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Abstract— This manuscript presents a comparative
analysis of heavy metal removal efficiencies between
algae-based and chemical remediation systems. Heavy
metal contamination in aquatic environments poses
significant ecological and health risks, making effective
remediation crucial. Algae-based systems, as biological
treatments, have gained attention due to their low cost,
sustainability, and efficiency in removing a variety of
metals. In contrast, chemical remediation methods, while
effective, often come with high operational costs and
environmental concerns. This study synthesizes existing
literature, evaluates different algae species used in
remediation, compares removal efficiencies across algae-
based and chemical methods, and discusses the
environmental implications of each system. Results from
various experimental studies reveal that algae-based
systems can match or outperform traditional chemical
processes in certain contexts, offering a more sustainable
and eco-friendly alternative for heavy metal
decontamination. The paper concludes by providing
recommendations for the practical application of algae-
based systems in real-world scenarios and areas for future

research.
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Introduction

Heavy metal contamination in aquatic ecosystems is a
growing concern globally due to industrial activities, mining,
agriculture, and urbanization. Metals such as lead (Pb),
cadmium (Cd), mercury (Hg), and arsenic (As) are non-
biodegradable and accumulate in the environment, leading to
detrimental effects on human health and aquatic life.
Contaminated water bodies are a significant source of
drinking water for millions of people, making it imperative to
find efficient, cost-effective, and environmentally friendly

methods to remediate such contamination.

Traditionally, chemical remediation methods such as
precipitation, ion-exchange, and adsorption using activated
carbon or other inorganic materials have been widely used.
These methods, while effective in removing heavy metals,
often come with high operational costs, chemical waste
production, and the potential for secondary contamination. As
a result, there has been increasing interest in the use of

biological systems for heavy metal removal. Algae-based
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systems, in particular, have emerged as a promising
alternative due to their ability to adsorb and accumulate
metals through various mechanisms such as biosorption,

bioaccumulation, and phytoremediation.

Biofuel
production
(Lipid extraction
from algae and

biodiesel production)

Pollution Carbon
remediation sequestration
(Phycoremediati

on; Reduces
eutrophication)

(Reduction in
global climate

Cultivation change)

of algae in
wastewater

Soil conditioner

(Utilisation of
algal biomass for
enhancement of

soil fertility)

Economic
feasibility (Solar
energy driven
process)

This paper compares the efficiency of algae-based systems
with traditional chemical methods for removing heavy metals
from aquatic environments. It evaluates the advantages and
disadvantages of both systems, highlights the factors
influencing their effectiveness, and explores the potential of

algae-based solutions as a sustainable alternative.
Literature Review

The growing body of research on heavy metal remediation
has highlighted the diverse methods used for metal removal
from contaminated water. Chemical methods, particularly
those based on precipitation and adsorption, have been the
standard for many years. These processes are effective for
removing a wide range of metals but often suffer from high
energy requirements and the production of secondary waste,

which can itself be hazardous (Kurniawan et al., 2006).

https://jiits.org/

Transgenic

In contrast, algae-based remediation has garnered significant
attention for its eco-friendly nature and cost-effectiveness.
Algae have the unique ability to remove metals through
several mechanisms, including biosorption, bioaccumulation,
and biotransformation. Biosorption refers to the passive
uptake of metals by algal cell walls, while bioaccumulation
involves the active transport of metals into the algal cells for
storage. Additionally, algae can transform some toxic metals
into less harmful forms through metabolic processes, further
enhancing their potential as a remediation tool (Jadhav et al.,

2014).

A review of studies comparing algae-based and chemical
remediation systems reveals that algae can be highly effective
at removing metals such as copper, zinc, and cadmium (Wang
& Chen, 2009). Certain species, such as Chlorella vulgaris,
Spirulina, and Scenedesmus, have shown particularly high
efficiencies in biosorption and bioaccumulation (Mishra et
al., 2017). These algae species have been tested in laboratory
conditions, where they successfully removed significant

amounts of metals from synthetic and real wastewater.

Despite the potential of algae-based systems, there are
challenges in scaling these systems for industrial applications.

Algae cultivation, harvesting, and processing can be labor-
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intensive and require substantial space, making it difficult to
compete with chemical methods in terms of scalability.
Furthermore, algae-based systems may be less effective in
environments with high concentrations of metals or in the

presence of competing ions.

