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The Conference Editor Report- 39th Annual Conference of the Fisheries Society of Nigeria
Date: 28th October to 1st November 2025 Location: National Universities
Commission, Aja Nwachukwu House, Maitama District, Raw Material Research
and Development Council (RMRDC), 17 Aguiyi Ironsi Street, Maitama District,
Garki, Abuja.

Fii

The Esteemed Members of the Fisheries Society of Nigeria (FISON) and Distinguished Participants of
the 39th Annual Conference, as we reflect upon the enriching experience of the 39th Annual FISON
Conference held in Abuja, Nigeria from October 28 to November 1, 2024, it is with a deep sense of
gratitude and admiration that I pen this editorial report.

The 39th Annual Conference of the Fisheries Society of Nigeria has been a monumental event, drawing
experts, researchers, and enthusiasts from across the country. The conference was a platform for sharing
groundbreaking research, discussing crucial issues, and fostering collaborations within the fisheries
community. Our gathering brought together a diverse and dedicated group of professionals, researchers,
and practitioners committed to advancing the field of fisheries and aquaculture in Nigeria and beyond.

First and foremost, I wish to extend heartfelt thanks to the members of the conference editorial team.
Your unwavering support, dedication, and passion have been instrumental in bringing this conference to
fruition. The countless hours spent reviewing manuscripts, organizing sessions, and ensuring the smooth
running of the event have not gone unnoticed. Your collective efforts have not only enriched the quality of
this conference but have also set a high standard for future gatherings. Your hard work and meticulous
attention to detail have been invaluable, ensuring that this event was executed seamlessly

This year, we received an impressive 248 manuscripts from researchers across the country. Each
submission was a testament to the vibrant and dynamic nature of our field. However, maintaining the
high standards of peer review that we uphold, only 184 manuscripts were able to survive the rigour of
our review process. This selection process, though challenging, ensures that the research presented at
our conference is of the highest quality and relevance. This highlights the critical need for stringent
quality control and adherence to high research standards. Manuscripts that did not meet the criteria
were returned with detailed feedback for improvement.

While appreciating the effort of contributors, there is a need for substantial improvement in the quality
of research carried out by members and the manuscripts submitted. This conference exposed a
concerning trend of declining research standards, which must be addressed to maintain the credibility
and impact of our work. It is important to acknowledge the need for continuous improvement in the
quality of research and standards of manuscripts produced by our members. The peer review process
revealed several areas where enhancement is necessary, including clarity in research objectives,
robustness of methodology, and thoroughness in data analysis.

To address these challenges and elevate the standards of research within our association, I propose the

following strategies:

1. Workshops and Training: Organize regular workshops and training sessions focusing on research
methodology, data analysis, and academic writing. These sessions can provide members with
the necessary skills to enhance the quality of their research outputs.

2. Mentorship Programmes: Establish mentorship programmes that pair early-career researchers
with experienced mentors. This initiative can provide guidance and support, helping new

vi
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researchers navigate the complexities of high-quality research and publication.

3. Collaborative Research Projects: Encourage collaborative research projects that bring together
researchers with diverse expertise. Such collaborations can lead to more comprehensive and
robust studies, benefitting from the strengths of multiple researchers.

4. Peer Review Training: Offer training programs for peer reviewers to ensure a consistent and
rigorous review process. Well-trained reviewers can provide constructive feedback that helps
authors improve their manuscripts before submission.

5. Incentives for Quality Research: Introduce awards and recognition for outstanding research and
high-quality manuscripts. Recognizing and rewarding excellence can motivate members to
strive for higher standards in their work.

The payment of token to conference sectional reviewers for their efforts proved to be a significant
motivator, encouraging thorough and timely reviews. Ensuring the timely production of the proceeding
was a major achievement and a practice that must be continued in future conferences. The streamlined
process demonstrated that with adequate planning and execution, timely dissemination of research
findings is achievable. However, one notable shortfall from this conference was the failure to migrate
the best manuscripts to the association's journal as promised. This was largely due to the failure of
sessional chairpersons to select the best manuscripts from each session as suggested. Doing so now may
lead to delays in the release of the proceeding. It is essential to address this in future conferences to
uphold our commitment to showcasing top-tier research.

The 38th Annual FISON Conference provided valuable insights and lessons that will guide our future
endeavours. Key takeaways include:

1. Emphasize the importance of timely manuscript submission to ensure a smooth review process
and timely production of the proceedings.

2. Reinforce adherence to high-quality standards in research and manuscript preparation.

3. Ensure professionalism in manuscript handling and communication with authors and reviewers.

4. Implement best practices from this conference, such as early planning, regular check-ins with
sessional chairpersons, and clear communication of expectations.

5. The importance of interdisciplinary collaboration, the need for continuous professional

development, and the value of fostering a supportive and inclusive research community.

The 39th Annual Conference of the Fisheries Society of Nigeria has been an enlightening and
productive event, thanks to the collective efforts of all involved. As we reflect on the successes and
challenges, we remain committed to continual improvement, upholding high standards of research,
and fostering a vibrant and collaborative community.

In conclusion, as we move forward, let us build upon the successes of this conference and strive to
address the areas of improvement identified. Together, we can enhance the quality of research within
our association and contribute to the advancement of fisheries and aquaculture. Once again, I extend
my deepest gratitude to all who contributed to making this conference a resounding success. Your
dedication and passion are the driving forces behind our collective achievements.

Professor E. K. Ajani
Conference Editorial Chairman
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COMMUNIQUE OF THE 39TH ANNUAL CONFERENCE OF THE
FISHERIES SOCIETY OF NIGERIA (FISON) HELD AT NATIONAL
UNIVERSITY COMMISSION (NUC) AND RAW MATERIALS
RESEARCH AND DEVELOPMENT COUNCIL (RMRDC) FEDERAL
CAPITAL TERRITORY, ABUJA FROM 28TH OCTOBER -

1ST NOVEMBER, 2024

1.0 INTRODUCTION

The 39th Annual Conference of the Fisheries Society of Nigeria (FISON) was successfully
convened in Abuja from 28th October to 1st November 2024. Under the theme "Unlocking the
Investment Potential of Nigeria's Blue Economy: Advancing the Fisheries and Aquaculture
Sector for Sustainable Development," the conference attracted over 300 participants, including
government officials, fisheries professionals, fish farmers, research institutions, private sector
operators, and students of fisheries.

The event commenced with pre-conference training workshops on 28 October 2024, focusing on
essential topics such as "Using R Innovative Research Outcomes in Fisheries Science and Policy
Development" and "Strategies and Methodologies for Writing in High-Impact Journals."

The official opening ceremony was held on 29th October 2024, with His Excellency Alhaji

Isiaka Adegboyega Oyetola, CON, Minister of Marine and Blue Economy, declaring the
conference open on behalf of His Excellency President Bola Ahmed Tinubu, GCFR.

2.0 HIGHLIGHTS OF THE CONFERENCE

During the conference, several key points were addressed:

* Commitment to Fish Production: The Minister of Marine and Blue Economy reiterated the
ministry's dedication to achieving self-sufficiency in fish production and enhancing Nigeria's role as a
significant exporter of fish and fisheries products.

* Transition to a New Ministry: The successful transition of the fisheries department to the Ministry
of Marine and Blue Economy has resulted in notable progress, including increased local feed
production and reduced reliance on fish imports.

* Public-Private Partnerships: Ongoing collaborations between the public and private sectors were
highlighted as key strategies to boost investments in the fisheries sector.

* Fisheries Management Initiatives: The ministry is currently implementing initiatives aimed at
effective fisheries management, investment in aquaculture development, enhancement of post-
harvest infrastructure, promotion of innovation, and encouragement of multi-stakeholder
collaborations.

* Sustainable Development Goals: The FISON National President emphasized the critical role of
fisheries and aquaculture in contributing to the United Nations' sustainable development goals.

* Fisheries Institute of Nigeria Charter Bill: The National President also called for the Minister's
assistance in realizing the Fisheries Institute of Nigeria Charter bill, which has already passed through
the National Assembly twice.

* Collective Action for Sustainable Development: Participants emphasized the need for collective
action among stakeholders to address the challenges facing the fisheries and aquaculture sectors and to
promote sustainable development and economic transformation.

*  Commendation for FISON's Efforts: Mrs. Didi Esther Walson-Jack, OON, the Federation's Head

viil
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of Service, commended FISON for its contributions to research, capacity building, and the
preservation of fish diversity, wishing all participants fruitful deliberations.

* Keynote Address: Dr. Mohammed Seisay from the African Union — Inter-African Bureau for Animal
Resources (AU-IBAR) delivered a keynote address on the potential of Nigeria's blue economy, underlining the
investment opportunities within Africa's marine and freshwater ecosystems.

* Challenges and Opportunities: Discussions highlighted that despite the sector's potential, it faces
challenges such as institutional constraints, climate change, and environmental variability, which
hinder socio-economic contributions.

* Governance Enhancements: Since 2010, the African Union has made strategic decisions to
enhance governance in fisheries and aquaculture through coordinated policy frameworks for equitable
socio-economic development.

* Alignment with National Policies: The AU supports Nigeria in aligning its national policies with
continental frameworks to facilitate investments and development in the blue economy, emphasizing
sustainable use, conservation of aquatic resources, gender considerations, climate resilience, and
private sector investment mechanisms.

* Sustainable Coastal and Marine Tourism: Efforts to create a master plan for sustainable coastal
and marine tourism were mentioned. The plan aims to minimize environmental impacts while
fostering fisheries investment.

* Transboundary Cooperation: Emphasizing the importance of marine spatial planning was also
identified as a crucial aspect of the sustainable development of fisheries resources.

* Addressing Challenges: Recognition of the myriad challenges hindering the growth and
contribution of fish farmers to Nigeria's economy necessitates collective action from all participants.

* Innovation and Investment: There are urgent calls for innovation and increased investment in
aquaculture to harness Nigeria's aquatic resources effectively while ensuring environmental
conservation.

* Stakeholder Collaboration: Acknowledgment of the need for collaboration among various
stakeholders to address the fisheries sector's challenges and enhance productivity.

* Role of Biotechnology: Highlighting the necessity for stakeholders to engage in discussions on the role of
biotechnology in creating a sustainable aquaculture environment, with a focus on food security.

e Commitment to Sustainable Practices: Consensus among Nigerian fish farmers and policymakers on
their commitment to sustainable practices while recognizing their substantial challenges, and calls
were made for targeted interventions. Proposal for strategic interventions includes:

= Improved access to education and resources for fish farmers.

Development of infrastructure to support the sector.

Establish fish broodstock banks and diversify fish species.

Establishment of quality fish feed plants.

Implement supportive government policies addressing climate change and land tenure issues in the
fisheries sector.

* FISON Fellowship Award: The conference witnessed the conferment of fellowship awards on 19
professional members of FISON, an honourary fellowship on His Excellency President Bola Ahmed
Tinubu, GCFR, and several other awards to dignitaries.

3.0 CONCLUSION

The conference successfully provided a platform for diverse stakeholders to unite, share knowledge,
and collaborate on the pathways to a sustainable fisheries and aquaculture sector in Nigeria. The
FISON community remains committed to advancing the industry's interests and contributing to the
broader objectives of national development and food security.

We appreciate all participants, speakers, and sponsors for their contributions to the 39th Annual

ib'e
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Conference's success and look forward to continued collaboration in advancing Nigeria's fisheries and

aquaculture sector.

Date of Issuance: November 1, 2024
For further information, please contact: www.fison.org.ng
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ADDRESS OF THE NATIONAL PRESIDENT DR EBINIMI JOSEPH
ANSA (Ffs) AT THE 39TH ANNUAL GENERAL MEETING AND
CONFERENCE AND THE 20TH FELLOWSHIP INVESTITURE AND
AWARDS CEREMONY OF THE FISHERIES SOCIETY OF NIGERIA
(FISON) HELD AT THE NATIONAL UNIVERSITIES COMMISSION
(NUC), MAITAMA, ABUJA ON 29TH OCTOBER 2024

His Excellency, The President of the Federal Republic of Nigeria and Commander in Chief of the Armed
Forces, President Bola Ahmed Tinubu GCFR

His Excellency, The Honourable Minister, Federal Ministry of Marine and Blue Economy, Alhaji
Adegboyega Isiaka Oyetola CON

His Excellency, The Honourable Minister of the Federal Capital Territory, Barrister Nyesom Ezenwo
Wike CON

The Honourable Minister, Federal Ministry of Agriculture and Food Security, Senator Abubakar Kyari CON
The Honourable Minister of State, Federal Ministry of Agriculture and Food Security, Senator (Dr)
Aliyu Sabi Abdullahi CON

The Senators and Honourable Members of the House of Representatives of the National Assembly

The Head of the Civil Service of the Federal Republic of Nigeria, Mrs. Didi Esther Walson-Jack OON, mni
The Permanent Secretary, Federal Minisiry of Marine and Blue Economy, all other Permanent
Secretaries here present

Executive Secretaries & Director-Generals of Commissions and Councils here present

The Vice Chancellor, University of Abuja and other Vice Chancellors

Executive Directors of the Research Institutions here present

Rectors and Provosts, of our Fisheries Colleges and Polytechnic

Federal and State Directors of Fisheries

Board of Trustees of FISON

All Past Presidents of FISON

Members of the National Executive Council of FISON

Chairman/Former Chairmen Council of Fellows and all Fellows

Presidents and Captains of Fisheries Industries and Associations

Our great Fishers and Fish Farmers

Distinguished Members of FISON

Distinguished Students

Distinguished Guests,

Gentlemen of the Press

Ladies and Gentlemen,

It is with great pleasure and gratitude to God Almighty that I welcome you all to the 39th Annual
Conference and General Meeting as well as the 20th Fellowship Investiture and Awards Ceremony of the
Fisheries Society of Nigeria, ABUJA 2024. The conference theme “UNLOCKING THE INVESTMENT
POTENTIAL OF NIGERIA'S BLUE ECONOMY: ADVANCING THE FISHERIES AND
AQUACULTURE SECTORS FOR SUSTAINABLE DEVELOPMENT” aligns with the global trend in
seeking ways of improving the economies of both coastal and inland states and represents a defining
moment for our society and our country Nigeria. Our discussions, deliberations, and resolutions over the
coming days will play a crucial role in shaping the future of Nigeria's blue economy, particularly our
fisheries and aquaculture sectors, which are integral to the United Nation's sustainable development goals.

X1
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Your Excellency Sir, permit me to give a brief introduction about FISON

FISHERIES SOCIETY OF NIGERIA (FISON) was established in 1976 and has served as the apex
professional body for the Nigerian fisheries Sector. FISON holds a position of authority and leadership,
and carries out many functions, which are to:

1. Promote professional and practitioner development of stakeholders in aquaculture, capture fisheries,
post-harvest management, fisheries research and development in Nigeria.

2. Create a forum for the productive interaction of individuals and corporate organizations involved
in Fisheries and Aquaculture value chains.

3. Collaborate with organizations with related interests in Nigeria and beyond to improve the development
of the Fisheries Sector.

4. Support capacity-building initiatives for stakeholders in the Fisheries sector.

5. Collate, publish, and disseminate information for the sustainable development of the Fisheries
and Aquaculture Sectors.

6. Host annual conferences, workshops, and seminars across the 36 states of Nigeria and the FCT for the

benefits of our members for knowledge sharing, capacity building, networking, collaboration,
community and sectoral engagement, showcasing innovation and technology, provide policy
direction and advocacy, professional development and recognition.

FISON now has about 5,000 professional and corporate members. Our corporate membership cuts
across the capture fisheries and aquaculture subsectors, comprising the trawling companies, fish input
dealers, fish farmers, and fish processors, and allied industries.

Our national formations include:

* The Board of Trustees

* The National Executive Council

e The Forum of National Presidents (in view)

* The Council of Fellows

* The Congress

* The State Chapter Formations

* The National Association of Fisheries Students

Your Excellencies, Ladies and gentlemen, today we are gathered here to witness the opening of the 5-
day conference and the Fellowship Investiture Awards of the Fisheries Society of Nigeria, and to
unlock the vast potentials of Nigeria's aquatic ecosystems and showcase investment opportunities that
will transform our fisheries and aquaculture sectors into dynamic engines of economic growth, fish
protein availability, and job creation. But to achieve this, we must collectively address several critical
issues. Permit me, Sir to highlight these issues one after the other:

1. Establishing the Fisheries Institute of Nigeria (FIN) Bill
A key priority of FISON is the urgent need for the formal establishment of the Fisheries Institute of
Nigeria (FIN). As we all know, professionalizing the fisheries and aquaculture sectors will not only
enhance capacity but will ensure that we operate within globally accepted standards. Therefore, I use
this platform to call on the Honourable Minister of Marine and Blue Economy to sponsor the FIN Bill
as an Executive Bill to be presented to the National Assembly.
The FIN Bill is crucial because it will:

Provide a structured framework for capacity building, certification, and

professional development.

Promote knowledge transfer and the adoption of best practices in fisheries

management, aquaculture operations, and marine resource sustainability.

Xii
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Ensure a cohesive national strategy that aligns with international fisheries and

aquaculture regulations, making Nigeria competitive both regionally and

internationally.
We look forward to the support of His Excellency, Mr. President and all stakeholders in ensuring the
successful passage of this bill. We are willing to work with the Honourable Minister and his formidable
team to provide the documentation and framework for the establishment of the Fisheries Institute of
Nigeria which will further help to advance the blue economy in Nigeria.

2. Enhancing Investment in Fisheries and Aquaculture Infrastructure

To unlock the full potential of the blue economy, we must tackle the challenges of underdeveloped
infrastructure. This includes investing in energy and water conserving technologies in fish farms,
developing cold chain logistics using clean and renewable energy, developing novel technologies into our
farming systems such as Integrated Multi-trophic Aquaculture (IMTA), investing in and developing fish
vaccines to prevent fish disease outbreaks, investing in alternative fish feed ingredients for fish feed
formulation such as insect larvae to replace 50 to 80% of fishmeal in feed formulas, investing in local
fish meal production using undersized farmed tilapia and clupeids, and investing in fish processing.
Without the right infrastructure, we cannot effectively harness the potential of our aquatic resources
or ensure the sustainable development of our fisheries.

We must prioritize the establishment of public-private partnerships (PPP) that will bring in the much-
needed capital to upgrade our fisheries and aquaculture infrastructure. Through collaboration with
investors, government agencies, and international partners, we can build a more resilient, efficient, and
profitable sector.

3. Strengthening Research and Development

In the era of climate change and global economic shifts, research and development (R&D) are key to
advancing Nigeria's fisheries and aquaculture sectors. FISON is committed to fostering innovation
through research that will improve fish farming practices, increase yields, and ensure the sustainability
of our marine resources.

We call for more investment in research institutions, academic institutions, and the private sector to
support advancements in aquaculture genetics, fish health management, and feed production. It is only
through continuous innovation that we can remain competitive and meet the increasing demand for
fish and seafood products. FISON wants to see more collaborations among the research institutions,
academia [universities and fisheries colleges] and the private sector; for increased need driven research
that will foster innovation, creation of jobs, promote gender mainstreaming, diversify fish protein
sources for the populace and enhance sectoral growth. The fisheries research institutions [Nigerian
Institute for Oceanography and Marine Research (NIOMR), National Institute for Freshwater
Fisheries Research (NIFFR), and other aquaculture research centres across the country should be
properly funded and equipped. Personnel should be well trained and this can be achieved in
collaboration with the Federal Department of Fisheries and Aquaculture (FDFA) being linked with
several local and international organizations like CGIAR, JICA, IFPRI, FAO, FISH4ACP, WTO,
FCWC, AU-IBAR for training and capacity building of officers, also strengthening of institutions,
formulating and implementing policies that direct the path towards the development of a sustainable
fisheries and aquaculture sector in Nigeria. Presently, Nigeria is the leader in African Catfish
production with data suggesting that we have hit the 1 million tonnes per annum production figure.
The population of Nigeria is still in dire need for more fish protein and depending majorly on catfish
and imports has not met that need. Your Excellency, Nigeria is placed with diverse fin and shellfish

xiii
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species in our marine and inland waters and the aquaculture potential of many of these diverse fish
species have been documented. A push is therefore required to bring this to limelight and unlock the
potentials for the benefit of Nigerians and to boost our shared economy. Some of the indigenous
aquaculture fish species we want to see on our plates include the fin fishes: Oreochromis niloticus,
Heterotis niloticus, Citharinus citharus, Synodontis batensoda, Gymnarchus niloticus, Lates niloticus,
Chrysichthys nigrodigitatus, Liza grandisquamis and the shellfishes — Crassostrea gasar, Senilia senilis,
Macrobrachium vollenhovenii, M. Macrobrachion, M. felicinum, and Penaeus notialis. We also desire
that fish production will go beyond being rudimentary to having a full value chain investment structure
with a broad diversity for fishpreneurs with a lot more choices for consumers. All these can be achieved
if we have the will to promote and enhance research, innovation and entrepreneurship. In line with
this therefore we call on the Honourable Minister FMMBE, Your Excellency Sir, to call for validation
and launch of the National Fisheries and Aquaculture Policy of Nigeria 2024 —2028. In FISON, we are
passionate about this policy document, our members served in the committee that reviewed the draft
of the national policy. We pray for the launch and successful implementation of the policy, so that the
lift fisheries can bring as a low hanging fruit in the blue economy would begin to be enjoyed by
Nigerians in the next couple of months.

4. Promoting Sustainable Fishing Practices

The future of Nigeria's fisheries sector depends on how well we manage our aquatic ecosystems.
Overfishing, illegal, unreported, and unregulated (IUU) fishing, and the destruction of marine habitats
continue to threaten our blue economy. We must adopt policies and practices that promote the
sustainable use of our aquatic resources.

FISON, in collaboration with government agencies and environmental organizations, will continue to
champion sustainable fishing practices. This includes advocating for enforcement of regulations to
prevent IUU fishing, supporting WTQO's agreement on fisheries subsidies, promoting eco-friendly
aquaculture systems, and encouraging the conservation of biodiversity within our water bodies. Our
members are also involved in the restoration of lost mangrove habitats which is championed by
HYPREP and presently led by a FISON Fellow. We believe that such activities will sustain the
biodiversity of the blue economy and could form the basis for blue tourism and other job creating
ventures in our aquatic environment.

5. Capacity Building and Youth Empowerment

Finally, for Nigeria to fully harness the potential of its blue economy, we must focus on capacity
building and the empowerment of our youth. In the light of this, FISON Fellows, Professional,
Associate and Corporate members, have been involved in fisheries education, women, men, and youth
empowerment programmes. FISON has inducted many Fisheries graduates as Graduate Members of
our noble society. The fisheries and aquaculture sectors offer significant opportunities for job creation,
especially for young Nigerians. Through targeted training programs, access to finance, and mentorship,
we can equip our youth with the skills they need to succeed in this field.

FISON is committed to partnering with vocational institutions, research institutions and the
universities, financial organizations, and development agencies to create pathways for young Nigerians
to participate meaningfully in the fisheries and aquaculture industries.

6. Establishing a Research Council for repositioning of the Fisheries and Blue Economy Research
Institutions

Considering the growing importance of sustainable fisheries and the expanding blue economy, it is

imperative to establish a Council for Fisheries and Blue Economy Research to oversee, guide, and

harmonize research efforts across all fisheries and blue economy research institutes under the Federal
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Ministry of Marine and Blue Economy. This strategic move will help realign research priorities to the
national agenda of economic diversification and sustainability in the blue economy which are in line
with the UNSDGs 1, 2,14, etc. The Council when established will be involved in coordinating our
research institutes, supporting the Ministry with research-based data for policy formulation, provide
guidance and source funds for research institutes to carry out need-driven research for sustainable
aquatic resource productivity, facilitate partnerships with national, regional and international research
organizations and others, enhance human capital development in fisheries science and the blue
economy, monitor and evaluate research activities through well established mechanisms and aligning
with the Ministry's objectives.

Fellowship and Investiture Awards

Today, we are here to honour and celebrate some of the most distinguished and outstanding members
of FISON, who have been conferred with the prestigious fellowship of the society. The fellowship of
FISON is the highest honour that the society can bestow on its members, in recognition of their
significant contributions to the advancement of fisheries science and practice in Nigeria and beyond.
The fellowship of FISON is not only a mark of excellence and distinction, but also a responsibility and a
commitment to uphold the values and objectives of the society, and to mentor and inspire the next
generation of fisheries professionals.

The fellows of FISON are selected through a rigorous and transparent process, based on their academic
qualifications, professional experience, publications, awards, and leadership roles in the fisheries
sector. Our Fellows are expected to be role models and ambassadors of the society, and to actively
participate in the activities and programmes of the society. The fellows of FISON are also entitled to
use the title Ffs after their names, and to wear the distinctive badge of the society. I encourage all
Fellows to proudly wear their badge always!

I would like to congratulate all the fellows of FISON, who are being invested today, for their
remarkable achievements and contributions to the fisheries sector. You have made us proud, and we are
honoured to have you as our fellows. You have set a high standard of excellence and professionalism,
and we hope that you will continue to uphold it and to share your knowledge and experience with
others. You are the pride and the hope of the Fisheries Sector, and we look forward to your continued
support and collaboration.

I would also like to thank the Board of Trustees, the National Executive Council, the Chairman and
Members of the Council of Fellows, Chairman and Members of the Local Organizing Committee, and
the Chairman and Members of the Fellowship Awards and Investiture Committee, for their diligent
and dedicated work in organizing this conference and investiture ceremony. I would also like to
appreciate the presence and support of our distinguished Chairman of Ceremony, the immediate past
President of the Fisheries Society of Nigeria, who is the Rector of the Federal Polytechnic, Ekowe,
Bayelsa State, Dr Lukman Adegoke Agbabiaka Ffs for accepting to Chair this occasion. My profound
gratitude also goes to His Excellency Alhaji Adegboyega Isiaka Oyetola, CON, the serving and first
Honourable Minister of the Federal Ministry of Marine and Blue Economy, for his support of the
activities of the Fisheries Society of Nigeria and for advancing the Fisheries and Aquaculture Sector
through sponsoring need driven policies, and human capital development across the sector. We
appreciate all our distinguished guests here present, who graciously accepted our invitation and are
here to celebrate with us. I would also like to acknowledge the representation and support of our
Special Guest of Honour, the Commander in Chief of the Armed Forces and President of Nigeria, His
Excellency, President Bola Ahmed Tinubu GCEFR for taking a giant stride in declaring a state of
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emergency on food security and further matching his words with action and creating the Federal
Ministry of Marine and Blue Economy and against all odds, he moved the Federal Department of
Fisheries and Aquaculture to the Federal Ministry of Marine and Blue Economy. Today, we are glad to
have the rare honour and privilege of witnessing the conferment of the Honourary Fellow of the
Fisheries Society of Nigeria on our dear President, for his creativity, innovation and bold leadership in
repositioning the fisheries and aquaculture sector in the blue economy and for creating policies to
support our artisanal and industrial fishers, fish farmers, processors, for the sustainable and increased
production of fish in Nigeria. Our hope indeed is renewed that “Fish for All” is achievable!

We hope that with the conferment of the Fellowship Awards and Merit Awards, all our Awardees will
strive to do more for the development of the Fisheries Sector. Being a coastal State with 853 km
coastline, with numerous water bodies that cut across marine, brackish water and freshwater
ecosystems, we have a lot to benefit if we continue to develop our God-given fisheries resources.
Investments in the blue economy without deliberate consideration of the aquatic resources of which
Fisheries is a conspicuous component will not be sustainable.

Finally, I would like to thank our very distinguished guests, the Honourable Ministers and our Special
Guest of Honour, President Bola Ahmed Tinubu GCFR for gracing this occasion despite their very
busy schedules. I would like to thank all our sponsors, partners, well wishers and members of FISON,
for joining us in this celebration of excellence and achievement. I hope that you will enjoy the rest of
the programme, and that you will leave this ceremony with a renewed sense of enthusiasm and passion
for Fisheries. Thank you, and God bless you all.

Long live FISON'!

Long live Marine and Blue Economy!
Long live the Federal Republic of Nigerial

Dr. Ebinimi J. Ansa Ffs
National President, Fisheries Society of Nigeria (FISON)
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GUEST OF HONOUR SPEECH AT THE 39TH FISON ANNUAL
CONFERENCE: 'ABUJA 2024' DELIVERED BY THE HONOURABLE
MINISTER OF MARINE AND BLUE ECONOMY ADEGBOYEGA
OYETOLA (CON)

P

PROTOCOL

It is a profound honour to be here today, representing the President of the Federal Republic of Nigeria,
at the 39th Annual Conference of the Fisheries Society of Nigeria (FISON), themed "Unlocking the
Investment Potential of Nigeria's Blue Economy: Advancing the Fisheries and Aquaculture Sector for
Sustainable Development."

Firstly, [ would like to acknowledge FISON, an apex non-profit professional organization dedicated to
promoting fisheries and aquaculture management, research, and development in Nigeria. FISON has
done incredible work towards the advancement of fisheries and aquaculture and as such the Federal
Ministry of Marine and Blue Economy is very proud to be associated with this body. I would also like to
extend my appreciation to all stakeholders present here today, from within and outside Nigeria, for
their commitment to the growth of Nigeria's blue economy. Your dedication to the sector is evident in
your presence in this auspicious event.

The theme of this year's conference is particularly significant as it aligns with the Mr President's vision
for sustainable economic diversification highlighted in his Renewed Hope Agenda and his creation of
the Federal Ministry of Marine and Blue Economy. This resolve has been reinforced by the recent
transfer of the Department of Fisheries and Aquaculture to the Federal Ministry of Marine and Blue
Economy. This development is significant, as it places all issues related to fisheries administration and
related activities under the direct supervision of this Ministry.

The establishment of the Federal Ministry of Marine and Blue Economy marks the beginning of a new
era for the fisheries and aquaculture subsector. In alignment with Mr. President's vision for the
subsector, The Ministry is committed to achieving self-sufficiency in fish production and positioning
Nigeria as a major exporter of fish and fisheries products. The Ministry is also embarking on various
initiatives tailored towards strengthening fisheries management, boosting investment in fisheries and
aquaculture development, improving post-harvest infrastructure, promoting innovation, leveraging
technology, and fostering multi-stakeholder collaboration.

Fisheries and Aquaculture is central to the broader vision to grow Nigeria's Blue Economy Sector. The
Ministry's strategic focus is to upscale fish production in a sustainable manner, tapping into the full
spectrum of our marine resources. This sub-sector holds the potential to unlock untapped resources,
increasing blue food production, blue job opportunities, and drive sustainable development across our
coastal and inland waters. This will, in turn, provide long-term prosperity and security for future
generations, among other goals.

In the past nine months following the transfer of the Department of Fisheries and Aquaculture to the
Ministry, we have made significant progress. We have increased fish production while reducing
importation, engaged stakeholders to identify the needs and recommendations for the growth of the
sub-sector, leveraged on public-private partnerships (PPP) to increase investment in the subsector, in
the process of establishing fish harbours and reviving of desolate terminals, studied best practices from
countries like Morocco and collaborated with international organizations such as FAO under the FAO-
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Fish4ACP program. Programs such as FAO-Fish4ACP focuses on promoting the sustainable
development of Nigeria's fisheries and aquaculture sector, with particular attention to the economic,
social, and environmental sustainability of catfish value chains.

Furthermore, Nigeria was recertified to export shrimp to the U.S., EU, and other markets following
the U.S. inspection team's recertification of our Turtle Excluder Device (TED) usage. Additionally, the
Residue Monitoring and Control Plan for aquaculture shrimp was approved, allowing Nigeria to export
cultured shrimp to the EU, USA, and other international market. We have collaborated closely with
AU-IBAR in formulating Nigeria's National Blue Economy Strategy, where fisheries and aquaculture
play a central role. Strategies, governance frameworks, and implementation plans have been developed
alongside stakeholders in the sector. The Federal Government has also affirmed the transfer of
NIOMR and other related entities to the Ministry, and Mr. President has approved Nigeria's candidacy
in the upcoming election to the IMO Council.

In the coming days, the fisheries and aquaculture policy will be validated in collaboration with IFPRI
and WorldFish. The Ministry is also in the process of automating all fisheries operations to enhance
service delivery and streamline processes. The Ministry is working on improving linkages between the
FDFA and NIOMR and also Federal, state and local governments particularly in the artisanal fisheries
and aquaculture sub-sectors. Additionally, we are working towards increasing the participation of
women and youth in the subsector, planning to conduct stock assessments to ensure that decision-
making and fisheries management are based on accurate data.

On behalf of Mr. President, I would like to extend his warm regards and commendations to FISON
once again for taking the initiative of organizing a conference that brings together several stakeholders
in fisheries and aquaculture. This event serves as a vital platform for stakeholders to collaborate,
exchange ideas, and chart a course toward the sustainable management of Nigeria's vast aquatic
resources. The blue economy presents limitless opportunities, and it is through initiatives like this that
we can deliberate on, and effectively harness, these opportunities to benefit not only the economy but
also our environment and communities.

As we embark on this journey together, I urge all participants to engage meaningfully in the discussions
that will take place during the conference. Let us work collectively to develop innovative strategies that
will advance the fisheries and aquaculture sub-sector, ensuring that they contribute meaningfully to
the broader objectives of sustainable development, economic growth, and national prosperity.

Finally, it is with great pleasure that I declare this conference open, and I wish you all fruitful

deliberations and outcomes that will shape the future of our fisheries and blue economy sectors.
Thank you, and God bless the Federal Republic of Nigeria!

Adegboyega Oyetola
Honourable Minister
Federal Ministry of Marine and Blue Economy
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GOODWILL MESSAGE BY THE HEAD OF THE CIVIL SERVICE OF THE
FEDERATION MRS. DIDI ESTHER WALSON-JACK, OON, mni AT THE
OPENING CEREMONY OF THE 39TH ANNUAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) AT NATIONAL UNIVERSITIES
COMMISSION HEADQUARTERS ABUJA ON OCTOBER 29, 2024

Protocol

It is a privilege to join you today at this significant gathering—the 39th Annual Conference of the
Fisheries Society of Nigeria—celebrating another year of achievements, progress, and the dedication
of our country’s fisheries and aquaculture professionals. I commend FISON for its commitment to
excellence, innovation, and sustainable practices in a sector that holds the promise of both economic
growth and food security for Nigeria.

Today, as we honor and invest new fellows, and recognize individuals with merit awards, we pay tribute
not only to their outstanding contributions but also to the crucial role of every member of FISON in
advancing Nigeria’s fisheries industry. Through each of you, our nation is moving closer to its vision of
self-sufficiency, job creation, and environmental stewardship—a testament to the power of
collaboration and resilience.

Your commitment to sustainable fisheries aligns deeply with our national objectives, especially in the
face of current environmental and economic challenges. By enhancing the productivity of our fisheries,
promoting research, and building capacity, you are laying the groundwork for a future that balances the
needs of today with the preservation of resources for generations to come.

To all the fellows being invested and the merit awardees, I extend my heartfelt congratulations. Your
achievements inspire us all to pursue excellence and innovation, creating a ripple effect that reaches far
beyond our shores. May you continue to lead by example, strengthening this sector, and upholding the
principles that make your work so vital to our nation’s progress.

Thank you, and [ wish the Fisheries Society of Nigeria a successful and impactful conference.
Mrs. Didi Esther Walson-Jack OON, mni

Head of the Civil Service of the Federation
29th October 2024
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identified policy objectives on sustainable use and conservation of aquatics, gender dimensions,
climate change, resilience, and private sector financial and investment mechanisms.

