the effect of it in every water body differ for each specific type of contaminant, the composition 

and concentration of organic compounds in water supplied to WWTPs depends on the 

conditions of the environment from which the waste water was obtained and the concentration 

of organic compounds in the effluent after the purification process depends on the level of 

pollution of the incoming waters and the course of the purification process as summarized in 

Table 3. 

 

Remediation technique 

The hazards and persistent effect of heavy metals and organic pollutants on man and his 

ecosystem over time has led to the need for alleviation. Heavy metals and organic pollutants as 

earlier stated gains access into food chain and water bodies majorly via anthropogenic activities, 

therefore the need for a reliable technique which would remove toxic pollutants while 

maintaining water quality parameters is needed. Over the years, several techniques such as 

vapor extraction (Frank and Barkley, 1995), solidification (Alpaslan and Yukselen, 2002), 

precipitation and coagulation, ion exchange (Alothman et al., 2013) membrane filtration, 

heterogeneous catalyst and adsorption (Naushad et al., 2015) have been used but these 

conventional techniques are expensive, non-ecofriendly and used only a small scale. 

Considering this effect, Phytoremediation technique proposed over 300 years ago is more 

effective and cost saving in reducing the occurrence of water pollutants while maintaining its 

quality and  has been widely used in various scientific studies (De Campos et al., 2019; UNEP, 

2019).  
 

Phytoremediation: A cost friendly approach 

“Phytoremediation” is made up of the Greek prefix ‘phyto’ meaning ‘plant’ and the Latin 

word ‘remedium’ meaning ‘to eliminate or correct evil’ (Sumiahadi and Aca, 2018). 

Phytoremediation refers to the use of plants to control, seclude, remove, moderate, or 

deteriorate contaminants in water bodies, soils and sediments. Such contaminants include 

metals, chlorinated solvents, petroleum hydrocarbons, pesticides, herbicides, radionuclides, 

high nutrient concentrations and volatile materials (Gujarathi et al., 2005). 
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Most freshwater habitats are faced with the problem of eutrophication arising from the 

use of fertilizers in agricultural practices, indiscriminate discharge of wastewater into water 

bodies and little or no purification of polluted aquatic environments (Galal and Farahat, 2015). 

The pollutants in these water bodies can be annihilated through the use of aquatic macrophytes. 

These aquatic plants exhibit high remediation capacity for these contaminants by their speedy 

growth and large biomass properties (Weis et al. 2004). 

Different techniques are currently being used in the remediation of various contaminants 

from the natural environment, although majority of these are very costly to implement and are 

less efficient. The use of technological approaches basically chemical and thermal methods, 

seem very difficult to implement and can possibly deteriorate the quality of aquatic life 

(Tangahuet al., 2011). The riddance of toxins from both aquatic and terrestrial habitats through 

the use of plants is gaining popularity by being an efficacious, cost friendly and eco-friendly 

technology for the treatment of polluted water bodies (Jasrotiaet al., 2017). 

Phytoremediation makes use of the fact that living plants act as solar driven pumps that 

are capable of condensing and accumulating contaminants in polluted wastewater, making 

phytoremediation a cost effective strategy (Rezania et al., 2015). 

 

Aquatic Phytoremediation mechanisms 

Aquatic plant or macrophytes are plants that have adapted to living in aquatic 

environments (saltwater or freshwater) (Isiuku and Enyoh, 2019). For effective 

phytoremediation of metals and organic pollutants by aquatic plants, the following processes 

should be observed: recognition and execution of effective aquatic plant systems; concentration 

and uptake of the contaminants by the aquatic macrophytes; harvesting and profitable use of 

the plants (Ting et al., 2018). The overview of aquatic phytoremediation is presented in Figure 

1. 

Generally, there are seven basic mechanisms or strategies involved in the 

phytoremediation of contaminants, these include: Phytoextraction, Phytodegradation, 

Phytofiltration, Phytostabilization, Phytovolatilization, Rhizodegradation and 

Phytodesalination. 

Phytoextraction involves the root adsorption of contaminants from water or soil and the 

movement and concentration of these contaminants in the plant shoots above the ground 

(Sumiahadi and Aca, 2018). Phytodegradation, also known as phytotransformation refers to the 

breakdown of pollutants by plants through the use of enzymes such as oxygenase and 

dahalogenase within the plant tissues (Ali et al., 2013; Sumiahadi and Aca, 2018). 

