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Foreword

Clean water and effective treatment of wastewater are critically important factors
for environmental sustainability and human well-being. This importance is recog-
nized by the United Nations Sustainable Development Goal (SDG) 6 “Clean water
and sanitation.” Increasing population pressures and environmental damage to
lake, river, estuarine, and ocean ecosystems due to the discharge of inadequately
treated or untreated wastewater are significant problems globally resulting in
economic losses and risks to human health. Existing wastewater treatment methods
are generally very energy-intensive, making them expensive as well as generating
large amounts of greenhouse gases. They are also inadequate for treating waste-
water high in heavy metals or xenobiotics such as pharmaceuticals, pesticides, and
plasticizers. Thus, alternative, efficient, and environmentally friendly wastewater
treatment methods must be developed to supplement existing methodologies.

Algae, especially microalgae, can play an important part in achieving the UNSDG
goal of effective treatment of wastewater. The application of microalgae in waste-
water treatment has a long history, with studies starting in the 1950s and expanding
rapidly since the 1970s, with the main focus on urban and agricultural wastewater.
This work has already led to many full-scale algae-based wastewater treatment
plants for treating urban wastewater in several countries, as illustrated in this
volume.

This volume highlights the importance of both microalgae and macroalgae for
bioremediation, with specific examples of industrial effluent treatments. It also
encompasses studies on (a) the roles of algae in wastewater treatment and biore-
mediation via photosynthesis in high rate algal oxidation ponds (HRAPs), where
the algae operate synergistically with bacteria to break down organic molecules
reducing BOD and COD, (b) the uptake of N and P by the algal cells, reducing the
concentration of these nutrients in the wastewater and preventing eutrophication of
the receiving water bodies, (c) biding and uptake of heavy metals by the algal cells,
(d) uptake of complex recalcitrant organic molecules such as dyes, estrogens, phar-
maceuticals and pesticides, and the metabolism/detoxification of these molecules
by the algae. This diversity of roles is provided by an equal diversity of algal
species, with different species required for treating different wastewater sources.
Various chapters in this volume also discuss the significant barriers to large-scale
applications and methods to innovate the processes for industrial applications.
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Although some of the biomass, such as that used to treat food processing or
animal wastes, may be suitable as an agricultural fertilizer or, in some cases, even
as an animal feed additive, in many cases, alternative disposal methods need to be
found. Often, the algal biomass will be contaminated with heavy metals or toxic
chemicals, greatly restricting possible applications, or the biomass may present
a health hazard due to associated bacteria, fungi, or viruses originating from the
wastewater source.

It also needs to be recognized that the scale of wastewater production, especially
urban wastewater in large cities, presents an enormous challenge for the operation of
an algae-based wastewater process. Algal wastewater treatment is often more suited
to small-scale regional applications.

Given the great need to reduce the environmentally detrimental impact of
wastewater and the need to cost-effectively treat it so that critical water resources
can be reused, this book provides a timely and extensive overview of this topic.
It contains papers spanning a wide range of types of wastewater, on the range of
strategies that can be applied, as well as on the potential uses and valorization of
the algal biomass produced. Case studies of the application of algal wastewater
bioremediation in various countries in Asia are also presented.

Algae-mediated bioremediation of waste streams has come a long way since the
early studies and has moved from the laboratory to actual applications. The research
presented in this book highlights new approaches and developments in meeting
the ongoing challenges of effectively and economically remediating wastewater.
I congratulate the editors and contributors for this timely publication, which
provides an important current reference for industry, policymakers, environmental
experts, and researchers as a source of comprehensive information for immediate
applications and future use.

Michael A. Borowitzka
Algae R&D Center, Murdoch University,
Murdoch, WA 6150, Australia
3rd October, 2023
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Preface

The world is currently grappling with an alarming increase in population growth,
which is placing immense pressure on the health of the planet. This surge in
anthropogenic activities has led to unprecedented global warming and climate
change as the environment deteriorates due to irresponsible human interference
in the ecosystem. It is crucial to address this issue urgently by transitioning to an
eco-friendly path of human progress, employing multiple approaches to meet global
demands sustainably.

One promising avenue to achieve this is by harnessing photosynthetic forms
to fulfill the goods and services required for the human population. Embracing
the potential of photosynthesis can significantly contribute to a more sustainable
future. Additionally, finding innovative ways to manage industrial waste without
harming the ecosystem is of utmost importance. This urgent necessity calls for
responsible waste management practices that minimize environmental impact and
ensure long-term sustainability.