To unlock Nigeria's investment potential, it must seize existing opportunities and implement necessary
measures to overcome critical challenges. The ongoing AU-IBAR support to Nigerian to embrace blue
economy growth also creates the prospects for Nigeria to tap into the inherent opportunities through
sustainably harnessing the potential locked in the vast marine and freshwater ecosystems that would
significantly advance investments and overall socio-economic development of the country, including
food security, livelihoods, GDP, etc. The support to Nigeria to develop a master plan for sustainable
coastal and marine tourism, mining, oil, and gas exploration to minimize the impact of these industries
on aquatic biodiversity and aquatic environment has laid the foundations for healthy ecosystems and
created the pathway for investment in the fisheries and aquaculture sector. Implementing national and
transboundary marine spatial planning, marine protected areas, promoting PPP in the sector, issues of
capacity building and protection of blue economy resources, etc., would contribute to securing the
place of fisheries and aquaculture in the overall blue growth.
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“UNLOCKING THE INVESTMENT POTENTIAL OF NIGERIA's BLUE
ECONOMY: ADVANCING THE FISHERIES AND AQUACULTURE
SECTORFOR SUSTAINABLE DEVELOPMENT

(AKEYNOTE ADDRESS BY DR. MOHAMMED SEISAY)

R

GENERAL OUTLOOK

Africa has inherent potential and opportunities locked in the marine and freshwater ecosystems that
the continent has jurisdiction over. These marine and freshwater ecosystems are endowed with highly
biodiverse resources, including fishery resources of high commercial interest that can support large-
scale investments in fishing and processing industries, among other things.

Aquatic ecosystems are critical to blue transformation, expanding aquatic food systems and increasing
their contribution to nutritious and affordable healthy diets. Presently, the sector contributes
immensely to food and nutrition security, livelihoods, income, and GDP and is a social safety net for
most Africans. However, challenges continue to undermine the full realization of the potential
contribution to the continent's socio-economic transformation. These challenges are institutional and
external, including climate change and environmental variability.

AFRICAN UNION RESPONSES

The African Union took major decisions and made extensive declarations at various high-level summits
on unlocking and unleashing the full potential of the fisheries and aquaculture sector. These include a
significant decision in 2010 at the first Conference of African Ministers in Fisheries and Aquaculture
(CAMFA) to establish a coordination mechanism and formulate a continental policy framework for
fisheries and aquaculture in Africa to enhance coordination and coherence in the sector's governance.
The Policy Framework and reform strategy were therefore developed that identified key policy arenas
to support AU member states to create realistic and coherent policies that establish a conducive and
enabling environment for the fisheries and aquaculture sector to create equitable, social, and economic
development in Africa.

HOW DO WE REPOSITION THE FISHERIES AND AQUACULTURE SECTOR AS THE
CONTINENT EMBRACES BLUE GROWTH? And UNLOCK THE INVESTMENT
POTENTIAL OF NIGERIA'S BLUE ECONOMY?

To adequately respond to this question, I seek your permission to elaborate on the provisions of the
African Blue Economy Strategy. The Sustainable Blue Economy Conference was held in Nairobi,
Kenya, in November 2018. The Strategy has a Vision for an inclusive and sustainable blue economy
that significantly contributes to Africa's transformation and growth. The Strategy identified five
clustered thematic areas that unravel opportunities and complexities in tapping the potential in the
ocean, seas, and freshwater resources for the nation's sustainable blue economy development, not least
in Africa.

Notably, the African Blue Economy Strategy identified strategic actions for unlocking the potential and
advancing fisheries and aquaculture in the context of Africa's blue economy for all African member
states.

The African Union's support for Nigeria has enabled this country to align the national policy

instrument to the Pan-African policy framework and reform strategy, which would create the
environment for investment and power socio-economic development on the continent. The PFRS
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UNLOCKING THE INVESTMENT POTENTIAL OF NIGERIA'S BLUE
ECONOMY: ADVANCING THE FISHERIES AND AQUACULTURE
SECTORFOR SUSTAINABLE DEVELOPMENT

A KEYNOTE SPEECH PRESENTED BY PROE ANTHONY NLEWADIM,
FFS, DURING THE 39TH ANNUAL CONFERENCE OF FISHERIES
SOCIETY OF NIGERIA (FISON) AT IDRIS ABDULKADIR AUDITORIUM,
NATIONAL UNIVERSITIES COMMISSION (NUC), ABUJA.
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Protocol

INTRODUCTION:

It is a great privilege to serve as a speaker today at this special meeting of the Fisheries Society of
Nigeria (FISON), our apex Professional Society in the Fisheries Subsector. I have had the opportunity
to serve as the Assistant National Secretary and National Secretary. Before then, I joined the Nigerian
Institute for Oceanography and Marine Research (NIOMR) as a young research officer deployed to
Rivers State. As I occasionally crisscrossed the waters, I asked myself how the “Fisheries Experts”
could make meaningful efforts to maximize the opportunities that abound in the massive water bodies.
As of then, the Fisheries and Aquaculture subsector was under the Federal Ministry of Agriculture and
Rural Development (FMARD) before it was renamed the Federal Ministry of Agriculture and Food
Security.

There is always a reason for everything; sometimes, we find it difficult to understand why some things
appear the way they appear. On 6th March 2019, I presented the 39th Inaugural Lecture of Michael
Okpara University of Agriculture, Umudike, titled Fishes and Fisheries: The Mysteries in the Waters.
Today, 29th November 2024, I find myself as one of the Speakers at the 39th Annual Conference of the
Fisheries Society of Nigeria, trying to unlock the investment potentials of the Nigerian blue economy.

Following the carving out of the Ministry of Marine and Blue Economy, the Fisheries and Aquaculture
subsector has now found itself swimming in what we used to regard as an “ocean of plenty waters”
where it is competing with such strong agencies like the Nigerian Maritime Administration and Safety
Agency (NIMASA), Nigerian Shippers' Council (NSC); Nigerian Ports Authority (NPA) and National
Inland Waterways Authority (NIWA). This, therefore, calls for more dreams, inspirations, and even
discerning spirits on how the Fisheries and Aquaculture subsector will survive and be sustained.

Origin and Conceptualization of Blue Economy

The term “Blue Economy” was first introduced by Professor Gunter Pauli in 1994 as an economic
philosophy reflecting business models for the future (Pauli, 2010). The concept gained prominence
during the 1410 + 20 Summit 2012, introduced by the United Nations Environment Programme
(UNEP) as an application of green economy principles to the ocean realm. The blue economy
promotes economic growth, social inclusion, and livelihood preservation while ensuring environmental
sustainability. It aims to decouple socio-economic development from ecological degradation and
optimize the benefits derived from marine resources. The Blue Economy Concept was conceived as an
alternative economic model for sustainable development, acknowledging nations' dependence on
oceans.(UNECA 2016). It reflects a modern view that emphasizes sustainability, social justice, and
intergenerational equality as guiding principles for further development.

Blue Economy is a term in economics that refers to the exploitation, preservation, and regeneration of
the marine environment. It is an economic sector that seeks to conserve marine and freshwater
environments while using them sustainably to develop economic growth and produce resources such as
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food, energy, and food. It also aims to reduce marine pollution and protect marine biodiversity, without
which the blue economy may not be sustainable.

The Oceans are not only a source of jobs and wealth; the blue economy contributes to climate initiation
by developing renewable energies in the high seas and decarbonizing maritime transport. The blue
economy contributes to harmonizing human well-being, social equity, and environmental
sustainability. This is against the old business-as-usual model where nations develop their ocean
economics only through the exploitation of maritime and marine resources through shipping,
commercial fishing, oil, and gas, as well as mineral development without paying adequate attention to
the effect of such activities on the future health or productivity of the same resources and ocean
ecosystem in which they exist. The blue economy concept provides a more holistic vision that
embraces economic growth when it is sustainable and does not damage other sectors, like a green
economy.

The Blue Economy in Nigeria comprises activities such as fisheries, aquaculture, shipping, coastal
tourism, and offshore energy. With over 850 kilometers of coastline, an Exclusive Economic Zone
(EEZ) of 923,768 square kilometers, and numerous rivers and lakes, Nigeria is well-positioned to
harness the potential of its aquatic resources. However, the country's Blue Economy appears
underdeveloped despite this natural endowment. Challenges such as inadequate infrastructure, poor
regulatory frameworks, and environmental degradation have hindered its growth. Addressing these
issues is critical to unlocking the full potential of Nigeria's Blue Economy.

UNLOCKING A SUSTAINABLE BLUE ECONOMY IN NIGERIA

The Blue Economy in Nigeria, also known as the Ocean Economy, is a term used to describe the
economic activities associated with oceans and seas. The World Bank defined it as the sustainable use of
ocean resources to benefit economics, livelihood, and the ocean ecosystem. According to the World
Bank, the blue economy globally is worth more than $1.5 trillion annually. It provides over 30 million
jobs and supplies over 3 billion people with vital protein resources. Nigeria's blue economy
encompasses all economic activities related to the ocean, seas, and coast. It has significant potential for
sustainable country development with its extensive coastline and rich marine resources. Nigeria can
drive economic growth, create employment, and improve livelihoods by using its enormous marine
resources sustainably. One of the key pillars of achieving an efficient blue economy in Nigeria is the
sustainable exploitation of fisheries and aquaculture. Nigeria has a rich and diverse range of fish
species, providing a valuable source of protein and income for millions of the populace.

However, unsustainable fishing practices such as overfishing and illegal, unreported, and unregulated
(IUU) fishing threaten the sustainability of fish stocks and the livelihood of fishing communities. To
address these challenges, Nigeria should implement effective fisheries management strategies,
promoteSustainable aquaculture practices and combat IUU fishing through vigorous enforcement and
international collaborations.

Generally, the blue economy is seen to encompass various aspects, as indicated by Yusuff & Ibidapo-
Obe (2024), many of which are economically relevant to the Nigerian economy, as shown in the Table.
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A Table showing the v arious aspects of Blue Economy.

Extraction of non- Harvesting of living Commerce and Ecosystem protection and
living resources trade in and Management
resources around the ocean
* Seabed/deep seabed e Fisheries * Shipping (marine * Surveillance and maritime
mining transportation) security
* Oil and gas » Aquaculture * Ship building and * Habitat protection/restoration
repair
» Water * Marine * Marine * Blue carbon
(desalinization) biotechnology construction/ Port
infrastructure e.g.
jetties
* Dredging * Recreational fishing e« Marine and coastal ¢ Hazard protection
tourism/defense
* Energy/renewables  * Seafood processing ¢ Marine services » Waste treatment and disposal
(tidal/wave energy, (Maritime insurance,
coastal/offshore consulting, mapping,
wind) etc)
* Marine education, * Ecological /ecosystem
research and research
development

Source: Voyer et al., 2018

Advancing Fisheries and Aquaculture Sector in Nigeria

According to WorldFish (2023), Nigeria produces approximately 1.2 million metric tons of fish
annually, but per capita fish consumption remains low at 11.3 kg per year, well below the global average
of 21 kg. This gap reflects ongoing challenges in increasing local production to meet the needs of
Nigeria's growing population, which now appears to be over 223 million. Records have shown that
Nigeria's fisheries and aquaculture sectors contribute about 2% to the national GDP. However, despite
this progress, local fish production is insufficient to meet demand, leading to fish imports that account
for about 45% of total fish consumption, costing the nation about $1 billion annually.

Generally, fish farming significantly contributes to Nigeria's economy by providing income and
employment opportunities. Nigeria, a maritime state with 9 out of her 36 states having a bank in the
Atlantic Ocean, has a rich fishing environment, particularly in the littoral states of Nigeria that include
Lagos, Ogun, Ondo, Delta, Bayelsa, Rivers, Akwa Ibom, and Cross River State in the southern part of
the country. The fisheries subsector of Nigeria's economy is, therefore, an essential tool for rural
development through its provision of income, high-quality protein, and socio-economic development
in fishing communities in Nigeria.Traditional Fishing Practices, deeply rooted in local customs and
knowledge, have historically supported sustainable fishing. However, these practices now confront
challenges from overfishing, environmental degradation, and climate change impacts.

These issues threaten the long-term sustainability of the fish stocks and the well-being of fishing
communities. In response to these challenges, there is a growing emphasis on adopting best practices

and innovative approaches within Nigeria's fisheries sector for sustainable development.

This paradigm shift involves integrating modern technologies, promoting sustainable fishing methods,
and enhancing conservation efforts. By embracing these innovations, Nigeria aims to improve fisheries
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management, increase productivity, and mitigate environmental impacts.

Addressing issues such as overfishing, pollution, and infrastructure deficits will not only protect marine
ecosystems but also ensure continued economic benefits for fishing communities and contribute to
national food security goals. By prioritizing sustainability, Nigeria can preserve its rich marine
biodiversity and ensure the well-being of its coastal populations for generations.

Best Practices in Nigeria Fisheries

Implementing sustainable fishing methods and practices is crucial in advancing and maintaining
Nigeria's fish populations. The use of selective gear by the fisherfolk will assist in minimizing the catch
of juvenile fish. This practice helps to ensure that fish populations remain healthy and robust.
Additionally, using “fish aggregating” devices (FADs) can minimize the environmental impact of
fishing. The implementation of seasonal closures can also help to protect fish stocks. These measures
give fish populations time to reproduce and replenish. The capacity of the fisherfolk could be built in
this direction, which is geared towards the importance of sustainable practices. At the same time,
training programs can expose them to effective “eco-friendly” methods.

Use of Technology in Tracking Fish Populations

Technology plays a vital role in modern fisheries management. Satellite tracking and GPS systems help
to monitor fish movement and population. These tools provide accurate fish stock level data, enabling
better management decisions. Electronic logbooks and reporting systems streamline data collection for
fishermen. This technology reduces the administrative burden and improves data accuracy. Soner and
underwater drones can assess fish population and their habitats. These devices also help to identify
overfished areas and protect critical habitats. Mobile apps can also assist fishermen in reporting catches
and observing regulations. Real-time data collection ensures that authorities have up-to-date
information on fish stocks.

Government Regulations and enforcement for preserving fish stocks.
Government regulations are essential for sustainable fisheries management. Laws should set clear
limits on the quota of fish that can be caught. The enforcement of laws could be in the following areas:
a. The allocation of fish quotas to prevent overfishing and ensure long-term fish stock health. Marine
protected areas (MPAs) must be established to conserve vital ecosystems. MPAs provide “safe havens”
where the fish population can recover and thrive.
Effective enforcement of regulations is critical to their success.

C. Patrol boats and Surveillance systems can detect illegal fishing activities. To deter noncompliance,
penalties for violations should be strict.

d. Collaboration between government agencies and local communities enhances enforcement efforts.
Community involvement ensures that regulations are respected and followed.

e. Regulations should also address the use of harmful fishing practices. Banning destructive methods
like dynamite fishing protects marine environments.

f. Promoting the use of sustainable gear and techniques to support conservation efforts. Providing
incentives for compliance can encourage fishermen to adopt sustainable practices.

g. Financial support for sustainable fishing initiatives can drive positive changes.

h. Research and data collection are crucial for informed policymaking. Ongoing studies on fish populations
and ecosystems can also help refine regulations.

i. Stakeholder engagement is essential for developing effective policies geared towards advancing fisheries

and the aquaculture sector for sustainable development involving the fisherfolk, scientists, and
conservationists to ensure that regulations are practical-oriented and beneficial too.
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j- There will also be the need for better Vessel Monitoring Systems (VMS) and reasonable enforcement
of port states' measures.

ADDITIONAL MEASURES TO UNLOCK THE FISHERIES AND AQUACULTURE
COMPONENT OF THE BLUE ECONOMY

A. CAPACITY BUILDING:

[ am particularly concerned here about the ability of the fisheries sector workforce in the Ministry of
Marine and Blue Economy, Universities, Research Institutes, Fisheries Colleges, and the Private sector.
This fosters a sense of ownership and empowerment so that community partners gain greater control
over their future development. It does this by developing and strengthening the skills, instincts,
abilities, processes, and resources organizations and communities need to survive, adapt, and thrive in a
fast-changing world.

I may not want anyone to accuse me of probably lamenting over the challenges of my noble fisheries
and aquaculture profession as they battle to swim in the newly created Ministry of Marine and Blue
Economy. After my lamentation, I pray for the systematic development and careful succession of
Fisheries and Aquaculture professionals in the Department of Fisheries and Aquaculture. It is
uncomfortable to have a situation where the senior ones continue to retire as Deputy Directors
recently without attaining the position of Director. This calls for a strategic approach to capacity
building for the staff concerned.

B. BOOSTING THE RECREATION AND TOURISM INDUSTRY through Large scale
Aquarium Business.

One aspect of fisheries and aquaculture neglected in Nigeria is recreation and tourism. Unfortunately,
while other parts of the world have gone far in fishing, Nigeria has yet to effectively utilize this venture
to boost the Nigerian Gross Domestic Product (GDP). The time to unlock has now come. Nigeria can
only make better progress in this economic aspect if the leaders can embrace long-term investments.
This has been tried successfully in many parts of the world and has given.This has given rise to tourist
attractions like the Underwater World at Sentosa Island, Singapore, and the Churaumi Aquarium in
Okinawa, Japan, just to mention a few.
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C. INCORPORATING THE FISHERFOLK INTO THE SECURITY NETWORK OF
COMMUNITIES

The issue of integrating the local artisanal fisherfolk to serve as security informants, as is the case in
many nations of the world, has been discussed for a very long time. There cannot be any successful
security surveillance in the waters without adequately recognizing the roles of these critical and less
recognized key players. When one talks of community policing on land, that of the seas is necessary to
minimize illegal fishing, oil theft, and even infiltration of Nigerian waters by illegal foreign nationals.
Policies should be put in place to equip these fisherfolk, which I see as co-managers, with GPS-
equipped mobile phones and transponders to facilitate this approach. This would significantly improve

their information network and assist the government security agencies.

P

I can still remember that this was one of the resolutions made during a two-day consultative meeting of
the Honorable Minister of Agriculture and Rural Development (HMA) with key fisheries stakeholders
on repositioning the fisheries subsector organized by Department of Fisheries and Aquaculture of the
Federal Ministry of Agriculture and Rural Development from 25th to 26th of February, 2014 under the
leadership of Dr. Akinwumi Adesina (who is presently the President of African Development Bank).
Still, one cannot tell how far this was followed to a conclusive end. One of the objectives of that
workshop was to facilitate stakeholders' shared vision of placing the fisheries sector on a path to
sustainability, productivity, and profitability, with the requisite commitment of sustaining the
momentum of the Growth Enhancement Scheme (GES), Fisheries and Aquaculture Value Chain
(FAVC) development program within what was then called the Agricultural Transformation Agenda
(ATA). These programs that probably appear forgotten may still play key roles at this time when the
nation is making better efforts to unlock the blue economy. This has become necessary, particularly
now that so much restiveness, militancy, and piracy have posed many challenges for the Fisheries
subsector.

D. ASSENTING TO THE BILL ON THE FISHERIES INSTITUTE OF NIGERIA AND
CHARTER

The studies of Oceanography, Marine Ecology, Fisheries, Aquaculture, and Climate Change have

recently become very topical due to many events worldwide. These are professional areas that must be

protected. There have been a lot of catastrophes all over the world, particularly in the Americas and

Asia. Unfortunately, no one bothers to ask questions about the Nigerian territories. We must not wait

until disasters overwhelm us.

These have become more paramount now that we have the Ministry of Marine and Blue Economy.
There should be a better understanding of all aspects of economic generating. The various fishing
settlements all over the country deserve protection as many of them are being sacked from where they
are because of climate change. Many fish farms are also facing major environmental challenges. More
technology must be activated to support the “artisanal fisherfolk' as the fisheries resources of our
waters cannot be harnessed effectively without their contributions, and this should form part of the
“unlocking of the blue economy.” At present, no one has asked many questions on the reasons for all the
Boat mishaps we have been experiencing in the River Niger, particularly in Niger State, where our
citizens are perishing on a regular basis as they navigate the waters. These are all part of the objectives
for the Fisheries Institute of Nigeria proposal. The assenting of that bill by our dear President will
attract more attention to this all-important sector of the Nigerian economy. The focus should not only
be on licensing fish quotas for import in the newly created Ministry. Therefore, I join in appealing for
the revalidation and assenting of the bill passed by the 9th National Assembly, as that will assist the
profession in retaining the best brains in the areas involved. That will form part of the climax to unlock
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the Blue Economy, as there are many mysteries in the waters to exploit.

SOME CHALLENGES FACED BY THE FISHING INDUSTRY IN NIGERIA

The Nigerian Fishing Industry faces multifaceted challenges that threaten its sustainability and
productivity. The non-enforcement of most regulatory frameworks tends to deplete fish stocks,
disrupt marine ecosystems, and jeopardize the livelihood of fishing communities.

Pollution, including industrial discharge and improper waste disposal, further degrades aquatic
habitats and poses health risks to marine life and consumer products. Additionally, the lack of essential
infrastructure such as cold storage facilities, efficient transportation network and market access limits
the sector's potential for growth and profitability. The adoption of sustainable fishing practices is
crucial to safeguarding Nigeria's marine resources for future generations.

Sustainable practices aim to conserve fish populations, protect biodiversity, and maintain the ecological
balance of marine ecosystems. Initiatives such as establishing marine protected areas, implementing
fishing quotas, and promoting responsible fishing techniques are essential steps towards achieving
sustainability. These measures ensure the resilience of fish stocks, support the economic stability of fishing
communities, and enhance food security nationwide. While Nigerian fisheries face significant challenges,
proactive measures and collaborative efforts are crucial to securing a sustainable future.

GENERALRECOMMENDATIONS

By harnessing the potential of the blue economy, Nigeria can achieve inclusive economic growth,
sustainable development, and environmental stability. Advancing the Nigerian fisheries, aquaculture,
and ornamental fish sector requires a multifaceted approach to ensure sustainable development.
Focused and strategic efforts must be geared towards some time-bound goals—short-term, medium-
term, and long-term goals.

Short-term goals (2024-2025)

- Improve infrastructure: Upgrade fishing ports, landing sites, and markets.

- Enhance regulation: Strengthen enforcement of fishing laws and regulations.
- Increase funding: Allocate more resources to the sector

- Promote aquaculture: Encourage investment in fish farming.

- Develop value chain: Support processing, packaging, and export.

Medium-term goals (2025-2030)

- Research and development: Invest in fisheries research and aquaculture technology.
- Capacity building: Train fishermen, farmers, and processors.

- Market development: Expand domestic and international markets.

- Environmental sustainability: Implement eco-friendly practices.

- Private sector engagement: Encourage investment and public-private partnerships.

Long-term goals (2030-2040)

- Industry transformation: Shift from subsistence to commercial fishing and aquaculture.
- Job creation: Generate employment opportunities through massive ecotourism.

- Food security: Increase protein availability.

- Export-oriented growth: Boost foreign exchange earnings.

- Climate resilience: Develop adaptive strategies.

Key stakeholders such as the Federal and state governments, the private sector (investors), academia
and research (Universities, Colleges, and Research institutions), Fisheries cooperatives, and
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international organizations (e.g., FAO) must be involved. Policy reviews and development, including
the National Fisheries and Aquaculture Policy review, strengthening of regulatory frameworks, and
increased funding are also needed. Partnerships must be geared to promote public-private partnerships
and enhance regional and international cooperation.

It must be understood that there are some challenges with the opportunities presented by the blue
economy, growing demand for seafood, untapped aquaculture and ornamental fish potential, great job
creation, export market expansion, and sustainable development. These include:

- Climate change

- Overfishing

- Inadequate infrastructure

- Limited funding

- Regulatory inefficienciesBy addressing challenges and leveraging opportunities, Nigeria can
unlock the potential of its fisheries and aquaculture sector, contributing to sustainable development
and improved livelihoods.

CONCLUSION

Nigeria's blue economy has vast opportunities and challenges, particularly in the fisheries and
aquaculture sectors. Nigeria's extensive coastline and abundant marine resources offer significant
potential for economic growth, job creation, and environmental sustainability. However, inadequate
infrastructure, weak regulatory frameworks, and ecological degradation hinder progress. This speech
emphasizes the need for sustainable exploitation of marine resources to ensure long-term benefits.
Overfishing, illegal and unregulated fishing, and environmental damage threaten fish stocks and the
livelihoods of fishing communities. The government must implement robust fisheries management
strategies, promote sustainable aquaculture practices, and collaborate internationally to combat these
issues. The key strategies for unlocking the blue economy's potential include adopting modern
technologies like satellite tracking and electronic logbooks to monitor fish populations and enforce
regulations. Additionally, community involvement and government enforcement are crucial for the
success of conservation and anti-illegal fishing efforts.

Capacity building within the workforce, investment in infrastructure, and a shift toward sustainable
fishing practices are essential. Incorporating fishing communities into security networks can enhance
surveillance and reduce illegal activities in Nigeria's waters. By fostering collaboration among
stakeholders— government, private sector, research institutions, and international
organizations—Nigeria can tap into the blue economy's vast potential, ensuring economic growth while
preserving marine ecosystems for future generations. There must be a clear vision for the future of
Nigeria's blue economy, involving short-term, medium-term, and long-term goals, ranging from
infrastructure improvement to climate resilience and export-oriented growth. By addressing the
challenges and leveraging the opportunities, Nigeria can unlock the full potential of its fisheries and
aquaculture sectors, driving sustainable development and improving livelihoods across the country.
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BIOTECHNOLOGY AND BLUE ECONOMY

LEAD PAPER DELIVERED BY PROE OLUFEAGBA S. OLABODE AT THE
39TH ANNUAL NATIONAL CONFERENCE AND GENERAL MEETING
OF FISHERIES SOCIETY OF NIGERIA HELD AT NATIONAL
UNIVERSITY COMMISSION, ABUJA ON 28TH OCTOBER TO 1ST
NOVEMBER, 2024.

Introduction

The United Nation first introduced the word "blue economy" at a conference in 2012. The word "blue"
is the shade of the sea and of the ocean and that defines the world of biotechnology. The blue economy
has been projected as the next great economic frontier especially where the bio-resources are exploited
sustainably.

Blue economy is a term that refers to the different range of economic activities that are carried out in lakes,
rivers, ocean and seas. According to Algattan (2024), blue economy can be divided into six major areas

i Marine Biotechnology which involves the application of science and technology to marine resources,
extracting new products and services.

i Marine Aquaculture which involves the cultivation of shell fish and fish in controlled marine
environments for commercial use.

iii Ocean Renewable Energy which involves harnessing energy from ocean waves, tides and currents
to produce power

iv Maritime Security which involves protecting sea lanes and maritime territories from piracy and
smuggling

v Costal and Cruise Tourism which involves developing sustainable tourism that leverages marine and
costal environment

vi Seabed Mining which involves extracting minerals and resources from the ocean floor in an

environmentally responsible manner.

According to Smithers Group (2015), global market for marine biotechnology can possibly reach $4.8
billion by 2020, rising to $6.4 billion by 2025. In Nigeria, the nation is lagging behind in the application
of biotechnology for the exploitation of the myriads of resources in both the marine and coastal water
bodies. The recent creation of the ministry of blue economy has a great potential in unleashing great
revenue and prosperity on Nigeria.

The different sectors are a revelation of the vast opportunities and potential of resources that are
available for exploitation. Resources available for exploitation and human use include but not limited
to fishing, transportation, renewable energy, mariculture, telecommunication e.t.c

Nigerian economy heavily depends on crude oil and any crash in the oil market will result in a decline in
GDP. Therefore, there is a need to look for alternative economic pathways for national and economic
sustainability. Blue economy is a lush alternative with great potential to replace major chunk of oil
revenue or diversification in revenue generation.

Water Resources Profile of Nigeria

Nigeria has significant water resources estimated at 215 billion m3 of surface water (river, lakes, and
reservoirs) and 87 billion m3 of ground water resources. The costal and marine environment cover
about 853 km and fresh water is made up of two (2) major river systems and several inland water that

XXX1



L w@BIET

&

. BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL
i CONFERENCE OF FISHERIES SOCIETY OF NIGERIA (FISON)
“%ax” ABUIJA 2024

T

'

G

takes their sources from four (4) hydrological basins (North central plateau, western highlands, eastern
highlands and the uri plateau). There is a huge opportunity in the development of blue economy from
both the rivers and the oceans.

There are possibilities of several applications of science and technological advancements to explore the
ocean of their abundant resources.

According to Uddim and Mohammed (2019), the marine and fresh water could be exploited with
biotechnology tools to yield far beyond the current level of exploitation. The areas of possible
biotechnological exploitation include but not limited to marine biotechnology, sea renewable energy,
offshore wind energy, marine and seabed mining, deep water oil and gas, maritime safety and
surveillance, marine unconventional products and services and even marine research and development.

1. Opportunities in feed production

eed takes about 70% of cost of production on fisheries and is strongly competing with human protein
need. The abundant unconventional fishery products in rivers and oceans (mussel, squid, oyster)
seaweeds, micro algae are huge source of animal protein for feed formulation (Fig 1)

2

The challenges and oppeortunities of Blue Biotechnology

Marine species production Organism-based Technology
=Species cultivation/farming and «Bioprospecting

new discovery =Marine genome sequence and
=Disease control and health bioinformatics

monltorlng. =Metagenomics and other omics
=Marine biosafety technologies

=Mass production e.g. crabs,

molluscs, seaweeds etc.

The challenges for Blue Biotechnology are

to:

- Pursuing human health and well-being

- Sustainable supply of high quality food

- Evolving sustainable sources of energy
alternatives to crude oil and gas

- New business products and processes

Opportunities

I atiue Prodacte NMarine Protection and

with low green house gas emission <Drug discovery Management
- Protection and management of +Health supplements, * Monitoring environmental
marine environment nutraceuticals change
RS . = Prevention and control
=Industrial ingredients 5
pollution

ey 5
A « Biodiversity conservation

and ecosystem recovery

Figure 1: The grand challenges and evolving opportunities of blue biotechnology (Adapted from
Uddin and Islam, 2019).

2. Opportunities in renewable energy

This is the most innovative marine renewable energy for electricity provision. Several countries have
invested in this. The offshore line of Nigeria is a potential location of wind driven tidal powered
electricity for clean and cheap generation.

Nigeria and many countries of the world can have energy security and additional greenhouse gas
emission reduction when energy production is directed at the vast ocean current (Fig 2). Production of
energy from tides and waves, wind turbines situated offshore could be a cheaper and cleaner
replacement for energy requirement and security.

Figure 2: Tidal power generation (Adapted from Uddin and Islam, 2019).
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3. Opportunities in biotechnology

Biotechnology is a highly science driven industry sector that uses living organisms and their derivatives
to produce products. In the blue biotechnology and blue economy, molecules and substances from
water origin are primary targets. One of the uses and application of biotechnology in the blue economy
is the culture of fish (mariculture and aquaculture). Principal area of possible application of
biotechnology is in the introduction of growth promoter gene which could increase growth
significantly and reduce drastically cost of production and duration.

Heppell et al (1998) highlighted that, DNA vaccines are harmless, modest and proficient to be utilized
as a part of aquaculture industry for disease control. The use of monoclonal antibiotics and DNA
probes for diagnostic strategies for pathogens is also a veritable opportunity (Fig. 3). Application of
biotechnology tools in stock assessment, genetic variation studies etc. Several molecular tools;
mitochondrial DNA (mtDNA), Nuclear DNA (nDNA), DNA chips (micro arrays), (marine natural
products), micro satellite DNA markers are useful for fish identification and management. (Olsen et al
2000, Komoroske et al, 2017).

Aquaculture

@ Blue economy could be enhanced by the Chemicals
transformation of marine bioresources into Fisheries
food, medicine, animal feed and related bio- Consumer products
based items. ropis
Drugs
Cosmetics

Marine Enzymes

. Agricultural products

»Bioprocessing
Research
Pharmaceuticals
Healthcare
Biomaterials
Cosmeceuticals
Nutraceuticals
Food ingredients
Renewable Energy
Animal feed

Cutting edge
Science and
Technology Inputs

Knowledge and Data Knowledge and ideas
of the biomass of end uses

Figure 3: Transformation of Blue biomass into industry or process sectors (Adapted from Uddin and

Islam, 2019).

4. Opportunities in pharmaceutical

Bioresources from marine and fresh water like modern chemical compounds, enzymes, drugs etc. are
new and highly precious resources that has high impact in the life of people. According to Uddin and
Mohammed (2019), example of these new areas includes bioprocessing, ecological remediation etc.
According to Ebel and Joseph (2015), marine fish, sponges, molluscs and bacteria are the main sources
of bioactive compounds that shows various anti-tumour, anti-inflammatory, analgesia,
immunomodulation allergy and anti-viral properties.

As of march 2018, the US FDA has approved seven marine derived drugs for clinical use and another
22 were at different stages of clinical trials (Mayer, 2018).

Other areas of growing business are nutraceutical products like pre-biotic, minerals, fibres, omega-3
etc (Fig4).
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Human Health
Prospects of Marine Species to Medical Development
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Figure 4: Prospects of marine bioresources to clinical development (dapted from Uddin and Islam,

2019).

The production of marine fish species will extend the utilization of species that are cultured. New
methods of breeding and application of genetics (triploidization, tetraploid induction and interploidy
induction) will all lead to increase fish yield. Other areas where the blue economy will enhance fish
biomass and yield are (i) increasing culture of biomass from marine resources (ii) increase in controlled
culture of both marine and fresh water fish species. Blue economy will eventually lead to market
expansion and product innovation.

International Business Relations and Activities

According to Uddin and Islam (2019) despite the huge possibilities in blue economy, challenges with
respect to its exploration exist. This includes ocean acidification. This can only be handled by joint
activity at a global level, otherwise the potential will mostly be a mirage.

The United Nation specifies blue economy to include range of activities related to oceans, seas and
coastal areas. This is principally to promote economic growth, social inclusion and preserve livelihoods.
In 2015, all United Nations member states adopted a development policy of sustainable development
goals (SDG). The 17 global goals provide a global blue print for peace and prosperity of people and the
planet and set to be achieved by 2030. Goal 13 labelled life below water, concerns conservation and
sustainable use of the oceans, seas and marine resources for sustainable development and demands.
The oceans and seas are key sources of food, energy and minerals.

Nigeria's' establishment of a full-fledged ministry of marine and blue economy in 2023 demonstrates the

realization of the potential inherent in the ocean resources, the global and local surge in deep sea
exploration. The ministry set a target of establishing at least five (5) new fish processing plants by 2025.
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1: Marine unconventional fisheries items, their present status and recommended extraction practices

Important
Unconventio
nal fishery
items

Exploitable species in marine waters

Current usage
pattern and harvest
technique

Recommended extraction
practices

Reference

Seaweeds

Caulerpa racemosa, Hypneapannosa Enteromorpha spp.
GelidiellatenuissimaGelidiumpusillum
Sargassum spp

Extraction from nature use
as vegetables, salad, main
ingredients for soup, export]
items. Mostly collected fron|
beach by hand.

Extraction from nature within
sustainable limit. Culture
practices should be introduced
for exploitation

Zemke
White and
Ohno,
1999

Mangrove
horseshoe
crab

Carcinoscorpius rotundicauda)

No extraction is reported

Extraction from natural source
within sustainable limit

Vestboer al. 2018

Lobstar

PanulirusornatusPanuliruspolyphagus
Panulirusversicolor

Mainly collected from deep
seas and rocky beach in th
southeastern coast. Mostly
sale at local market as fres
or frozen some time
exported. Dry specimens
also sold as souvenirs.
Usually harvested by
bottom set gillnets, trawl
nets and by diving.

Extraction from natural source
within sustainable limit. Culture
practices should be introduced
for

exploitation

Ahmedet al. 2007

Sepia

Sepia haraonis
Sepia intermis

In recent years, these
species are heavily
exploited. Became a
delicacy for their thick and
tender flesh, mainly
consumed by tribal people
and tourists. Usually caugh
by light lures, traps, push
nets, purse seins and hook
and line.

Extraction from nature within
sustainable limit.

Siddiquier al.
2007

Octopus

Octopus Macropus Octopus rugosus

The octopus fishery also
became important for local
consumption by the coastal
people as well as export
industries. This fishery has
high demand in the south
east Asian countries,
usually harvested in the
subtidal habitats by trawl
and spear, and on the
intertidal reefs and rocky
shore by hand or spear.

Extraction from nature within
sustainable limit.

Siddiquier al.
2007

Loligo

Loliolus
Hardwicke, Photololigo
duvaucelii

Recent years fishers
involved in this fishery and
became profit-oriented
fishery. The species is
marketed as fresh, frozen,
dried or processed into
cleaned mantle (whole
hoods, rings). Captured by
fishing techniques using
light attraction.

Extraction from natural source
within sustainable limit

Siddiquier al.
2007

Oysters

Crassostrea ariakensis, Crassostrea gigas, Crassostrea
gryphoides

Meat of oyster use as food,
mainly by tribal people.

