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Abstract
The ecological health of many river systems in India is
threatened by numerous chemicals and waste discarded by
industries such as the mining, milling, plating and surface
finishing industry. As a result, concentration of toxic heavy
metals is increasing at an alarming rate leading to non-
biodegradability and bioaccumulation. This study was
undertaken to better understand the heavy metal
accumulation potential between biodegradable filtrates
(banana, coconut, and tea leaves) and Azolla pinnata and to
determine the ideal choice in bio filtration of Khan River
water. Results showed that Azolla had a high potential for
the removal of heavy metals from water resources as
compared to biodegradable filtrates and it can be used in
phytoremediation of heavy metals in environmental
refinement projects. The pH of the water sample also came
down after the treatment and was brought more towards
neutral due to the absorption of the ions and other organic
pollutants present in the water sample by Azolla.
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Introduction
42 rivers in India have extremely high concentrations of

neurotoxic heavy metals. 137 rivers possess at least 2 toxic
heavy metals beyond permissible limits. Heavy metals are
metallic chemical elements that have relatively high density and
are toxic and poisonous. They are dangerous because they tend
to bio accumulate. Heavy metal toxicity has several health
effects in the human body. They can damage and alter the
functioning of organs such as brain, kidney, liver, lungs, and
blood. Chronic long-term exposure may even cause cancer. Most
of them enter the human body through unclean water, e.g.,
Mercury, Lead, Arsenic, Chromium, Nickel, Cadmium etc. Heavy
metals are considered a dangerous threat to the environment
due to three key criteria, i.e., persistence, bioaccumulation, and
toxicity. Heavy metals are non-degradable chemical residues
which possess long persistence times within the environment
and gradually enter food chains and accumulate within higher
trophic levels, endangering both animal and human life.

Therefore, the mitigation or attenuation of heavy metals from
polluted aquatic environments is of great importance in
protecting both the environment and human health. Heavy
metals from aquatic environments are often removed by a
spread of techniques which include chemical, physical and
biological techniques like precipitation, natural process,
chemical reduction and oxidation, membrane filtration, solvent
extraction, reverse osmosis and activated charcoal adsorption.
However, the applications of those advanced remediation
strategies are limited especially in developing countries as they
are not economically feasible and need high sophisticated
equipment which may be expensive to accumulate. Generation
of secondary wastes, metal specificity and suitability only during
a narrow range of concentrations, are the opposite major
limitations of the above methods. Phytoremediation is a plant-
based approach, which involves the use of plants to extract and
remove elemental pollutants or lower their bioavailability in soil
[1].  Phytoremediation is a low-cost green technology and has
been shown to be effective in diverse aquatic systems including
reservoirs and ponds. Certain plants known as hyper
accumulators can absorb heavy metals which haven't
any importance for plant metabolic processes. These hyper
accumulating plants which possess the capacity to absorb non-
essential heavy metals are suitable candidates for efficient
phytoremediation. In hyper accumulation, heavy metal
pollutants are absorbed by the roots of the plants and are
concentrated within the plant tissues or decomposed to less
harmful forms. Plants that can absorb and tolerate high levels of
heavy metals are considered as potent candidates of
phytoremediation. Floating aquatic macrophytes are defined as
plants that float on the water surface with submerged roots.
Many aquatic macrophytes are potential candidates of
phytoremediation as they demonstrate strong capacities to
absorb nonessential heavy metals and concentrate them in
tissues [2]. In addition, the rapid proliferation and direct contact
of aquatic macrophytes with the contaminated environment
facilitates the purification process and ensures the sanitation of
polluted water bodies [3-5]. The present study investigates the
growth performance and phytoremediation potential of
Biodegradable filtrates and A. pinnata on Khan River water.
Studies of this nature can help us determine whether the
samples can be utilized for the purpose of phyto technology of
produced water [6].
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Materials and Methods
The aquatic macrophyte used for this experiment was A. 