Phytofiltration is the elimination of contaminants from polluted surface waters or waste 

waters by aquatic macrophytes through the use of the roots, seedlings or excised shoots of the 

plants (Ali et al., 2013). Phytostabilization is the restriction of the movement and bioavailability 

of pollutants in the environment by plant roots (Jadia and Fulekar, 2009). 

Phytovolatilization involves the uptake of contaminants, their transformation to volatile 

forms, followed by their discharge into the atmosphere through the plant leaves. 

Phytovolatilization is best suited for the heavy metals, Hg and Se only (Padmavathiamma and 

Li, 2007). Rhizodegradation involves the degradation of organic pollutants by microorganisms 

found about 1 mm around the root, i.e. rhizosphere, such microorganisms are known as 

rhizospheric microorganisms (Jadia and Fulekar, 2009; Ali et al., 2013). Phytodesalination is 

the use of halophytic plants to get rid of salts in areas with high salt concentrations thereby 

enabling the effective growth of plants in such an environment (Ali et al., 2013). 
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Figure 1. Aquatic phytoremediation mechanism for pollutant (Source: Kumar et. al., 2018). 

 

 

Bioaccumulation of heavy metals and organic pollutants by some aquatic macrophytes 

The overwhelming importance of aquatic macrophytes in the treatment of polluted 

aquatic environments has been attributed to the passive and active movement of contaminants. 

The active adsorption of these pollutants involve energy consumption in large amounts, thus 

enhancing their immobilization in the plant tissues. The passive process is an ion exchange 

reaction that takes place on the plant surface requiring no energy (Radu et al., 2017). 

According to Rezania et al. (2015), when heavy metals or organic pollutants are absorbed 

by plant roots, they are then moved and concentrated in the shoots and various tissues of the 

plant. When such plants are harvested, the contaminants are permanently removed. Useful 

heavy metals can be equally recovered by burning the plants and extracting the valuable metals 

from the ash. Constant harvest of plant biomass in an aquatic environment is very important, 

inorder to prevent the death and release of the stored nutrients back to the water body (Ting et 

al., 2018). 

 

Algae 

Algae posses varying features responsible for their great metal and organic contaminants 

accumulating potentials, which include, their ability to exhibit both autotrophic and 

heterotrophic growth, high tolerability with contaminants, large surface area/volume ratios, 

phototaxis, genetic manipulation and phytochelatin potentials (Chekroun and Baghour, 2013).  
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Macroalgae have been extensively used to checkmate the metal concentrations in aquatic 

environments owing to their high metal accumulating abilities (Gosavi et al., 2004). The brown 

algae (Phaeophyta) are basically high accumulators of metals due to their possession of high 

concentrations of sulfated polysaccharides and alginates in their cell walls; metals are strongly 

attracted to these two features (Davis et al., 2003). 

The brown green algae (Cyanobacteria) Spirulina has great accumulating potential for 

DDT (Kurashvili et al., 2018), Tinitrotoluene (TNT) and cesium ions (Tabagari et al., 2019). 

Generally, the blue-green algae has the capability of solving certain secondary pollution 

problems in marine habitats including the remediation of petroleum waste, radioactive 

compounds, and biodegradation of toxic compounds from pesticides (Singh et al., 2017). 

According to Chekroun et al. (2014), the green algae (Chlamydomonas reinhardtii) 

effectively bioaccumulated the herbicides prometryne and fluroxypyr through an internal 

tolerance mechanism. Another specie of the green algae, Monoraphidium braunii, also appears 

to be a useful tool in the phytoremediation of  bisphenol A from contaminated marine 

ecosystems through the possible conversion of this organic contaminant to mono-glucoside. 

The mixotrophic property of certain microalgae and cyanobacteria enables them to absorb 

and degrade organic pollutants , thus giving such algae species major competitive advantages 

over bacteria and fungi in the breakdown of organic contaminants (Fayyad et al., 2020). 

Various algae species have shown efficient accumulating potentials for heavy metals, 

these algae species include Ascophyllum nodosum, Cladophora glomerata, Sargassum natans, 

Sargassum vulgare, Spirogyra hyalina, Fucus vesiculosus, Sargassum fluitans, Caulerpara 

cemosa, Daphnia magna, Tetraselmis chuii, Scenedesmus obliquus, Laminaria japonica, 

Chlorella sorokiniana, Micrasterias denticulata, Phormedium bohner, Platymonas 

subcordiformis, Sargassum filipendula. The phytoremediation of metals in aquatic ecosystems 

by different algae species reported in literature is presented in Table 4. 