Extraction from natural source
with sustainable limit. Culture
practices should be introduced
for exploitation

Siddiquier al.
2007

Crassostrea
virginica

Edible
Jellyfish

CepheacepheaCatostylusmosaicus Crambionemastigophora
Crambionella

orsisi

Lobonema

smithii

RhizostomapulmoRhopilemahispidumNeopilema

nomurai

No extraction practice is
reported for jellyfish
industry. Its future looks
promising due to the
abundance of these jellyfisH

Processed jellyfish, as a
delicacy, have potential
Japanese market.

Extraction from natural source

Turtle

Lepidochelys olivacea Chelonia mydas Eretmochelys
imbricate CarettaiposcelisDermochelys coriacea

Local people
indiscriminately porch turtle
eggs for sale and
consumption. Turtle meat
consume by tribal
population.

Sea turtle farming (Green turtle|
can be a promising ocedrased
economic activity

Sarkeret al. 2018

(Adapted from Uddin and Islam, 2019)
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In conclusion, government should urgently understudy the potential of fisheries and fisheries products
in the ocean as very little is known about their ecological status, potential harvest and utilization.
According to Uddin et al, (2019), allowing commercial exploitation will require detailed knowledge of
the abundance of the target species. For example, Size at sexual maturity is needed to know to set size
limits to protect immature species, Identification of the areas where these species occur is needed to
close fishing in some areas to protect a proportion of the population, to protect the habitat,
Identification of the unit stock is needed to protect a proportion of each stock to ensure that individual
stocks are not over fished and over protected. The Federal Ministry of Blue Economy should actively
develop a marine fisheries management plan to sustainable management marine conventional and
unconventional fisheries. Development of a legal framework covering all unconventional fishery items
is important before commercial exploitation these species start. The Government should actively
promote sustainable exploitation and conservation of unconventional fisheries through providing
training, awareness building and market development. With the vast ocean water available, Nigeria has
the potential to massively exploit the resources in them for the well being of the nation.
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ABSTRACT
Assessment of Water Quality and Heavy Metals in Water, Fishes and
Sediments of Kiri Reservoir, Adamawa State was conducted for the
period of eight months from January to August, 2024. Data were
collected from three different Sites monthly in triplicate. Some
water quality parameters were measured at the sites while others
were analysed in the laboratory. Heavy metals were determined using
Atomic Absorption Spectrophotometer. Water quality parameters
showed some slight but were within recommended levels for tropical
fisheries. Chromium and Cadmium were below detection levels.
Copper, Nickel and Lead were slightly above the recommended
permissible limits. All heavy metals investigated were in measurable
amount in sediments. Cadmium, Chromium and Lead in Sediments
were beyond permissible level. Heavy metals in fish revealed that
Copper, Nickel and Lead were present in fish. The maximum value of
Copper in fish did not exceed the allowable limit of 3.0 mg/kg. The
maximum values of nickel were within the recommended limits of
0.5-0.9 mg/kg. The maximum values of Lead exceeded the
KEYWORDS: maximum limit of 0.2 mg/kg. Therefore, Kiri Reservoir can be
Water quality, Heavy metals, suitable for the survival and growth of fish although slightly

Sediments, Reservoir. contaminated.

INTRODUCTION

Water quality is defined as the suitability of water for the survival and growth of fish and is governed by
many variables (APHA 2017) . Concerns about water quality are directly related to its production and
therefore water quality parameters are of greatest concern to fish farming and are important to
consider in fish culture ( David et al 2015). Water is a critical factor in the life of all aquatic species. In
aquaculture, any characteristic of water that affects the survival, reproduction, growth, or
management of fish or other aquatic creatures in any way is a water quality variable. One of the major
environmental issues of our time is the growing demand of water quality conditions suitable for aquatic
organisms like fish APHA (2017). Heavy metal contamination in aquatic environments has continued
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to attract global attention, this is due to their abundance, wide range of sources and bioaccumulation
sediments (Ekpechi, and Okori, 2022). It has been found to react with some organic substances under
certain conditions to convert them into even more toxic metal-organic complex pollutants. According
to Edward (2020) heavy metals cannot be degraded, they are deposited, assimilated or incorporated in
water sediment and aquatic animals. Kiri reservoir is the main source of water for irrigation, fishing,
domestic and industrial purposes in that area, Agricultural activity like farming takes place in Kiri and
environ in which Fertilizers, Pesticides and herbicides are extensively used to increase yield and also to
control pests, diseases, weeds and other plant pathogens, also other domestic wastes can generated
flows into the reservoir and may contaminate the water with a variety of contaminants especially heavy
metals. With changing environmental conditions under increasing anthropogenic activities which
might affect the nature of Kiri Reservoir and might also leads to drastic changes in it biological
productivity, hence the need for this research.

MATERIALS AND METHODS

Study Area

The research was carried out in Kiri reservoir. Kiri reservoir is located on floodplain of lower Gongola
River basin, about 25km upstream of its confluence with River Benue at Numan Zemba, (2016). The
research was conducted for the period of eight months, January to August, 2024.

Water quality parameters

Temperature, pH, Electrical conductivity, and Transparency were measured directly on water samples
at the sampling stations using mercury bulb thermometer, pH meter, conductivity meter as
recommended by ((APHA 2017)). The total dissolved solid was determined as described by (WHO,
2022). Determination of heavy metals in the water samples were determined as described by the
American- Public Health Association (APHA 2017). Water samples were digested and determination
of Copper, Zinc Lead, Cadmium and Iron were made directly on each final solution using Atomic
Absorption Spectroscopy (AAS) (VGP 210.

Fish, water and sediment sampling, digestion and heavy metal determination

Fish species Clarias gariepinus, Oreochromise niloticus and Aucchenoglanis occidentalis, water and
sediments were collected from the study area from January to August, 2024 forth nightly in triplicate.
Samples were digested with tri-acid mixture of sample and were placed on a hot plate at 100°C
temperature. The sample was allowed to cool and then filtered through whatmann 41 filter papers.
Determination of Heavy metal like Cd, Cu, Ni, Pb and Z were made directly on each final solution
using a Buck Scientific 200A model, Atomic Absorption Spectrophotometer (AAS) and the values
obtained was expressed in milligram per kilogram (mg/kg) (APHA 2005). Data obtained in this study
was analyzed using one way Analysis of Variance (ANOVA). LSD= was used to separate means at
P>0.05level of confidence.

RESULTS AND DISCUSSION

The mean variation of water quality parameter is presented on Table 1. The result of the study showed
some slight variation in water quality parameters between sampling sites and months of sampling. The
slight variation in some of the parameters could be attributed to the flow variability and changes in
water shed condition. This agrees with the observation by (Edward et al, 2016) who reported that the
high variability of water quality may be due to impact of many factors such as rainfall, surface run-off
from farms, tributaries and catchments activities during the wet and dry season periods. The result of
the heavy metals in water, fish and Sediment is presented on Table 2. The results of the analysis of
heavy metals in water showed some variations in this study. Cadmium and chromium were beyond
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detection level in water samples. The non-detection of these heavy metals may be due to the inability
of the metals to dissolve in water and got deposited to the bottom in the sediments as observed in this
study and this is because water sediment are metal reservoirs trapping all the heavy metals that escape
detection in water. Research has revealed that nearly all metal content in aquatic environment resides
in water sediment (Edward, 2020)). This could be attributed to the variations in natural and
anthropogenic activities at the sampling sites. The result of heavy metal in fish showed a significant
variability in the accumulation from the sampling months which principally depended on the
bioavailable of metal concentration in their aquatic habitats (Edokpayi et al, 2016). The accumulation
of heavy metals in fish species were found to be influenced by several factors like temperature, pH of
water, conductivity, rainfall, hardness, salinity and also by biotic community interaction. The variation
in metal concentration in the fish might be due to different sources of metal pollution, intensive human
activities and discharge of municipal waste. Generally, heavy metal concentrations in the tissue of
freshwater fish vary considerably among different studies (Nkinda et al, 2021), possibly due to
differences in metal concentrations and chemical characteristics of water. Cadmium and Chromium
were below detection level in fish organs.
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All the heavy metals investigated were present in sediments. Unlike in water and fish. The reason why
all these heavy metals were found in sediments may be due to the inability of these metals to dissolve in
water and got deposited to the bottom in the sediments. Sediments are metal reservoirs trapping all the
heavy metals that escaped detection in water. Research has revealed that nearly all metals content in
aquatic environment resides in water sediments (Ekpechi, and Okori, 2022). The result of the heavy
metal in sediments in this study showed some variability of metal levels. This variation could be
attributed to variation in environmental content of different sampling months as well as the diversity of
the different activities taking place around the study area.

CONCLUSION

In conclusion therefore, a slight variation in Water quality parameters between sampling months was
observed. Not all the heavy metals investigated were in measurable amount in water, Chromium and
Cadmium were below detection levels. Copper, Nickel and Lead were slightly above the
recommended permissible limits. All heavy metals investigated were in measurable amount in
Sediments. Cadmium, Chromium and Lead in Sediments were beyond permissible level. Heavy
metals in Fish investigated revealed that Copper, Nickel and Lead were present in Fish. The maximum
value of Copper in Fish did not exceed the allowable limit. Therefore, Kiri Reservoir can be suitable for
the survival and growth of fish although slightly contaminated. Assessment of water quality
parameters and heavy metals in water, sediments and fish should be done regularly to ascertain the
healthy state of Kiri reservoir.
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ABSTRACT

Study was carried out to determine the phytoplankton compositions
in relation to physicochemical parameters of Blatava Reservoir in
Mararaba Hong. Water samples were collected from the reservoir for
six (6) weeks and standard method was used for the analysis of the
physicochemical parameters. Results obtained show that there is
variations in some of the physicochemical parameters. The mean
temperature value of 17.00£670C, pH of 5.20%+21, Turbidity of
12.23+49cm, Conductivity 784.94+0.00us/cm and Dissolved
Oxygen value of 6.31+23mg/L was obtained respectively. While
element such as; Ammonium, Nitrogen, Phosphorus, Silicon,
Calcium, Copper Zinc and Cobalt were found to be 12.18mg/L,
384.51=00mg/L, 17.49+68mg/L, 4.75+34mg/L 1.13mg/L
0.00+=00mg/L, 7.45mg/L, and 63.52+25mg/L respectively. A total
of 13 species belonging to four divisions were discovered during the
study period. Bacillariophyta were found to have the highest number
of species with 6 species resulted to (70.13%) followed by
Chlorophyta with 3 species which resulted to (17.53%),
Cyanobacteria with 3 species and a total of (10.39%) and
Dinoflagelate with 1 species and a total of (1.95%). Results from the

Keyufords C research shows that, physicochemical parameters have effects on the
Physicochemical Farameter, distribution and diversity of phytoplankton species of the pond,
Phytoplankton, Bladava though there is no harsh effect on the biotic community because no
Reservour and Hong. record of any toxic species found in the reservoir.
INTRODUCTION

Phytoplankton is microscopic aquatic plants, occurring as unicellular, colonials or filamentous forms
without any resistance to current and free floating or suspended in the open water. Phytoplankton is
vital and important organisms which act as producer to the primary food supply in any aquatic
ecosystem. Hassan et al.(1995). They are the initial biological components for which energy is
transferred to higher organisms through food chain (Tiwari and Chauhan, 2006; Saifullah et al., 2014).
Almost all species of phytoplankton move at the mercy of water current for transport to areas that are
suitable for their survival and growth. Physical and chemical properties of water play a significant role
in determining the distribution of phytoplankton species. Thus phytoplankton varies widely in physical
and chemical requirements for population growth (Rani et al., 2012). The physicochemical parameters
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are the major factors that control the dynamics and structure of the phytoplankton of an aquatic
system (Hulyal and Kaliwal, 2009).

Changes in physicochemical parameters of ecosystems have a substantial impact on the species that
live within them. The interplay of physicochemical parameters and biological properties of water
obtained lead to the production of phytoplankton, while their assemblage, composition, distribution,
diversity and abundance are also structured by these factors (Jaji, 2007). Phytoplankton are possibly
the most important group of organisms on earth generating most of the oxygen and also produce
vegetative matter required at various links in a food chain (Jyothi et al., 2015). They form good
indicators of water quality as they have rapid turn-over time and are sensitive indicators of
environmental stresses (Agale et al., 2013). Phytoplankton communities are affected by
physicochemical parameters, making them valuable tool in monitoring programs. Phytoplankton
survey thus helps to find out the trophic status and the organic pollution in ecosystem (Ramchandra
and Solanki, 2007). They are highly sensitive to even slight fluctuations in water quality, maximum
phytoplankton abundance is obtained when the physicochemical parameters are at optimum level;
even slight disruption result in disequilibrium of community structure and absence of some species
from the system (Fonge et al., 2012). As a result, species composition of phytoplankton community is
an efficient bio-indicator for water quality (Celekli and Kukuiluglu, 2006). This study served as a
baseline for further studies in the study site and attempts to provide a survey of phytoplankton
distribution and abundance in relationship to the physicochemical parameters in Blatava Dam.

MATERIALS AND METHODS

The study was carried out in Blatava Dam to determine the effect of Physicochemical Parameters on
phytoplankton distribution and abundance. Water Samples were collected bi-weekly for the period of
three months. Collection was done in the morning (7:00am). Plankton net was used to collect the
phytoplankton samples by stroking from depth of about 30cm vertically upward and at the water
surface and horizontally. Collected samples were carefully poured into plankton bottle, fixed with 2ml
of ethanol. The samples were allowed to settle and the supernatant was then decanted. After
decanting, concentrated plankton were analyzed. A dropping pipette was used to place the
concentrated plankton on a slide and covered with cover slip and viewed under microscope.
Phytoplanktons were determined in triplicate using quantitative analysis and identified according to
the method described by Jeje and Fernando, (1986).

For the Physiochemical parameters, temperature was taken directly at the study area (in-situ) using
mercury bulb thermometer. The bulb was placed in water and the reading taken after two minutes, to
achieve the equilibrium as describe by Ali et al., (2000). pH of the water body was determined at the
study area using pH meter. Sechi disc was used to determine the transparency of the water body as
described by Stirring (1985). Dissolved Oxygen (DO) was determined with (DO) meter. Electric
Conductivity (EC) of the water body was determined, using conductivity meter as described by Ali et
al., (2000). Water samples were collected from the study area using sample bottles and then
transported to the Chemistry laboratory, for analysis of the following elements Ammonia (NH4),
Nitrogen (N), Phosphorus (P), Silicon (Si), Calcium (Ca), Cupper (Cu), Zinc (Zn) and Cobalt (Co),
using Atomic Absorption Spectrometer as described by Radojevic and Bashkin (1999)

Data obtained were analyzed using simple descriptive statistics and Analysis of Variance (ANOVA) to
determine the level of significant of the values.

RESULTS

Phytoplankton

A total of 13 different species of Phytoplankton were recorded and complied systematically placing
the speciesinto 4 divisions as shown in Table 1.
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Table 1.
Table 1: Abundance of Phytoplankton
Division Class Order
Bacillariophyta Bacillariophyceae Naviculales
Coscinodiscophyceae Thalassiosirales
Chlorophyta Zygnematophyceae Zygnematales
Trebouxiophyceae Chlorellales
Cyanopyta Cynophyceae Oscillatoriales
Cyanophyceae Chroccocales
Dinoflagellate Chroccocales

Physicochemical parameters

The result for physicochemical parameters recorded during the course of the research is shown in Table
2. The highest temperature was recorded in August with the value of 20.10+0.460C. The pH of the
study area showed no remarkable variation. Turbidity was high with the average value of 12.50+0.52
cm throughout the period of the study. Dissolved Oxygen (DO) values for the period under study
showed no much variation with mean value of 6.30+0.42mg/L. The ammonium concentration
increases in June with 4.23+0.22mg/L.

Table 2: Physicochemical Parameters of Blatava Reservoir

Months Physicochemical Parameters
Temp (°C) pH Turbidity Conductivity DO (mg/L) NH4 (mg/L)
(uS/ecm)
(cm)

June 23.02+0.32¢  6.2+0.21 12.60+0.22 786.52+0.21  6.25+0.12 4.23+0.22
July 21.00+0.56>  5.2+0.24° 12.40+0.34 785.57+£0.24  6.34+0.22 2.25+0.32
August 20.10+0.46 5.2+0.56° 12.10£0.52 784.60+0.27  6.33+0.42 2.00+0.52
Mn 17.67 52 12.5 785.94 6.30 3.48

v 2.89 1 0.01 0.25 0.001 0.13

SD 1.70 1 0.1 0.5 0.03 0.36

Mean in the same row with the same superscript do not differed significantly P< (0.05)
Key: Temp (Temperature), pH (Potencial of Hydrogen), Turb (Turbidity), EC (Conductivity), DO
(Dissolved Oxygen), NH4 (Ammonium), Mn (Mean), V (variance), SD (Standard Deviation).
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Elementals

The concentration of trace element in the reservoir is shown in Table 3. All the trace elements were
present except Silicon. The variation in the concentration of the trace elements was not remarkable
during the course of the research.

Table 3: Abundant Elements

Month Elements
N P Si Ca Cu Zn Co

June 4.61+£0.34>  63.52+0.23*  0.00+0.00° 384.15+0.45¢  7.42+0.23% 12.15+0.102 1.12+0.11°
July 4.64+0.23>  63.55+0.12*  0.00+0.00* 384.17+0.11%  7.44+0.45?2 12.19+0.12? 1.13£0.122
August  5.00+0.10*  63.50+0.45*  0.00+0.00* 385.20+0.42%  7.48+0.23* 12.20+0.24 1.13+£0.32°
Mn 4.75 63.52 0.00 384.51 7.45 12.18 1.13

A% 0.03 0.04 0.00 0.24 0.01 0.01 0.03

SD 0.17 0.02 0.00 0.49 0.03 0.02 0.05

Mean in the same row with the same superscript do not differed significantly P< (0.05)
Key: N (Nitrogen), P (Phosphorus), Si (Silicon), Ca (Calcium), Cu (Copper), Co (Cobalt), Mn
(Mean), V (Variance), SD (Stanrdard Deviation).

DISCUSSION

Physicochemical parameters of Blatava reservoir varies base on the parameters taken within the period
of the study. Among the parameters recorded, temperature, recorded the highest value in June with
23.02. While, the highest pH value of 6.22 was also recorded in June. All the pH values recorded
during the course of the research are within the range of 6.5 to 8.0 for all warm water fishes. These
values agree with the work of Avoaja, (2005) which discovered that the range of pH between 6.27 to
8.68 is conducive for aquatic life. Conductivity has the highest value of 785.60, in June. While DO
(Dissolved Oxygen) has the highest value of 6.33 in August. Table 1, this findings agreed with the work
of Abubakr et al., (2015). In his study on Preliminary survey of fish diversity in the Hadeja Nguru
Wetlands and found out that most value of tropical waters have high dissolved oxygen during the
inflow of rain water to the reservoir.

The elements found in Blatava reservoir shows that Nitrogen is high during the month of August with
the highest value of 5.00mg/1. This finding agreed with the work of Funge etal., (2012). In his study
on Phytoplankton diversity and abundance in Ndop wetland plain of Cameroon. Phosphorus has the
highest value of 63.55 in the month of July. The reservoir has no silicon during the course of the study.
The highest value of Calcium was recorded in August with the value of 385.20mg/1. Table 2. The values
of calcium were low during the course of the study because calcium supports many structures of
aquatic animals such as tissues of fish and shells of mollusk according to Jeje and Fernando (1986). The
abundance of phytoplankton observed during the course of the study shows that; Bacillariophyta has
six different species, with (Actinocy clusingens, Actinocy clusellipticus, Morenensis, Dendriculopsis
praedimorta, Bogorovia praepalacea, Diploneisbombus, Stephanodiscus sp., followed by Chlorophyta
and Cyanobacteria with three species each which include: Spirogyra spp., Tetraeron trigonium,
Oocystisso litart . Cyanobacteria ~ and Gloeocapsa spp., Oscilltoria spp., Merismopedia sp
respectively. Dinoflagelate has only one speciei.e Ceratium hirundinella.
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CONCLUSION

The study revealed that some physicochemical parameters and mineral element have influence on the
distribution and diversity of phytoplankton species of the reservoir. Also increase in this trace element
will have no significant effect on the biotic community. No trace of any toxic species in the reservoir.
The division Bacillariophyta which was found to be dominant in the reservoir indicates that they need
elements such as Nitrogen and Phosphorus to multiply very easy.

RECOMMENDATION

Water quality and phytoplankton abundance of Blatava reservoir can be improve by monitoring the
pollution status of the reservoir regularly.
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ABSTRACT

This study was carried out to determine the toxicity, phytochemical and
proximate composition of Datura innoxia stem to Clarias gariepinus.
The range — finding test was conducted twice in order to get reliable
values that could be used for the definitive test. The toxicant (Datura
innoxia stem) was introduced at varying concentrations of 300myg,
330mg, 360mg, 390mg and 420mg in the first range- finding test,
however, in the definitive test, the toxicant was introduced at varying
concentrations of 320mg, 330mg, 340mg, 350mg and 360mg of Datura
innoxia stem per litre of water (mg/1). From the definitive test, the
Median Lethal Concentration of Datura innoxia stem powder to Clarias
gariepinus was found to be 334.370 mg/l. The result also shows that

Keywords: proximate composition were within acceptable limits. The water
Bioassy, lethal quality data were analyzed by subjecting them to one way Analysis of
concentration, Variance (ANOVA).Thus, the study indicates that Datura innoxia stem
mortality is toxic to Clarias gariepinus juveniles.

INTRODUCTION

The reduction in water quality cannot be ruled out as a major contributing factor to declining aquatic
productivity and fish catches. The increase in the use and application of pesticides poisonous plants in
agriculture in Nigeria today, which contributes greatly to aquatic pollution and hence reduction in
water quality is mainly due to the increase in agricultural activities. Fish are one of the most widely
distributed organisms in an aquatic environment and being susceptible to environmental
contamination may reflect the extent of the biological effects of environmental pollution in waters
(Ramesh et al., 2009). Fish are widely used to evaluate the health of aquatic ecosystems, and
biochemical changes observed in fish serve as biomarkers of environmental pollution (Cavas and
Ergene-Goziikara, 2005). Datura innoxia is a highly toxic plant that belongs to the Solanaceae family. It
contains a range of active compounds, such as hyoscyamine, scopolamine, and atropine, which are
known to have hallucinogenic and toxic effects (Prado et al., 2009). Understanding the impact of
Datura innoxia on fish species is important for managing and protecting aquatic ecosystems and the
organisms that rely on them. Datura innoxia is a multipurpose plant widely available in the tropics, the
leaves, seeds, stem, fruits and roots have economic importance for industrial and medicinal uses. In
Nigeria, despite the widespread use in demarcation, garden and medicinal purposes, their toxicity and
effectiveness of the Daturainnoxia stem to aquatic organisms, particularly fish, have not receive much
attention. Mortality or bioassay experiments in general present the most preferred way to evaluate the
ecological influence of toxic compounds as their effects on fish and ecological risks cannot be
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determined by chemical analysis (Baser et al., 2003).

MATERIALS AND METHODS

Experimental Site

The experiment was conducted at the Fish Hatchery Laboratory of the Department of Fisheries and
Aquaculture, Bayero University, Kano, Nigeria.

Experimental fish

One hundred and Eighty (180) of C. gariepinus (mean weight, 19.56 = 0.7g and 31.07+1.23g juveniles
were used for the study, fish were purchased from a reputable fish farm from Kano, Kano State.

Source and Preparation of Datura innoxia

Fresh samples of D. innoxia plant were collected from Ankpa Local Government Area of Kogi State. The
sample were separated into different part with special emphasis on the stems. The sample were air dry at
constant weight under Laboratory condition and ground into fine powder in a clean laboratory mortar. The
resultant powder were sieve (0.2mm) and store in air tight wide mouth bottle for analysis. 500g of each
stored sample was dissolved in 2 litres each of distilled water at room temperature (27 = 0.30C) for 24
hours. The settled aqueous portion was then decanted and filtered through a Whitman filter paper using a
vacuum pump. The filtrates were freeze dried and stored in a refrigerator (100C) for use.

Experimental Design

Completely randomized design was used for the experiment. A total of eighteen (18) plastics tanks of
(60cmx40cmx40cm) capacity were used. The plastic tanks were washed thoroughly and then filled
with 20 litres of water. All plastic tanks were labelled. Fish were weighed and distributed at the rate of
10 fish per tank. A total of one hundred and eighty (180) of C. gariepinus juveniles were randomly
stocked into the tanks at a stocking rate of 10 fish per tank in triplicates.

Proximate analysis of Datura innoxia stem

The moisture content, ash content, crude protein, ether extract and crude fibre of the experimental
Datura innoxia stem were determined using AOAC (2005) techniques in the Department of Animal
Science, Bayero University Kano.

Range and Definitive Test

Preliminary 96 hours range finding test was conducted separately for C. gariepinus s juvenile following
static bioassay to determine the toxic range of Datura innoxia stem to C. gariepinus juveniles as
described by Parrish (1985). For the range finding test 300mg, 330mg, 360mg, 390mg and 420mg
Datura innoxia stem per litre of water were used and 320mg, 330mg, 340mg, 350mg and 360mg of
Datura innoxia stem per litre of water (mg/1) were used for definitive test. Ten C. gariepinus juveniles
were separately weighed with a sensitive electronic weighing scale (mettler Toledo FB602) and
stocked each into the 18 tanks filled with 20 litres of tap water. The response of the fish to slight stimuli
was used as an index of toxicity while non-response of the fish to atrazine powder estimated to be lethal
to 50% of the test organism after 96 hour of exposure.

Statistical Analysis
Data were analysed using Minitab 16 for summary of statistics in water quality parameter. The mean
lethal concentration (LC50) for 96 hours was computed using probit analysis (Finney, 1971).

RESULTS AND DISCUSSION
The mortality of Clarias gariepinus juvenile after 96-hours exposed to different concentration of
Daturainnoxia stem during the acute test is presented in Table 1.
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Table 1: Mortality of Clarias gariepinus juveniles exposed to Datura innoxia stem over the 96 hr period

Treatments/ Log Number Mortality Probit

Concentration Concentration Stocked 12 24 48 72 96 Total %

(mg/L) hrs hrs hrs hrs hrs

TO (Control) 0 30 0 0 0 0 0 0 0 0
T1 (320) 2.51 30 0 0 3 3 2 8 26.67 439
T2 (330) 2.52 30 0 3 5 3 2 13 4333  4.82
T3 (340) 2.53 30 3 4 5 3 3 18 60 5.25
T4 (350) 2.54 30 6 5 5 2 4 22 73.33  5.61
T5 (360) 2.56 30 9 7 4 3 3 26 86.67 6.13

It was observed that the mortality recorded in this investigation increased with increase in the
concentration of Datura innoxia stem. The first death was noticed 178 minutes after the introduction
of toxicant in the bowl with the highest concentration in mercuric chloride (360mg/1). This is in
conformity with Ayuba et al. (2007) who reported the first death in 30 minutes after introduction of
toxicant to Clarias gariepinus in acute concentration of different parts of Datura innoxia. Olaifa et al
(2004) reported the first death three hours after the introduction of toxicant in the exposure of Clarias
gariepinus to lethal and sub lethal concentration of copper. Datta and Kaviraj (2002), Fafioye et al.
(2004) and Okomoda et al. (2010) recorded the first death 36 hours after the exposure to acute
toxicity treatment of Clarias gariepinus with synthetic pyrethyroid Deltamethrin, Raphia vinifera
extracts and formalin respectively. Guedenon et al. (2011) recorded the first death after 30 hours
while treating Clarias gariepinus with 120mg/l of cadmium sulphate. The duration of resistance of
Clarias gariepinus in the present study appeared to be lowest compared to those in the aforementioned
studies. Though Clarias gariepinus has proved to be very resistant to various toxicants. The LC50 found
in this investigation is 334.37mg/1 (Fig 1) similar to that of Isiyaku et al., (2022) when Oreochromis
niloticus was exposed to acute concentration of tamarindus indica seed husk.

Probability Plot for Total Mortality
Normal - 95% CI
Probit Data - ML Estimates

Table of Statistics
Mean  334.370
95 StDev  23.5648
Median 334.370
IOR

31.7885

Percent
192]
o
1

T T T T T T T T
250 275 300 325 350 375 400 425
Concentration

Figure 1: Linear relationship between mean probit mortality and log concentration of
Clarias gariepinus exposed to various concentrations of Datura innoxia stem for 96 hrs.
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Isiyaku et al. (2015), recorded 0.22mg/l as LC50 in an acute mercury toxicity treatment to
Oreochromis niloticus. The median lethal concentration in this study was the highest recorded
compared to those reported by previous workers. The chemical product being the same; the difference
in the results could be attributable to the variety in the species used. However, the LC50 found in the
study was by far lower than those reported with Clarias gariepinus by Ayuba and Ofojikwu (2002),
Ezike and Ufodike (2008), Lawson et al. (2011) and Guedenon et al. (2011) who reported
(204.17mg/1) for Dutura innoxia, (334mg/1) for petrol, (129mg/1) for Lindane (Gamma-Hexachloro-
cyclohexane) and (46.11mg/1) for cadmium sulphate. The difference might be due to not only to the
various substances and compound used in the experiment but also the distinct environmental
conditions.

The Proximate Composition of Clarias gariepinus of Datura innoxia stem is presented in Table 2

Table 2: Proximate Composition of D. innoxia stem

Parameters Concentration (%DM)
Crude Protein 34.87
Moisture 15.12
Ash 20.01
Ether Extract 8.32
Crude Fibre 29.73
Nitrogen Free Extract 21.52

According to the NRC (1993), crude protein of less than 20% indicates low protein content of that
feed stuff. These crude protein results are however comparable with the result of some tropical plant
seeds analysed by Ezeagu et al. (2000), who reported that Diospyno mespiliformis and
Entandrophrgma angolense had crude protein contents of 3.46 and 12.34%, respectively. The moisture
content which measures the amount of water in the plant also varied with the root having the lowest
(3.5%) moisture content while the stem had the highest of 15%. The seed, pod and leaf had 10.00, 8.50
and 7.5% moisture contents respectively. Significant difference (P < 0.05) was observed in the
moisture contents of the plant parts. According to NRC (1993), moisture content of 5 - 20% (DM) is
regarded as high. This indicates that the moisture content of the leaf, seed, stem and pod were high.
The result of this investigation is comparable with those obtained by Ezeagu (2000) for Gliricidia
sepium 6.77%, Albizu zygia 7.8%, Doneillia ogea 9.86% and D. mespiliformis 8.99% but at variance
with those obtained for Lophira lanceolata seed (2.78%) as reported by Lohlum et al. (2010). The
crude lipid and ash content followed the same pattern as reported by Ayuba et al. (2007).

CONCLUSION AND RECOMMENDATION

The results obtained from acute toxicity studies shows that Datura innoxia stem is toxic to fish, and
that the toxic response in the fish was dose and duration dependent. However, the combination of this
method improves the understanding of the biological risk on aquatic life arising from heavy metal
contamination. Therefore, the consumption of Datura innoxia stem contaminated fish may pose
serious health risks to fish consumers. It can be conclusively deduced from this study that fish has the
tendency to bioaccumulate heavy metals in a polluted environment. Hence, the indiscriminate
consumption of fish from a polluted water body should be discouraged.
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INTRODUCTION

ABSTRACT

The prevalence of anthropogenic activities and local mining of solid
minerals around the kainji dam necessitated the need to study the level
of bicaccumulation of heavy metals in fishes located within the Kainji
dam. Two species of fishes namely Oreochromis niloticus and
Synodontis schall obtained at a distance of 50m, 100m and 150m from
Kanji dam were investigated for heavy metals. The control sample was
obtained from Yangba River along Wawa road in New Bussa, Niger
State. Concentration of six (6) heavy metals namely;, Copper,
Manganese, Chromium, Zinc, Lead and Cadmium was determined
using atomic absorption spectroscopy. The result showed that the
concentrations of these metals are higher at 50m and 100m away from
the dam site respectively. The maximum concentration of this heavy
metal in Oreochromis niloticus and Synodontis schall were observed at
sampling point closer to the dam and decreases as the distance away
from the dam increases. From the result analysed, the mean
concentration of manganese ranges from 2.153-7.820mg/Kg and
2.822-3.569mg/Kg, copper ranges from 3.240-5.330mg/Kg and 4.279-
7.057mg/Kg, and chromium ranges from 1.557-3.010mg/Kg and
0.698-4.650mg/Kg, zinc ranges from 1.650-5.188mg/Kg and 4.385-
5.097mg/Kg, lead ranges from 0.738-1.365mg/Kg and 1.689-
2.354mg/Kg while cadmium ranges from 0.481-1.440mg/Kg and
1.132-2.013mg/Kg respectively. None of the heavy metals investigated
was above the maximum permissible level set by the world health
organization (WHO)

Generally, the riverine ecosystem is a repository of a wide variety of plants and animals including green
germ plasms; supplier of one of the best and relatively cheap forms of protein in the form of fish and a
plethora of other benefits both economic and aesthetic (Singh et al 2001). Economic benefits of rivers
include being a source of water for drinking, irrigation, industrial processes, means of transportation
etc. However, deforestation and catchment areas leading to increased silt load in rivers, increased
abstraction of river water for irrigation, industrial and domestic purposes and pollution arising from the
discharge of industrial and domestic effluents have resulted in the deterioration of water quality of
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world rivers (Singh et al).

Pollution is the introduction into the environment of substances or effects that are potentially
harmtul and interfere with man's use of his environment or interfere with species or habitats (Porteus,
1996). Pollution can be material (smoke, chemicals etc.) or non-material (noise, light, radiation etc.
means of transportation etc. means of transportation etc. However, deforestation and catchment areas
leading to increased silt deforestation and catchment areas leading to increased silt (Agarwal, 2002).
River pollution is the presence of any foreign substance (organic, inorganic radiological, biological) in
the riverine ecosystem which tend to degrade the quality of the ecosystem so as to constitute a hazard
to biota or impairs the usefulness of water (Agarwal, 2002). Fish production from inland water
resources (rivers, lakes and streams) is under threat from pollution, habitat alteration and degradation,
changes in river flows and over-exploitation (Gupta, 2006). When pollutants like heavy metals enter
rivers, they change the water quality, bind to sediments and accumulate in aquatic biota, causing
anaemia, disturbance of physiological functions and mortalities of fish (Biney et al., 1994, Jenneth et
al., 1980). This reduces production and income from fish and aquatic organisms. . According to
Dougherty (2000), fish consumption is a major route of chemical exposure to man and heavy metal
pollutants are potentially harmful to man when contaminated fish and water are consumed.

The main aim of this study is to investigate the concentrations of zinc, copper, cadmium, chromium,
manganese and lead in two fish species name (Oreochromis niloticus and Synodontis schall) obtained
from Kainji Lake.

The objectives are to:
a) To determine the concentration of the above metals in the fish samples using Atomic
Absorption Spectrophotometry.
b) To access the heavy metals pollution status of the fish sample obtained from kainji lake
by comparison with National and International standard.

Synodontis Schall
Picture of the fishes investigated.
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MATERIALS AND METHODS

METHODS:

SAMPLING AND PRESERVATION
Name Formula Y% Purity Grade Manufacturer
Calcium CaCOs 99% AR BDH Chemical
carbonate
Cadmium Cd(NO3) 99% AR BDH Chemical
chloride
Copper(ii) nitrate  Cu(NO3), 98.5% AR May & Beaker
Lead Nitrate Pb(NO3), 99% AR BDH Chemical
Zinc oxide Zn0O 99% AR BDH Chemical
Con, HCl 99% AR Philipharrison
Hydrochloric acid
Con. Nitricacid ~ HNOs 38% AR Philipharrison
Con. Sulphuric H>SOq4 70% AR May & Beaker
acid
Potassium KH>PO4 98% AR BDH Chemical
dihydrogen
phosphate
Anhydrous zinc ZnS0; 95% AR BDH Chemical
Sulphate
Oven MEMMERT Memmert United

Kingdom

Analytical W11400179 Kern, Germany
balance
Atomic Pye-unicam 969 Unicam, UK
Assumption
Spectrometer
Digestion block TECATOR 1015 Tecator, Germany
Fume cupboard NS NS

Three samples each of sub adult sizes (115-180g body weight) of fish species namely Oreochromis
niloticus and Synodontis schall were collected. This size range was to avoid different states of
reproductive physiology. The use of older fish species was avoided as Dusek et al (2005) reported that
older predator fish species living in moderately and heavy polluted sites show negligible statistical
differences.
Fish samples was collected with cast net from Kainji lake at 150 metres,100 meters, and 50 meters to
the dam site which serve as the sampling point. As shown in figure 1 below. The control sample were
collected from Yangba river along Wawa road and each of the fish species were collected at each
sampling point making a total of eight fish samples. A canoe was used as sampling craft and at each
point the canoe was stopped for samples to be collected.