pinnata collected from Bilavali lake wetland area, Indore and 
transported to the laboratory in clean plastic bags. The 
produced water used for this study was collected from Khan 
River, Indore. All the samples of biodegradable filtrates were 
dried in the Sun and were kept in the incubator. Later they were 
grinded into powder. 10 gm of the powder of each sample was 
packed in muslin cloth bags to make filters. 250 ml of Khan River 
water was taken in each of the three beakers. The above-
mentioned filters (coconut fibres, banana peels and tea leaves) 
were immersed in the three beakers containing water. This setup 
was left for almost 5 days to observe their effects on the river’s 
water [7]. Khan River water was also taken in a large glass 
aquarium and azolla fern was put in for proliferation for about a 
week. This was done to replicate the river like situation. The 
proliferated azolla was put in 250 ml Khan River water in a 
beaker and left for observation after 5 days. Samples (1 control 
and 4 experimental) were filtered and sent to the laboratory for 

analysis of heavy metals. The pH of the water sample is checked 
by using a pH Meter [8]. The pH of the water sample is checked 
on the first day before treatment with Azolla and then on the 5th 

day after treatment with Azolla and filtrates, and the change in 
pH (if any) is recorded [14].

Results and Discussion
It was found that A. pinnata removed the heavy metals 

cadmium, nickel, chromium, lead, copper and zinc from polluted 
water. This may be a result of absorption of the ions and other 
organic pollutants present in the water sample by Azolla [9]. 
Azolla exhibits a remarkable ability to concentrate metals Cu, Cd, 
Cr, Ni, Pb and nutrients directly from pollutants or sewage water. 
After Azolla treatment, the pH of the water is brought more 
towards neutral, i.e., it has become more portable as a result of 
Azolla treatment. Azolla acts as an excellent source of 
bioremediation for the uptake of heavy metals from Khan River 
water and can be used in various areas like in factories, 
horticulture, laundry etc. [10].

Heavy Metal Control Banana Coconut Tea leaves Azolla

Cd 0.0549 0.0797 0.0512 0.0343 0.0605

Ni 0.2375 0.2294 0.1323 0.1606 0.1849

Cr 0.2137 0.2735 0.3248 0.3077 0.1906

Pb N/D N/D N/D N/D N/D

Cu 0.0509 0.1043 0.1043 0.0204 0.0204

Zn 0.0545 0.6812 0.2054 0.4652 0.0132

Figure 1: pH of samples when immersed in Khan river water.

The graph indicates that the heavy metal uptake is maximum
by Azolla as compared to tea wastes, coconut, and banana peel
filtrates. The result indicates that pH of Azolla and coconut is
alkaline, which must have helped in making some complexes
which reduced the uptake of heavy metals from the control
sample [11]. Banana showed less heavy metal uptake which may
be due to its low pH.

Figure 2: Number of Heavy Metals in PPM.

Conclusion
To mitigate heavy metal contamination, Phytoremediation

proves to be a highly efficient technique. From the above
observation it can be concluded that Azolla is an ideal choice to
carry out phytoremediation in Khan River and can be used for
the treatment of wastewater such as industrial effluents, sewage
water etc. on a large scale in comparison to biodegradable
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filtrates. The wastewater treatment processes employing Azolla
are advantageous over chemical methods, as they are eco-
friendly and effective [12]. In addition, Azolla has high
multiplication rate, high biomass production, global distribution,
and prime growth habitat [15]. The direct use of Azolla with
distinctive feature of catabolic potential and its products such as
enzymes and bio surfactant are a novel approach to enhance
and boost their remediation efficacy [13]. The heavy metals all
form cations (Ni2+, Cu2+, Pb2+) which bind with the negatively
charged sites of Azolla such as hydroxyl, alcohol, phosphoryl,
amine, carboxyl, ester, sulphydryl, sulfonate, thioether and thiol
groups help in the abatement of heavy metal pollution in
aquatic ecosystems receiving industrial effluents and municipal
wastewater [16].

Suggestions
The slow growth and low biomass can be combatted by

genetically engineering approaches to modify hyper
accumulators with desired traits such as high heavy toleration
and accumulation. Furthermore, the process of bioremediation
can be incorporated which is a process used to treat
contaminated media such as water and soil, by altering
environmental conditions to stimulate growth of
microorganisms and degrade the target pollutants. Many
microorganisms, including fungi, bacteria, and protists, can
break down organic toxins, transforming them into harmless
products such as water and carbon. A combination of
bioremediation techniques and genetic engineering methods is
essential for highly effective and exhaustive phytoremediation in
the future.

Limitations of Research
Phytoremediation is a time-consuming process, taking a long

time to process heavy-metal contaminated water. The slow
growth and low biomass require a long-term commitment.
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