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ABSTRACT

The seafood business has increasingly prioritized resource-efficient and ecological practices in
recent decades. Cultivating microalgae with seafood effluent can address environmental
challenges, enhance resource efficiency, and deliver value-added products to society and the
ecosystem. The utilization of algal biomass generates substantial revenues through the treatment
of seafood effluents and the application of the algae generated biomass. The elevated nutrition and
organic matter content of wastewater regulated microalgae development through light energy and
carbon sources. Likewise, several physicochemical and biological approaches are employed to
achieve optimality. The algae mass growth technology employed in the seafood effluent sector
primarily aims for sustainability and appropriate waste disposal, thereby facilitating
environmental preservation, enhancing citizens” quality of life, and providing societal benefits
such as value added bio products from microbial and algal sources. Discussing fishery wastewater
with algal biomass offers an opportunity to address sanitary and environmental concerns while
acquiring contributions in a source capable and viable fashion. This analysis aims to focus the
remarkable aspects of fishery sewage that can be utilized for water reclamation and ecofriendly
contributions through the use of microalgae.
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as vital players in global food availability and
human consumption. (FAO, 2022). Among the most
crucial process operations in seafood production are
collecting, management, unloading, sorting,
balancing, killing, cutting, grazing, and so on.
Seafood processing spans conventional enterprises
to large-scale activities (Tay et al., 2004, Ching and
Redzwan, 2017). Because it includes a range of
pollutants, including organic waste, metals, oils,
lubricants, and chemicals, effluent from the fish
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processing industry raises major environmental
concerns.

Heavy metals and other hazardous substances
can bio accumulate in seafood such as shellfish and
finfish, posing significant health risks to consumers
(Saher and Kanwal, 2019; Kumar Pandion et al.,
2021, 2022, 2023 and 2025). Multiple studies have
emphasized that wastewater treatment processes
play a crucial role in removing contaminants,
suspended particles, toxicants, and pathogens,
ultimately producing treated effluent suitable for
environmental discharge (Gustavsson et al., 2011;
Cristévao et al., 2015; Alagha et al., 2020; Villarin and
Merel, 2020).

Fish processing effluents can be treated using
various techniques to reduce pollution levels.
According to numerous studies, sedimentation and
coagulation-flocculation are commonly employed as
primary treatment methods (Colic et al., 2007;
Cristovao et al., 2012; Cristévao et al., 2014; Garcia et
al., 2016). In addition to these, both biological and
chemical treatment mechanisms have also been
widely explored (Watson, 1996; Islam et al., 2004;
Riafo et al., 2011; Cristévao et al., 2012; Cristovao et
al., 2015). India and other developing nations
produce enormous volumes of wastewater every
day as a result of their fast industrialization and
growing populations. Water contamination is
therefore one of the most important environmental
issues. (World Bank, 2014).

Many traditional wastewater treatment
techniques are used in India; however, they are
ineffective and extremely costly. To solve problems
with outdated methods, several creative, ecological,
and resource-efficient methods of treating seafood
effluent are now offered. Microalgae-based
biological wastewater treatment systems have
gained increasing attention over the past five
decades, and they are now widely recognized as
being comparable in effectiveness to conventional
methods used for treating seafood processing
effluents (Ahmed Al Darmaki et al., 2012; El
Shorbagy and Chowdhury, 2013; Obaideen et al.,
2022).

The improper treatment of seafood waste and
poor water management practices have contributed
to a shortage of clean and hygienic water resources.
In response, various technological approaches for
resource recovery from seafood effluent have
emerged in recent years (Petrik et al., 2022; Kundu et
al., 2022). Notably, the application of biological
technologies has expanded, with growing interest in

integrating and optimizing these techniques within
seafood effluent treatment systems.