The samples were wrapped with polythene bags and stored in an iced plastic box and
subsequently transported to the laboratory of Sokoto Energy Research Centre where it was stored in a
deep freezer.
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FIGURE 1: Sampling location at Kainji dam, New Bussa, Niger State

DIGESTION OF FISH SAMPLES FOR HEAVY METAL ANALYSIS

Fish sample were digested as described by Olaifa et al (2004) as follows: 5g of fresh fish muscle was
weighed and placed in beaker. 10ml of freshly prepared concentrated HNO3/H202 (1:1) solution
was added and the beaker was covered with watch glass for initial reaction to subside. The beaker was
placed on water bath and boiled at a temperature not exceeding 1600C for 2 hours to reduce the
volume to 3-4mls. It was cooled and transferred to 50ml volumetric flask and made up to volume with
distilled water for the metal analysis.

RESULTS
The concentration of heavy metals in Oreochromis niloticus (mg/kg)

Distance Mn Cu Cr Zn Pb Cd

S0m 4.5900+2.29 6.6660+0.6140 3.0100+3.810 1.8530+1.6720 1.0805+0.000252 1.0150+1.1550

100m 6.50+4.520 6.026+1.31 4.650+1.960 4.253+0.687 1.0805+0.000252 0.481+0.577

150m 2.15300+0.385 4.249+0.842 3.0400+0.751 5.188+0.295 1.365+1.528 1.8130+0.5770

Control 3.567+1.7310  3.240+1.410 1.5570+0.9440 4.3850+0.3780 2.354+0.579 2.130+1.000
Concentration of heavy metals in Synodontis schall (mg/kg).

Distance Mn Cu Cr Zn Pb Cd

50m 3.3330+0.8650 7.0570+0.8030 0.6980+0.5660 1.7390+0.3090 0.7380+0.5520 1.440+1.730

100m 7.28+4.30 6.456+5.990 4.454+0.837 1.650+0.760 1.0805+0.000252 1.127+1.000

150m 2.5430+1.214  7.590+2.270 3.0950+2.8 4.928+1.445 1.366+0.577 1.9020+0.5770

Control 2.8220+0.2070 5.330+1330 3.0100+2.090  5.0970+1.2000 1.6870+1.527 1.1326+0.00173
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DISCUSSION

In sample 1, at the control point copper has the highest concentration and cadmium has the least
likewise for sample 2 at the control point also in both species of the fish. In Sample copper have the
highest concentration and cadmium has the least concentration in sample 2. This is in line with the
work of Mansour and sidkey,(2003), who reported a cadmium concentration of 1.1002 -
1.1342+0.000143 000143 in Synodontis schall while working on heavy metal contamination on fish in
Wadi elrayan wetland region of Egypt..

For sample 3 taken at 50 km from the dam site representing Oreochromis niloticus, the concentration
of chromium was the highest and cadmium the lowest. This is in contrast to the work done by Adakole
1995, who reported a value of 0.39mg/g for chromium, which is the least concentration of heavy
metals and chromium was reported to have the least concentration i.e. 0.39mg/g, from my
investigation the concentration of chromium was the highest ;the variation of the result can be
attributed to the presence of mining activities closer to the vicinity of the sampling area.

For sample 4 taken at 50km from the dam site representing Synodontis schall species of the fish, the
concentrations of copper was the highest and lead the lowest. This in line with research work of
baeyenis et al, 2005 who reported a value of 8.700-3.00mg/kg for zinc and 7.825-6.520mg/kg for
copper. He discovered that the high concentration of copper and zinc can lead to decrease in
concentration of cadmium.

For sample 5 representing sampling point 100km away from the dam site, the species of fish caught was
Oreochromis niloticus. This result obtained is in agreement with the work of bayens et al who analyse
manganese, copper, chromium, zinc, and lead in Oreochromis niloticus. The metal with least
concentration was found to be cadmium.

Sample 7. The result obtain is in agreement with the result reported by baaeyens et al 2005 after
studying the presence of heavy metals in Niwar lake, the result for chromium was 4.787-3.300 while
lead was 3.0298-0.0321

For sample 8 representing point at 150km from the dam site and the species of fish caught was
Synodontis schall. This equally agrees with the work of Binnig and Baird, 2003 who reported a value of
9.78mg/kg for copper and 2.195mg/kg for lead.
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CONCLUSION

Going by this result it could be inferred that the concentration of Heavy metals in the studied fish
sample were within their acceptable limit set by World Health Organization (WHOQO), and National
Agency for Food Administration and Control (NAFDAC). More intensive sampling of other fish
species could be carried out to determine the possibility of their been use as a bio-monitor so as to

further widen the scope of this research.
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ABSTRACT

This research was conducted to assess the water quality parameters and
aquatic insects of Dutsin-Ma reservoir with a view to investigate the
pollution status of the water body. pH, turbidity, dissolved oxygen and
total dissolved solids in Dutsin-ma reservoir were examined twice a day,
every week for eight weeks. Sampling of aquatic insects of Dutsin-ma
reservoir was done with sampling nets and hand picking in three stations
once in a week for eight weeks. A total number of 96 individuals
representing 6 species were recorded. Majority of the insect fauna
found in this study are typically found in similar water bodies in the
tropics. However, the observed insect community structure revealed
relatively low taxa richness with a dominance of pollution-resistant
species which suggests a moderately polluted condition of the water
body. The correlation analysis showed a poor relationship between the
examined water quality parameters and the insects. This study
established that the use of aquatic insect communities as bio-indicator
for rapid assessment of water quality in Dutsin-Ma reservoir may be
more reliable beyond only physico-chemical parameters.

Keywords:

Abundance, aquatic
insect, bio-indicator;
diversity, physicochemical
variables, richness.

INTRODUCTION

Nigeria is blessed with an enormous area of freshwater and brackish water ecosystems that extend
from the coast into the arid zone (Essien-Ibok and Isemin, 2020). A body of water does not necessarily
have to be still or enclosed; rivers, streams, canals, and other geographical features where water flows
from one point to another are also termed bodies of water; the majority of these features are naturally
occurring, but some are man-made. Water qualities include all physical, chemical and biological
properties that influence the beneficial use of water (Jenyo-Oni et al., 2010). The economy of the
aquatic biotype depends on water which is the fish habitat (Agbabiaka, 2014). Some water quality
parameters including pH, alkalinity, and hardness could have so much influence on the most other
variables in the water bodies.

Aquatic insects are recognized worldwide as bio-indicator organism in the aquatic environment
(Yakubu et al., 2000). Most importantly, aquatic insects are very good indicators of water quality since
they have various environmental disturbance tolerance levels (Arimoro and Ikomi 2008). Some are
very vulnerable and sensitive to pollution, while others can live and proliferate in disturbed and
extremely polluted waters (Heap et al., 2013). Among benthic macro invertebrates, aquatic insects are
one of the most common groups of organisms used to assess the health status of aquatic ecosystems
(Jenyo-Oni et al., 2010). Some aquatic insects respond to specific changes in water conditions and
have become indicators of river health condition to aquatic ecologists. The presence and absence of
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some particular aquatic insect indicate the degree of pollution, though the specific causative
physicochemical pollutant may be identified by physicochemical methods (Gupta and Paliwal, 2010).
Since diversity and abundance of aquatic insects provides an indication of the overall health of the
water body. Identifying the diversity and community composition of aquatic insects in Dutsin-Ma
reservoir might help to ascertain the health status of the reservoir. This study therefore examined the
water quality parameters and aquatic insect diversity of Dutsin-ma reservoir, with the aim of
investigating the overall health status of the water body.

MATERIALS AND METHODS

Study Area

The study area, Dutsin-Ma reservoir is an earth-fill structure completed in 1974 on the coordinates
12°1'11” N (latitude) and 7°2021” E (longitude) in Dutsin-Ma LGA of Katsina State. The dam has a
perimeter of 5.05 km and covered an area of 1.10 square kilometers (Figure 1) (Dauda et al., 2021).
Dutsin-Ma town experience wet/rainy season and dry season. The rainy season last from June to
September with annual rain fall range of 1500-1800mm (Dasuki et al., 2014). The reservoir was
constructed primarily for domestic water supply in 1974. It is only fed during the rainy season by three
main sources: korama from the west side, Darawa -korama from the Eastern side, Hadari -korama and
surface run off from the surrounding catchment areas during the rainy season. It drained through the
main control overflow structure towards Dantsido and through uncontrolled channel by the west axis.
The reservoir has only one landing site where all catches are landed (Dauda et al., 2021).

Figure 1: Satellite image of Dutsin-Ma Reservoir Katsina State
Source: Dauda et al. (2021)
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Sampling Procedure for physico chemical parameters and duration

Water samples were collected twice every day from each of the three selected stations (upstream (A),
middle area (B) and downstream (C)) in the reservoirs between 800 and 1000 hours and 1630 and
1730 hours, once a week for a period of 2 months (August to September 2023). The water samples
were analysed in the field for the selected water quality parameters including; temperature, pH,
dissolved oxygen, turbidity, ammonia and alkalinity as described by Dauda and Akinwole (2014), with
all the procedure in line with the standard methods (APHA, 2012).

Sampling of insects

Aquatic insects were sampled nine times from August to September 2023. The samples were collected
along the reservoir. The reservoir was divided into three parts: which were upper, middle and lower
reservoir. The specimens were collected by sampling nets (1mm mesh size), and hand-picking
technique. Samples were placed in white trays for sorting and screening of the aquatic insects. The
aquatic insects were handpicked from the tray. Any non-aquatic insects caught were immediately
returned to the reservoir (Adu et al., 2016). The content of each sample (net) was transferred into
properly labeled plastic containers and taken back to the laboratory for analysis. In the laboratory,
aquatic insects were sorted on a Petri dish and identified to the family level using taxonomic keys (De
Moor et al., 2003) and a pictorial guide (Umar et al., 2013). Large aquatic insects were sorted by the
naked eye whereas the sorting of the smaller ones was done under a dissecting microscope. All the
sorted samples were kept in properly labeled vessels.

Data analysis

Data collected were presented using mean and standard deviation for the water quality parameters,
and frequency and percentages for the aquatic insect. Pearson correlation was used to test the
interdependence between the water quality parameters and aquatic insects. All analysis was done using
IBM SPSS version 23.

RESULTS AND DISCUSSION

All the physicochemical parameters during the study period showed no significant difference
(P<0.05) among the stations except dissolved oxygen (DO) which was significantly lower in station A
(5.38+.0.51 mgL-1) compared to the two other station (Table 1). According to Sadauki et al. (2022)
damming of water to create reservoirs is one of the ways of making more water available for the needs
of man as the water is stored and made available all the time. Nonetheless, water is only able to be of
maximum advantage if it is of optimum quality. All the water quality parameters in this study were
within the recommended level for tropical water bodies except Ammonia that is high (Dauda and
Akinwole, 2014). While other parameters were similar, DO was higher in stations B and C, however
the least DO observed in station A was higher than the recommended minimum of 5 mg/L as optimum
DO for surface waters (Yakubu and Ugwumba, 2009). The result of this research is in line with Sadauki
et al., (2022) who reported 6.70mg/L as the highest value of DO and 6.90mg/L as the least in Zobe
reservoir in the same Dutsin-Ma Local government area.

Table 1: Physicochemical parameters of water in Dutsin-Ma Reservoir

Parameters Station A Station B Station C
Temperature °C 26.66+0.60* 26.38+0.69* 26.57+0.382
Turbidity mg/L 0.00+0.00? 0.00+0.00? 0.63+0.63?
Dissolved oxygen mg/L 5.38+.0.51° 5.66+0.36% 5.66+0.36?
pH 7.03+0.122 6.98+0.09? 6.96+0.072
Ammonia mg/L 2.26+0.47* 2.58+0.56* 2.42+0.44*
Alkalinity mg/L 25.85+1.61?* 27.50+1.89° 26.30+1.83?

Different letters as superscripts across the rows indicate significant difference at P<0.05
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During the study, six species of aquatic insects were identified in the reservoir as presented in (Table 2), namely;,
water beetle, water scorpion, beetles' larvae, dragon flies, damsel flies and may flies in all the stations. Whereas
damsel flies dominated all the three stations (Table 2). Correlation analysis showed that dissolved oxygen had a
significant negative correlation with NH3, and temperature also had significant negative correlation with pH, DO
and Alkalinity. Temperature showed a significant positive correlation with beetles'larvae (Table 3).

Table 2: Distribution of aquatic insects in Dutsin-Ma reservoir

Insect A B C
Frequency % Frequency % Frequency %
Water beetle 8 13.12 10 16.40 2 5.72
Water scorpion 10 16.39 8 13.11 3 8.57
Beetles’ larvae 9 14.75 11 18.03 2 5.71
Dragon flies 12 19.67 12 19.67 9 25.71
Damsel flies 14 22.95 12 19.67 12 34.28
May flies 8 13.11 8 13.11 7 20
Total 61 100 61 100 35 100

Damsel flies was found to be the most diverse and abundant in the stream. Several factors are known to
influence the distribution of aquatic macro invertebrates, but the important factors likely to affect the
diversity and abundance in an aquatic ecosystem, are water temperature, water velocity, nutrient
availability, etc. The six species of aquatic insects recorded in this study was low compared with 13 taxa
reported by Popoola and Otalekor (2011) in Awba reservoir, Ibadan and 19 taxa reported by Edegbene et
al. (2015) in River Chanchaga, Niger State, Nigeria. However, it was similar to the works of Onyenwe et
al. (2018) who reported 7 taxa in the Anya River in Umudike South East, Nigeria. The species richness was
similar in all the station but abundance was least in station C. The similarity in richness might be influenced
by the similarity in the water quality parameters among the stations, while the least abundance at the
downstream might be associated with accumulated pollutants and velocity of water at the downstream,
which is expected to be different from that of up and middle stream. There is weak correlation between
the water quality parameters and the aquatic insects. Many studies have reported low correlation between
insects and physico-chemical parameters and this has been attributed to wide range of adaptability of
insects to changing environments (Amusan and Balogun, 2018). According to Jenyo-Oni et al. (2010),
while phyisco-chemical parameters reflect immediate change in the water quality, bio-indicators such as
macro-invertebrates and aquatic insect reflect long time effect of pollutants.

Table 3: Interdependence among the water quality parameters and the aquatic insects in Dutsin-ma reservoir

Temp pH DO Turb NH; Alk W.btl W.se  Blar Drfly Dam May
fly fly
Temp 1
pH -0.426** 1
DO -0.548**  0.354* 1
Turb -0.039 0.019  0.085 1
NH3; 0.235 0.086 - -0.140 1
0.484**
Alk -0.466** 0247  0.502** 0.88 -0.035 1
W. btl 0.025 -0.040 -0.431 0.0 -0.037  -0.27 1
W.sc -0.005 -0.347  0.019 0.00 0.105 -0.205 0.025 1
B.lar 0.506%* -0.126  -0.261 0.00 -0.165 -0.294 - 0.138 1
0.057

Dr fly 0.184 -0.065  -0243 0.00 -0.467 -0.279 0.072 0.075 0.502* 1

Damfly 0.024 0.238  -0.073 0.00 0.024 0.074 0413 0.053 -0.066 -0.083 1
May fly -0.270 -0.205  -0.294 -0.279  0.074  0.290  0.227 0305 -0.050 0.147  0.278 1

*indicate significant different at P<0.05 **indicate significant difference at P<0.01
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Keys: Temp-Temperature, DO-Dissolved oxygen, Turb-Turbidity, NH3 -Ammonia, Alk-Alkalinity,
W.btl-Water beetle, W.sc- Water scorpion, B. lar- Beetle larvae, Dr fly-Dragon fly, Dam fly- Damsel fly,
May fly- May fly

CONCLUSION

The study established that the water quality parameters are similar among the stations except the
dissolved oxygen. There is low richness and diversity of the aquatic insect with damsel fly as the
dominance species in the water body. The water body can be said to be under slight pollutional stress
considering the high concentration of the ammonia and pollution-tolerant characteristics of most of
the aquatic insects found in the water body. Therefore, the use of aquatic insect as a bioindicators in
surface waters is recommended.
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ABSTRACT
A 96hr lethal concentration static toxicity bioassay was carried out to
examine acute toxicity (LC50) of aqueous bark extracts of Balanite
aegyptiaca on juvenile Clarias gariepinus. The phytochemical
composition of the stem bark of Balanites aegyptiaca was also
identified. Twenty-five fish in two replicates were exposed to piscicide
plant extract at 0.0 (control), 0.40, 0.80, 1.2, and 1.6 g/L-1. The
phytochemical screening of the aqueous bark extract of Balanites
aegyptiaca revealed Alkaloid, Saponins, Carbohydrate and Glycosides
as its active ingredients. Fish exposed to the aqueous extracts except
the control showed symptoms of toxicity including erratic movement,
lethargies, moribund, air gulping, loss of sensitivity and gasping for air
before death. These responses were much frequent and faster at the
KeyWQrds: _ highest concentration (1.6g/L). The 96h LC50 value for C. griepinus in
Piscicide, Toxic, this study was 0.9215g/L-1. The study concluded that the application
Fresbwater fish, of aqueous bark extract of Balanite aegyptiaca causes lethal toxic effects
Clarldae, Proxn.nate, on juveniles C. gariepinus. Hence, indiscriminate use of the plant for
Balanite aegyptiaca, fishing should be discouraged and regulated to protect fish biodiversity
Aduwa. loss in nattural water bodies.

INTRODUCTION

The use of plant extract as poisons for hunting and fishing is common among fishermen in Nigeria. Fish
poisons from plants are also known as piscicides or ichthyotoxins. Several plant species are known to
possess bioactive compounds that are toxic to fish. However, the effect of plant extract is dependent on
the types and sizes of fish species. This implies that different fishes of different sizes are either tolerant or
susceptible to a particular fish poison (Agbor et al., 2014). Synthetic chemicals have been the major
piscicides in the control of pests and undesirable fish species in aquaculture, but these chemicals have
harmful effects on non-targeted fish species (Kumar et al., 2010), thus cause serious environmental
hazards (Adesina et al., 2013). In the last few decades, efforts have been made to replace the non-
biodegradable chemical piscicides with biodegradable plant extracts (Suely et al., 2015).

Piscicidal plants have been widely used by traditional fishermen all over the world as a means of
catching fish. Some of these plants are non-selective in destruction, thereby, interfering with ecological
balance of the immediate environment. Piscicides are phytochemical substances that are poisonous to
fish since it contains different active ingredients such as Alkaloid, Micotine, tannis, saponins, pipanne,
resin, amide, ricin, glycoside, carbazole, curcin, coumanin, parkine, resoranol and cardol (Fafioye and
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Adewande et al., 2009.) However, Alkaloids are toxic to fish at high concentration and wear off within
short time (Adewumi, 1990). In Nigeria, fresh leaves of Adenia cissampeloides has been found to be
toxic to fish which when processed and applied into dammed portions of rivers or streams that has
large numbers of fishes, within fifteen minutes, both small ad big fishes are found floating dead
(Morah, 1986). Extracts of many plants including Deris elliptica, D. trifoliate, Balanites aegyptiaca,
Tephrosia candida, T. vogelii, and Parkia folicoides (Mohotti and Epa, 2016) contain biodegradable
phytochemicals which have traditionally been used in aquaculture in different parts of the world (Epa,
2016). Power et al. (2008) reported that introduction of macerated plant material into rivers, streams
or shallow ponds stupefy fish for easy collection.

Fish is one of the cheapest and direct sources of protein and micronutrients for many people all over
the world. Today, more than one billion people rely on fish as a source of animal protein. Fish accounts
for about 30% of the total protein intake for people in Asia, 10% in Latin America, 20% in Africa and
55% in Nigeria (Anyanwu et al., 2011). Olaosebikan and Raji (2013) stated that the family clariidae
represents freshwater catfishes and comprises of three genera which include gymnallabes,
heterobranchus and clarias with fourteen species found in Nigeria. The African catfish (Clarias
gariepinus) is a popular economic freshwater food fish in Nigeria. Owing to this reason, some
fishermen adopt obnoxious fish method of using piscicides for collecting this important fish species.
Meanwhile, synthetic organic compounds are identified with problems of environmental resistance,
pest resurgence and detrimental effects on non-target organisms because of their non-degradability.
The effects of piscicide on food chain biodiversity can also lead to total eradication of certain species or
caused them into extinction. Therefore, there is need to create awareness to the fisher folks on the
dangers of using chemical substance as a fishing methods of catching fish on the ecosystem. Thus, this
study was design to explore the acute toxicity of aqueous bark extract of Balanite aegyptiaca on
juveniles of Clarias gariepinus.

MATERIALS AND METHODS

The research was conducted at the Teaching and Research Fish Farm of the Department of Fisheries,
University of Maiduguri, Nigeria. Maiduguri is located on Latitude 11°05'N and Longitude 13°05'East,
and characterized by hot, dry and wet, and harmattan seasons. One hundred juveniles of Clarias
gariepinus was obtained from the outdoor pond, Fish Hatchery Complex of Fisheries Department,
University of Maiduguri, Borno State. Ten aquaria (50cm x 25¢cm x 30cm) were prepared outdoor for
the experiment. The tanks were supplied with 10litres of de-chlorinated tap water and 5 fingerlings
were introduced into each tanks of different treatments in replicates. The fish was acclimatized in glass
tanks for at least five (5) days prior to the commencement of the study.

The stem bark sample of Balanites aegyptiaca was collected within the University of Maiduguri
campus area. The collected sample was shade-dried for 4 days, pulverized with pestle and mortar, and
sieved into fine powder (0.2mm). The powdered sample was then wrapped into nylon bag and stored
at room temperature for further analysis. Sample (30g) were taken to the phytochemical laboratory in
Faculty of Pharmacy, University of Maiduguri for qualitative analysis. The dried stem bark powder was
soaked for the period of 48hrs, filtered using 0.1mm sieve, and the filtrate was use as the aqueous
extracts. The phytochemical screening of Balanite aegyptiaca for Alkaloids, Flavonoids, Saponin,
Tannins, Carbohydrates, Glycosides was cconducted following the methods adopted by Fasola (2000).
Balanite aegyptiaca extract powder was used during the Toxicity tests on Clarias gariepinus for only
acute toxicity of the plant extract. Pilot study was carried out to determine the minimum (0.04g)
concentration that did not produce death and the maximum concentration (0.16g) that produced
100% death. Four different acute concentrations were prepared in duplicate. The acute lethal
concentrations used are 0.40g, 0.80g, 1.2g, 1.6g, and 0.00g/L (control). The 96-hour LC50 (lethal
concentration) was determined through probit analysis method for acute toxicity test as

31



#k+% BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
. FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

recommended by Yadav and Singh, (2001). Mortality and behaviours of the fish were recorded daily.
Dead fish was immediately removed from each test tank to avoid pollution in the tanks. After the test,
fish are exposed to various concentration of the bark extract. The behavioural responses and the
mortality rate of the fish was observed and recorded at the interval of 24, 48, 72 and 96 hours. The fish
in the control tank was monitored and it serves as a reference to the behavioral response observed in
those exposed to the different concentration of the extract.

Statistical analyses by Excel (2016) software were performed. Data were analyzed by one-way analysis
of variance (ANOVA) and level of significance was determined at P<0.05. Lethal concentration
(LC50) was calculated logarithmically.

RESULTS AND DISCUSSION

Phytochemical Screening of Stem Bark of the Balanites aegyptiaca

Phytochemical screening of stem bark of the Balanites aegyptiaca in this study revealed the presence of
alkaloid, saponins, glycosides, anthraquinones and carbohydrates while flavoid and tannin are absent
(Table 1). This study agreed with Emad et al. (2012), who reported that phytochemical screening of
Balanites aegyptiaca bark contain the presence of alkaloid, saponin, glycoside, carbohydrate, with
tannin and flavonoid absent. The quantitative estimate of the above primary metabolites showed the
various phytochemical constituents present in the plant extract. The absence of steroid is an indication
that the bark of this plant cannot be used to boost reproductive performance in fish as observed by
Samulelsson et al. (1991). Similar report has been documented in Azadirachta indica by Akinwande et
al. (2007). The findings of this study also agree with the report of Samulelsson et al. (1991).

Table 1. Qualitative estimation of phytochemical screening of the bark of Balanites aegyptiaca

Phytochemicals Observation
Alkaloid ++

Saponin 4+
Glycoside ++
Carbohydrate ++
Flavonoid -

Tannin -

Steriod NA

Keys: Highly present ++ +, Moderate ++, Absent --, Not Available N/A

Physicochemical Parameters of the Experimental Setup for 96 Hours

The physicochemical parameters of the experimental setup at different concentration levels are as
shown in table 2. The physicochemical parameters examined were pH, Dissolved oxygen and
temperature levels. pH (6.10 — 6.38), dissolved oxygen (4.10 — 6.05mg/L), and temperature ranged
from 26.68 t0 26.82 oC (Table 2).

Table 2. Physicochemical parameter of the experimental setup for 96 Hours

Concentration (g/L) pH Dissolve Oxygen Temperature 0°
0.00 6.38° 6.05% 26.9%

0.40 6.30° 5.45b 26.82

0.80 6.30° 5.03? 26.8%

1.20 6.15¢ 4.06* 26.81%

1.60 6.10°¢ 4.10* 26.80*

SEM 0.06 0.04 0.02

Mean on the same columns with different superscripts are statistically different (P<0.05), SEM ......
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Behavioral Responses of Clarias gariepinus Juvenile Exposed to different Concentration of
Balanites aegyptiaca

The mean behavioural responses, induction and recovery times of Clarias gariepinus juvenile during
exposure to aqueous stem bark extract of Balanites aegyptiaca is as shown in table 3. Similar result was
reported by Adeogun (2011), who reported that gasping for breath and rapid opercula movement may
be due to the effect of the saponins foam which can coat fish gill epithelia. This observation is in
agreement with the report of Adeogun (2011) who revealed presence of saponins in Raphia hookeri.
The authors indicate that this causes hyperventilation, rapid opercula movement, and mortality in
mud-cattish. The observation also concurs with the report of Roy et al. (1990) that saponins are highly
toxic to fish because of their damaging effect on the respiratory epithelia. The resulting irritation and
impairment of the respiratory epithelia will reduce the opacity of fish gill epithelia for diffusion of
oxygen across the membrane.

According to Adeogun (2011), the continuous exposure of such fish to Saponins-rich pollutants as
found in this study show asphyxiation, alternate swimming on the lateral side, and rapid and erratic
swimming behavior. All of these are the effects resulting from the discomfort that the exposed test
organisms are experiencing. The different behavioral responses of the fish can also affect the nervous
coordination (Adeogun 2011).

Table 3. Behavioral responses of Clarias gariepinus juvenile exposed to different concentration of Balanites
aegyptiaca

Concentration 24hrs 48hrs 72hrs 96hrs
(g'L)

0.00 Normal swimming Normal swimming Normal swimming Normal
swimming

0.40 Rapid opercula movement Jumping up with head up Lethargic Swimming Lethargic
movement

0.80 Rapid opercula movement Erratic Swimming - Gasping for air

1.20 Jumping out of the container =~ Rapid opercula Gasping for breath Gasping for air

movement
1.60 Swim away from the point of Erratic Swimming with ~ Death recorded -
extract head up

Percentage mortality of C. gariepinus juvenile exposed to different concentration of Balanites aegyptiaca
Mortality occurred in all the experimental tanks except in the 0.00g/L tank which had 0% mortality
rate (Table 4). The first fish mortality was observed in 24 hrs in tanks containing 0.4g/L with mortality
value of 1 (10% mortality rate). Concentration of 0.8g/L had 40% mortality rate, which was recorded
from the 48hrs, 72hrs, and 96 hrs respectively with a corresponding mortality value of 1, 2, and 1
fishes. A total of 8 fish was observed at the concentration of 1.2g/L, which was resulted from the
mortality value of 2 fish at 24hrs, 48hrs (3), 72hrs (3) and 96hrs (0). At 1.2g/L, mortalities were
recorded at the 24hrs (4), and 48hrs (6) only, while no mortality was recorded in 72 and 96 hrs
respectively. The highest percentage mortality of 100 was recorded in 1.6g/L while the lowest (0%)
was recorded in the control set-up.
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Table 4. Percentage mortality of Clarias gariepinus juvenile exposed to different
concentration of Balanites aegyptiaca

Concentration Log 24hrs 48hrs 72hrs 96hrs % Mortality Probits
(g/L) Concentration
0.00 0 0 0 0 0 0 0
0.40 -0.397940009 1 0 0 0 10 3.72
0.80 -0.096910013 O 1 2 0 40 4.75
1.2 0.079181246 2 3 2 1 80 5.84
1.6 0.204119983 4 6 0 0 100 8.09
vy =0.0069x - 0.3874 a .
" R?=0.9215 “
= LC50=0.9215 7
S .
2 e
2 5
o .
(o' 4
=z ?.
-~ I 3
=
—I
r;_c 2
o
o 1
=
=
-1.6 -1.4 -1.2 -1 -0.8 -0.6 -0.4 0.2 0
LOG CONCENTRATION
CONCLUSION

The study has shown that the aqueous extract of Balanites aegyptiaca stem bark was toxic to juveniles'
African catfish (Clarias gariepinus) in 96-hr with LC50 value of 0.9215g/L. The phytochemical
screening of the Balanites aegyptiaca stem bark aqueous extract revealed that it contained Alkaloid,
Saponins, Carbohydrate and Glycosides as the active ingredients that give the plant its potency.
Therefore, the use of the stem bark extract of Balanites aegyptiaca as a means of catching fish could
lead to contamination and disruption of an ecological system, thus posing great threat to fish and other
non-target organisms.
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ABSTRACT

The menace of river dumping pollution starts with anthropogenic
activities of individual household, industrialization and waste
management in the ecosystem. The objectives of the review were on the
effects of river dumping on water quality and on fish biodiversity.
Several literatures were reviewed on the effects of river dumping on
water quality and fish biodiversity. Researchers critically administered
questionnaires and collected water quality parameters to analyze the
level of effects by river dumping thus: Human contributions to water
pollution are enormous, such as dumping of solid wastes, industrial
wastes, and domestic wastes. Water pollution is a major concern to the
world; river dumping has compromised the quality of consumable fish
and aquatic organisms as well as the water purity of the aquatic
environment; continuing this practice of river dumping would be a

KEYWORDS: serious threat to the aquatic ecosystems components and it will be
Aquatic Pollution, responsible for water quality depletion, deterioration and destruction
River Dumping, of aquatic biodiversity. Additionally, policymakers should focus on
Biodiversity, Drums developing appropriate rules and regulations suitable for a country and
of Death, Pollutants, its citizens. Finally, enforcement of laws in a proper way is required to
Water Quality reduce the severity of pollution in freshwater ecosystems which are the

most affected by river dumping pollutions.

INTRODUCTION

Rivers, the lifeblood of our planet, are facing an unprecedented threat. The indiscriminate dumping of
waste into these waterways is not only harming the environment but also jeopardizing human health.
This review highlights the alarming effects of river dumping on water quality and fish biodiversity,
justifying the need for immediate action. The consequences of river dumping are too severe to ignore.
It is imperative that we take immediate action to: “protect human health (to prevent waterborne
diseases and cancer-causing pollutants)”; “preserve biodiversity (to safeguard aquatic species and
ecosystems)”; “support economic growth (to maintain: fisheries, tourism, and recreational
industries)” and “ensure environmental sustainability (to preserve water quality for future
generations)”.

Water is a universal solvent that gives ample important merits to human existence, survival, and
continuity (Akankali and Onyeche, 2012). Anthropogenic activities are a result of man-made
inclinations toward the ecosystem at large leading to increased pollution of water all over the world.
These pollutants can be either organic or inorganic (Akram et al., 2018). Anthropogenic activities
including wastewater disposal have nearly doubled inputs into the global cycle. Manmade activities
have the potential to make an impact on the water quality of an aquatic ecosystem, depending on the
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water body; disturbance of the aquatic ecosystem may lead to changes in the biological, chemical, and
physical composition of the water (Aroraetal., 2018).

Waste dumping in Africa is becoming an increasingly insurmountable burden, with many of the natural
habitats and bodies of water becoming severely polluted. Lake Victoria, for instance, which is one of
the great African lakes and one of the largest fresh-water lakes in the world, adjoining Kenya, Uganda
and Tanzania, is suffering from the effects of waste (Treaster, 2011). It is polluted with raw sewage, and
has muddied from the erosion of soil from nearby hills which are losing trees and shrubs to people in
search of firewood. Like Lake Chad in West Africa, and a few other lakes around the world, it has also
been shrinking. In addition, parts of Lake Victoria are also clogged with hyacinths and algae that have
been thinning out the fish populations (Treaster, 2011).

EFFECTS OF RIVER DUMPING ON WATER QUALITY

Water quality is a general term used to describe the characteristics (physical, chemical, and biological)
of water resources. It plays an important role in determining aquatic ecosystems and public health (He
et al., 2020; Uddin et al., 2022). It is a concern across the world due to the widespread release of
pollutants into freshwater ecosystems (Zanoni et al., 2022). It plays a vital role in maintaining the
ecological integrity of the river ecosystem (Viswanathan et al., 2015). As an important indicator of
river health, water quality deterioration is a challenge to humanity (Zanoni et al. 2022) and is a critical
challenge faced by many countries in Africa (Nkwanda et al., 2021; Biswas et al., 2019; Borett et al,
.2019) and other regions (Tiyasha., 2020).

Igejongbo et al. (2018) researched on the impact of municipal waste on the hydrochemistry of Epe
Lagoon, they reported mean dissolved oxygen value, 7.172+0.67 mg/I; all the three sampling sites Ejirin
had the highest dissolved oxygen mean value, 7.35+0.15 mg/l and Agbowa-Ikosi had the lowest mean
value, 7.07+0.87 mg/l. They stressed that the mean dissolved oxygen value of 7.17+0.67 mg/l which
is just slightly below recommendation of 8-10 mg/I (FEPA. 1991).

Mean Values of the Physicochemical Parameters of the Epe Lagoon (August, 2014 - July 2016)
DO Temp pH Salinity Turbidity Nitrate Alkalinity Phosphate Conductivity BOD

Epe 7.09 27.07 6.97 0.04 57.31 1.33 56.21 7.72 77.69 1.60
Ejirin 735 2736 7.03 0.08 57.94 1.30 59.00 7.38 75.85 2.09
Agbowa 7.07 2695 695 0.10 58.86 1.31 59.80 7.45 86.08 1.76
Mean 7.17 27.13 698 0.13 58.04 1.31 58.34 7.52 79.87 1.82
SEM 0.129 0.107 0.071 0.00 0.95733  0.029  0.797 0.122 1.592 0.120
Unit ppm °C ppt uhoms/cm ppm ppm ppm ppm ppm

Source: Field Survey (August, 2014 - July, 2015; Igejongbo et al., 2018).

Deteriorating water quality is stalling economic growth and exacerbating poverty in many countries.
The explanation is that, when biological oxygen demand-the indicator that measures the organic
pollution found in water-exceeds a certain threshold, the growth in the Gross Domestic Product
(GDP) of the regions within the associated water basins falls by a third. Urbanization, population
growth, unsuitability, untenable land use and industrialization are the main sources of the pollutants
that lead to water pollution. These sources lead to the increase of gas emissions, wastes and excessive
use of water. Thereafter, these actions result in eutrophication, population loss, lethal substances and
acidification. In this regard, the effects of river dumping on water quality and biodiversity by heavy
metals, chemicals and other pollutants on the health and quality of fish. Urban rivers play an important
role in supporting economic and social development (Feisal et al., 2023; Larsen et al., 2016).