 

Table 4. Heavy metal uptake by algae species in aquatic environments 

 

Metal Algae Species References 

Lead (Pb) 

Ascophyllum nodosum, Cladophora 

glomerata, Sargassum natans, Sargassum 

vulgare, Spirogyra hyaline 

Dwivedi (2012), Chekroun 

and Baghour (2013) 

Gold Ascophyllum nodosum 
Chekroun and Baghour 

(2013) 

Cobalt (Co) 
Cladophora glomerata, Ascophyllum 

nodosum, Spirogyra hyaline 
Dwivedi (2012) 

Nickel (Ni) 
Ascophyllum nodosum, Fucus vesiculosus, 

Sargassum fluitans 

Chekroun and Baghour 

(2013) 

Boron (B) Caulerpa racemosa, 
Chekroun and Baghour 

(2013) 

Arsenic (As) 
Daphnia magna, Tetraselmis chuii, 

Spirogyra hyaline 

Chekroun and Baghour 

(2013) 
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Zinc (Zn) 

Fucus vesiculosus, Chlorella sorokiniana, 

Scenedesmus obliquus, Laminaria 

japonica, Sargassum fluitans 

Dwivedi (2012), Yoshida et 

al. (2006) 

Cadmium (Cd) 

Chlorella sorokiniana, Scenedesmus 

obliquus, Cladophora glomerata, 

Micrasterias denticulata, 

Spirogyra hyalina, 

Yoshida et al. (2006), 

Dwivedi (2012) 

Chromium 

(Cr) 
Phormedium bohner 

Chekroun and Baghour 

(2013) 

Strontium (Sr) Platymonas subcordiformis 
Chekroun and Baghour 

(2013) 

Copper (Cu) 

Cladophora glomerata, Sargassum 

filipendula, Sargassum fluitans, Chlorella 

sorokiniana. 

Dwivedi (2012), Yoshida et 

al.(2006) 

Iron (Fe) Sargassum fluitans 
Chekroun and Baghour 

(2013) 

Mercury (Hg) Spirogyra hyaline 
Chekroun and Baghour 

(2013) 

 

 

Duckweed 

Duckweed is a dependable bioindicator for the monitoring of water body pollution. It is 

extensively used in the treatment of wastewater to eliminate pollutants owing to its high metal 

accumulation potential (Velichkova, 2019). 

Duckweed has the ability to remediate contaminants including technetium, selenium, 

arsenic and uranium. Duckweed species are useful tools for the phytoremediation of various 

heavy metal contaminants in comparison to certain algae species due to its fast growing rate, 

tolerance to cold and its ease of harvest (Landesman et al., 2010). However, the growth of 

duckweed can be repressed by high heavy concentrations thereby inhibiting its potentials in the 

remediation of contaminants from aquatic environments (Boniardi et al., 1999). 

The duckweed Lemma gibba L. has been successfully used to abate Zn and Cu 

concentrations from polluted water by 60% and above (Khellaf and Zerdaoui, 2009), while Cd 

concentration has been removed upto about 90% (Megateliet al., 2009). L. gibbahas also shown 

high efficiency in the remediation of up to 95% of lead and 84% of Chromium (Abdallah, 2012). 

Daudet al. (2018) reported the phytoextractionof  Zn, Cu, Pb, Fe and Ni by the duckweed 

specie, Lemma minor from landfill leachate at a removal efficiency of more than 70% under an 

investigation period of  2 weeks. L. minor is also a great accumulator of Chromium 

(Thayaparanet al., 2015) and Mercury (Parra et al., 2012). L. minor has also been used 

effectively in the removal of dyes from wastewater at a removal percentage of 80.56% for 

24hours (Imronet al., 2019).  

Spirodela polyrhiza has shown efficiency in the remediation of two fungicides, namely 

dimethomorph and pyremethanil; and pesticides as well from polluted water (Tel-Or and Forni, 

2011). Ammonia has been effectively removed by S. polyrhiza at 60% efficiency from synthetic 

wastewater (Ng and Chan, 2018). Ng et al. (2016) observed the high efficiency of S. 

polyrhiza  in the uptake of phosphate as it extracted about 95% phosphate within 10 days of the 
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experiment. 95%, 79%, and 66% of Lead, Copper and Zinc respectively have been successfully 

absorbed by S. polyrhiza from wetlands as described by Lovesonet al. (2013). 