Chemical methods, on the other hand, are well-established
and can handle a wide range of contaminants. However, their
reliance on chemicals and the need for disposal of waste
materials are significant drawbacks. Moreover, chemical
systems often struggle with the long-term removal of metals
and can lead to environmental issues when waste materials

are not properly treated or disposed of.
Methodology

This study employs a comparative approach, analyzing the
removal efficiencies of heavy metals by algae-based systems
and chemical remediation methods through data synthesis.
The following methodology outlines the approach taken to
collect relevant information from peer-reviewed studies,

experimental data, and industrial reports.
3.1 Data Collection

The literature was reviewed from a range of academic
databases, including ScienceDirect, Google Scholar, and
PubMed, to collect studies published between 2000 and 2023.
Keywords such as “algae-based heavy metal removal,”
“chemical remediation of heavy metals,” and “biosorption of
heavy metals” were used to identify relevant articles. Only
studies that directly compared algae-based and chemical

remediation methods were considered for inclusion.
3.2 Data Analysis

The studies were analyzed based on their removal efficiency
for different heavy metals, operational costs, environmental
impact, and scalability. Removal efficiency was quantified in
terms of the percentage of metal removed from contaminated
water, while operational costs were assessed by reviewing the
capital and maintenance expenses associated with each

system. Environmental impact was evaluated by considering

the waste products generated by both methods and their

potential for causing secondary contamination.
3.3 Comparative Analysis

The performance of algae-based and chemical systems was

compared on the following parameters:

e Removal efficiency: The percentage of metals

removed from water.

e Cost-effectiveness: The economic feasibility of
each system, considering factors such as energy

consumption, material costs, and maintenance.

e Environmental impact: The sustainability of each
method, including waste management and resource

consumption.

e  Scalability: The potential for scaling the methods
from laboratory conditions to real-world

applications.
Results

The analysis of studies comparing algae-based and chemical

remediation systems reveals several key findings:
4.1 Heavy Metal Removal Efficiency

Algae-based systems demonstrated high removal efficiencies
for metals like lead, cadmium, and copper, with some species
reaching up to 90% removal efficiency under optimal
conditions (Mishra et al., 2017). In comparison, chemical
methods typically achieved similar or higher removal
efficiencies for specific metals but often required higher
dosages of chemicals to achieve these results (Kurniawan et

al., 2006).
4.2 Cost-Effectiveness

Chemical systems were found to be more costly in terms of
capital investment and operational expenses due to the need
for purchasing chemicals, energy requirements, and waste
disposal. Algae-based systems, while potentially less

expensive in terms of raw materials, required investment in
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cultivation and harvesting infrastructure. However, when
considering long-term operational costs, algae-based systems
were found to be more cost-effective in certain contexts,

particularly for large-scale remediation projects.
4.3 Environmental Impact

Chemical systems often produce hazardous waste by-
products, which must be treated and disposed of, posing
additional environmental risks. Algae-based systems, on the
other hand, generate minimal waste and can even contribute
to biomass production, which can be used as a resource in
other industries (e.g., biofuel production). Therefore, algae-
based systems have a significantly lower environmental

impact compared to chemical methods.
4.4 Scalability

Chemical systems are already scalable and widely used in
industrial  applications. Algae-based systems, while
promising, face challenges in scaling, particularly with the
cultivation and harvesting of algae on a large scale. However,

advancements in biotechnology and algae farming techniques

are gradually improving the scalability of algae-based

systems (Wang & Chen, 2009).
Conclusion

In conclusion, both algae-based and chemical remediation
systems have demonstrated the ability to remove heavy
metals from contaminated water effectively. Algae-based
systems offer several advantages over chemical methods,
including lower environmental impact, cost-effectiveness,
and sustainability. However, chemical systems still have an
edge in terms of scalability and removal efficiency in certain
high-concentration environments. The future of heavy metal
remediation likely lies in the integration of both methods,
where algae-based systems can serve as a supplementary
treatment for more complex or larger-scale contamination

scenarios.

Further research is needed to optimize algae cultivation,
improve harvesting techniques, and enhance the overall
efficiency of algae-based systems. Additionally, more studies
are required to evaluate the long-term environmental impacts

of both systems in real-world applications.



https://jiits.org/