Waste dumping in Africa is becoming an increasingly insurmountable burden, with many of the natural
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habitats and bodies of water becoming severely polluted. Lake Victoria, for instance, which is one of
the great African lakes and one of the largest fresh-water lakes in the world, adjoining Kenya, Uganda
and Tanzania, is suffering from the effects of waste (Treaster, 2011). It is polluted with raw sewage, and
has muddied from the erosion of soil from nearby hills which are losing trees and shrubs to people in
search of firewood. Like Lake Chad in West Africa, and a few other lakes around the world, it has also
been shrinking. In addition, parts of Lake Victoria are also clogged with hyacinths and algae that have
been thinning out the fish populations.

A considerable problem caused by tourism in Africa is that while some hotels have their own water
treatment systems, most of the smaller hotels and restaurants use the natural waterways to dispose of
their waste. In addition, tourists generate more solid wastes than locals; with hotels, restaurants, shops,
diving and adventure trip organizers all using large amounts of products that come in personal single-
use plastic packaging (Quaade, 2018). Tourism development in Malawi is now also being affected by
sewage and solid waste disposal. The Mangochi District Council of Malawi, for instance, does not have
a sewage disposal system outside the town area, so holiday resorts have had to construct their own
sewage and solid waste disposal systems. The UN says that more than 80% of the world's sewage finds
its way into seas and rivers untreated. Constructing these disposal systems is costly and often
unaffordable for the smaller hotels, meaning that this waste often ends up in the surrounding bodies of
water, polluting the waterways and posing health hazards to humans and wildlife (Ngochera et al.,
2018). Waste in Malawi is also harming the prospects of further tourism, with poor ecological
conditions becoming a detractor to any future potential tourists and industrial waste (SDNP. 2006).
Tourism, however, remains the single largest driver of waste dumping into Lake Malawi. Many tourist
sites around the lake act as locations for people to be able to interact with nature, which has resulted in
numerous businesses arising to support the tourism activities, while providing employment to people
from various different backgrounds and professions. Tourists visit Lake Malawi from all over the
country, and from other countries, to explore the waters, and to taste the multitude of fish species that
reside in the waters. In the process, however, there is a considerable amount of waste produced. Many
lodges, hotels, and restaurants, for instance, deposit garbage and human waste into the lake; while
many residents from the surrounding villages, such as those employed in the thriving tourism industry,
dump food residues, defecate, wash, and bath in the lake. Tourists, too, dump large amounts of plastics
and food items that they use into and around the lake (Tsuro, 2021).

Europe attracts some of the highest numbers of tourists, however many resorts have poor waste
management records: some cases include waste dumping into the Mediterranean Sea where Turkey,
Spain, Italy, and France were reported to dump 144, 126, 90, and 66 tons per day, respectively (WWF,
2018). Aside from the major increase in safety to public health and the environment due to these
improvements in water quality, they have also generated considerable economic benefits, with the UK
sea side tourism industry now being worth £3.6 billion each year, and supporting 210,000 jobs in
England and Wales alone (Tsuro, 2021).

THE “DRUMS OF DEATH” AND THE “DUMP-TOWN”"

According to UNESCO (2003), the types of pollutants plaguing marine ecosystems includes
sedimentation, agricultural run offs, thermal and light energy, sewage, solid wastes, chemicals, metals,
radioactive substances, oil and biological materials. Thus, this finding in the Lagos lagoons conforms to
the UNESCO assertions. The dominant solid wastes recorded in most of the dump sites surveyed were
plastics which include nylons (polyethylene bags), containers, packaging materials and other plastic
products. The dominance of plastics can be attributed to the frequency of use because of their low cost
and their non-biodegradable nature. This corroborates the findings of (Ajao, 1996; UNEP, 2006) which
noted widespread pollution of the Lagos lagoon. Polyethylene products can lead to suffocation of
aquatic animals which mistakenly swims into them and when swallowed may result is blockages of
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tracts and eventually death. Nubi et al., (2008) in their study, reported that most of the wastes found in
these dumps are persistent (non-biodegradable) in the environment, and continuously leach heavy
metal into the water body. The presence of the solid waste dumps is an indication of unregulated
anthropogenic activities in such areas and suggests a general lack of proper waste management service
and control. Therefore the use of these open coastal spaces is preferred for its convenience as suggested
(Sankohetal., 2013).

In 1988, a huge toxic waste was dumped in a farming town in southeast Nigeria's restive oil-producing
Delta region, as by a community leader. The community leader, Collins Edema, president of the
National Association of Itsekiri Graduates, said the waste was dangerous to both agricultural produce
and aquatic life. It was dumped in Koko, a town in the Warri north local government district of Delta
state, Mr. Thankgod Seibi, a special assistant to the state's governor on community development
(Odogwu and Taiwo, 2017). The waste was brought in from a foreign country into Nigeria and dumped
at Koko. The state government has not done anything about it yet, he said. Mr. Seibi did not give details
of the foreign country. They were called “the drums of death”. Over 3,500 tons of hazardous waste,
packaged in innocent-looking barrels, and shipped to an obscure village in Delta State, causing
mayhem, igniting national outrage and eliciting global concern. That was in June, 1988; when Nigeria
had no comprehensive environmental laws; when we responded to ecological crisis on an ad hoc basis
(Odogwu and Taiwo, 2017). An Italian trickster, Gianfranco Rafaelli, claimed he was shipping residual
chemicals and raw materials for a proposed fertilizer manufacturing company to Nigeria. He deceived
Nigerian authorities and passed through with his toxic shipment. The killer cargo got to Koko Port "in
the present Warri North Local Government Area" from Lagos and finally landed in the backyards of
Mr. Sunday Nana, a grandson of the legendary founder of the town, Chief Nana Olomu, (both of whom
are now late). As Nana innocently accepted the cargo for safe keep on his land, he unwittingly
embraced the Grim Reaper's cauldron of afflictions. Influenza, fever, and death followed. The rest is
now a well-rehashed history (Odogwu and Taiwo, 2017).

EFFECTS OF RIVER DUMPING ON FISH BIODIVERSITY

Pollution is one of the biggest threats to biodiversity and the environment in the world. Solid wastes are
often everyday by-products of households, commercial, and institutional entities, and include waste
such as garbage, sludge from wastewater and water supply treatment plants, as well as other discarded
materials from industrial operations. Moreover, heavy metals disrupt aquatic ecosystems such as
aquatic fauna and aquatic flora. Heavy metals are the major sources of water pollution and it has been
observed that heavy metals causes high damage in fish health that ultimately affects human health.
These pollutants have also affected the diversity of fish and have created a major imbalance in
aquaculture. Therefore, heavy metal toxicity has impacted the health and quality of fish and
consuming them can affect the nervous system and damage sensitive organisms. The prevalence of
pollutants and heavy metals has caused a major impact on the health and diversity of fish. Water is
among the most important aspects associated with regular activities and the survival of living creatures.
Hence, business organizations can focus on improving their waste releasing practices and incorporate
sustainability approaches to improve the nature of waste and reduce harmful waste. Adopting these
practice help to improve the quality of water by reducing pollution and also improve fish quality and
health. Destruction of biodiversity, water pollution depletes aquatic ecosystems and triggers unbridled
proliferation of phytoplankton in lakes' eutrophication (Javed and Usmani, 2019).

Abiodun (2021) researched on the implications of dumping human waste into Lagos Rivers, he
observed that dumping human waste in Lagos rivers has negative impacts on human lives, as it results in
spreading bacterial and viral diseases; it has negative health consequences for people who depend on
the river as a source of food; it also increased rate of low birth weight as a result of women exposed to
waste pollutants, and high rate of mortality with sectional average mean of 3.25. He stressed that
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careless dumping of refuse in waters is detrimental to both human and animals including aquatic life
(Ezechietal., 2017).

The Opinion of the Respondents on the Effect of Dumping Human Waste in Lagos Rivers on the
Environment

Mean* Stdev. Decision To accept >2.5

Reduced food production 3.64 0.63 Accepted
Deteriorate water quality which stalls economic growth, 3.50  0.55 Accepted
Generates gas which is explosive and contributes to the greenhouse effect.  3.71 0.57 Accepted
Attraction of vermin 3.63 0.31 Accepted
Overall Means and Standard Deviation 3.62  0.52

1= strongly disagree, 2= disagree, 3= agree, 4= strongly agree; Source:

Research Data computation (2021); Abiodun, 2021.

Aragaw and Giovanini (2022) researched on pollution potential of dumping sites on surface water
quality in Ethiopia, using leachate and comprehensive pollution indices. They reported that dumping
sites posed a considerable risk of pollution to adjacent water resources. They stressed that the overall
Leachate Pollutions Index (LPI) ranged from 23.34 to 27.35, which is higher than the discharge
standard LPI of 5.69, indicating that dumping sites can threaten the surrounding water resources and
human health as well as aquatic lives.

Bashir et al. (2020) researched on the concerns and Threats of contamination on aquatic ecosystems.
They opined that the discharge of various pollutants into aquatic environments is the outcome of
countless anthropogenic activities, threatening the heath of the living beings and damaging the quality
of the environment by rendering water bodies unsuitable (Abowei and Sikoki., 2005; Ekubo and
Abowei., 2011). They stressed that the degradation of aquatic ecosystems is largely due to human
activities as well as increased urbanization and industrialization are greatly responsible for water
pollution.

Sonone et al. (2020) have opinionated about the effects of heavy metals and other pollutants on
aquaculture which showcases that power plants, biochemical wastes, agricultural activities, electronic
wastes, volcanic eruptions and others are the core sources of the heavy metals that affects the aquatic
environment and the health of the fishes. Metal bioavailability and metal accumulation leads to habitat
loss of the fishes and that creates a poor aquatic environment which eventually negatively affects the
health of the fishes (Madhav et al., 2020).

Tsuro (2021) researched on the impacts of waste dumping in Lake Malawi. He observed that waste
dumping reduces the number of tourist visitors to the Lake. He stressed that waste dumping affects
the Inhabitants well-being, aquatic species abundance and diversity, and the Lake water quality. He
stressed that for the lake not to lose it economic potentials: food supply, source of income,
entertainment, foreign earnings, job opportunity, enhancing sport, home for game and wildlife species
and other cultural activities, such as swimming, therefore, proper waste management systems should
be ensured for a healthy aquatic ecosystem.

Abdullah et al. (2022) researched on microplastics pollution in the Surma River in Bangladesh: A
threat to fish diversity and freshwater ecosystem. They reported that the presence of microplastics
affects water quality, freshwater ecosystem and fish diversity due to inadvertent plastic dumping. They
also opined that the massive dumping of microplastics has also compromised the quality of consumable
fish and aquatic organisms as well as the water purity of the freshwater ecosystem. They stress that,
there is an urgent need to raise awareness among the common people regarding the fate and
consequences of plastic pollution.

Manalo and Hemavathy (2023) researched on the effects of water pollution on the quality of fish.
They opined that water pollution disrupts the growth of the fishes and decreases the quality of them.
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They noted that the percentage of fish population decreases as well as the percentage of fish decline
also increases due to water contamination. They observed that these contaminants are formed through
different activities, including domestic waste, industrial and agricultural waste and stated that heavy
metals are the major sources of water pollution and it has been observed that heavy metals cause high
damage in fish health that ultimately affects human health. Hence, these pollutants have also affected
the diversity of fish and have created a major imbalance in aquaculture. They recommended that
companies and business organizations should focus on improving their waste releasing practices and
incorporate sustainability approaches to improve the nature of waste and reduce harmful waste by
adopting best waste management practices which will help to improve the quality of water by reducing
pollution and also improve fish quality and health.

CONCLUSION

River dumping starts from human behaviour with their generated wastes and poor waste management;
due to urbanization, a lot of community dustbins were replaced by living structures-population blast
and the alternative dumping sites are the aquatic ecosystems, such as rivers, streams, lakes and lagoons.
Most people dump their wastes into gutters for the rains to flush into rivers and the seas by extension.
The degradation of aquatic ecosystems is largely due to human activities, increased urbanization,
industrialization and agriculture are greatly responsible for water pollution. This review has provided
useful data on the effects of river dumping on water quality and aquatic biodiversity in the aquatic
ecosystems. Human contributions to water pollution are enormous, such as dumping of solid wastes,
industrial wastes, and domestic wastes. Water pollution is a major concern to the world; river dumping
has compromised the quality of consumable fish and aquatic organisms as well as the water purity of
the aquatic environment; continuing this practice of river dumping would be a serious threat to the
aquatic ecosystem's components and it will be responsible for water quality depletion, deterioration
and destruction of aquatic biodiversity.

RECOMMENDATIONS

Environmental education is very important to reduce the pollution of aquatic ecosystems. Regulatory
bodies should spring into action to control the dumping of refuse along the river course, so as to prevent
the extinction of aquatic life in the aquatic ecosystems. Individuals should separate their wastes into
soft/solid/plastic or biodegradables (decomposing wastes) and non-biodegradables (and not
decomposing wastes) in their homes and the industries/companies (should treat their sewage before
discharging into the aquatic ecosystems). Open defecation should be discouraged by humans to
maintain adequate water quality and healthy potable water for livestock and man.
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ABSTRACT

The level of heavy metals was determined in mullet (Liza
grandisquamis) in four stations, three of which are in the creeks
receiving effluents from the National Fertiliser Company of Nigeria
(NAFCON), Port Harcourt Refining Company (PHRC) and Trans
Amadi Abattoir, while the fourth station (Control) was located at
Kalio/Abam axis of Okrika. Fish samples were collected monthly for a
period of one year. Copper (Cu), Cadmium (Cd), Chromium (Cr),
Nickel (Ni) and Lead (Pb) were examined in flesh(tissue), liver and gills
of Liza grandisquamis. The trend of concentration observed was
Ni>Cu>Pb>Cd>Cr. Concentrations of heavy metals were highest in

Keywords: the liver than in the gills and flesh, indicating a concentration trend of
Industrial effluents, Liver>Gills>Tissue. Cu, Cd, Cr, Ni and Pb were found in mullet
Mullet, Heavy metals, organs from the Control station. However, the levels in the organs of L.
liver, gills grandisquamis in all stations studied were generally within regulatory

acceptable limits.

INTRODUCTION

The upper bonny estuary in the Okrika area of Rivers State is a regular receiver of domestic and
industrial waste disposals The bioaccumulation of chemicals from industrial and domestic wastes by
the biota is an important and interesting study, as concentration levels determine the toxicity to the
organisms. There is an increasingly need to assess the contaminant levels in fish as indicators of health
and wellbeing of both the fish and their consumers, including humans (Daka, 2005). Mugilidae are
amongst the prevalent fish species in Okrika creeks. Likely bioaccumulation of these heavy metals in
mullet has raised serious concerns, especially, being a fish of high consumption amongst the locals and
the attendant health challenges it might cause. The need for this study is timely

MATERIALS AND METHOD

Three estuarine creeks in the upper Bonny Estuary studied have impact of anthropogenic influences from
National Fertilizer Company of Nigeria (NAFCON), Port Harcourt refinery Company (PHRC) and other
companies in the Trans-Amadi Area, including the Abbatoir. Twelve (12) sampling points were established
for the study. Three (3) sampling points within each station (NAFCON, Refinery, Azuabie and Control).
Samples were collected monthly for a period of twelve months, covering wet and dry seasons.

Liza grandisquamis were collected from fishermen operating in each of the study stations. Fish samples
collected were properly labelled in a storage polythene bags and preserved in ice packed cooler and
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taken to the laboratory for analysis. Three replicates of flesh, gills and liver were examined for each
sampling point. Each replicate is composited from ten (10) individual fish species to obtain enough
material for analysis. Fish samples were dissected in the laboratory. The liver, gill and tissue (flesh)
were separated and dried in the oven at temperature of 75C. The samples were allowed to cool and
then crushed into fine powders using porcelain mortar and pestle, and then digested with acid for the
determination of copper, lead, nickel, chromium and cadmium using Unicam 969 Atomic Absorption
Spectrometer (AAS).

1 Builiup
B Rivers/Creeks
®  Surface Water

Fig. 1 Map of the area indicating the sampling stations

RESULTS AND DISCUSSION

Nickel concentrations were generally higher than other heavy metals analysed in Liza grandisquamis
with the trend, Ni>Cu>Pb>Cd>Cr. (Figures 2-4). The results also revealed that, there was higher
concentration of heavy metals in the liver of the species, than in the gills and flesh tissue, indicating a
concentration trend of Liver>Gills>Tissue. (Figures 2-4). This is consistent with the study of heavy
metals level (Cd and Cr) in three major carps from River Ravi, Pakistan by Rauf et al (2009), which
reported that fish liver appeared to have significantly higher tendency for the accumulation of Cd and
Cr. Also, in a study on the concentrations of copper, zinc, cadmium and lead in Rabbitfish (Siganus
oramin), in Victoria harbour, Hong Kong, Chan (1995) had reported that, concentrations of copper,
zinc and lead in the muscle were found to be the lowest in the muscle as compared with other parts of
the body. This observation is not different from this study, where copper, cadmium, chromium, nickel
and lead concentrations are lowest in the flesh, than in the gills and liver.

Copper is an essential part of several enzymes, and it is necessary for the synthesis of haemoglobin. The
mean concentration range of Cu (Figures2-4) in L. grandisquamis (0.096-0.533mg/kg) analysed was
below the FAO recommended guideline of 30 ug/g (FAO, 1983).

The major source of Ni for humans is food and uptake from natural sources, as well as food processing
(NAS-NRC, 1975). Increased incidence of cancer of the lung and nasal cavity caused by high intake of Ni
has also been reported in workers in Ni smelters. The estimated maximum guideline (USFDA, 1993) for
Niis 70 - 80 ug/g. The concentrations of Ni in all the samples and in all stations (Figures 2-4) were below
the stipulated limit. The source of Cd in humans is through food consumption. Severe toxic symptoms
resulting from Cd ingestion are reported between 10 to 326 mg (Sivapermal et al, 2007).
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Fig. 2: Concentrations of Heavy Metals in Flesh of Liza grandisquamis
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Fig. 3: Concentrations of Heavy Metals in Gills of Liza grandisquamis
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Fig. 4: Concentrations of Heavy Metals in Liver of Liza grandisquamis

Fatal ingestions of Cd, producing shock and acute renal failure, occur from ingestions exceeding 350
mg/g ([NAS-NRC, 1982). In the fish flesh samples, the highest concentration (0.18mg/kg) was
recorded in the Refinery station (Figure 2), which fell below the FAO/WHO (2011) limits of
0.3mg/kg. Lead is classified as one of the most toxic heavy metals. The biological effects of sublethel
concentrations of lead include delayed embryonic development, suppressed reproduction and
inhalation of growth, increased mucous formation, neurological problems, enzyme inhalation and
kidney dysfunction (Rompala et al, 1984). The highest concentration of 0.48 mg/kg was observed in
the liver of the fish at the Azuabie station (Figure 3). This is above the 0.3mg/kg FAO/WHO (2011)
permissible limits. The deficiency of Cr as an essential trace metal results in impaired growth and
disturbances in glucose, lipid and protein metabolism (Calabrese, et al, 1985). The lowest detectable
concentration of 0.094 mg/kg was measured in the flesh of the fish samples from the Control station
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(Figure 2), while the highest concentration of 0.46mg/kg was observed in the liver of the fish samples
from the Refinery station. The maximum guideline of 12 - 13 ug/g stipulated by (USFDA, 1993) was
however, higher than the concentrations of Cr measured in all the fish samples, hence the samples are
safe for human consumption.

CONCLUSION

The results of the study showed that despite the industrial presence, the levels of heavy metals in fish
tissues, with few exceptions, are within regulatory limits. However, there were significantly higher
values of most metals in the locations receiving industrial inputs compared to the Control, so there is
potential for the threshold levels to be breached in the future. Continuous monitoring is therefore
recommended.
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INTRODUCTION

ABSTRACT

Protozoa are freshwater fish parasites that affect public health and
cause losses to fish. Parasites cause stress, slowed growth rates,
weakened immunological responses, and higher mortality rates, which
have a substantial negative influence on fish welfare and aquaculture
productivity. The study aimed at investigating the prevalence of
protozoan parasites in Clarias gariepinus in commercial farms in Ekiti
North, South and Central districts. Fish samples were purchased from
three commercial fish farms in Ekiti State and were transported to the
Fish Biology Laboratory at Federal University Oye-Ekiti. The fish
samples were checked with a hand lens for ectoparasites. Fins, skins,
and gills were scraped using a swab stick, smeared on a clean glass slide,
and checked for external parasites with an OLYMPUS CH binocular
microscope. Parasites were identified using keys. Data were analyzed
using SPSS version 26.0 statistical package. A total of 191 samples of C.
gariepinus were obtained, 117 were infected with protozoan parasites.
Seven protozoan parasite species (Ich. multifilis, Trichodina sp,
Chilodonella sp, Epistylis sp, Ichthyobodo sp, Apiosoma sp, and
Heximata sp) were observed on the skin, fins and gills. The most
prevalent species is Ich. multifilis in all districts. The overall prevalence
of protozoan parasites in sampled fish was 61.26%. The percentage
prevalence in the districts shows that Ekiti North had 54.69%, Ekiti
South (62.32%) and Ekiti Central (67.24%). Fish parasitism is one of
the major problems facing fish production. Hence, water quality
management is imperative for sustainable aquaculture and should be
advocated to prevent low fish production.

Fin fish have a high protein content and are rich in lipids, minerals, and vitamins. They have a profound
effect on the lives of many people and communities as a major source of easily accessible and fairly
priced animal protein (Islam et al., 2023). Compared to other vertebrate groups, fish have the highest
species diversity, with 33,600 recognized species (Fish base, 2017). The need for fish as a source of
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protein unavoidably rises along with the human population. Fish is a great food source, but because
they contain pathogenic bacteria and/or their toxins, parasites, and chemical residues, eating them can
increase the risk of food poisoning and illnesses (Oso et al., 2017). The majority of fish parasites that
are frequently encountered are protozoa, which are the easiest to recognize and control with practice.
Protozoa are a huge collection of eukaryotic creatures (Esteban and Fenchel, 2020). Ecto- and
endoparasitic protozoans are among the most serious potential risks to fish health among the protozoa
(Manbe et al., 2020). According to Manchanayake et al. (2023), these parasites attack fish and severely
damage their skin and gill epithelium. Protozoan infections can result in large financial losses in
aquaculture. Slower growth rates, ineffective feed conversion, greater death rates, and increased
medical costs for illness diagnosis, treatment, and prevention could all contribute to these losses
(Ismail et al., 2020). Parasite/protozoan prevalence in several fish species has been the subject of
research conducted in impoundment (dams and reservoirs) in Ekiti State, Nigeria (Oso et al.,2017,
Olagbemide and Awolabi, 2022). Hence, this study will bridge the gap in protozoan parasite
prevalence in Ekiti State commercial fish farms. This study examines the prevalence of protozoan
parasites in commercial farms in Ekiti State, Nigeria.

MATERIALS AND METHODS

Study Area

This study was carried out in Ekiti State, Nigeria. Geographically, Ekiti State is situated between latitudes
7° 15 to 8° 5' north of the Equator and longitudes 4° 45' to 5° 45' east of the Greenwich Meridian. Three
commercial fish farms were randomly selected, one in each geographical district. The selected farm in
Ekiti North district is situated in Ikole-Ekiti, Latitude 7°47'53.76"N and a Longitude of 5°30'52.17"E;
Ekiti Central district is situated in Ado-Ekiti, Latitude 7.621111, and the Longitude is 5.221389; and Ekiti
South district is situated in Egbe-Ekiti, Latitude 7°35'54.2"N and Longitude 5°36' 27E.

Collection, Identification and Examination of Fish Sample

Live fish samples of C. gariepinus (n=191) with an average total length of 16.5-21.5cm were obtained
at random from three notable fish farms located in each of the three geographical districts of Ekiti
State. They were then brought in plastic containers to the Fish Biology Laboratory of the Department
of Fisheries and Aquaculture, Federal University Oye-Ekiti for examination. The fish samples were
checked with a hand lens for ectoparasites, and then the fins, skins, and gills were scraped using a swab
stick. The scrape was then smeared on a clean glass slide and checked for external parasites with an
OLYMPUS CH binocular microscope. The approach outlined by Ekanem et al. (2011) was followed in
the independent examination of each fish sample. Keys were used to identify the parasite (Robert,
(1978); Poulder et al. (2005)). The sexes of the fish samples were identified by physical observation of
the urogenital papillae as described in Lagrue et al., (2011) Prior to the parasitic examination.

Prevalence of infection and the intensity of parasites are estimated using the following equation by Das
etal. (2014) as follows:

Prevalence of infection =  Total number of infected fish X 100
Total number of fish examined

Intensity of Parasite =  Total No of parasite species in a sample of fish examined
No of fish host infected

Data Analysis

Data were analyzed using SPSS version 26.0 statistical package and T-test. to compare the
relationships between factors such as fish sex, weight, total length, and parasitic infection. Significant
values were taken at (P < 0.05)
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RESULTS AND DISCUSSION

Seven (7) parasite species were encountered during the study period as shown in Table 1. Out of the
191 samples examined (64 in Ekiti North, 58 in Ekiti South, and 69 in Ekiti Central), 117 were
infected with protozoan parasites in their skin, fins and gills. The parasite encountered are Ichyobodo
sp, Trichodina sp, Epistylis sp, Ich. Mutifilis sp, Apiosoma sp, Chilodinella sp, Heximata sp. The overall
parasites prevalence is (61.26%). The percentage prevalence in the selected farms shows that Ekiti
North (54.69%), Ekiti Central (67.24%), Ekiti South (62.32%) (Table 2). The overall protozoan
parasites prevalence in this study (61.24%) is higher than (32.9%) as reported by Eyo et al. (2014) in
Warri River, (28.57%) in Yola Adamawa State by Idowu et al. (2023), (46.89%) in Makurdi as reported
by Omeji et al. (2022), (55.56%) as reported by Olagbemide and Awolabi, (2022) in Ekiti State dams.
The mean intensity was higher in Ekiti North (5.43+0.22a) and the lowest was recorded in Ekiti
Central (4.10%0.12b). The variations in parasitism rate could be related to biotic and abiotic
conditions in the study site (Mohammed et al., 2020). Unfavorable conditions may also influence fish
physiology, encouraging parasite infection and invasion (Eyo et al., 2014); contamination of the fish
environment may also contribute considerably to fish infestation (Kelly et al., 2010). Fish parasites can
be internal or external. Parasitic infections are widely used to measure water quality because parasites
increase in quantity and diversity in polluted environments (Omeji et al., 2011).

Table. 1: Parasitic Infection in C. gariepinus from commercial fish farm in Ekiti, State.

Zone Protozoans No of fish Location
Parasite infected by
each
parasite % Skin % Gill % Fin %

EN Ichthyobodo sp. 16 20.78 - - 16 50.00 - -
Trichodina sp. 16 20.78 10 3571 08 25.00 - -
Epistylis sp. 2 2.59 01 3.57 - - 02 9.09
Ich. Multifilis sp. 24 31.17 12 42.86 02 6.25 13 59.09
Apiosoma sp. 11 14.29 02 7.14 03 9.36 06 27.27
Chilodenella sp. 7 9.09 02 7.14 03 9.36 01 4.55
Heximata sp. 1 1.29 01 3.57 - - - -

EC Ichthyobodo sp. 12 14.46 - - 12 33.33 - -
Trichodina sp. 15 18.07 11 44.00 06 16.67 - -
Ich. Multifilis sp. 28 33.33 11 44.00 08 22.22 13 46.43
Apiosoma sp. 08 9.64 02 8.00 03 8.33 03 10.71
Chilodonella sp. 08 9.64 - - 07 19.44 1 3.57
Heximata sp. 06 7.23 01 4.00 - - 05 17.86
Epistylis sp. 06 7.23 - - - - 06 21.43

ES Ich.Multifilis sp. 23 33.33 11 40.74 2 6.25 10 71.43
Trichodina sp. 14 20.29 08  29.63 7 21.88 1 7.14
Ichthyobodo sp. 14 20.29 - - 14 43.75 - -
Chilodonella sp. 10 14.49 05 18.52 06 18.75 - -
Apiosoma sp. 08 11.59 03 11.11 03 9.89 3 2143

EN= Ekiti North, EC=Ekiti Central, ES=Ekiti South, %P = Percentage prevalence

49



{é;%%\e“ BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
i—»} FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

Table.2: Prevalence, Mean Intensity and Abundance of Parasitic Infestation of C. gariepinus in
Commercial Farms in Ekiti State.

Zone No of fish Infected Total no of Prevalance Mean
Examined parasite (%) Intensity
EN 64 35 88 54.69 5.45+0.22°
EC 58 39 101 67.24 4.10+0.12°
ES 69 43 120 62.32 4.97+0.16¢
Total 191 117 309 61.26

Mean intensity with different alphabets superscriptions are different significantly at P < 0.05.

Ekiti North and South surveyed farms showed that the parasite prevalence is higher in male than
female C. gariepinus while the female out weights the male. Female of C. gariepinus were more
infected than the male in Ekiti central. There was no correlation between weight, length and parasite
prevalence in this study. However, this is not in conformity to the findings of Olagbemide and Awolabi,
(2022) who observed significant correlation of parasite prevalence with the length and weight of fish in
Ekiti State dams. Thisis an indication that procurement of parasite is not by sex, weight or length.

Table.3: Parasite Prevalence in Relations to Fish Sex, Weight and Total Length

Zone Species Sex Noof fish % Weight Length
infect Prevalence
Ed
EN C.gariepinus Female 20 37.14 76.76 £8.67*  54.35+5.09%
Male 44 62.86 62.98+7.45*  39.70+4.01%
EC C.gariepinus  Female 42 71.79 50.34+5.03>  49.76+5.30°
Male 16 28.21 93.86+8.97°  51.12+5.76°
ES C.gariepinus Female 31 46.51 53.44£5.06°  49.67+£5.01°¢
Male 38 53.49 63.29+£7.45°  56.46+5.04°

Mean with different alphabets superscriptions are different significantly at P < 0.05.

CONCLUSION

Parasites have an impact on fish health, growth, and survival certain parasites cause extremely
hazardous and deadly sickness to the host fish. Ich. multifilis was the most prevalent parasite across all
zones. This parasite is known for causing "white spot disease," which can lead to significant morbidity
and mortality in fish populations. The skin was the most common site of infestation, followed by the
gills and fins, indicating the need for regular monitoring and treatment protocols to manage these
infestations effectively. Hence, pollution control, biosecurity and regular examination of the water in
culturing receptacles should be prioritized.
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ABSTRACT

This study assessed the acute toxicity of a commonly sold 'tri-
pyrethroid' insecticide on Clarias gariepinus fingerlings. One hundred
and sixty fingerlings of mean weight and length, 2.620 = 0.370g and
6.480 = 0.598cm respectively were procured, acclimatized for seven
days and randomly allocated to five exposure concentrations of 0.0045,
0.0085, 0.0110, 0.0125 and 0.015ml/L in triplicates, and a control
(Oml/L) for 96hours in the laboratory using Completely Randomized
Design. Some physicochemical parameters of the test media were
determined. Mortalities per exposure concentration were recorded
24hourly, the 96hr-LC50 of the insecticide was extrapolated using
Probit analysis. The gills, muscle, intestines and brain were excised for
histopathological examination. The results showed that, the mean
values of the physicochemical parameters varied significantly (P<
0.05) and were concentration dependent. The histopathology of the
tissues reflected concentration- dependent degenerations and
alterations. Fish mortality reduced with time, mortalities were 6.67,
10.0, 56.67, 30.0 and 63.33% in the 0.0045, 0.0085, 0.0110, 0.0125
and 0.015ml/L concentrations respectively, indicating concentration-
dependent effect. The lethal concentration (96hr-LC50) of the
toxicant was 0.0128ml/L which implied that, the tri-pyrethroid
insecticide was highly toxic, will pose great risk to fish and aquatic

Keywords: productivity by extension if present in aquatic ecosystems. These
Tri-pyrethroid, Clarias findings underscore the importance of understanding the toxicological
gariepinus, lethal effects of such insecticides on non-target species, so as to develop
concentration, effective environmental management strategies to mitigate their
histopathology. ecological risks.

INTRODUCTION

Pyrethroid pesticides, a type of synthetic organic insecticide derived from pyrethrins, an insecticidal
chemical present in natural pyrethrum in the flowers of Chrysanthemum cinerariaefolium (Evan and
Evans, 2009) are amongst the important classes of pesticides mostly used in the control of pest
populations and domestic insects (Ayaz and Kumar, 2023). They are the only type of pesticides that
may be applied on insecticide-treated nets (ITNs) and are the cheapest pesticides for controlling
malaria vectors (Van den Berg et al., 2021), recommended and present in all WHO-prequalified types
of ITNs (WHO, 2020; Lissenden et al., 2021), used in the production of long-lasting insecticidal nets
(LLINS). Pyrethroids are neurotoxic, they target the voltage-gated sodium channel's receptor site-
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specifically of insects (Valmorbida et al., 2022), cause change in the membrane potential resulting in
abnormal state of hyper-excitability in the nerve cells, these alterations in insects have sub-lethal
incapacitating 'knockdown' effects, and kill exposed insects by binding to sodium channels resulting in
excitatory paralysis (Davies et al., 2007). There are over twenty pyrethroids widely used in insecticide
formulations; some are combined to reduce insect resistance and improve the effectiveness of
formulations. The wide use of pyrethroids pesticides especially for insects control, threatens the
health of the aquatic organisms as they end up in aquatic ecosystems through spray drifts, run-offs and
discharges (Bashir et al., 2020; Galadima et al., 2021), with their resultant toxic effects on the
environment and non-target organisms amongst which are fish. With the recent influx of assorted
'labeled and unlabeled', 'powder and liquid' insecticide formulations into markets in Bayelsa State,
there was need to assess the toxic effects of one these 'labeled’, liquid,' locally produced insecticide
formulations (a type II pyrethroid classed as moderately hazardous) using Clarias gariepinus
fingerlings.

MATERIALS AND METHOD

Test Organisms

Two hundred and forty fingerlings of C. gariepinus of mean weight and length, 2.620 = 0.370g and
6.480 = 0.598cm respectively were procured from a fish farm in Akenfa, Yenegoa, Bayelsa State.
These were acclimatized for seven days, kept in holding in plastic tanks of 50L capacity in the
laboratory of the Department of Biological Sciences, Niger Delta University, Bayelsa State using
borehole water (Reish and Oshida, 1987). They were fed twice daily with Coppen® feed (0.8-1.2mm)
at 5% body weight twice daily during the holding period with change of media to prevent stress and
fouling of the water. The fingerlings were monitored for mortality and behavioural changes to allow for
stabilization before exposure. There was no mortality during the holding period.

Toxicant

The toxicant used in this study was a commonly sold and used 'tri-pyrethroid’ insecticide with the
assigned name 'B' (to protect the 'trademark'). The insecticide is locally produced in the State and was
procured from a market in Yenegoa metropolis, Bayelsa State, Nigeria. This 'tri-pyrethroid' insecticide-
'B' (thus, named) was a mixture of three pyrethroids: Deltatmethrin (0.5%), Cypermethrin (0.2%)
and Cyhalothrin (0.4%).

Range Finding Test

This was done to determine the threshold concentrations (concentrations at which minimum
responses will be elicited from the exposed fish) of the 'tri-pyrethroid' insecticide- 'B'. The
concentrations of 0.0045, 0.0085,0.0110, 0.0125 and 0.015ml/L respectively were determined as the
acute toxicity exposure concentrations after 0.025, 0.05, 0.10 and 0.20ml/L respectively adapted
after Yidietal. (2021) and Mohammad et al. (2022) resulted in one hundred percent (100%) mortality
within three hours of exposure.