Background Information and Bibliographic
Evaluation

The data for bibliographic analysis is derived from
the SCOPUS database by input of suitable
keywords, “Fishery Industry” and “Water
Treatment” research study on 03/06/2025. The
bibliography was generated by file exported in
“CSV” format. A total of 356 publications were
present in the data generated by the above
keywords. Then, the data was analysed by the “VOS
viewer version 1.6.20”data analysis tools and was
used to investigate results. The data comprises 3711
distinct terms. When the minimum occurrence
threshold was set to 5, there were 251 terms repeated
5 times. upon manual inspection, 266 terms were
finalizedfor the research Figure 1.
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Fig. 1. Bibliographic Map

Represents the previously reported keywords in
5 clusters based on their relation. Different clusters
are shown in different colors, such as Cluster 1- Red,
Cluster 2- Blue, Cluster 3- Yellow, Cluster 4- Purple,
Cluster 5- Green. The map includes various terms
and relations between them can lead us to future
research.

Figure 2 indicates the significant research gap on
the use of algae mass for the management of effluent
from fisheries. The keywords “wastewater
treatment” on the right side are small in size
compared to other keywords, which indicates very
little work has been done in this area. Also, no
visible relation is observed with the keyword
“microalgae”. It indicates that there is still a research
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Fig. 2. Research Gap Identification

gap in this area. Hence, more research needs to be
done in this field.

While focusing on the keyword “wastewater” as
per Figure 3, the bibliography shows no relation of
this term with “microalgae”, and there is no relation
with the keyword “fisheries”, which gives us a clear
idea to focus our research work in this area. Some
work was reported, but more work needs to be done
in this area to open new pathways for more research
in this major.

Fig. 3. Wastewater in focus

Previous Research Work Analysis

Figure 4 displays previously reported research
publications published annually from 2001 to 2025.
The duration from 2001 to 2015,during the graph,
shows relatively low, inconsistent publications. A
significant rise is seen in 2019. The swift rise
indicates a significant shift in the research field,
likely driven by greater importance, technological
advancements, or more funding and teamwork. The
consistent growth we have seen in recent years

Documents by year

Documents
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Year

Fig. 4. Documents published year-wise

suggests that this area has truly found its place in
the academic and professional world, offering
ongoing opportunities for creativity and new
insights.

Figure 5 entitles the documents based on subject
area, which categorizes a body of academic or
scientific documents in various disciplines. The
largest portion of the chart is covered by
Environmental Science, which accounts for 26.1% of
all documents. This suggests a significant focus on
growing global concerns on sustainability& climate
change. Agricultural and Biological Sciences
contributes 23.0%. Various subject areas contribute
to the research landscape, with Earth and Planetary
Sciences accounting for 6.4%, Biochemistry, Genetics
and Molecular Biology for 4.5%, Chemistry for 4.4%,
and Chemical Engineering for 4.1%. The small
portions of the chart include sectors like Energy
(3.1%), Social Sciences (3.1%), and Medicine (2.9%).
In conclusion, research documents in the
environmental and agricultural sciences are heavily
concentrated in the pie chart, with engineering and
earth sciences following closely after.

Documents by subject area
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Fig. 5. Documents by subject area

Figure 6 visually represents the types of
publications published in the last 25 years. The
article type dominates by 67.6%. The high
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Documents by type
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proportion indicates that the journal is the primary
mode of research, which reflects the original
research studies and experimental findings.
Conference Paper is the second common type of
document, comprising 12.3%. This shows the use of
conference proceedings for emerging ideas in many
research communities. Further, the review, book
chapters contribute 11.7% and 5.9% respectively.
Apetite contribution is made by books, notes,
conferences, reviews, editorials, and short surveys,
which makes 0.8% for books and notes and 0.3% for
others, respectively. In conclusion, the figure shows
that the corpus is dominated by standard journal
articles, which are followed by review articles and
conference proceedings.

The fishery industry

The fishery industry uses together farmed and catch
fisheries to supply consumers with their favorite
finfish and shellfish. About 80% of the whole harvest
is processed by the company into a variety of
products, including foods that are frozen, burned,
dried, irradiated, soaked, and chilled (FAO 2020;
Ahmed and Thompson, 2019). The standard quality
of fish and fisheries goods in international markets
was also covered by Venugopal (2006). The effluent
produced during seafood processing is depicted in
Figure 7.