To combat the challenges posed by overpopulation and anthropogenic activities,
we must collectively prioritize eco-friendly initiatives and implement sustainable
practices at both regional and global levels. By doing so, we can work toward
safeguarding the health of our planet and securing a better future for generations
to come.

The algal forms are some of the oldest inhabitants of Earth, and they play a
crucial role in supporting the ecosystem by acting as primary producers of food
through their ability to harness solar energy. Notably, they showcase remarkable
adaptability, thriving in a wide range of environments, from marine to freshwater
ecosystems, from cold polar regions to hot deserts, and from plains to moun-
tainous terrains. Moreover, they can also grow autotrophically, heterotrophically,
and mixotrophically. This adaptability allows them to endure and flourish in
inhospitable conditions.

Algae exhibit diverse forms, including unicellular and multicellular organisms as
well as highly differentiated macroalgal seaweeds. Their significance extends beyond
their role as food producers, as they also offer solutions to global warming. Through
their capability to sequester carbon dioxide from the environment, they contribute
to mitigating the effects of climate change.
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Furthermore, algae possess unique biosynthetic machinery that enables them to
uptake pollutants from their surroundings. They can either utilize these pollutants
for their growth or metabolize them into nontoxic or less toxic forms. This aspect
has caught the attention of researchers who are exploring algae’s potential as agents
of bioremediation for pollution abatement.

This publication aims to focus on the various ways algae can be utilized in
bioremediation efforts to reduce pollution burdens. By highlighting their adapt-
ability, carbon sequestration abilities, and their potential to transform pollutants
into benign forms, we hope to shed light on the valuable role algae can play in
environmental conservation.

The task of comprehensive coverage of the topic was made easy by the par-
ticipation of 135 authors from 20 countries including Australia, Bangladesh,
Brazil, China, Colombia, Germany, India, Indonesia, Iran, Italy, Malaysia, Mexico,
Pakistan, Slovenia, South Africa, Spain, Thailand, Turkey, United States, and
Vietnam. Their contributions have been presented in 35 chapters that are classified
under the following broad headings: (I) Phycoremediation strategies; (II) Anaerobic
digestion for removal of pollutants and sewage treatment; (III) Treatment of agri-
cultural wastes; (IV) Treatment of food industry-wastewaters; (V) Detoxication and
pollution abatement of industrial waste streams; (VI) Carbon dioxide sequestration
strategies; (VII) Valorization of algal biomass; and (VIII) Global perspectives of
algae-based bioremediation.

The above areas highlight the following aspects: the management of heavy
loads of pollutants in wastewaters; removal of heavy metals from the industrial
wastewaters; bioreactors and immobilization strategies for remediation processes;
treatment of piggery wastes; treatment of aquaculture wastes; treatment of food
industry wastes including palm oil industry effluents; detoxification of industrial
wastes, including micropollutants, paper and pulp industrial wastewaters, dyes
and textile industry effluents, tannery wastes, petrochemical industry effluents,
and pharmaceutical industry wastewaters; carbon dioxide sequestration through
microalgae and seaweeds, including a focus on carbon credits; and valoriza-
tion of biomass for the production of valuable metabolites, bioenergy, biochar,
biofertilizers, and plant-bio stimulants.

This publication goes beyond exploring the significance of algae in pollution
abatement and bioremediation; it also delves into the experiences of various coun-
tries in adopting algae-mediated strategies. Our contributors have meticulously
presented the efforts of their respective countries, offering insights from Asian
nations such as India, Malaysia, Pakistan, Thailand, and Vietnam. Additionally,
the international scope of this volume is enriched by the valuable contributions
of scientists from 20 countries, who have shared their findings on algae-mediated
bioremediation.

As a result, this volume stands as a comprehensive and invaluable resource for
individuals interested in science and technological interventions for pollution abate-
ment. It caters to a diverse readership, including environmental scientists, biologists,
biochemical engineers, specialists in biomass production/utilization, industrial
professionals, environmentalists, policymakers, and all science enthusiasts alike.
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The information and perspectives gathered here will undoubtedly serve as a
treasure trove of knowledge, empowering readers to understand the potential of
algae-based solutions in addressing pollution challenges. With its wide-ranging
coverage and international collaboration, this publication marks a significant step
toward advancing sustainable practices for a cleaner and healthier environment
through algae-mediated processes for pollution abatement.

Gokare A. Ravishankar
Bengaluru, 9th August, 2023

Ambati Ranga Rao
Andhra Pradesh, 9th August, 2023

Se-Kwon Kim
South Korea, 9th August, 2023