Experimental Design

A static renewal toxicity test with five exposure concentrations of 0.0045, 0.0085,0.0110, 0.0125 and
0.015ml/L, and a control (Oml/L) made up to 15L with borehole water of acceptable quality in the 50L
plastic tanks was carried out for 96hours (during which the fish were not fed to reduce fouling). The
experiment consisted of one hundred and sixty (160) fingerlings of C. gariepinus randomly allocated
to the five exposure concentrations in triplicates, and control using Completely Randomized Design.
Physicochemical Parameters of Test Media (Water)

The dissolved oxygen (DO), temperature, total dissolved solids (TDS), pH, electrical conductivity
(EC) and salinity were determined to ascertain the suitability of the water for fish survival (Boyd,
2015) before and after exposure. These were measured in-situ using Hanna HI 9828
pH/ORP/EC/DO water analyzing device.
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Toxicity Testing

This was based on the determination of the mean values of the evaluated physicochemical parameters
of the exposure media and the control, assessment of the mortalities of the fish in the exposure
concentrations and control with time, determination of the lethal concentration (96hr LC50; the
concentration at which 50% of the test population will die), and histopathological examinations of the
excised gills, muscle, intestines and brain of the exposed fish against the control.

Histological Analysis

Sections of the muscles, gills, intestines and brain of C. gariepinus were prepared by dehydration,
clearing, impregnating, embedding then microtomed and stained with Haematoxyline and Eosin.
Prepared slides were then viewed under the microscope and microphotography was done using
Olympus CX31 binocular microscope at x100 and x400 magnification.

Mortalities

During the 96-hr exposure period, observations were made and records taken of the mortalities in the
exposure concentrations every 24hrs and the percentage mortalities deduced with respect to time. Probit
Plot of mortality was used to determine the median/lethal concentration (96hr LC50) of the toxicant.
Statistical Analysis

Data obtained were analyzed for means # standard deviation. One-way Analysis of Variance
(ANOVA) was used to compare the differences in the means at P < 0.05 and the post hoc test utilized
Duncan's Multiple Range Test using SPSS® version 2.1.0 software.

RESULTS AND DISCUSSION

The results of the mean values determined for the physicochemical parameters of the test media
(Table 1) showed that, there were significant differences (P<0.05) with respect to concentrations
with obvious differences in the mean values of the TDS, EC and salinity.

Table 1: Result Showing the Mean + Standard Deviation of the Physicochemical Parameters of the Test
Media of the Different Exposure Concentrations of a the Tri -Pyrethroid Insecticide —B’

Exposure Temperature pH DO TDS EC Salinity
Concentrations (mg/L)
(ml/L) . (mg/L) (mg/L) (nS/cm)

0 26.90+0.10* 6.95+0.04¢¢ 4.73+0.09% 119.30+3.334 253.00+5.23¢ 151.50+£11.37¢4
0.0045 27.85+0.05° 6.83+0.10% 5.37+0.25% 110.50+8.50" 221.50+£17.50" 141.76+£11.20°
0.0085 27.95+0.05" 6.59+0.08* 5.31+0.70% 104.00+3.00° 209.00+5.00° 133.76+3.20%
0.0110 27.95+0.05" 6.92+0.03¢ 4.94+0.04° 92.00+1.002 183.50+1.50* 117.44+0.96*
0.0125 28.00+0.00° 6.79+0.12° 5.62+0.30P 124.50+2.50¢ 249.00+5.00° 159.36+3.20%
0.0150 28.10+0.004 7.09+0.01¢ 5.68+0.17° 115.50+11.50¢4 231.00+22.00b° 147.84+14.80%
WHO (2008) <40 6.5-8.5 >4 500 70 <600

USEPA (2011) - 6.5-8.5 - 500 - -

Key: Means with the same superscripts were not statistically different at P<0.05; DO =Dissolved
Oxygen; pH = Potential Hydrogen; EC = Electrical Conductivity; TDS = Total Dissolved Solids;
WHO = World Health Organization; USEPA = United States Environmental Protection Agency

The differences in the values of the TDS, EC and salinity among the exposure concentrations were
attributable to increased physiological activities in the fish in response to increased stress due to the
toxicant/concentrations. The DO and EC levels were observed to be higher than the WHO (2008) and
USEPA (2011) guidelines for water thus, fish. These values indicated increased presence of solutes in the
test media which implied increased physiological activities and stress in the fish since they were not being
fed. The parameters determined were affected by the toxicant and the variations were concentration-
dependent which had negative implications on the fish physiology. These findings had similar patterns
with the reports of Yidi et al. (2021), who worked on the effects of Deltamethrin on Chanas argus and
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Hossain et al. (2022), who worked on the effects of Chlorpyrifos on Oreochromis niloticus.

For the mortality, there were 32, 9, 6 and 4 dead fish at the 24th, 48th, 72nd, and 96th hour. The
exposure concentrations of 0.0045, 0.0085,0.011,0.0125 and 0.015ml/Lhad 6.67,10.0, 56.67, 30.0
and 63.33% mortality respectively while the control had one (Fig. 1). These indicated that, mortality
reduced with time (attributed to the sequestration of the insecticide) but increased with increase in
concentration, thus, mortality was concentration-dependent.
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Fig. 1: Mortalities of Clarias gariepinus fingerlings in the Different Exposure Concentrations of the
Tri-Pyrethroid Insecticide — 'B' with time.

The lethal concentration (96hr LC50) of the insecticide was extrapolated to be 0.0128ml/L which
implied that, this tri-pyrethroid insecticide was highly toxic. Prudencio et al. (2023), investigated the
acute toxicity of increasing concentrations of the insecticides- Pyrinex Quick 212 EC (Deltamethrin
12g L—1and Chlorpyrifos 200g L—1) and Pyro FTE 472 EC (Cypermethrin 72[] gL—1and
Chlorpyrifos 400g L—1) on C. gariepinus with emphasis on liver histopathological effects for 96hr.
The values of the reported 96hr LC50 were 0.004 and 0.012uL L—1 for Pyrinex and Pyro respectively,
indicating very high toxicity to C. gariepinus juveniles. These values were similar to the findings of this
study for the tri-pyrethroid (cypermethrin, cyhalothrin and deltamethrin) implicated in the toxicity of
this insecticide as reflected in the mortalities observed. This value was lower than the 1.94[Jg/L 96hr-
LC50 determined by Yidi et al. (2021), for Deltamethrin insecticide, which implied that,
deltamethrin alone was less toxic than the tri-pyrethroid, attributable to the synergy between
Deltatmethrin, Cypermethrin and Cyhalothrin.

Histology of the Gills, Muscles, Intestines and Brain

Microscopic examinations of the prepared slides showed histopathological changes in the muscles,
gills, intestines and brain of C. gariepinus from the exposure concentrations when compared with the
control (Plates A - L). The changes increased with increase in the concentration of the toxicant that is,
the alterations were concentration-dependent.

The gills from the control had the gill filaments arranged in parallel rows, the gill archs were intact with
the secondary branchial lamellae evenly spaced (Plate A). The sections of gill tissues from the exposure
concentrations showed diffusion of muscous cell, damaged gill filaments and rakers (shortening of and
eroded secondary lamellar), acute necrosis of epithelial cells (Plates B and C).
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A= Control (Oml/L); B=0.0045ml/L; C= 0.0150ml/L : Intact gill archs== : Intact Gill filament/rakers
= Necrosis and Lesions of epithelial cells #§ :Damaged gill filaments/rakers (shortening of and
eroded secondary lamellar); 3 : Congestion of secondary gill lamella; *: Diffusion of mucous cell

Normal muscles of fish are smooth (non-skeletal and nucleated), striated (skeletal), musculature has
myotomes which slope in nature. These were observed in the fish tissues from the control (Plate D).
The muscle tissues from the exposure concentrations showed slight thickening or atrophy of the
tissues with increased sloping, necrosis, vacuoles and splitting of muscle fibers. The vacuoles and
degenerated musclesincreased with the concentration of the toxicant (Plates E and F).

D= Control (Oml/L); E = 0.0045ml/L; F= 0.0150ml/L; \ = Necrosis;mmp = Sloping/Degeneration
of muscle fiber;[] = Splitting of muscle; C > = Vacuole

The small intestine has large circular folds called plicae circular (m)that has the mucosa (=) and the
villi (4 ) which are finger-like projections of simple columnar epithelium and goblet cells (C). These
were intact in the control (Plate G). The villi increase the internal surface area of the intestinal walls
which allows for more intestinal wall area to be available for absorption, to aid in digestion and
absorption of food nutrients. These tissues were damaged in the exposed fish (Plates H and I) which
increased with concentration when compared with the control. Tissue alterations included erosion of
the villi, clumped/atrophied in the villi, shrinkage and deadening of the goblet cells (darker colour),
lesions in the mucosa which may result in intestinal dysfunction. These observations were in line with
the study of Wu et al. (2022), who studied Deltamethrin disruption of the intestinal health of Crucian
Carp. The intestinal tract is essential in controlling nutrient digestion and absorption while functioning
as a barrier to prevent foreign antigens and pathogens from entering the mucosal tissues. The integrity
of the goblet cells and their secretions-mucins play vital role as intestinal barrier in maintaining
intestinal homeostasis. Goblet cells defects can allow bacteria to make contact with the epithelial cells,

thereby, triggering excessive immune response in fish and various intestinal infections (Johansson and
Hansson, 2014; Birchenough et al., 2015; Yang and Yu, 2021), a threat to fish health and well-being.
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G = Control (Oml/L); H = 0.0045ml/L; I= 0.0150ml/L; Control had normal plicae circular showing
mucosa and villi with the goblets. A = Lesions in the mucosa; mm® = Shrinkage and deadening of
the goblet cells; |Jlill= = Erosion of villi;—» = Clumped/atrophied in the villi.

The sectioned brain showed that, there was reduced mass and evident separation within and between
tissues in the grey matter (lighter shade) and white matter (darker shade), with slight clumping and
necrosis which was obvious in the tissues of fish from the exposure concentrations (Plates K and L)
which were different from the control (Plate J).
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J= Control (Oml/L); K = 0.0045ml/L; L= 0.0150ml/L; — = Slight clumping and necrosis;C] =
Reduced mass and separation of tissues.

The low proclivity of pyrethroid pesticides to accumulate in organisms (Ayaz and Kumar, 2023), their
quick photo-biodegradation (Agnieszka et al., 2018), and efficiency (Li et al., 2017) have resulted in
their abuse with predictable resultant effects. In insects, type II pyrethroid insecticides cause
'choreoathetosis syndrome' (Gupta and Crissman, 2013). Paul and Simonin (2006), reported that,
pyrethroids were 10-1000 times more toxic to aquatic animals than to mammals and birds due to their
lower ability to degrade pyrethroid pesticides. Fish lack hydrolase, hence, cannot detoxify synthetic
pyrethroid pesticides hydrolytically as efficiently as mammals (Yang et al., 2016). Several studies have
shown that, pyrethroid pesticides are hazardous to fish in reproductive and early development phases
(Farag et al., 2021). Uptake of pyrethroids in fish may be due to the lipophilic and hydrophilic
properties (Clasen et al., 2018) and the ease of entry into fish through the gills, skin, during feeding,
and their transport to tissues through blood circulation thereby, resulting in the toxic effects.
Deltamethrin, cypermethrin, and lambda-cyhalothrin have been shown to cause histopathological
abnormalities in tissues such as, fish gills, liver and muscles (Ogueji et al., 2019; Yang et al., 2020)
which were comparable to the effects of Chlorpyrifos on Oreochromis niloticus (Hossain et al., 2022)
as were observed in the degeneration and alterations in the excised gills, muscles, intestines and brain in
this study. These histological changes can impair behaviour, respiratory function, nutrition and
development, swimming performance and balance. These can have significant implications on the
survival, health, well-being and even reproductive successes of the fish when exposed to such
insecticides in aquatic ecosystems.

57



3@’%\%“ BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
i—»} FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

CONCLUSION

Following the environmentally relevant concentrations of the tri-pyrethroid-'B' in this study, the
findings have clearly shown histopathological alterations that are detrimental to C. gariepinus. It is
highly toxic to fish and aquatic vertebrates by extension evident in the mortalities; with negative
impacts on physicochemical parameters of water and aquatic productivity by implication.
Understanding of the toxicological effects of such insecticides on non-target species is important, so as
to develop effective environmental management strategies to mitigate their ecological risks.
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INTRODUCTION

ABSTRACT

Heavy metals are natural components of the aquatic environment,
but industrial, agricultural, and mining activities have increased their
levels. The concentration of heavy metals in water sources has raised
health concerns, particularly for humans. Ngadda River, used for
domestic, car washing, irrigation, and fishing, is polluted with heavy
metals from wastewater, burnt tires, sewage, and automobile waste.
Water and fish samples were collected from four sites along the river
in August and September 2022 from river Ngadda, downstream of
Lake Alau, Maiduguri. The samples were analyzed for cadmium
(Cd), lead (Pb), iron (Fe), and chromium (Cr) using the nitric-
perchloric acid digestion method. The results obtained from this
study were 0.016-0.352mg/l and 0.013-0.363mg/l in August and
September for cadmium (Cd) in water samples, 0.015-0.617 mg/1
and 0.038-0.505 mg/l, 0.031-0.655mg/l and 0.044-0.535mg/l in
August and September for cadmium (Cd) in fresh and dried fish
samples. Lead (Pb) below detection limit and 0.014-0.016mg/1 for
water samples, 0.280-0.538mg/1 and 0.285-1.538mg/1 for fresh and
dried fish in August and September. Iron (Fe) 0.264-2.429mg/l and
0.273-2.447mg/1 for water, 2.569-13.70mg/l and 7.104-14.723mg/1
for fresh and dried fish in August and September. Chromium (Cr)
0.004-0.094mg/1 and 0.036-0.237mg/l for water samples 0.196-
0.680mg/1 and 0.126-0.446mg/1 for fresh and dried fish, in August
and September respectively. The results showed that the
concentrations of Cd, Pb, Fe, and Cr in water samples exceeded the
WHO/FAO permissible limits. The study concluded that the river is
polluted with heavy metals, posing health risks to humans. To
mitigate this, laws enforcing the recycling of leather, rubber, and
plastics should be enacted to reduce heavy metal contamination in
aquatic ecosystems.

Pollution can be defined as the introduction of contaminants into the natural environment that causes
adverse change (Merriam-Webster, 2010). Pollution can take the form of chemical substances or
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energy, such as heavy metals. In 2015, pollution killed 9 million people in the world (Beil and
Carrington, 2017). A Heavy metal is dense that is (usually) toxic at low concentrations. Although the
phrase "heavy metal" is common, there is no standard definition assigning metals as heavy metals
(Helmenstine, 2018). Heavy metal is defined mainly on the basis of its specific weight. Heavy metal on
the basis of periodic table would be referred to as transition elements, rare earth elements, which can
be subdivided into lanthanides and actinides, a heterogeneous group including the metal B1, elements
that form amphoteric oxides aluminium (Al), gallium (Ga), indium (In), titanium (Ti), tin (Sn), lead
(Pb), antimony (Sb) polonium (Po) and the metalloids germanium (Ge), arsenic (As) and tellurium
(Te) (Klaus, 2010). Heavy metals are essential components of aquatic environment, usually found in
really low concentrations. The many parts of the heavy metals released into the earth discover their
way into the freshwater and marine environment as by many ways as input of direct air deposition,
climatic, and disintegration due to rainwater. The levels of heavy metals are too high, in the area where
domestic activities, mining activities, mechanical and cultivating activities are across the natural areas
(Suleiman and Suleiman 2019)
The bioaccumulation of heavy metals widely varies among aquatic organism species, which is mainly
due to specific physiological processes, metabolic activities, feeding strategies, and living habits (Baki
et al. 2018; Liu et al. 2019). Moreover, some metabolically active organs, such as gills and the liver,
generally accumulate high levels of heavy metals (Suboti¢ et al., 2013; Djikanovi¢ et al. 2018). Recent
development and advancements in the agricultural sector, industrialization, and urbanization have
contributed substantially to elevated heavy metal pollution in freshwater and marine environments.
Anthropogenic activities such as mining and smelting (Chen et al. 2015), combustion of fossil fuel
refining (Muradoglu et al., 2015), discharge and disposal of domestic and municipal wastes (Khan et
al., 2016), using pesticides in agricultural sector (Ogunlade and Agbeniyi 2011), sewage irrigation in
some countries (Sun et al., 2013), fertilizer and urea application (Atafar et al., 2010), dust (Chenetal.,
2011) contribute to spread the levels and concentrations of dangerous heavy metals in the aquatic
environments. Different parts of fish such as gills, liver, kidneys and muscles have been widely
investigated for heavy metals (Oguzie and Izevbigie, 2009). Fish have been considered as one of the
most significant indicators in water systems for the estimation of metal pollution level (Oguzie and
Izevbigie, 2009). Therefore, the objective of this project is to determine the concentration of Heavy
metals in water, tissues of fresh and dried Clarias gariepinus.

MATERIALS AND METHODS

Study Area
The study site lies between latitude 110 48' N — 110 52' and longitude 130 06'E — 130 14' at an altitude

of 345m above sea level. This area has a long period of dry season and the vegetation is of grassland type
with Sudan type of climate. The annual rainfall is light with average value of 864mm (34inches) and

the temperature ranges from 22-31°C (Bukar et al., 2016).

N
Custom Bridge
Gadan Gwang

agos Bridge
2)

od

)

Shehy Sandg Kurarg

Lake Ala 1)

Map of Maiduguri showing Ngadda River.
Stati 1: Lake Al .
e Lo e e Source: 2019 Research.

Station 3: Gwange bridge
Station 4: Custom bridge

61



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

Sampling

Water and fish samples were collected monthly from each of the four sampling sites from August to
September 2022. Samples were collected along the river with the aid of a canoe. Water samples were
collected at the water surface using 350ml HDPE (high density polyethylene) bottles. Water sampling
bottles were rinsed with the water before sampling was done at each site. A wide fishing net (drag net)
was pushed to the bottom of the river and dragged out. One water and two fish samples were collected
from each site monthly during the study period.

A total of 16 fishes belonging to Clarias garipienus were sampled throughout the sampling periods.

Sample preparation

Fish digestion

Nitric-Perchloric acid (HNO3-HCIO4) digestion method was carried out as recommended by
Association of Analytical Communities (AOAC, 1990). A sample of 1.0 g was taken into a digestion
tube and 10 ml of concentrated HNO3 acid was added. The mixture was boiled for 45 minutes to
remove all oxidizable matter. After cooling, 5Sml of HCIO4 was added and the mixture was boiled until
a white fume was observed. Then 20 ml of distilled water was added and the mixture was further
boiled to release any gas. Finally, the mixture was filtered using filter paper. Each digested sample was
diluted and make up to 50ml with distilled water after the digestion, for AAS readings.

Water digestion

Nitric (HNO3) digestion was carried out. 50ml of the water sample was transferred into a beaker and
5ml of HNO3 was added, it was then placed on a hot plate and evaporated for about 20 minutes. After
cooling, another 5ml of HNO3was added. The beaker was covered with watch glass and returned to
the hot plate. Heating was continued for 20 minutes, and then a small portion of HNO3 was added
until the solution appears light colored and clear. The samples were filtered and the volume was
adjusted to 100cm3 with distilled water (Radojevic and Bashkin, 1999).

Heavy metal Analysis

The concentrations of Cd, Pb, Fe, and Cr were determined by an Atomic Absorption Spectroscopy
(AAS) in the Chemistry Laboratory, National Institute for Freshwater Fisheries Research (NIFFR).
AAS determinations are made by furnace AAS when the concentrations are high enough, or by
graphite furnace AAS (GFAAS) when the concentrations are low. As long as the same results are above
the detection limit both techniques basically give the same result.

Statistical Analysis

All experiments were performed in triplicate. One-way analysis of variance (ANOVA) was utilized to
distinguish the mean levels of each of the four heavy metals (Cd, Pb, Fe and Cr). A stepwise multiple
comparisons procedure will be used to identify sample means that are significantly different from each
other.

RESULTS

Concentrations of heavy metals in fresh fish of August and September

The results showed significant differences in metal concentrations among stations. In August, the
highest mean values were recorded for cadmium (0.617mg/L) at station three, lead (0.538mg/L) at
station three, iron (13.617mg/L) at station one, and chromium (0.680mg/L) at station one. In
September, the highest mean values were recorded for cadmium (0.655mg/L) at station three, lead
(0.566mg/L) at station four, iron (13.77mg/L) at station one, and chromium (0.682mg/L) at station
one. The results showed that metal concentrations were generally higher in September than in August.
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Table 4.1: Mean concentrations (mg/kg) of Cd, Pb, Fe and Cr from fresh fish samples of August and September
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Stations Cd Pb Fe Cr

SSA1 0.015+£0.003¢ 0.407+0.001° 13.704+0.003% 0.680+0.010%
SSA2 0.177+0.009° 0.280+0.006¢ 10.16+0.013° 0.298+0.000°
SSA3 0.617£0.0012 0.538+0.0012 2.569+0.0014 0.2274+0.001¢
SSA4 0.019+0.000¢ 0.528+0.0012 5.436+0.002¢ 0.196+0.0024
SSS1 0.057£0.001°¢ 0.435+0.002¢ 13.77+£0.0092 0.682+1.6672
SSS2 0.194+0.002° 0.297+0.0024 10.34+0.015° 0.315+1.453b
SSS3 0.655+0.002? 0.545+0.003° 2.577+£0.001°¢ 0.234+1.453¢
SSS4 0.031+0.001¢ 0.5660.002% 5.463+0.015¢ 0.195+2.6464

SSA: Sample station in August, SSS: sample station in September.
Mean value within the column with the same superscript are not significantly different

Concentration of heavy metals in dried fish of August and September

The results showed significant differences in metal concentrations among stations. In August, the
highest mean values were recorded for cadmium (0.505mg/L) at station three, lead (1.538mg/L) at
station one, iron (14.643mg/L) at station two, and chromium (1.307mg/L) at station four. In
September, the highest mean values were recorded for cadmium (0.535mg/L) at station four, lead
(1.552mg/L) at station one, iron (14.723mg/L) at station two, and chromium (0.446mg/L) at station
one. September generally recorded higher metal concentrations than August.

Table 1: Mean concentrations (mg/kg) of Cd, Pb, Fe and Cr from dried fish samples of August and September

Stations Cd Pb Fe Cr

SSA1 0.038+0.001°¢ 1.538+0.0012 13.263+0.018 0.435+0.001°
SSA2 0.153+0.0024 0.315+0.002°¢ 14.643+0.0152 0.216+0.001°¢
SSA3 0.094+0.002° 0.285+0.0024 6.917+0.0024 0.137+0.0174
SSA4 0.505+0.002? 0.443+0.001° 11.873+0.009¢ 1.307+0.0012
SSS1 0.044+0.003°¢ 1.552+0.001°¢ 13.387+0.026* 0.446+0.0012
SSS2 0.106+0.004° 0.337+0.0024 14.723+0.038° 0.223+0.001°
SSS3 0.106+£0.0012 0.343+0.020° 7.104+0.0034 0.126+0.002°¢
SSS4 0.535+0.0024 0.474+0.0022 12.030+0.015°¢ 0.317+0.0034

SSA: Sample station in August, SSS: sample station in September.
Mean value within the column with the same superscript are not significantly different

Concentrations of heavy metals in water samples of August and September

In water samples of the first month, the highest mean value was recorded as 0.353+0.002 at station
three and the least value of 0.105+0.003 was recorded at station one for cadmium, the means are
significantly different from one another. For lead, all the four stations were below detection limit. Iron
has the highest value of 2.429+0.003 at station one and with the least value of 0.264+0.003 at station
two the means are significantly different from one another. Chromium has the highest mean of
0.094+0.002 at station one and a least value of 0.004+0.002 at station four, the means are not
significantly different from one another, while the September, the highest mean value was recorded as
0.363+0.004 at station four and the least value of 0.013+0.002 was recorded at station one for
cadmium, the means are significantly different from one another. Lead has the highest mean of
0.016=0.002 at station three and a least value of 0.014+0.002 at station one, the means are not
significantly different from one another. Iron has the highest value of 2.447+0.001 at station three and
with the least value of 0.273+0.002 at station two, the means are significantly different from one
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another. Chromium has the highest mean of 0.237+0.015 at station three and a least value of
0.036+0.001 at station one, the means are significantly different from one another.

Table 2: Mean concentrations (mg/kg) of Cd, Pb, Fe and Cr from water samples of August

S/N Cd Pb Fe Cr

SSA1 BDL BDL 1.813+0.001¢ BDL

SSA2 0.183+0.002¢ BDL 0.264+0.003¢ BDL

SSA3 0.105+0.003° BDL 2.429+0.002* 0.004+0.001®
SSA4 0.353+0.002% BDL 1.943+0.002° 0.094+0.0022

SSS1 0.013+0.002¢ 0.014+0.002* 2.131+0.006° 0.036+0.001¢
SSS2 0.027+0.003¢ BDL 0.273+0.002¢ BDL

SSS3 0.116+0.002° 0.016+0.002* 2.447+0.001? 0.237+0.015%
SSS4 0.363+0.004* BDL 1.959+0.001°¢ 0.177+0.007°

SSA: Sample station in August, SSS: sample station in September.
Mean value within the column with the same superscript are not significantly different

DISCUSSION

The presence of heavy metals in water and fish higher than a certain concentration especially the well-
known set standards can cause a serious health hazard to human beings and other living organisms.
Knowing the concentration of heavy metals in fish tissues has become a necessity for knowing how to
control nature and combat pollution on the one hand and their suitability for human consumption
(Sankhla et al., 2016). Cadmium (Cd) concentrations in fish tissues were found to be below the World
Health Organization (WHQO) recommended limit of 2.0 mg/kg, but the concentrations in water
samples exceeded the permissible limit of 0.003 mg/l. Though the levels were lower in fish,
cumulative exposure may still pose a health risk, especially with prolonged consumption.

Lead concentrations in fish tissues were within safe limits, but water samples showed elevated Pb
levels. This is likely due to anthropogenic sources, particularly agricultural activities around the river.
Lead is harmful, affecting the nervous system, causing anemia, and may lead to other serious health
issues.

The concentrations of iron in both fish tissues and water were well below the WHO's recommended
upper limit of 43 mg/1, suggesting no significant health risks associated with iron in the studied area.
Several stations showed chromium concentrations exceeding the recommended limit of 0.15 mg/l in
fish tissues. The elevated levels are likely due to industrial waste, such as from leather tanning and
metallurgy, contaminating the environment.

CONCLUSION

While the concentrations of cadmium, lead, and chromium in fish and water samples pose some
potential health risks, especially with chronic exposure, iron concentrations do not appear to be a
concern. The study suggests that contamination is mainly due to anthropogenic activities, and careful
monitoring and consumption of fish from these water sources are necessary to avoid health hazards.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge the Federal Collage of Freshwater Fisheries Technology, Baga, and
FISON community for their guidance, research encouragement and friendly critique. We also
appreciate the assistance rendered by the laboratory staff of the Chemistry Laboratory, National
Institute for Freshwater Fisheries Research (NIFFR).

64



% BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
# FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

REFERENCES

Atafar Z., Mesdaghinia A., NouriJ., Homaee M., Yunesian M., Ahmadimoghaddam M., and Mahvi A.H.
(2010). Effect of fertilizer application on soil heavy metal concentration. Environmental
Monitoring Assessment 160 (1-4): 83-89. DOI: 10.1007/s10661-008-0659-x

Baki, M. A., Hossain, M. M., Akter, J., Quraishi, S. B., HaqueShojib, M. F., AtiqueUllah, A. K. M., and
Khan, M. F. (2018). Concentration of heavy metals in seafood (fishes, shrimp, lobster and
crabs) and human health assessment in Saint Mart in Island, Bangladesh. Ecotoxicology and
Environmental Safety, 159, 153-163.

Beil, Laura and carrigton, November (2017).
https://extranet.who.int/pqweb/vector-control-products/prequalified product-list.

Bukar P. H., Zakari1.Y., Oladipo M.O.A., and Ibeanu I. G.E. (2016). Assessment and distribution of
metal pollutants in the sediments of River Ngadda and Alau Dam in Maiduguri, Borno State,
Nigeria. American Journal of Communication;4(4).

Carrington, Damian (October 20, 2017). "Global pollution kills 9m a year and threatens 'survival of
human societies". Guardian. Retrieved October 20, 2017.

ChenJ., Wang W,, Liu H. and Ren L. (2011). Determination of road dust loading and chemical
characteristics using resuspension. Environ Monit Assess 184: 1693-17009.

ChenZ.F., Zhao Y., Fan L.D., Xing L.T. and Yang Y.J. (2015). Cadmium (Cd) localization in tissues of
cotton (Gossypium hirsutum L.) and its phytoremediation potential for Cd-contaminated
soils. Bulletin of Environmental Contamination and Toxicology 95: 784-789. DOI: 10.1007
/s00128-015-1662-x

Djikanovi¢, V., Skori¢, S., Spasi¢, S., Naunovic, Z., and Lenhardt, M. (2018). Ecological risk
assessment for different macrophytes and fish species in reservoirs using biota-sediment
accumulation factors as a useful tool. Journal of Environmental Pollution, 241,1167-1174.

FAO/WHO. (2011) Joint FAO/WHO food standards programme CODEX Committee on
Contaminants in Foods. Fifth Session, The Hague, The Netherlands, 14-88.

Food and Agriculture Organisation of the United Nations/ World Health Organization (FAO/WHO),
(2011) Joint FAO/WHO Food Standards Program, CODEX Committee on contaminants in
Foods. CODEX Alimmentarius Commission. pp 1-88.

KhanI., Ghani A., Rehman A.U., Awan S.A., Noreen A. and Khalid I. (2016). Comparative analysis of
heavy metal profile of Brassica campestris (L.) and Raphanussativus(L.) irrigated with
municipal wastewater of Sargodha city. Journal of Clinical Toxicology 6: 1-4. DOI: 10.4172
/2161-0495.1000307

Liu, Q., Liao, Y., and Shou, L. (2018). Concentration and potential health risk of heavy metals in
seafoods collected from Sanmen Bay and its adjacent areas, China. Mar.ine Pollution Bulletin,
131,356-364.

Liu, Q., Xu, X., Zeng, J., Shi, X., Liao, Y., Dy, P, Tang,Y., Huang, W., Chen, Q., and Shou, L. (2019b).
Heavy metal concentrations in commercial marine organisms from Xiangshan Bay, China, and
the potential health risks. Marine Pollution Bulletin, 141, 215-226.

Muradoglu F, Gundogdu M, Ercisli S, Encu T, Balta F, Jaafar HZE and Zia-Ul-Haq M. (2015).
Cadmium toxicity affects chlorophyll aand b content, antioxidant enzyme activities and
mineral nutrient accumulation in strawberry. Biology and Resource 48: 1-7. DOI: 10.1186
/S40659-015-0001-3

Ogunlade M.O. and Agbeniyi S.O. (2011). Impact of pesticides use on heavy metals pollution in cocoa
soils of Cross-River State, Nigeria. African Journal of Agricultural Resource 6: 3725-3728.

—Pollution Definition from the Merriam-Webster Online Dictionary". Merriam-webster.com. (2010-
08-13). Retrieved 2010-08-26.

Sankhla, M. S., Kumari, M., Nandan, M., Kumar, R., and Agrawal, P. (2016). Heavy metals contamination

65



sﬁ’éé%\e\‘ BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
EJ_,} FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

in water and their hazardous effect on human health-a review. International Journal of chemistry
and Microbiology and Applied Science, 5(10), 759-766.

Suboti¢, S., Spasi¢, S., Visnji¢-Jefti¢, Z. Hegedis, A., KrpoCetkovi¢, J., Mickovi¢, B., Skori¢, S., and Lenhardt,
M. (2013). Heavy metal and trace element bioaccumulation in target tissues of four edible fish species
from the Danube River (Serbia). Ecotoxicology and Environmental Safety, 98, 196-202.

Sulieman H.M.A. and Suliman E.M. (2019). Appraisal of heavy metal levels in some marine organisms
gathered from the Vellar and Uppanar estuaries Southeast Coast of Indian Ocean. Journal of
Taibah University of Science 13 (1): 338-343. DOI: 10.1080/16583655.2019.1576276

Sun W.H., Jiang YX and Li X. (2013). Research of the evaluation on heavy metal pollution in rice by
sewage irrigation. Appl Mech Mater 295-298: 1594-1599.2 DOI: 10.4028/
www.scientific.net/AMM.295-298.

BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL
CONFERENCE OF FISHERIES SOCIETY OF NIGERIA (FISON)

ABUJA

66



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

EFFECTS OF OIL CONTAMINANTS ON FISHERIES IN BAYELSA

STATE: AREVIEW

Eli, A. A.

Department of Environmental Management and Toxicology, Faculty of Science,
Federal University Otuoke, Bayelsa State, Nigeria.

Correspondence Author:

akayinaboderi@gmail.com; +2348036769665; ORCID: 0009-0002-1521-1102

Keywords:
Oil contamination,
fisheries, Bayelsa State.

INTRODUCTION

ABSTRACT

Oil contamination poses significant threat to fisheries in Bayelsa
State, Nigeria, impacting aquatic biodiversity, water quality, and the
socio-economic welfare of host communities. This paper synthesized
recent findings on the effects of oil contamination on fisheries in
Bayelsa State, provides crucial insights into the detrimental effects of
oil contamination on fisheries. A review of recent literature with
focus on the impacts of oil spills and pollutants such as, polycyclic
aromatic hydrocarbons (PAHs) and heavy metals on fish populations
and aquatic ecosystems helped to assess the threats, effectiveness of
various monitoring and management strategies. The findings revealed
that, oil spills and pollution have extensive and long-lasting effects on
fish populations and aquatic ecosystems. Contaminants accumulate
in fish tissues, posing health risks to humans, disrupting ecosystem
balance and dependent livelihoods. Effective long-term monitoring
programs that integrate biological and chemical analyses are essential
for tracking changes in species abundance, and water quality. The
paper provides recommendations for research and actions to address
these challenges, and offers practical remediation and sustainable
management strategies. The study underscored the critical need for
adaptive management strategies and sustainable fishing practices to
mitigate the impacts of oil contamination. Such strategies are vital for
ecosystem recovery and maintaining the viability of local fisheries.
Future actions should include the implementation of long-term
monitoring programs, the regulation of fishing seasons, the
establishment of catch limits, and the creation of marine protected
areas. Emphasizing on sustainable fishing practices will help
safeguard the future of fisheries in Bayelsa State.

Fisheries in the Niger Delta are highly developed with Bayelsa State as one of key player states within
this region. (Izah et al., 2022). Flourizel et al. (2024), reported that, the state has rich marine and
freshwater fisheries in the rivers and streams that flow into the Atlantic Ocean due to its extensive
coastline. Bayelsa State created in 1996 from Rivers State has evolved to become a center for fishing
camps, causing many of its inhabitants to go about their daily lives as fishermen (Olali, 2023). Bayelsa
State has a small land area of 10,773sq kilometers (Mienye, 2016). The streams, rivers that transverse
the state with Nun River and Forcados River as the major tributaries; and the Atlantic Ocean to the
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south (Abam and Fubara, 2022) with the mangroves, brackish waters and wetlands are fertile for
fisheries with diverse fish species and other aquatic resources for artisanal and industrial fishing
activities (Aghughu et al., 2021). Bayelsa State is significant in terms of ecological importance as these
water bodies provide diverse ecosystems, important spawning grounds (Nwankwoala and Okujagu,
2021) and habitats for different aquatic species (Andrews et al., 2021).

The indigenous Ijaw people, who form a significant part of the state's population, have traditionally
relied on fishing as a primary source of livelihood. This historical dependence on fishing activities,
passed down skills and knowledge have shaped the state's cultural and economic landscape (Asanebi,
2018). Riverine settlements in Bayelsa State have a wide range of small-scale fishing techniques that
are based on indigenous technology. Some examples of these techniques include the use of set gill nets,
purse seine, long lines, nets, hooks, small boats, cast nets, landlines, basket nets, and low-capital gear

(Odele et al. 2022).