Shrimp culture and fishing both help to expand
the supply of seafood for fitness and nutrition
(Weichselbaum et al., 2013). Fish refrigeration, fish
canning, and fishmeal processing are the three
primary categories of fish processing activities
(Vali*no et al., 2007; Bjork and Schou Kongstad,
2016; Green, 2016; Purwanti et al., 2018). Seafood
waste decomposes more rapidly than urban waste
due to its higher protein and elemental content.

Typically, fish waste consists of approximately 59%
protein, 20% fat, and 30% ash (Islam et al., 2004;
Arvanitoyannis and Kassaveti, 2008).

Water is essential in numerous pre-processing
steps of seafood handling, including washing,
decapitation, peeling, scaling, flaking, boiling, and
glazing. To preserve the perishable nature of seafood
during various stages of handling, freezing
technologies are also critically important.
Additionally, water plays a vital role in the storage
and transportation of both raw and processed
seafood products (Matcon et al., 2000; Venugopal,
2006; Arvanitoyannis and Kassaveti, 2008; Steinke
and Barjenbruch, 2010; Malmstedt, 2019).

Plant wastes contain important volumes of
organic matter, such as solid waste, and additional
nutrients, such as nitrogen and phosphorus (Matcon
et al. 2000). Seafood processing waste streams and
other discards contain valuable materials that could
be used in the food, medicinal, and associated
industries. In addition to safeguarding the
environment, valuing seafood trash can significantly
reduce the expenses associated with product
development and protect marine resources.
Acknowledgment that seafood effluent is a source of
many sustainable resource components is essential
(Alkaya, 2016).
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Fig. 7. Effluent generation during seafood processing

Effluent treatment

Wastewater can be treated at three levels primary,
secondary, and tertiary using physical, chemical, or
biological techniques (Wang et al., 2010; Gonzalez,
1995; Chowdhury and Viraraghavan, 2010; Garrido-
Cardenas et al., 2020; Zhang et al., 2021). According
to Qin et al. (2023), nitrogen is typically removed
from wastewater without recovery, often being
converted into nitrogen gas (IN) and released into the
atmosphere.

Phosphorus removal is commonly achieved
through chemical precipitation, which involves the
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addition of cations such as calcium, iron, or
aluminum an approach that can be costly
(Christensen et al., 2022). Phosphorus and nitrogen,
however, serve as essential nutrients for microalgae
growth. While the use of microalgae may seem like
a straightforward natural solution, it involves
complex metabolic pathways that vary depending
on environmental conditions and the characteristics
of the effluent being treated (Dalvi et al., 2021). Table
1 presents the estimated volumes of seafood effluent
processed through various treatment operations.

Novel techniques have been developed for the
efficient separation of organic matter and the
removal of microorganisms and toxic elements from
biological wastes (Alehi, 2014; Guest et al., 2009).
Reduces organic waste and other components in
seafood effluents and has the potential to be recycled
as a microalgae treatment (Amaro et al., 2023).
Because algae masses have a high tolerance to the
substances they contain, they have been widely used
inthe treatment of seafood wastewater. Because of
this, algal mass technology has recently drawn
attention for the treatment of wastewater from
homes, businesses, agro-industrial facilities, and
cities (Sepulveda-Muiioz et al., 2023).

Physico-chemical parameters of wastewater
treatment

According to Islam et al. (2004) and Tukker and

Jansen (2006), the seafood processing industry
routinely generates large volumes of dense waste,
including by-catch, which is often disposed of near
adjacent properties. This industry also contributes to
increased salinity levels in receiving waters and
introduces significant organic pollutants. Seafood
effluents typically contain a mix of chemical
contaminants, physical pollutants, and, in some
cases, solid waste.

As this waste decomposes, it releases gases that
degrade water quality, disrupt aquatic ecosystems,
and lower dissolved oxygen (DO) levels. Elevated
concentrations of physicochemical factors in the
effluents can further harm aquatic life and degrade
the surrounding environment (Jamieson et al., 2009;
Belinda et al., 2011; Anh et al., 2010; Vallejos et al.,
2020; Karin Larsdotter, 2006; Ahmed Al Darmaki et
al., 2012).