The duckweed S. oligorrhizaL. has been confirmed of its ability in the uptake and 

transformation of DDT and organophosphorus pesticides (Landesmanet al., 2010). The rootless 

macrophyte Wolffia globosa is a great Cd accumulator as it exhibits phytoremediation 

potentials in fresh water habitats contaminated by Cd (Xieet al., 2013). 

 

Water hyacinth 

Water Hyacinth is a persistent plant and is widely used in waste management. Extensive 

study has been done on Water hyacinth in the laboratory at both small and large scale levels for 

the elimination of heavy metals and organic contaminants in polluted water when compared to 

other aquatic macrophytes (Rezaniaet al., 2015). Studies carried out both in the field and 

laboratory have demonstrated the potentials of water hyacinth in the removal of pollutants from 

waste water (Valero et al., 2007; Rezaniaet al., 2015). 

Zn and Cd have been effectively removed from waste water by Xiaomeiet al. (2004) using 

water hyacinth, thus the roots showed the highest bioaccumulating ability (2040 mg/kg and 

9650 mg/kg for Cd and Zn) in comparison to other parts of the plant. The roots of water hyacinth 

also played major role in the absorption of mercury from contaminated water (Skinner et al., 

2007). Water hyacinth has been effectively used in the removal of Cu, Cr, Pb, As and Ag ions 

at a high concentration of 80–100% without harmful morphological symptoms, but gave low 

efficiency in the bioaccumulation of Hg, Cs, Ni, and Eu ions with associated morphological 

toxicity symptoms including reduction in leaf size and chlorophyll damage (Mishra and Maiti, 

2017).  

Water hyacinth has been used in the removal of 69% of a phosphorus pesticide ethion, 

however, a decrease in the accumulated ethion concentration by 55–91 and 74–81% was 

observed in the shoots and roots of water hyacinth respectively after the plant was grown for 7 

days in ethion-free culture solutions (Xia and Ma, 2006). According to the work by Xia (2008), 

there was 95% uptake of the organochlorine pesticide of dicofol by water hyacinth, there was 

also a reduction by 41–53% in the plant after 7 days as a result of phytodegradation. Nesterenko-

Malkovskayaet al. (2012) equally reported the elimination of naphthalene from polluted water 

by approximately 100%, while a 45% concentration removal of naphthalene was observed for 

water hyacinth in the absence of rhizospheric bacteria, an indication of the important role of 

rhizospheric bacteria in the phytoremediation of organic pollutants from polluted water.  

 

Table 5. Recent progress in the % removal rate of heavy metal by water hyacinth 

 

Heavy metal % rate of removal References 

Pb 

98% Sekomoet al., 2012 

73% Aurangzeb et al., 2014 

83.4% Fazalet al., 2015 

98.33% Li et al., 2016 
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Cd 

98% Sekomoet al., 2012 

97.5% Fazalet al., 2015 

95.16% Li et al., 2016 

82.8% Aurangzeb et al., 2014 

Cu 

99% Sekomoet al., 2012 

78.6% Aurangzeb et al., 2014 

58.23% Li et al., 2016 

Zn 

93.5% Li et al., 2016 

84% Sekomoet al., 2012 

65.2% Aurangzeb et al., 2014 

As 74% Aurangzeb et al., 2014 

Hg 99.9% Fazalet al., 2015 

Fe 61% Aurangzeb et al., 2014 

Ni 95.1% Fazalet al., 2015 

Al 73% Aurangzeb et al., 2014 

Cr 62.8% Aurangzeb et al., 2014 

 

 

Water lettuce 

Various species of Water lettuce act as biological filters in the adsorption of heavy metals 

and organic contaminants from polluted water bodies (Chen et al., 2014). 

The bioaccumulating capacity of water lettuce has been ascertained. The water lettuce, 

Pistiastratiotes possesses great potential in the treatment of water containing low concentration 

Cu, Zn, Cr, Cd, Pb, Hg and Ag (Odjegba & Fasidi, 2004). According to Chen et al. (2014), 

Pistiastratiotes has shown good resistance property towards high concentration of lead-ion in 

a long cultivation experiment, and also has great accumulating ability for Cd. The experiment 

carried out by Victor et al. (2016) shows that P. stratiotes has the uptake capability of more 

than 50% of the total concentration of Cu, Zn, Pb and Cr in wastewaters. High heavy metal 

concentrations does not incur any toxicity on water lettuce, thus causing the extensive use of 

the plant in the phytoremediation of heavy metal polluted aquatic environmental (Mishra and 

Tripathi, 2008). The field study carried out by Lu et al. (2011) reveals that the external root 

surfaces of  this aquatic plant adsorbs high concentrations of Mg, Co, Fe, Mn, Ca, Cd and Zn , 

while large proportion of  Ni, Cu, Al, Pb and Cr were accumulated internally in the roots. 