The Problem

Since the discovery of oil in 1956 in Bayelsa State, oil naturally took center stage in Nigeria and
generates more than 85% of the country's export earnings (Wilcox, 2024). The past sixty years have
seen unprecedented changes as crude oil production has largely replaced agriculture (Eleke et al.,
2019) and other sectors, and exposed Nigeria to the best and worst parts of modern civilization. Oil
spills and vandalism of pipelines have become more common, resulting in high levels of oil
contamination on land and water (Akpoghelie et al., 2021). This has had devastating impacts on
artisanal fishing activities and the dependent families, leading to high levels of poverty as fishing efforts
have little or no outcome (Freduah et al., 2017). Large amounts of produce water and other
contaminants are often released into the environment during oil exploration and exploitation have
worsened the environmental conditions. Run-offs from municipal areas is another source of oil
pollution. According to Abam and Fubara (2022), oil products (naptha, paraffin, asphaltenes,
hydrocarbons, etc.) in run-offs from roads, parking lots, and industrial areas besides spills get into
water drains, rivers, estuaries, and the sea. Polycyclic aromatic hydrocarbons (PAHs) and heavy metals
are two groups of compounds that are found in petroleum products that have potentials to cause health
problems in marine life (Mehr et al., 2020); their impacts on livelihoods is severe and prolonged, and
has led to a state of pollution that can be said to be 'acute' in its destruction of aquatic life, habitat and
livelihoods (Akagbue et al., 2024).

Impacts on Ecosystems

Several researchers have studied the effects of oil pollution on soil quality, ecosystems, and agricultural
productivity (Gaoetal., 2022). Fertile lands have been converted into wastelands due to oil-degraded soils
resulting in soil pH changes associated with changes in organic matter, nutrient availability, reduced crop
yield and food security (Ekundayo et al., 2001). Dido (2021), examined the use of degreasing agents and
surfactants for the rehabilitation of crude oil-contaminated soils along the Qua Iboe River in the Niger
Delta and showed improvements in soil quality and crop growth metrics after treatment. Akpan (2022),
Isukul et al. (2023) and Ephraim-Emmanuel et al. (2023), examined the devastating effects of the oil
industry on marine biodiversity, soil, air, water, and overall ecosystem health in the affected areas, with
mortalities and extinction of marine species, natural resource degradation, impacts on human livelihoods,
health and well-being. Izah etal. (2022), studied the effects of oil on soil and microbiological features with
focus on hydrocarbon-utilizing bacteria, showed higher carbon/nitrogen ratios in more degraded areas,
and consequently increased soil infertility and microbial diversity. Usiobaifo et al. (2023), highlighted the
negative impacts on social and economic activities, especially artisanal fisheries which is important for
many coastal communities. Ephraim-Emmanuel et al. (2023), reported that, artisanal fisheries are
severely reduced due to periodic oil spills causing significant reductions in local fisheries productivity and
impoverishment among dependent families.
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Artisanal fisheries, defined as small-scale fisheries that typically use local boats near shore with traditional
fishing techniques, is an important activity that supports livelihoods and local food security (Manhice et
al., 2022). Pegg and Zabbey (2013), examined how the oil industry has destroyed traditional livelihoods
centered on agriculture and fishing. These have serious consequences on food security and livelihood, as
water pollution and loss of fishing areas threaten the survival of artisanal fisheries.

Effects of Qil Contaminants on Fisheries in Bayelsa State

An oil spill is often very destructive, it quickly spreads a film over large areas of the affected water body

(Plates 1 and 2) causing death of animals as oil droplets coat them, cut off oxygen supply, and cover the
tidal zone (Wilcox, 2024).

BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

Plates 1 and 2: QOil slicks covering water bodies

Spilled oil can be absorbed through the skin or ingested, leading to metabolic harm, physical stress, and
death. Qil pollution also has substantial implications on human health (Ordinioha and Sawyer, 2010).
One critical effect on fish is the disruption of the reproductive abilities (Okwuosa et al., 2016).
Hydrocarbons and heavy metals in the water, for example, might affect hormonal balance and
reproduction leading to lower fertility or total reproductive failure. Moreover, pollution of spawning
grounds like mangrove forests and river beds might limit surviving fish larvae, as eggs are poisoned with
chemical mixtures that may affect their development and viability (Wilcox, 2024). These can move up
the food chain to affect not only fish but also predatory birds and mammals and man.

For the local communities in Bayelsa State that depend on fish as their primary source of protein and
income, bioaccumulation poses significant health threat (Flourizel et al., 2024). Eating contaminated
fish may result in neurological damage, cancer and other long-term effects. Scarcity, furthermore, has
had significant economic consequences arising from the declines in fish catches and destruction of
marketable fish stock due to contamination that translates into poverty, as well as, food insecurity
within the region (Bernardo et al., 2022). Fishing and fisheries in Bayelsa State is a key source of
sustenance and livelihood in the local communities, and holds significant cultural value for the people
influencing their ways of life (Okwuokenye and Ikoyo-Eweto, 2016). As fish stocks have suffered from
overfishing and have been further decimated by pollution, commercial fishermen find it harder to
make a living. Other employment options in the region are scarce, such that, poverty and social
instability have become more pronounced with time (Elum and Snijder, 2023). Several communities
have experienced a cultural loss due to the loss of their traditional fishing grounds, enterprises and the
knowledge passed down through generations.

Economic Impacts on Fishing Communities

Many fishing communities around the world struggle against severe economic circumstances that have
profound implications for fishermen, local markets, and the broader well-being of their citizens:

ss Loss of Income for Fishermen and decreased seafood availability for local markets

Fishing is the economic backbone of many communities in Bayelsa State. Local fishermen are engaged
in artisanal, as well as, commercial fishing with the use of small boats and crafts for coastal water

69



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

netting to larger trawlers offshore (Isukul et al., 2023). These threaten the fish stocks, as well as, other
environmental issues related to overfishing, significantly affecting the capacity of the fisher folks to
provide for their welfare. The coastal areas around Bayelsa State have been depleted as a result of
excessive fishing, driven by local demand and foreign markets that pay greater rates (Kinds et al.,
2021). The environmental degradation due to oil spills and waste discharges have generally pushed the
fisheries to a much lower level (Usiobaifo et al., 2023) as reported in some studies by Ibe (2019),
Nwankwo (2020) and Akinpelu (2021) amongst others. With damaging effects on fish species, leading
to diminishing yields for fishermen, lowered income generation potentials with long-term adverse
effects on the ecosystem, which can make it hard for the recovery of fish populations (Bashir et al.,
2020). Fluctuations in catch sizes and market prices can make all the difference for those whose
livelihoods depend completely on fishing. This loss of income among the individual fishermen does not
only have its immediate impacts on their personal welfare but also has general consequences for the
local economy and community stability (Elisha and Golden, 2022).

The state of the fish markets in Bayelsa State also reflect on what is available to fishermen living within
this region. Fish and other marine resources have traditionally been vital, staple food sources in the
subsistence islands, as they provide protein and key nutrients to many inhabitants. However, local
markets suffer shortages and price fluctuations as fish stocks are depleted or less accessible due to
overfishing and environmental perturbations (Ephraim-Emmanuel et al., 2023). The prices seafoods
have thus skyrocketed, disruptng market dynamics and chains of supply, with the risks of financial
losses due to reduced revenue while affecting low-income homes where fish makes up a greater part of
total protein intake. Odele et al. (2022), stated that, lack of seafoods may lead the consumer to shift
towards other alternative protein sources which in turn may influence the cultural dietary behaviours
and local culinary traditions. These ripple effects go beyond fishermen to affect many aspects of the
local economy that depend on fishing productivity and stability (Tonbra, 2021).

Increased Poverty and Food Insecurity in Fishing Communities

According to Sam et al. (2024), loss of income for fishermen and a reduction in seafood availability
imply that, the fishing communities in and around the state are much poorer than would otherwise be
expected. The problem of poverty which comes due to not having enough income to take care of basic
needs, because fishermen get decreased earnings when catches are landed. Bayelsa State, a region with
fishing communities that consume more traditional seafood-based diets than other parts of Nigeria,
levels drop in fish catches and low ability to meet nutritional requirements will result in negative health
outcomes that can be of particular concern for some sections of the population, such as, children and
pregnant women. These can intensify social inequalities and consolidate poverty traps into which many
in the fishing communities in Bayelsa State have already been pushed with no other livelihood choices
or benefits of any social safety net thus, continuing and increasing the inter-generational poverty trap.
This economic fragility can interfere with broader development and increase their susceptibility to
major external blows like financial contractions or environmental calamities.

Mitigating Economic Impacts and Promoting Sustainable Fisheries

Addressing the adverse economic impacts of fisheries decline in Bayelsa State necessitate solutions
that incorporate sustainable fishery management, strategies for diversifying the economy
(aquaculture, eco-tourism and value-added processing initiatives represent potential sources of
additional income for fishermen) and community empowerment programs (Krupa and Valcic, 2011).
The enforcement of fishing regulations and the formation of marine protected areas in addition to
sustainable fisheries management practices are crucial for maintaining fish stock levels while enhancing
productivity over time (Brown et al., 2019). The world over, governments and industries have
introduced extensive strategies to deal with the challenges of oil contamination which involve
regulatory measures, clean-up campaigns (with the use of mechanical or chemical techniques),
bioremediation, as well as, community participation (Kobayashi, 2023). To facilitate these clean-ups,
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government agencies often collaborate with private industry and non-governmental organizations,
State and Local Governments, industry representatives and community organizations to help ensure
comprehensive and effective response. Community involvement is a critical component of this
strategy for dealing with oil contamination (LASEPA, 2020). Governments have also imposed tough
regulations to avoid the recurrence of oil contamination cases. These regulations are often established
upon international conventions, national legislation, and industrial standards with objectives to ensure
that, oil recovered from the extraction site will be safely transported and processed without leading to
further environmental pollution (Amparaetal., 2018).

CONCLUSION

There have been significant reductions in fish populations as a result of oil pollution. The challenges of
oil contamination on the fisheries necessitates collective action and commitment, spurred by
government and industry initiatives. All communities and stakeholders must prioritize ecological
considerations within policy agenda. State instruments play crucial roles in enhancing governance and
regulatory frameworks, reinforcing their enforcement mechanisms, environmental standards,
conducting more frequent audits, and enforcing violations. But to stay engaged, the oil companies are
industry actors in environmental management, their best practices should be to forgo investment
protection and respond to environmental impacts as a transparency practice. Corporate social
responsibility projects in this region should aim to mitigate environmental harm, integrate sustainable
development, and assist local communities. Efforts for conservation and sustainable management
should be led by the local communities, particularly those belonging to the fisher folk sector and
indigenous groups. Community-based organizations can only fight relevantly by being proactive about
what affects their interest. The fishing sector's future in Bayelsa State hinges on strong environmental
management and sustainable development methods. By dealing with oil pollution in an appropriate
way, natural ecosystems may become robust for fish populations, aquatic biodiversity, and secure the
livelihoods of fisher folks. Based on the foregoing, there is need for long-term monitoring of fish
populations and water quality of important water bodies, sustainable fishing practices should be
encouraged in the region; and there should be advocacy for stricter compliance with regulations by the
oil companies operating especially in Bayelsa State.
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ABSTRACT

This study assessed and characterized the microbial loads in the
gastrointestinal tract of Clarias gariepinus juveniles exposed to
varying concentrations of granulated dry poultry droppings (GDPD).
A total of 100 juveniles, with a mean weight of 35.5g + 0.1, were
procured and stocked in ten 50-liter tanks (60 X 30 X 23.4 cm). The
experiment, conducted over 56 days, consisted of five treatments
(T1, T2, T3, T4, TS) in duplicates. T1 served as the control (0 g
GDPD), while T2, T3, T4, and T5 contained 3g,4 g, 5 g, and 6 g of
GDPD per liters, respectively. After the exposure period, microbial
analyses of the gastrointestinal tract and spleen revealed significantly
higher (p < 0.05) total bacterial counts (TBC) and total fungal counts
(TFC) in T5 (4.48 x 10° and 5.5 x 10" CFU/ml, respectively) and
the lowest counts in T2 (1.56 x 10°and 3.5 x 10" CFU/ml). Among

Keywords: the isolated bacteria, 88.24% were rod-shaped, with Gram-negative
Aquaculture, bacteria dominating (68.63%). Escherichia coli (31.37%) and
Clarias gariepinus, Bacillus spp. (19.61%) were the most prevalent isolates. The study
Microbial Loads, recommends using 3 g of GDPD per liters of water in aquaculture to
Poultry Droppings. minimize microbial risks to fish and public health.
INTRODUCTION

Efforts to alleviate hunger, food insecurity, and various forms of malnutrition have been the subject of
extensive research (Xie et al., 2021). Despite recent advancements, many nations, particularly in
developing regions like Sub-Saharan Africa, continue to face significant challenges related to food
insecurity (Xie et al., 2020). Agriculture, aquaculture, and fisheries are the three major activities that
play vital roles in food production. Current knowledge reveals that the global stocks of fish and
shellfish, though renewable, possess finite production limits that cannot be exceeded even with
optimal management practices. Aquaculture, however, stands out as an effective means of boosting
fish production, making it a profitable industry with substantial potential (Troell, 2023).

In aquaculture, water quality is crucial for the health and growth of fish populations. The African
catfish (Clarias gariepinus) is popular in aquaculture due to its capacity to withstand a wide range of
environmental conditions, thrive in densely stocked conditions, grow rapidly, consume artificial feed,
reproduce efficiently, and be easily bred artificially, all of which contribute to its high market value
(Tivkaa and Sampson, 2013). Nigeria, the third-largest producer and consumer of C. gariepinus in
Africa, benefits significantly from catfish farming, which provides income, employment opportunities,
and contributes to the GDP (FAO, 2016). However, the high costs of feeding fish in aquaculture have
prompted numerous efforts to reduce production expenses, with one alternative being the use of
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animal manure as a pond fertilizer.

The application of animal manure in aquaculture has been explored to supplement or replace
conventional feed, with various types of manure documented for this purpose (Ahuja et al., 2020).
Studies have shown that different animal manures have varying effects on the populations of
zooplankton species, which are crucial for fish growth (Minich et al., 2018; Mosha et al., 2016).
Despite these findings, there is limited research on the microbiological quality of fish exposed to or fed
with poultry droppings, which has significant implications for public health. This study aims to isolate
and identify microbial loads in Clarias gariepinus exposed to varying concentrations of dried poultry
droppings, addressing the potential risks associated with the use of organic manure in aquaculture.
MATERIALS AND METHODS

The study was conducted at the Fisheries and Aquaculture wet laboratory of the Federal University
Oye Ekiti, Ikole Campus. The experiment utilized one hundred juveniles Clarias gariepinus, each with
an average weight of 35.5g, procured from a reputable fish farm in Ado Ekiti. These juveniles were
transported in 15-liter containers filled with clean, oxygenated water and acclimatized for fourteen
days before the experiment commenced. Fresh poultry manure was collected from a poultry farm in
Ikole Ekiti, sun-dried to prevent mold growth, and stored in plastic bags at room temperature. The fish
samples were stocked in experimental tanks with varying concentrations of granulated dry poultry
droppings at rates of O g for T1 (control), 3 g for T2, 4 g for T3, 5 g for T4, and 6 g for T5 per litre of
water each. Fish were fed commercial diets twice daily while being exposed to the different
concentrations of poultry droppings, and the experiment lasted for eight weeks.

Laboratory analysis included the preparation and sterilization of various media, such as Nutrient Agar,
Shigella Agar, Eosin Methylene Blue Agar, Manitol Salt Agar, and MacConkey Agar, following
standardized methods (Debnath, 2024). The equipment and working tables were sterilized to
maintain aseptic conditions. Fish samples were dissected to collect the gastrointestinal tract and
spleen, which were then homogenized and subjected to serial dilution. The diluted samples were
plated on the respective agar media for microbial isolation, and bacterial and fungal colony counts were
conducted post-incubation. Gram staining was performed to differentiate bacterial cells, and various
biochemical tests, such as the Citrate Utilization Test, Urease Test, Indole Test, Catalase Test, and
Sugar Fermentation Test, were employed for bacterial identification.

Statistical analysis was carried out using one-way analysis of variance (ANOVA), with mean separation
performed using Duncan's Multiple Range Test to determine the significance of differences between
treatment groups.

RESULTS AND DISCUSSION

Total Bacterial Counts (TBC) and Total Fungi Counts (TFC)

The results of the bacterial and fungal count carried out on the bacterial and fungal isolates from Clarias
gariepinus exposed to varying level of dried poultry droppings presents varying concentrations. The
total bacterial and fungal count (TBC and TFC) showed consistent fungal abundance across
treatments which was significantly different (p>0.05), implying microbial dynamics presence. The
mean bacterial and fungal count for Treatment 1 (Og) is 3.4 x 107and 2.0 x 104 CFU/ml; Treatment 2
(3g/ltr) is 156.0 x 108and 3.5 x 104 CFU/ml; Treatment 3 (4g/ltr) is 3.38.0 x 108 and 4.5 x 104
CFU/ml; Treatment 4 (5g/ltr) is 4.48 x 108 and 5.5 x 104 CFU/ml, Treatment 5 (6g/Itr) is 5.08 x 108
and 7.5 x 104 CFU/ml. Treatment 5 (6g/lItr) had the highest bacterial and fungal count. This agrees
with the work of Omojowo and Omojola (2013), who observed higher microbial load in ponds treated
with raw untreated poultry waste. The bacterial and fungal loads isolated from treatment 1 with Og/ltr
of poultry droppings may be attributed to uneaten feed waste which is broken down and serve as
substrate for microbes. This assertion is supported by Ogbondeminu (1993).
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Table 1: Total Bacterial Count in the gastrointestinal tract of Clarias gariepinus exposed to varied concentrations
dried poultry droppings

Treatment Count (cfu/ml) Mean
(g/ltr)

0 3.4x107 34.0+1.0°

3 156.0 x 108 156.0+3.0°

4 3.38.0x 10% 337.0+17.5°
5 4.48 x 10%b° 444.0+43.0b°
6 5.08 x 10% 508.0+89.5¢

Cfu/ml: Colony forming unit per milliliter
Values in each row having the same superscript are not significantly different (P>0.05).

Table 2: Total Fungi Counts in the gastrointestinal tract of Clarias gariepinus exposed to varied concentrations dried
poultry droppings

Treatment Count (cfu/ml) Mean
(g/ltr)

0 2.0x10% 2.0£0.0 *
3 3.5 x 10%c 3.540.5%
4 4.5 x 104 4.5+0.5%
5 5.5x 10% 5.5+0.5¢
6 7.5 x 104 7.5+0.5¢

Cfu/ml: Colony forming unit per milliliter
Values in each row having the same superscript are not significantly different (P>0.

Gram staining/biochemical test on bacterial Isolates

Seven (7) bacteria were isolated in all samples with varying frequencies of occurrence, the majority of
bacteria exhibited a rod-shaped or bacilli-shaped morphology (93.33%), with a dominance of Gram-
negative bacteria (76.67%). In terms of isolated bacteria organisms, the majority of bacteria exhibited a
rod-shaped morphology (93.33%), with a dominance of Gram-negative bacteria (76.67%). However,
there is high prevalence of gram negative (68.63%) over gram positive bacteria observed. This is in
accordance with the work of AlHarbi and Uddin (2010), where the prevalence of gram-negative rods
bacterial accounting for 75% of the total isolated strains was reported in catfish cultured in Saudi
Arabia. These groups of fish are therefore more susceptible to pathogenic infections (Ampofo and
Clerk, 2010). The occurrence of Escherichia coli, Bacillus sp., Salmonella sp., and Staphylococcus
saprophyticus and Klebsiella sp. were more abundant in the gastrointestinal tract of Clarias gariepinus
exposed to dried poultry droppings especially the one with high concentration of poultry droppings
(5g/1tr and 6g/1tr). Some of the bacteria identified have been implicated in causing a wide range of
infectious diseases such as ophthalamitis, ear infections, meningitis, wound and food borne infections
(Ajani, et al., 2016). In human, when loads are beyond tolerable ranges. S. saprophyticus has been
demonstrated to cause urinary tract infections (UTIs) in women, while Salmonella sp. has been
reported to cause enteritis and systematic disease (Shinkafi and Ukwaja, 2010). This study has
revealed increased occurrence of bacterial and fungal count as the concentration of poultry droppings
increase across the treatments. Therefore, there is the need to consciously regulate the application of
poultry manure in fish ponds despite its numerous advantages, such that fish health and public health
will not be compromised.

77



3@’%\%“ BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
i—»} FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

CONCLUSION

The study on the microbial loads of Clarias gariepinus juveniles exposed to varying concentrations of
dried poultry droppings highlights the intricate relationship between manure concentration and
microbial dynamics in fish samples. The results revealed a significantly higher total bacterial and fungal
count in the gastrointestinal tract of fish exposed to 6g of dried poultry droppings, with dominant
bacterial isolates including Escherichia coli, Bacillus sp., Salmonella sp., Staphylococcus
saprophyticus, and Klebsiella sp. This indicates that higher concentrations of poultry manure
substantially impact the intestinal microbiota composition, potentially affecting fish health and posing
public health risks. Consequently, a cautious approach is recommended when applying poultry
droppings to fish ponds, with a suggested safe concentration of 3g/ltr to balance growth benefits and
microbial risks. Further research is needed to explore the long-term effects on fish health, pond
ecosystems, and the safety of fish products.
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INTRODUCTION

ABSTRACT

African oil bean (Pentaclethra macrophylla) seed contains bioactive
compounds such as alkaloids, tannins, and saponins, which may leach
into aquatic ecosystems through runoff or direct disposal and these
compounds can potentially cause health risk to aquatic organisms. The
effect of P. macrophylla seed powder at different concentrations on
behavioural and haematological parameters of C. gariepinus juveniles
was examined under proper laboratory conditions. The acute toxicity
bioassay was conducted for 96 h on juveniles C. gariepinus subjected
to six different treatments in triplicates; control (0.0), 0.40 mg/1, 0.50
mg/l, 0.6 mg/1, 0.7 mg/l and 0.8 mg/1) to determine the effect of this
potential toxicant on the blood of exposed fish. Behavioural reactions
such as loss of reflex, barbel deformation, erratic swimming and air
gulping was observed in the fish during exposure. The result for
haematogical indices showed a significant increase (P<0.05) in PCV
(19.49+0.00 - 27.99+£0.00 %), RBC (1.00=0.11 -1.40=0.05
x1012cell/ul), MCH (67.38+6.81-88.19+00.40 pg/cell), Hb
(6.50+0.11-9.34+0.20 g/dl), MCV (202.09+20.43-264.59+1.21
fl/cell) and decrease in WBC (1.30+0.23-0.60%0.00 x103cell/ul),
granulocyte (0.54%0.14-0.15+0.02 cell/ul) and Lymphocyte
(0.75%+0.08-0.44=+0.05 cell/ul) when compared with control. These
observations indicate an unusual enlargement of the red blood cell
(macrocytosis) of the fish, inhibiting the free movement of oxygen
through their blood vessels and decline in the immunity after exposure
to P. macrophylla seed powder. It is evident from the result that P,
macrophylla seed can cause damage to the health of fish due to
bioaccumulation, hence should be avoided at all cost in close
proximity to the aquatic environment.

Catfish (C. gariepinus) is commonly cultured in Nigeria due to its high growth rate, high consumer
acceptability and high resistance to poor water quality (Adene et al., 2017). Nutritional value of fish
depends on their biochemical composition, which is affected by water pollution (Prado et al., 2009).
Catfish is very important to human due to its very high-quality protein as well as the essential amino
acids required by the body for growth and maintenance of muscle tissue.

African oil bean (P. macrophylla) is a leguminous tree native to West Africa, and its seeds have been
traditionally used for culinary purposes in various forms, such as soups and sauces. It is used in
preparation of “Ugba” in Igbo land. The seeds are rich in protein, oil, and essential nutrients, making
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them an important food resource in many Nigerian communities (Ikegwuonu et al., 2014). Previous
studies have suggested that the consumption of untreated or inadequately processed P. macrophylla
seeds may lead to adverse health effects in humans, such as vomiting and diarrhoea, due to the presence
of toxic compounds and phytochemicals like saponin, terpenoids, anthraquinones and
cardiacglycosides (Okwu and Ekeke, 2003). These compounds may leach into aquatic ecosystems
through runoff or direct disposal and can potentially accumulate in water bodies leading to
environmental contamination and adversely affecting aquatic organisms, including fish.

Haematology is of ecological and physiological interest in helping to understand the relationship of
blood characteristics to the environment (Ovuru and Ekweozor, 2004) and so could be useful in
diagnosis of many diseases as well as investigation of the extent of damage to blood (Isaac et al., 2013).
Hematological parameters, such as red blood cell count (RBC), hemoglobin concentration (Hb),
hematocrit (Hct), and white blood cell count (WBC), are essential indicators of fish health and can
provide insights into the impact of toxins on their physiological status (Kori-Siakpere et al., 2010).

MATERIALS AND METHODS

Description of Study Area: The experiment was carried out in the Central Laboratory of Fisheries and
Aquaculture Department, Faculty of Agriculture, Adekunle Ajasin University Akungba-Akoko, Ondo State.
Experimental Design: Eighteen (18) rectangular plastic tanks of 50 litres capacity were used with each
tank filled with 30 litres of unchlorinated water during the experiment. A total of one hundred and
eighty (180) apparently healthy C. gariepinus juveniles of 6.5-11cm length, weighing 14.5-18g were
purchased at Akure and transported with an open plastic keg to the experimental laboratory. The
health status of selected fish was assessed based on the presence or absence of physical appearance
(injuries) and other morphological deformities. The fish were certified healthy by assessment and were
acclimatized under laboratory conditions for two weeks (14 days) prior to the commencement of the
experiment. During the acclimatization period, the fish were fed with coppen commercial feed.
Feeding was discontinued 24 h before distribution of fish into six (6) treatments at the rate of Ten (10)
fish per tank in triplicate and covered with netting materials to prevent jumping out of the water.
Toxicant Preparation: African Oil bean (P. macrophylla) seed fruits were collected from different
locations within Akungba Akoko. The seeds obtained from their pods were spread on a platform and
air-dried. The dried seeds were pulverized into fine powder using a mechanical blender and stored in
well tight container before use.

Range and Definitive test: Preliminary 24hrs range finding test was conducted to determine the
toxicity range of African oil bean seed to be used. Based on the results from the range finding test, a
96hrs definitive test was carried out with six test solution of African oil bean seed powder (0.0, 0.4,
0.5, 0.6, 0.7, and 0.8 mg/L) introduced directly into a set of 18 rectangular plastic tanks, each filled
with 30L of unchlorinated water containing batches of ten juvenile C. gariepinus. The behavioural
pattern and mortality of the test fish in each tank were monitored and recorded for the first 4hours,
12hours, 24hours, 48hours, 72hours and 96hours. Dead fish was removed immediately with scoop net
to avoid contamination due to rotting.

Blood Collection and Analysis: About 3ml of blood was collected into 5ml sample bottle treated with
anticoagulant, Ethylene Diamine Tetraacetic Acid (EDTA) from the experimented fish through the
vertebral caudal blood vessel with the help of disposable hypodermic syringe and needle of 5ml after
96hrs of exposure and was transferred to refrigerator for subsequent analysis.

Statistical Analysis: The obtained data on fish hematological parameters was subjected to One-way
analysis of variance (ANOVA) using Statistical Package for Social Sciences (SPSS). Significant
differences in the means were tested and separated at 5% probability level using Duncan Multiple
Range test.
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RESULTS AND DISCUSSION

The result for haematogical indices showed significant increase (P<0.05) in PCV, RBC, MCH, Hb,
MCV and decrease in WBC, granulocyte, Lymphocyte when compared with the control after
exposure of juvenile C. gariepinus to P. macrophylla seed powder as presented in Table 1. The highest
PCV (27.99 + 0.00 %) was found in the group with the highest concentration T6 (0.8 mg/l) and least
(20.49 +£0.00 %) at T5 (0.7 mg/l), there was significant (P<0.05) increase with increase in
concentration. The PCV increase in this study could be traceable to dehydration of the fish when
subjected to the toxicant at different concentrations as it agrees with the observation of Riaz-ul-Haq et
al. (2018) on the exposure of freshwater fish Labeo rohita to Diafenthiuron and the report of Amaeze
et. al., (2020). The trend is also similar to the work of Adene et al., (2017) on acute toxicity of Jatropha
curcas seed powder on adult C. gariepinus. The RBC decreased and then increased with increase in
concentration of P. macrophylla powder with the highest value (1.40 = 0.05 x1012cell/ul) in
Treatment 6 (0.8 mg/l) while the least value (0.85 = 0.02 x1012cell/ul) was recorded in T2 (0.4
mg/L). The increase in RBC may be as a result of the blood cell reserve in combination with cell
shrinkage which is due to blood osmotic alteration from the activities of the toxicant (Singh and
Srivastava, 2010). There was no significant difference (p>0.05) in the value of MCHC activity after
96h of exposure. The MCV value were highest (264.59 + 1.21 fl/cell) in T2 (0.4 mg/L) while the least
value (170.84 = 2.39 fl/cell) was recorded in T5 (0.7 mg/l). Hemoglobin (Hb) was recorded highest
(9.34 £ 0.20 g/dl) in T6 (0.8 mg/1) and least (6.84 + 0.05 g/dl) in T5 (0.7 mg/1). The increase in Hb
can result into a condition in which there is an increase in the capacity of the blood to transport Oxygen
carrying tissues. The white blood cell (WBC) has the highest value (1.10 =0.05 x103cell/ul) at T6 (0.8
mg/l) and lowest (0.60 =0.00 x103cell/ul) in T3 (0.5 mg/1). The observed decrease in WBC as
observed with increased concentration could be responsible for the death of the exposed fish because
decrease in WBC result in less resistance to fight the unwanted substance in the environment. The
observed changes in WBC are similar to what was observed by Amaeze et al., (2020) when C.
gariepinus was exposed to Chlorpyrifos and it could also be a mechanism of resistance to prevalent
unwanted change and adaptation to the environment. Lymphocyte is also highest (0.78 +0.20 cell/ul)
in T6 (0.8 mg/1) and least (0.44 = 0.05 cell/ul) in T3 (0.5 mg/1) and T4 (0.6 mg/1) with significant
difference (p<0.05) in all the treatment when compared with the control. Behavioural alterations
displayed by C. gariepinus exposed to different concentration of P. macrophylla African oil bean
includes; loss of reflex, air gulping, erratic swimming and Barbel deformation which are due to
termination of impulse transmission by rapid hydrolysis of the neurotransmitter acetylcholine in
numerous cholinergic pathways at the central and peripheral nervous system.

Table 1: Haematological parameters of C. gariepinus exposed to Pentaclethra macrophylla
seed powder

Parameters(mg/l) T1(0.0) T2(0.4) T3(0.5) T4(0.6) T5(0/7) T6(0.8)

PCV (%) 19.49 £0.002 22.48 £0.01"  21.48+0.01* 25.49 £0.00° 20.49 £0.00®®  27.99 +00.00¢
RBC(x10cell/ul)  1.00 £0.11%® 0.85 +£0.022 0.95 +0.02? 1.15£0.02%  1.20 £0.00° 1.40 +0.054
MCHC (g/dl) 33.25 £0.102 33.33 £0.00* 33.48 £0.00* 33.33 £0.00* 33.41 £0.85*  33.38 £0.55°
MCYV (fi/cell) 202.09+20.43%%  264.59+1.21° 226.10+£2.25°> 221.59+1.96° 170.84+2.39°  201.54+12.44®
Hb (g/d1) 6.50 £0.112 7.50 £0.28° 7.18 £0.28%  8.50 +0.28° 6.84 £0.86% 9.34 £0.204
WBC (x10"2cell/ul) 1.30 +£0.23¢ 0.95 £0.14%  0.60 +£0.00? 0.65 +£0.082 0.85 £0.02% 1.10 £0.05%
Granulocytes 0.54 £0.14° 0.35+0.08®  0.15+0.02° 0.20 £0.052 0.25 £0.022 0.31 £0.05%
(cell/ul)

Lymphocytes 0.75 £0.08° 0.59 £0.05®  0.44 £0.05° 0.44 +£0.052 0.59 £0.00%° 0.78 £0.20°
(cell/pl)
MCH (pg/cell) 67.38 £6.81% 88.19 £0.40°  75.39 +£0.75°  73.85+0.66"  56.94 £0.77*  67.1944.15%
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Mean values on the same row carrying similar superscripts are not significantly different (p>0.05).
PCV, Packed cell volume; RBC, red blood cell; MCHC, mean corpuscular hemoglobin concentration;
MCYV, mean corpuscular volume; Hb, hemoglobin; WBC, white blood cell; MCH, mean corpuscular
hemoglobin.

Table 2: Behvioural responses of C. gariepinus exposed to oil bean seed powder, P. macrophylla

24 hours 48 hours 72 hours 96 hours

Behaviour Tl T2 T3 T4 T5 Té6 Tl T2 T3 T4 T5 Té6 Tl T2 T3 T4 T5 Té6 Tl T2 T3 T4 T5 Té6
Colouration - -+ + o+ -+ o+ o+ -+ + o+ -+ + + + o+
Air gulping -+ + + 4+ o+ -+ 4+ 4+ 4+ o+ -+ o+ o+ o+ -+ o+ o+ o+ o+
Barbell deformation B + -+ + + o+ o+ -+ + + 4+ - +  + + o+ o+
Erratic swimming - - -+ o+ + -+ o+ + + -+ + 4+ o+ 4+ - + + + + +
Loss of reflex O S S -+ + + + o+ -+ + 4+ o+ o+ -+ + o+ o+ o+

Key —noreaction + reaction (T1=0.0,T2= 0.4, T3=0.5,T4=0.6,T5=0.7, T6= 0.8 mg/L)

CONCLUSION

The sub-lethal concentrations of P. macrophylla powder on juveniles C. gariepinus caused alterations in
haematological parameters; Hb, RBC, WBC, PVC, MCH, MVC and MCHC of the fish causing a range of
defects and health conditions like anaemia as evidently observed in decreased white blood cells of the fish.
Blood is very important in the life of organisms, so the impact of P. macrophylla powder on the blood
characteristics posed an adverse damage to the health of the exposed fish. Hence the P. macrophylla
seed should be avoided in any area where fish are cultured. The information of this work can be used as
a baseline for toxicity of P. macrophylla in an aquatic environment.
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ABSTRACT

Detergent toxicity to catfish Clarias gariepinus was investigated with
the objective to measure its impact on the histology of some internal
organs. One hundred and twenty Clarias gariepinus juveniles with the
average weight of 6.9 = 0.2 g were randomly distributed into four
treatments at ten fish per tank and each treatment was replicated
thrice. 0.00g/1 (control [T1]), 0.15g/1 (Treatment [T2]), 0.30g/1
(Treatment [T3]) and 0.45g/1 (Treatment [T4]) of detergent was
added to each tank and observed for 72 hours. Histology assessments
was carried out. The analysis of gill and liver histology revealed
anomalies such as hyperplasia, hemorrhaging, fusion of lamellae, and

Keywords: distortion of issues. The study confirmed that Clarias gariepinus
Detergent, Histology, exposure to detergent led to gills, liver, intestine and tissue damage.
internal organs The research underscores the negative effects of detergents to aquatic

life and the ecosystem necessitating mitigation strategies.

INTRODUCTION

Aquatic creatures such as fish have been reported to have had their habitat prone to contamination by
series of human activities such as agriculture, domestic washing among others. Detergent from
domestic washing has been identified as one of the contaminants of aquatic environments (Nagtode et
al., 2023). Most detergents contain surfactants organic compounds that combine hydrophilic and
hydrophobic groups in one molecule (Isyaku and Solomon 2016). Detergents in water negatively
impacts water quality parameters, ultimately leading to deterioration in organ health of aquatic
animals (Paul et al., 2022). According to El-SiKaily and Shabaka, (2024) physiological changes in fish
serve as biomarkers of environmental pollution and are frequently employed to assess the health of
aquatic ecosystems. Uncontrolled release and mishandling of chemicals like herbicides, pesticides, and
heavy metal-containing detergents in natural waterways negatively affect fish and aquatic life, with
potential long-term environmental consequences (Alengebawy et al., 2021). Toxicants provoke
hematological responses and tissue damage, particularly in the gills, liver, heart, kidney, and epidermis
of animals. This study investigates the effect of detergents on the histology some organs of C.
gariepinus.