The effectiveness of microalgae-based effluent
treatment systems is also influenced by wastewater
pH, which determines the availability of various
inorganic carbon species essential for algal
metabolism (FREMP, 1994; Karin Larsdotter, 2006;
Thorat and Wagh, 1999; Mines and Robertson, 2003;
Gonzalez, 2005; Carawan et al., 1979). Additionally,
temperature affects the rate of photosynthesis and
algal growth. When light availability is not a
limiting factor, an increase in temperature can
accelerate photosynthesis, leading to faster growth

Table 1. Seafood processing operations generate significant volumes of wastewater.

References

Process Wastewater volume (m?®)
Shrimp boiling water 11-12
Salmon heads 15-17
White fish filleting 5-11
Oily fish filleting 5-8
Grading 0.3-0.4
Handling and storage of fish 10-12
fish canning wastewater 10-15
Saline Wastewater 0.2-0.9
Marine finfish 14.0
Proceed fish 17.0
Unloading fish for canning 2-3
Proceed fish 0.07-0.27
Canning of sardine 9-15
Sterilization of cans 4-6
Frozen fish thawing 5.0
Qil fish 1-2
Proceed of tuna 3.0
Shrimp 7.0
Crab 29-44
Squid cooking 10-12

Fish Processing Plant 4-6

(Forghani et al., 2020)

(Routray et al., 2019).

(Matcon et al., 2000)

(Matcon et al., 2000)

(Arvanitoyannis and Kassaveti, 2008)
(Arvanitoyannis and Kassaveti, 2008)
(Corral, 2018)

(Ching and Redzwan, 2017)
(Arvanitoyannis and Kassaveti, 2008
(Matcon et al., 2000)

(Corral, 2018)

(Arvanitoyannis and Kassaveti, 2008
(Matcon et al., 2000)

(Ching and Redzwan, 2017)
(Arvanitoyannis and Kassaveti, 2008
(Matcon et al., 2000)

(Fluence, 2019)

(Arvanitoyannis and Kassaveti, 2008)
(Arvanitoyannis and Kassaveti, 2008
(Rosas-Romero et al., 2010)

Miroslav Colic et al., 2007.
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and biomass doubling (Martin Kendrick, 2011).

BOD is the most reliable indicator of the degree of
water contamination. The high BOD value could be
the result of more organic material being present in
the effluent (Molina, 2003). The level of chloride in
settled water has increased as a result of the fish
processing industry’s usage of salt to maintain
nutrition. (WHO, 2003). The COD values could be
the result of a large amount of organic material
present in the treated wastewater. This implies that
the organic content of wastewater processing
contains a sizable number of compounds that are
resistant to biological processes. Similar results have
been observed by several researchers. (Molina 2003,
Ferjani et al., 2000).

Microalgae application with effluent treatment

Biotechnological processes offer a viable and
adaptable approach for concentrating and
converting valuable resources from seafood waste
and wastewater (Richmond and Qiang, 2013; Puyol
et al., 2017; Cobos et al., 2020; Balasubramaniam et
al., 2021). Sustainable biomass processing,
particularly through algal biotechnology, can
generate a diverse range of bio-based products (de
Farias Silva et al., 2019). Subhadra and Grinson-
George (2010) emphasize that algae-based
biotechnology presents a practical solution for
utilizing food industry waste, including aquaculture
and seafood processing effluents. Figure 2 illustrates
a sustainable wastewater management framework
for the fisheries sector.

Zhuang et al. (2023) and Nagarajan et al. (2020)
report that outdoor cultivation of microalgae can
enhance the ecological performance of existing
seafood wastewater treatment systems. Shahid et al.
(2020) further demonstrated that algae grown in
seafood effluents achieved rapid biomass

production, high rates of atmospheric carbon
fixation, and near-complete pollutant removal.

However, for effective implementation, the algal
strain used must tolerate high concentrations of
contaminants, such as ammonia, and be efficient in
nutrient removal. While different algal species vary
in their capacity to absorb pollutants, the selection of
strains should align with defined objectives. Some
may excel at wastewater treatment but be unsuitable
for producing high-value bio products. Therefore, it
is essential to assess biomass yield and productivity
in advance to ensure the successful integration of
seafood wastewater treatment with the commercial
production of algal bio products (Torres-Franco et
al., 2021). Table 2 presents the application of
microalgae in various wastewater treatment
processes.