Lu et al. (2010) has described the removing potential of water lettuce for N and P from 

eutrophic aquatic environments, including its water quality improving properties.  
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Pistia stratiotes has been successfully used in the adsorption of crude oil in saline 

solutions through its roots and leaves (Sánchez-Galvánet al., 2013). 

Water lettuce has been used in the moderation of the antibiotics, oxy-tetracyclines and 

tetracyclines concentrations in waste water via the root pores of the plant.  P. stratiotes has 

proven to be more efficient in the remediation of aquatic habitats contaminated with drugs than 

other aquatic macrophytes, owing to its high sensitivity. However, it has low adsorption 

capacity for sulfonamide (Khan et al., 2014). 

 

7.5. Water fern 

The water fern has varying features that places it as a better plant over other aquatic 

macrophytes for the phytoremdiationof  various contaminants including pesticides, 

radionuclides, dyes, heavy metals, etc. These features include: rapid growth rate, high buoyancy 

in water, nitrogen fixing capacity which ensures its proliferation in water and also enables the 

plant to grow in areas with low nitrogen levels, easy disposal of  biomass after bioaccumulation 

of pollutants, etc. (Soodet al., 2012). The water fern, Salviniaminimagave  highbioconcentration 

factor (BCF) for Pb and Cd between the ranges of 4134 – 17170 and 2000–2600 in continuous 

systems and batch systems  respectively, thus portraying S. minima as a hyperaccumulator of 

these metals (Olguinet al., 2005; Olguinet al., 2002). S. minima has been equally used in the 

treatment of  high-strength synthetic organic wastewater (HSWW) and the extraction of oil in 

a colloid mixture of oil/water due to its hairy surface, large surface area, hydrophobic nature, 

etc. (Dhir, 2009). Another specie, Salviniarotundifoliahas exhibited great capabilities in the 

purification of underground water polluted with TNT, an explosive. The removal of this 

substance is usually associated with the build up of certain metabolic products including 

aminodinitrotoluene (ADNT) (Jacobson et al., 2003). Ahmed et al. (2016) reported the efficacy 

of Azollapinnatain the bioaccumulation of  Pb+2 from a wastewater during a 25 days incubation 

period. 70–94% of Hg and Cd (between the range of 310 – 740mg/kg-1 dry mass) were also 

effectively adsorbed by A. pinnata from ash slurry and chlor-alkali effluent (Rai, 2008). 

Mandakiniet al. (2016) equally demonstrated the phytoaccumulation capability of A. pinnata 

for Cr, Cd, Ni and Pb in an ex-situ tank-based experimental system, in which Pb and Cr were 

efficiently sequestered. This A. pinnata also posesses good remediation potentials for organic 

pollutants, as seen in the experiment carried out by Devi et al. (2014) in which there was a 

reduction in the pH of the water sample almost to neutral. 

 

Canna indica L.  

Canna indica L, commonly known as Indian shot, African arrowroot, edible canna, purple 

arrowroot, Sierra Leone arrowroot, is a plant species in the family Cannaceae. The use of Canna 

indica L in the phytoremediation of inorganic and organic pollutant have been demonstrated 

and reviewed (Enyoh et al, 2020). Enyoh et al, (2020a; 2021) demonstrated the use of Canna 

indica L in removal chlorophenols from aqueous solution. 

 

 

2.  CONCLUSION  

 

This work presented in details how aquatic plants can be used to phytoremediate heavy 

metals and organic pollutants present in aquatic environments. This review clearly elucidated 
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the sources and effects of water pollution on aquatic organisms as well as humans, and the use 

of phytoremediation techniques involving aquatic macro- and microphytes such as algae, 

duckweed, water hyacinth, water lettuce, water fern, Canna indica L. to get rid of these 

pollutants from the aquatic environment while ensuring that water quality parameters are 

maintained in the process. 
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