Microalgae products

Because of their distinct development and
sustainable sources, microalgae are utilized in a
range of industries, including food, medicine,
fisheries, decorative, and green (Stengel and
Connan, 2015). Research that attempts to integrate
sustainable practices with productive processes that
focus on the utilization of seafood effluents can only
demonstrate whether the final product is fit for
human consumption. (Mobin et al., 2019).

Biofertilizers

Wastewater from fish processing holds significant
potential for use in horticulture due to its rich
nutritional content (Ching and Ghufran, 2017).
Microalgae-based bio fertilizers, derived from such
nutrient-rich effluents, offer both macro- and
micronutrients owing to their diverse phytochemical
composition (Marks et al., 2017). These bio fertilizers
whether applied directly to crops or incorporated

Table 2. Microalgae in various wastewater treatment methods

References

Microalga Wastewater type
Chlorella vulgaris

Chlorella sp. Domestic
Pyrenoidosa Domestic
Muriellopsis sp. Activated sludge

Chlorella sorokiniana
Dunaliellatertiolecta
Chlorella vulgaris

Metropolitan
Agro-industrial

Domestic (without any pretreatment)

Municipal wastewater

Moondra et al. (2020)

Tran et al. (2021)

Dahmani et al. (2016)
Morales-Amaral et al. (2015)
Kotoula et al. (2020)

Lima et al. (2020)

Bhuyar et al. (2021)

Chlorella sp Cultivation of microalgae Venugopal, 2021
H. pluvialis Cultivation of microalga Sahu, et al., 2016
Chlorella Cultivated microalgae Masojidek and Torzillo, 2008
Chlorella vulgaris Cultivated microalgae Wang et al., 2015
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into compost exhibit bio stimulant properties that
promote plant growth and vitality (Dineshkumar et
al., 2018; Gongalves, 2021; Guo et al., 2020).

In addition, they have been shown to improve
topsoil permeability (Nayak et al., 2019), enhance
soil water retention capacity (Muniswami et al.,
2021; Mutum et al., 2022), and increase both the
quality and yield of agricultural products.
Importantly, they also help reduce the toxicity levels
in soil, thereby supporting healthier crop
development (Guimaraes et al., 2018; Vallejos et al.,
2020; Guo et al., 2020; Sampathkumar et al., 2019).

Biogas

Anaerobic digestion is an effective method for
converting wastewater treatment sludge into
methane (Avila ef al., 2022). Microalgae also hold
considerable promise for biofuel production due to
their ability to generate large quantities of nutrient-
rich biomass. This biomass can serve as a feedstock
for producing various forms of bioenergy, including
bioethanol, lipid-based biodiesel, hydrogen via
electrocoagulation, and methane through anaerobic
digestion. However, the large-scale
commercialization of microalgae-based biofuels
remains economically challenging due to the high
costs associated with biomass drying and the
extraction of lipids and carbohydrates (Oliveira et
al., 2021; Qian et al., 2022; Tawfik et al., 2022).

Agro-industrial excess

Agro-industrial waste is widely available, contains
high concentrations of natural pigments and
biomolecules, and can be used to generate biomass
without posing significant chemical risks
(Durvasula et al., 2015; Raposo et al., 2013; Ritu et al.,
2023; Chini Zittelli et al., 2023; Wang et al., 2022).
Microalgae are known to synthesize a variety of
valuable compounds. According to Zhu (2015),
Lopes et al. (2015), Medeiros et al. (2020), Vadiveloo
et al. (2021), and Koutra et al. (2021), microalgae
possess diverse metabolic pathways that produce
byproducts with applications across the
biochemical, food, pharmaceutical, agricultural, and
environmental sectors.

Fish feed

Nutrients can be recovered from effluent treatment
through various processes such as disintegration,
alkalization, ultrasonication, precipitation, and
drying (Hwang et al., 2008; Ximenes et al., 2019). The
recovered biomass can be used to formulate high-

quality, nutrient-rich feed. Specifically, algae
cultivated in seafood effluent show promise as a
valuable and sustainable source of nutrition for
aquaculture feed (Wong et al., 2016). Such algal
biomass is considered safe and nutritionally
beneficial for use in animal feed and other bio-based
products (Carus and Dammer, 2018; Sherwood,
2020).

Future Challenges: A key issue is the scalability
and economic feasibility of innovative solutions

Many national and international regulatory bodies
have increasingly focused on global concerns related
to environmental contamination from seafood
processing activities (Ottaviani et al., 2016; Hall et al.,
2011). These agencies emphasize the importance of
adequately treating effluents to ensure they can be
discharged safely without causing ecological harm.
In response, various guidelines and regulatory
frameworks have been introduced to minimize the
environmental impact of commercial fish processing
operations.

One promising strategy is the cultivation of algal
biomass to treat seafood effluent; however, this
approach presents several technical and operational
challenges that require further research and
development. Addressing these challenges is
essential for the successful implementation of algae-
based treatment systems in compliance with
environmental standards.

(i) In the seafood effluent method, biomass
output is significantly influenced by the
bioreactor’s appropriate design and layout.

(ii) Regular and thorough system monitoring is
necessary to ensure that wastewater treatment
for fishing industry research is sustainable and
resource-efficient.

(iif) Acknowledge novel approaches to algal mass
production system culture, especially
association studies using microbial mixtures
for sustainable and resource-efficient
wastewater treatment.

(iv) Reusing algae media in conjunction with dual-
mass collection techniques can boost the
efficiency of photobioreactors and promote
sustainable and resource-efficient wastewater
treatment.

(v) Use micro-algae or consortia to perform
additional life cycle and planetary
assessments, then compare the outcomes to
those of conventional wastewater
management and treatment solutions.
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(vi) As automation technology develops, remote
and efficient operations become possible.
Therefore, integrating the Microalga bio
refinery with the effluent treatment concept
may present important opportunities for
resource sustainability. Wastewater will
always undergo conversion of dissolved
pollutants, improving the environment.

SWOT Analysis

STRENGTHS

* Solves environmental issues
* Improves resource efficiency
¢ Provides value-added goods
« Viable profits from treatm

WEAKNESSES

¢ Needs optimal light and
carbon sources

¢ Requires management of
conditions

SWOT
OPPORTUNITIE

« Sustainable waste disposal
¢ Environmental preservation
« Biofertilizers, bioproducts etci

THREATS

¢ Hygienic concerns and risks
* Ecological challenges
 Input sustainability

The SWOT analysis helps to better understand the
need and the challenges in our research, with better
future opportunities along with the strengths and
weaknesses. Our work is eco-friendly and solves
climate issues. The idea is new yet sustainable and
requires strict management concerning the potential
threats like hygiene and ecological factors. Hence,
this analysis provides a quick overview of our topic.

CONCLUSION

Microalgae-based treatment of seafood wastewater
offers both economic and environmental benefits,
making it a promising solution for sustainable
resource management. This approach enables the
efficient and cost-effective removal of harmful
chemical elements from effluents while also
contributing to climate change mitigation through
the bio fixation of CO, thereby reducing greenhouse
gas emissions and preserving carbon outputs. Due
to their diverse biochemical composition and high
metabolic potential, microalgae offer valuable
applications across agro-industrial and
environmental sectors. In recent years, the use of
algal biomass in agriculture has gained significant
attention, owing to its demonstrated benefits in
improving soil health and enhancing crop
productivity. Furthermore, microalgae cultivation
supports the development of value-added biomass
products, generating financial returns through a

sustainable and resource-efficient system. However,
several challenges remain in optimizing this
technology for large-scale implementation. These
include the need to improve system design and
production infrastructure, manage organic waste
more effectively, optimize key operational variables,
and streamline the harvesting of algal biomass. To
overcome these challenges, continued research,
experimentation, and technological innovation are
essential. Additionally, efforts must be made to
increase public awareness and institutional support
for the adoption of algae-based solutions in
environmental and agricultural applications.
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