MATERIALS AND METHODS

Two hundred healthy juveniles of African catfish species, Clarias gariepinus with 6.9 = 0.2 g weight
were procured and their morphometric data taken. Fish were acclimatized for two weeks during which
they were fed with dried commercial fish food containing 40% crude protein at 5% of body weight
twice daily. Thirty pieces of the fish were then randomly selected for the range finding test to
determine the concentration at which 50% was killed (LC50) in 96 hours (Finey, 1982). Definitive test
was then carried out in triplicate immediately after in which ten fish per tank were randomly
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distributed into four different concentrations - 0.00g (control), 0.15g (T2), 0.30g (T3) and 0.45g (T4)
of the detergent containing linear alkyl benzenesulfonate were used and observed for 72h. Some of the

internal organs were thereafter collected and examined for possible histology change(s) using methods
described by Luna, 1968.

RESULTS AND DISCUSSION

Histopathological changes observed in the organs are presented in Plates 1 to 12. A wide range of
histological changes were observed in the key organs studied. The lamellae of the gills in treatments 2
and 3 suffered incomplete and complete fusion respectively (Plates 2 and 3) while there was
thickening of the epithelium of the filament and degeneration of the chondrocyte in treatment 4 (Plate
4). The liver suffered distortion in its architecture in all treatments (Plates 6 - 8) except for the control
(Plate 5) and there was congestion in the liver of treatment 4 (Plate 8) in addition to the distortion.
There was no significant change in the intestine of fish in T1 (Plate 9) and T2 (Plate 10) but the fish in
T3 (Plate 11) and T4 (Plate 12) suffered both edema and degeneration of lamina propia and
submucosa layer respectively.

The result obtained in the present study confirms the findings of Ogundiran et al., (2009) that
exposure of C. gariepinus to even low concentrations of soap and detergent effluents is enough to
induce various toxicological effects in terms of histological degradations in gill structures while Xia et
al. (2021) reported that degeneration of gill cells lead to a loss of cartilage integrity, affecting the
structure and function of the gills and potentially causing problems with mobility or respiration as
observed in this study. Studies by other workers have also shown that the liver experiences
morphological changes under specific hazardous situations (Farrher et al., 2021, Xia et al., 2021,
Agbohessi et al., 2023). According to (Gabella, 2019), the degeneration of the lamina propria can
compromise the structural integrity of the intestinal wall, affect nutrient absorption, and impair the
fish's overall digestive function.

CONCLUSION

The result obtained from this study underscores the harm caused by pollutants such as detergent to
physiological processes in fish. The implications of these effects extend beyond individual organisms,
affecting entire food webs, nutrient cycling and ecosystem services. This calls for urgent action by the
relevant authorities in order to salvage threat imposed by constant and indiscriminate discharge of
effluents from homes, commercial centers such as car wash and other anthropogenic sources.

Plate. 1: T1 with normal gill filament, Plate.2: T2 with hyperplasia (C),
rakers, and no necrosis. incomplete (arrow) and complete
(arrowhead) fusion of several lamellae
complete fusion of several lamellae
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Plate. 3: T3 with hyperplasia (C), Plate. 4: T4 with hyperplasia (C),

incomplete (arrow) and complete hypertrophy (D), thickened epithelium
(arrowhead) fusion of several lamellae of filament and degeneration of
complete fusion of several lamellae chondrocyte (E)

Plate. 5: T1 with normal Plate. 6: T2 with distortion in
histo-architecture of liver. histo-architecture and dilated
blood vessel [star]

B e 3 g o

Plate. 7: T3 with mild distortion Plate. 8: T4severe distortion in
in liver histoarchitecture. histoarchitecture and congestion (A)

Plate. 9: showing normal Plate. 10: T2 showing normal
histoarchitecture. histoarchitecture

4

Plate. 11: T3 with muscularis edema (A) Plate. 12: Intestine with muscularis
and degeneration of lamina propia [C].) edema (A) and degeneration of
submucosa layer (star)
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ABSTRACT

This study was carried out to determine the toxicity and behavioral
response of Clarias gariepinus to ginger leaves powder. The range-
finding test was repeated twice to obtain credible results that could be
used in the ultimate test. The toxicant (ginger leaves powder) was
introduced at varying concentrations of 10mg, 12mg, 14mg, 16mg,
and 18mg in the first range-finding test; however, in the definitive test,
the toxicant was introduced at varying concentrations of 7.5mg, 9mg,
10.50mg, 12mg and 13.5mg per litre of water (mg/l). From the
definitive test, the Median Lethal Concentration of ginger leaves
powder to Clarias gariepinus was found to be 9.25 mg/l. According to
the study, juvenile Clarias gariepinus showed rapid opercular
movement, skin darkening, lack of reflex, and initially erratic

Keywords: movement. Furthermore, the results show that ginger concentration
Acute Toxicity, Lethal of upto 9.25mg/l is tolerable to Clarias gariepinus juveniles. The water
concentration, behavioural quality data were evaluated using one way Analysis of Variance

response, Clarias gariepinus ~ (ANOVA). As a result, the study suggests that ginger leaves powder is
hazardous to Clarias gariepinus juveniles.

INTRODUCTION
Aquatic ecosystems worldwide are continually exposed to a variety of pollutants, including chemical
compounds from agricultural, and domestic sources. These pollutants can have detrimental effects on
aquatic organisms, leading to disruptions in the delicate balance of the ecosystems. One such pollutant
of concern is ginger leaf, which contains a complex mixture of compounds, including nicotine,
alkaloids, and other toxic constituents. The impact of tobacco leaf on aquatic organisms, particularly
fish, has become a subject of growing interest due to the potential threat it poses to aquatic biodiversity
and ecosystem health (Ballantyne and Mars, 2017).

Ginger (Zingiber officinale) belongs to Zingiberaceae family. The used part of the plant is rhizome.
This plant produces an orchid like flower with greenish yellow petals streaked with purple color.
Ginger is cultivated in areas characterized by abundant rainfall. Even though it is native to southern
Asia, ginger is also cultivated in tropical areas such as Jamaica, China, Nigeria and Haiti and it is an
important spice crop in India (Akintobi, et al., 2013).

Ginger, Zingiber officinalis, is a perennial herbaceous plant. Ginger is an important plant with several
medicinal, ethno medicinal and nutritional values. The intensification of aquaculture practices has led
to an increased use of synthetic chemicals and substances, some of which may have toxic effects on
cultured fish and the surrounding aquatic environment. The exploration of plant-based materials, such
as ginger leaves, as potential alternatives to synthetic chemicals in aquaculture has gained interest due
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to their perceived lower toxicity and more environmentally friendly nature. The indiscriminate use of
plant-based extracts, including ginger leaf, in aquaculture can have unintended consequences on the
health and growth of the cultured fish species. It is essential to investigate the acute toxicity and effects
of ginger leaf on Clarias gariepinus juveniles to ensure the safe and sustainable use of this potential
aquaculture remedy. Fish are frequently utilized as sentinel organisms in ecotoxicological research
because they perform a variety of roles in the food chain, collect toxic compounds, and respond to low
mutagen quantities (Cavas and Ergene-Goziikara, 2005). As a result, the use of fish biomarkers as
indices of the impacts of pollution is increasingly important and can facilitate early diagnosis of aquatic
environmental problems (Baser et al., 2003). Acute toxicity experiments help to understand the
limiting effects of various substances on organisms (Baser et al., 2003; Svobodova et al., 2003).

MATERIALS AND METHODS

The Experimental Site

The experiment took place in the Fish Hatchery Laboratory of Bayero University's Department of
Fisheries and Aquaculture in Kano, Nigeria.

Experimental fish

One hundred and Eighty (180) of C. gariepinus (mean weight, 18.36 = 0.3g and mean length of
12.42+0.3cm) juveniles used for the study, were purchased from a reputable fish farm in Kano, Kano State.
Source and Preparation of Ginger leaves

Fresh samples of ginger leaves plant were taken from Zango Kataf Local Government Area of Kaduna
State. The samples were set to air dry for four days before being pounded into a fine powder in a sterile
laboratory mortar and pestle. Material was sieved using a mesh size of 0.2m and stored in air tight wide
mouth bottle for analysis. 500g of each stored sample was dissolved in 2 litres each of distilled water at
room temperature (27 + 0.30for 24 hours (Omoregie and Onuogwu, 2015). Afterwards, a vacuum
pump was used to decant and filter the settling aqueous component via Whitman filter paper. To
prepare them for usage, the filtrates were freeze-dried and kept in a refrigerator at 100°C.
Experimental Design

The experiment was conducted using a completely randomized approach. Eighteen (18) plastics tanks,
each measuring 60 cm by 40 cm by 40 cm, were utilized. After a thorough cleaning, 20 liters of water
were added to the well-labeled plastic tanks. Ten fish were weighed and randomly allocated each tank.
Treatments were replicated thrice.

Range finding test

In the course of the range finding test, ten C. gariepinus juveniles were individually weighed using a
sensitive electronic weighing scale (Mettler Toledo FB602) and stocked into the eighteen tanks that
were filled with twenty litres of tap water. The ginger leaves powder weighing 0, 10mg, 12mg, 14mg,
16mg and 18mg were used per litre of water. The LC50 of ginger leaves powder was found when test
fish were exposed to the plant for 96 hours. The fish's reaction to mild stimuli was utilized as an index
of toxicity, and their inability to react to touch was used as an index of death.

Definitive Test

Results from range finding tests offered advice for the concentration level to be used in definitive test.
Eighteen (18) plastic tanks were filled, each holding twenty litres of water, in order to conduct the final
test. The amounts of ginger leaves powder utilized were 0, 7.5mg, 9mg, 10.50mg, 12mg and 13.5mg
per liter of water (mg/l). The sensitive weighing balance was used to prepare the various
concentrations. The fish's non-reaction ginger leaves powder was judged to be fatal to 50% of the test
organism after 96 hours of exposure, whereas the fish's response to mild stimuli was employed as an
indication of toxicity.

Statistical Analysis

Minitab 20 was used to analyze data and compile statistics on the water quality parameter. The mean
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lethal concentration (LC50) for 96 hours was calculated using probit analysis (Finney, 1971).

RESULTS AND DISCUSSION

Fish is an important indicator of water pollution as it remains in direct water for food and oxygen and
thus is highly susceptible to any change in aquatic environment. Table 1 displays the mortality of
Clarias gariepinus juveniles exposed to ginger leaves powder over the 96-hr period.

Table 1: Mortality of Clarias gariepinus juveniles exposed to ginger leaves over the 96-hr period

Treatments/ Log Number Mortality Probit

Concentration Concentration Stocked 12 24 48 72 96 Total %

(mg/L) hrs hrs hrs hrs hrs

TO (Control, 0) 0 30 o o0 o0 o 0 o0 0 0

T1(7.5) 0.88 30 o 1 3 3 2 9 30.00 3.59
T2 (9.0) 0.95 30 o 1 5 3 3 12 40.00 3.82
T3 (10.5) 1.02 30 3 4 5 4 3 19 63.33 4.12
T4 (12.0) 1.07 30 7 5 5 6 3 27 90.00 4.67
T5 (13.5) 1.13 30 27 5 3 2 29 96.67 4.46

It was observed that the mortality recorded in this investigation increased with increase in the
concentration of toxicant. The first death was noticed 96 minutes after the introduction of toxicant in
the bowl with the highes ginger concentration. This is in conformity with Isiyaku et al. (2021) who
reported the first death in 93 minutes after introduction of tamarind seed husk powder to Clarias
gariepinus in acute concentration. Olaifa et al., (2004) reported the first death three hours after the
introduction of toxicant in the exposure of Clarias gariepinus to lethal and sub lethal concentration of
copper. Datta and Kaviraj (2002), Fafioye et al. (2004) and Okomoda et al. (2010) recorded the first
death 36 hours after the exposure to acute toxicity treatment of Clarias gariepinus with synthetic
pyrethyroid Deltamethrin, Raphia vinifera extracts and formalin respectively. The LC50 found in this
investigation is 9.25 mg/l similar to that of Fafioye et al. (2004) when Clarias gariepinus was exposed
to acute concentration of Parkia biglobosa. Ayuba et al. (2012) reported LC50 of 0.20mg/l when
Clarias gariepinus was exposed to Datura innoxia.

Probability Plot for Total Mortality
MNormal - 95%
Probit Data - ML Estimates
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Studies have revealed that organisms exposed to toxicants or chemicals usually exhibit changes in
erratic sudden jerky swimming movements, hyperactivities and different behavioural activities as
shown in this experiments which demonstrated to be a sensitive indicator of physiological stress in fish
subjected to chronic concentrations of pollutants (Isiyaku et al., 2022). Several abnormal behaviours
observed with fish exposed to various concentration of ginger leaves powder in this study were
excessive gulping for air, erratic swimming behaviour, restlessness, loss of equilibrium, fin and barbell
deformation, skin haemorrhage, discolouration and finally death agreed with Omitoyin et al., (2006),
this also agrees with reports of Bobmanuel et al. (2006) who stated that “behavioural response of fish to
toxicants and different reaction time are due to the effect of chemicals, their concentrations, species,
size and specific environmental conditions”.

Table 2: Behavioral changes in Clarias gariepinus juveniles after 96-hour exposure at different
concentrations of ginger leaves powder

Behaviors Concentration (mg/L)
0.00 7.5 9.0 10.5 12 13.5
Air gulping - - + + +

Barbel deformation - - - - - -

Discoloration - - + + + +
Erratic swimming - - + + + +
Jumping - - + + + +
Fin deformation - - + + + +
+ = Present
- = Absent
CONCLUSION

The study's findings clearly demonstrate that ginger leaf powder adversely affects water quality at
9.25mg/l and above leading to conditions that are detrimental to fish survival.

RECOMMENDATIONS

Itis essential to regulate the concentration of ginger leaf extract used in aquaculture practices, ensuring
that it does not exceed safe levels that could harm fish populations. Environmental agencies and
aquaculture practitioners should establish guidelines for the safe use of ginger and similar plant
extracts, particularly in regions where these substances are commonly used.
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ABSTRACT

The release of plant material into the aquatic environment causes
water pollution problems because of their toxicity, persistence and
bio-accumulation. An investigation on the effect of the plant material,
ginger leaf, on Fresh water fish Clarias gariepinus was carried out in the
laboratory. Fish weighing 18.36 = 0.3gand 12.42+0.3cm length, were
exposed to acute concentrations (derived, based on acute toxicity
tests) of ginger leaf powder at 0, 7.5mg, 9mg, 10.50mg, 12mg and
13.5mg per liter of water (mg/1) for 4 days. During this period fishes
were fed with artificially prepared feed. On the 1st, 2nd, 3rd and 4th
days fishes were taken out, sacrificed and the tissues of gill and liver
were excised out. The total autopsy was completed in less than 4 mins.
The result showed that the degree of distortion of the gill and liver was
proportional to the exposure period and concentration of the metals
was found to be dose and time dependent.

Keywords:

Acute Toxicity,
Lethal concentration,
histology, ginger leaf,
Clarias gariepinus

INTRODUCTION

The degree of contamination in aquatic environment is frequently assessed by comparing contaminant
concentration in associated biota (Yang and Chen, 1996). Since bioconcentration of compounds have
been determined in the environment, it has been observed that there are many quantitative
relationships between structure and biological activity of chemicals established in aquatic system. In
aquatic pollution, organs such as the gills and liver have been identified as the storage sites in C.
gariepinus (Gbem et al., 2001). However, the main sites of these plants uptake and accumulation are
the gills and gastrointestinal tracts (Annume and Iyaniwura, 1993).

Ginger (Zingiber officinale) belongs to Zingiberaceae family. The used part of the plant is rhizome.
This plant produces an orchid like flower with greenish yellow petals streaked with purple color.
Ginger is cultivated in areas characterized by abundant rainfall. Even though it is native to southern
Asia, ginger is also cultivated in tropical areas such as Jamaica, China, Nigeria and Haiti and it is an
important spice crop in India (Akintobi, et al., 2013). Ginger, Zingiber officinalis, is a perennial
herbaceous plant that is a part of the Zingiberaceae family. Ginger is an important plant with several
medicinal, ethno medicinal and nutritional values.

Clarias gariepinus, an omnivore freshwater fish is a popular delicacy relished throughout tropical
Africa. It is a prominent culture species because of its hardiness and fast growth rate. This paper is
aimed at determining the gills and liver responses of C. gariepinus to sub lethal concentrations of lead
which provide an early warning of potential problems.
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MATERIALS AND METHODS

The Experimental Site

The experiment took place in the Fish Hatchery Laboratory of Bayero University's Department of
Fisheries and Aquaculture in Kano, Nigeria.

Experimental fish

One hundred and Eighty (180) of C. gariepinus (mean weight, 18.36 + 0.3g and mean length of
12.42+0.3cm juveniles were used for the study, fish were purchased from a reputable fish farm in
Kano, Kano State.

Source and Preparation of Ginger leaves

Fresh samples of ginger leaves plant were taken from Zango Kataf Local Government Area of Kaduna
State. The sample were separated into many component with special emphasis on the stems. The
samples were set to air dry at a constant weight before being pounded into a fine powder in a sterile
laboratory mortar and pestle. The resulting powder were sift (0.2mm) and store in air tight wide
mouth bottle for analysis. 500g of each stored sample was dissolved in 2 litres each of distilled water at
room temperature (27 = 0.30C) for 24 hours (Omoregie and Onuogwu, 2015). Afterwards, a vacuum
pump was used to decant and filter the settling aqueous component via Whitman filter paper. To
prepare them for usage, the filtrates were freeze-dried and kept in a refrigerator at 100°C.
Experimental Design

The experiment was conducted using a completely randomized approach. Eighteen (18) plastics tanks,
each measuring 60 cm by 40 cm by 40 cm, were utilized. After a thorough cleaning, 20 liters of water
were added to the plastic tanks. Each plastic tank has a label on it. Ten fish were allocated each tank
after each fish was weighed. 180 young C. gariepinus fish in total were randomized and put into the
aquariums in triplicate, with 10 fish in each tank.

Range finding test

In the course of the range finding test, ten C. gariepinus juveniles were individually weighed using a
sensitive electronic weighing scale (Mettler Toledo FB602) and stocked into the eighteen tanks that
were filled with twenty litres of tap water. The ginger leaves powder weighing 0, 10mg, 12mg, 14mg,
16mg and 18mg were used per litre of water. The LC50 of ginger leaves powder was found when test
fish were exposed to the plant for 96 hours. The fish's reaction to mild stimuli was utilized as an index
of toxicity, and their inability to react to touch was used as an index of death.

Definitive Test

Results from range finding tests offered advice for the concentration level to be used in definitive test.
We filled eighteen (18) plastic tanks, each holding twenty litres of water, in order to conduct the final
test. The amounts of ginger leaves powder utilized were 0, 7.5mg, 9mg, 10.50mg, 12mg and 13.5mg
per liter of water (mg/l). The sensitive weighing balance was used to prepare the various
concentrations. The fish's non-reaction ginger leaves powder was judged to be fatal to 50% of the test
organism after 96 hours of exposure, whereas the fish's response to mild stimuli was employed as an
indication of toxicity.

Statistical Analysis

Minitab 20 was used to analyze data and compile statistics on the water quality parameter. The mean
lethal concentration (LC50) for 96 hours was calculated using probit analysis (Finney, 1971).

RESULTS AND DISCUSSION

The histological changes on fish is a noteworthy and promising field to understand the extent to which
changes in the structural organization are occurring in the organs due to environmental pollution.
[siyaku et al. (2021) studied environmental pollution and its effects on aquatic animals. The
histological alteration of the gills and liver were observed and this was more pronounced at higher
concentrations (13.5 ml/L, Plate 6) and exposure time. The gills showed lamella hypertrophy, some
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hyperplasia at the base of the secondary lamellae and desquamation of the epithelial lining and
telangiectasia of the secondary lamellae at lower concentrations — 7.5mg/1 (Plates 1).

Plate 1: Gills of Clarias gariepinus in the
control tank shows normal aspect of gill

Plate 3: Gills of Clarias gariepinus exposed to

9.0 mg/1 of ginger powder

Plate 5: Gills of Clarias ;gariepin;ts exposed to
12 mg/1 of ginger powder

95

Plate 6: Gills. .of Clarias gariepinus exosed t
13.5 mg/1 of ginger powder

Plate 2: Gills of Clarias gariepinus exposed to
7.5 mg/1 of ginger powder

1\

Plate 4: Gills of Clarias gariepinus exposed to
10.5 mg/1 of ginger powder
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Plate 7: Liver of of Clarias gariepinus juveniles
in the control tank shows normal architecture

Lot

Plate 9: Liver of of Clarias gaiepiﬁus juveniles
exposed to 9.0 mg/l of ginger leaves powder

Plate 11: Liver of of Clarias gariepinus juveniles
exposed to 12.0 mg/l of ginger leaves powder
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Plate 8: Liver of of Clarias gariepinus juveniles
exposed to 7.5mg/l of ginger leaves powder

Plate 10: Liver of of Clarias gariepinus juveniles
exposed to 10.5mg/1 of ginger leaves powder

Plate 12: Liver of of Clarias garieps
juveniles exposed to 13.5 mg/l of ginger
leaves powder

Histological examination of Clarias gariepinus gave significant indication of toxicity of ginger leaves
(Plates 1 to 12). The effects include gill alteration such as desquamation of the epithelial lining,
telangiectasia, haemoragic and hyperplasia at the secondary lamellae (Plates 2, 3, 4, 5 and 6) while
there was no pathological lesion in the control experiment (Plate 1). Oulmi et al. (1995) studied the
effects of linuron herbicide on the rainbow trout (Oncorhynchus mykiss) and stated that small
cytoplasmic vacuoles, nuclear deformation in the epithelium of the first and second segments of the
proximal tubule were observed. The liver of the exposed fish had slightly vacuolated hepatocytes
showing evidence of fatty degeneration, necrosis of some portions of the liver tissue that were observed
probably resulted from the excessive work required by the fish to get rid of the toxicant from its body



BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

during the process of detoxification by the liver (Olufayo, 2009). Some changes such as karyolysis of
nucleic material, vacuole formation of the tubular epithelial cells were also observed (Plates 8-12). The
inability of fish to regenerate new liver cells may also have led to necrosis of hepatic cells of sinusoids. A
similar study by Isiyaku et al. (2022) depicted that O. niloticus exposed to sub-lethal concentrations of
the commercial glyphosate herbicide Roundup®, showed histopathological changes in the liver namely
vacuolation of hepatocytes and nuclear pyknosis. Ramah (2011) observed that pathological changes
observed in the liver tissues of grass carp exposed to different herbicides were congestion of sinusoids
congestion of central vein and proliferation of bile ductular epithelium.

CONCLUSION

Aquatic species experience increased stress when their environment is contaminated by toxic plants,
whether as a result of acute or long-term events. Plant components, especially the powdered ginger
leaves, are rapidly absorbed by the aquatic biota and have negative consequences.

RECOMMENDATION

The current findings show that ginger weakened Clarias gariepinus immune system, which raises the
possibility that it could also create serious physiological issues and finally cause the fish to die. As a result,
quick action is needed to stop the release of different toxicants into our waterways. If not, it will have a
direct impact on the aquatic biota and indirectly influence the dependent population through the food
chain. Asaresult, it may result in a number of illnesses and the extinction of numerous species.
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ABSTRACT
The effects of formalin (5% and 10% concentration) preservation on
some morphometric characteristics of preserved Oreochromis
niloticus collected from Upper River Benue were investigated. The
total length, standard length, head length, body depth, eye diameter,
and total weight of fresh and preserved O. niloticus were taken weekly
for the period of nine weeks. The results showed varying degrees of
shrinkage in the total length, standard length and eye diameter while
the head length, body depth and total weight experienced varying
degrees of increment in both 5% and 10% formalin concentration over
the period of preservations. However, there was no significant
differences in the studied morphometric characters in both fresh and
preserved O. niloticus for both concentrations. The results also
revealed that both concentrations affected the characters in a similar
trend but a bit more pronounced at 10% concentration. The
Keywords: morphometric analyses that form the basic analysis for fields like
Morphometric Characters, systematics, growth analysis, fish population and dynamics and fishery
stock management would ideally be performed on fresh specimens.
However, recognizing that this is not always feasible due to some
foreseeable challenges, it is important to be aware of the
morphometric changes that can occur during preservation.

Preservation, Formalin
Concentration,
Oreochromis niloticus

INTRODUCTION

Preservation methods play a critical role in maintaining the integrity of biological specimens, especially
for long-term storage, enabling researchers to conduct detailed analyses over extended periods
(Berbel-Filho et al. 2013). However, the conditions under which biological samples are preserved can
vary significantly depending on their intended use and the desired outcomes (Jawad, 2003; Ghaly et
al., 2010). For ichthyologists, accurately identifying fish specimens often involves using formalin,
alcohol, freezing, and chilling to preserve key morphological traits in the absence or lack of access to
fresh samples (Ghaly et al. 2010). Preservation techniques in general, whether used in the short or long
term, have been shown to affect taxonomically significant morphometric characteristics such as total
length, head length, eye diameter, and body depth (Jawad, 2003; Ghaly, 2010; Haubrock et al., 2018;
Sotola et al., 2019; Adedeji et al., 2023). These distortions may lead to inaccuracies in morphometric
measurements that no longer reflect the true dimensions in fish, a crucial concern when conducting
subsequent biological or ecological analyses. Preservation-induced errors can lead to misleading
conclusions, potentially affecting growth studies, biodiversity assessments, and fishery management
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practices (Porteretal., 2001).

Jawad et al. (2001), Jawad (2003) and Neve et al. (2006) have also documented the impacts of various
preservation techniques on both pigmentation and morphological characteristics in several fish species.
For instance, some fish experience significant color fading over time due to prolonged exposure to
formalin or ethanol, which can hinder species identification or comparative taxonomic studies. These
morphological changes are often attributed to multiple factors, such as the duration of preservation,
concentration of the preservative, temperature conditions, and species-specific biological traits like
age, size, and even the fish's osmoregulatory activity at the time of death (Yeh and Hodson, 1975). For
example, rapid preservation at high ethanol concentrations might limit tissue degradation but could
accelerate shrinkage, altering body proportions. The shrinkage effect caused by any preservation
agents, be it ethanol, formalin or any other method, for instance, can lead to a significant
underestimation of size, particularly for certain species. Therefore, this study aims to investigate the
impact of formalin preservation on the length and weight of the preserved Oreochromis niloticus.

MATERIALS AND METHODS

Experimental Set up

Forty (40) individuals of O. niloticus of possible similar recruits were obtained from the Upper Benue
River, Yola. A set of twenty individuals of O. niloticus were introduced to 5% formalin preservation
while the remaining set of twenty individuals were introduced to 10% formalin preservations. Each
sample were introduced into individual glass bottles, filled with respective concentration of formalin
after first been euthanized, after which samples were then labelled and preserved. The solution of
formalin was prepared using distilled water

Morphometric Measurement

Morphometric characters like body weight (BW), total length (TL), standard length (SL), body depth
(BD), head length (HL) and eye diameter (ED) were taken. The body weight was measured by
electronic weighing balance to the nearest 0.01g, while the total length, standard length, body depth,
head length and eye diameter were measured using digital vernier callipar. Measurement of the
morphometric characteristics were done on the fresh samples prior to preservation and subsequently
taken weekly for a total period of nine weeks (63 days).

Data Analysis

The data generated were analyzed using Statistical Package for Social Sciences (SPSS 22.0). A simple
descriptive analysis is used to determine the means and one-way analysis of variance (ANOVA) was
used to separate the means at (P= 0.05). The percentage shrinkage was also calculated to determine
the changes in the measured morphometrics characters in the fresh samples compared to the
preserved samples suing the formula below

] fresh sample - preserved sample
Percentage Shrinkage % = x 100
Fresh sample

RESULTS

The effects of different formalin concentrations on some morphometric characters of preserved O.
niloticus are presented in Table 1 (5% formalin conc) and 2 (10% formalin conc.). Table 1 showed that the
lowest percentage shrinkage (1.65) in the total length of O. niloticus preserved in 5% formalin
concentration was observed at weeks 1 and 2 while the highest shrinkage (3.07) was observed at the fourth
week of preservation. The lowest shrinkage in the standard length was observed in the first week (3.39)
and the highest in the fifth week (6.14) of preservation. However, the head length, body depth and total
weight experienced various degrees of increment during preservation. The highest weight increment was
observed in the sixth week (-5.73) of preservation while the highest body depth increment was observed
in the ninth week (-5.92). Table 2 showed that the highest percentage of shrinkage (3.12) in O. niloticus
preserved in 10% formalin was observed in the ninth week while the lowest was recorded in the first week
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of preservation. The percentage shrinkage in standard length increases as the week progresses with the
highest (5.11) at the ninth week. The head length, body depth and total weight also experienced increases
in length and weight over the preservation period. The results reviewed that there were no significant
differences between the measured morphometric characters of fresh and preserved O. niloticus in both
concentration during the preservation period. Though the percentage shrinkage in both concentrations
followed the same trend, however, the 10% formalin concentration seems to have higher effects (both
shrinkage and increment) than of 5% formalin

DISCUSSION

The observed variations in the measured morphometric characters in the preserved O. niloticus from the
fresh sample over the preservation period are in accordance with the results of previous works (Jawad et
al., 2001; Jawad, 2003; Berbel-Filho, 2013; Hossaini, et al., 2016; Sotola et al., 2019; Nordeide, 2020;
Kumar et al., 2021; Ghazwan, 2021; and Adedeji et al,. 2023) which revealed that different
concentrations of different preservatives causes various degrees of variations in morphology of any
preserved specimen. This present study agreed with the observations of Sotola et al, (2019), Nordeide
(2020) Kumaretal., 2021, and Ghazwan (2021) that formalin preservation causes shrinkage in
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total length and standard length but causes increment in the body depth and total weight.
Furthermore, the observed continuous changes in the morphometric characters as the preservation
period progresses are in accordance with the work of Sotola et al, (2019) that observed similar changes
in the body after subsequent ethanol preservation. The observed increment in the head length, body
depth and total weight may be a result of the use of distilled water in the preparation of the respective
formalin concentrations as already reported by Ghazwan (2021) that formalin prepared with distilled
water causes an increase in body depth and total weight compared to formalin prepared with brackish
water. Changes in morphometric characters of preserved species have been reported to be influenced
by various factors such as the method of preservation, concentration and type of chemical preservation
agents, length of the preservation period, salinity and temperature of the preservative (Jawad, 2003;
Hossaini, et al, 2016). The type of species, age, size and developmental state of the preserved fish are
all factors that determine changes in morphometric characters of a preserved fish

CONCLUSION

It is concluded that morphometric analyses that form the basic analysis for fields like systematics, growth
analysis, fish population and dynamics and fishery stock management would ideally be performed on fresh
specimens. However, recognizing that this is not always feasible due to some foreseeable challenges it is
important to be aware of the morphometric changes that can occur during preservation.
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ABSTRACT

The toxicity test of caustic soda was carried out for 96 hours and
conducted under static bioassay. The fish were acclimated for 7 days
before the experiments and the test was conducted in a rectangular tank
with 26 X 20 X 30 cm dimension. Each concentration was tested in
triplicates with 10 fish per tank The concentrations used in range finding
test were Oml, 10ml, 20ml, 30ml, 40ml /8 litres of water while in acute
toxicity test, Oml, 22ml, 24ml, 26ml and 28ml /8 litres of water were
used. Upon exposure to the toxicant, the fish displayed behavioural
changes such as restlessness, hyper -ventilation, air gulping, clustering and
erratic swimming. The lethal median concentration (LC50) in acute test
was determined graphically to be 23ml/8L. The results revealed that as
the concentration of caustic soda increases, the percentage of mortality

Keywords: increased. There were histological alterations in the organs of Clarias
Toxicology, pollution, gariepinus except in the control experiment. Also, the higher the
median concentration, concentration of caustic soda used, the higher the behavioral changes
catfish shown by the fish. Water quality war poorer in treatments with higher

concentrations as the day of the experiments progressed especially in the
dissolved oxygen concentration level which reduced greatly at day 4 (96
hours). These results indicate the need for careful use of caustic soda near
aquatic ecosystems.

INTRODUCTION
Toxicity in aquaculture refers to the harmful effects of elevated concentrations of metabolites (carbon
dioxide, ammonia, nitrite, and hydrogen sulfide), algal toxins, heavy metals and agricultural and
industrial chemicals (Boyd, 2017). Caustic soda is a strong alkali and very corrosive. It is an inorganic
chemical and highly caustic base that decomposes proteins at ordinary ambient temperature (Ahmadi,
2019). Caustic soda is used in fresh water aquaculture for pH neutralization and also to scrape the
aquatic environments off stains and algae deposits on an exposed pond/tank. It is mixed in water and
then poured into the pond to disinfect the points of viruses and bacteria, as it kills these unwanted
microorganisms within 1 hour depending on how evenly the mixture was spread in the pond (Khan and
Khan, 2023). The need for pH requirement or neutralization of the water depends on the water
source, the species farmed and the production system. The challenge in Nigeria, and globally is the
resistance of these compounds to degradation and the leaching from disposal systems and landfills

(Ishaq, 2022).

Clarias gariepinus, the African sharp tooth catfish is a large, eel-like fish, usually of dark grey or black
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coloration on the back, fading to a white belly. Clarias gariepinus belongs to the family Clariidae and
phylum Chordata (Olanrewaju et al., 2022). Clarias gariepinus is a hardy fish, able to tolerate poor
water quality parameters and therefore not easily susceptible to most common diseases encountered
by other cultured fish species. Uncontrolled and unregulated use of toxic chemicals in Nigeria water
bodies has resulted in pollution of the aquatic environment which has caused great risk in biotic
organisms like Clarias gariepinus which is a major source of protein in Nigeria (Ishaq, 2022). These
chemicals usage causes mortality and change in the composition of fish species, loss of abundance and
affect the physiology of the fish. Chemicals like caustic soda have been used without checking its
negative impact on fish which results in poisoned organs. This negatively affects the metabolism and
well-being of fish, and these indirectly causes health problems when consumed by man. The objectives
of this study are to determine the median lethal concentration (LC50) of caustic soda, assess the
mortality rate of different concentrations, analyze the histology of some of the vital organs (gill, liver
and heart) of Clarias gariepinus and study the behavioral changes of Clarias gariepinus fingerlings
exposed to different levels of caustic soda.

MATERIALS AND METHODS

The site of the experiment was the Department of Fisheries and Aquaculture Management wet
laboratory, Ekiti State University, Ado Ekiti, Ekiti, State. Caustic soda was purchased from a reputable
Agro centre in Ado Ekiti. Range finding test and acute test of Caustic soda were carried out and flakes
of 4.16g was dissolved in 50ml (0.05 liters) of well water and the solution was mixed with 8litres of
water which was the concentration used for all treatments as described by Ward and Parrish (1982).
The solution was mixed thoroughly with the water. Healthy 300 fingerlings of Clarias gariepinus of
the same genetic stock were obtained from a reputable fish farm. The fish was acclimatized for 7 days
before the commencement of the experiment.

Five treatments (Oml, 10ml, 20ml, 30ml, 40ml /8 litres of water) were used for Range finding test and
five treatments (Oml, 22ml, 24ml, 26ml and 28ml/8 liters) were also used for definitive (acute
toxicity) test and each treatments had three replicates each. The range finding test (preliminary test)
was carried out following a static bio assay procedure described by Ward and Parrish (1982) to
determine the toxic change in Clarias gariepinus exposed to different levels of caustic soda. The test
material was prepared by weighing Caustic soda (flakes) using Top loading Metler balance to get 4.16g
of soda weight, this was dissolved in 50ml (0.05 liters) of water to obtain a solution, and the solution
was then added to 8liters of water. This was allowed to dissolve in water for 10 minutes before adding
Clarias gariepinus fingerlings. Each fish was weighed using Top loading Metler balance with the weight
6.21g+0.05g and 10 fish per tank was introduced at the same time into the water in rectangular plastic
tank already containing the solution of the test materials at different concentrations. The experiment
was monitored at 3 hours interval and lasted for 96 hours.

In acute toxicity test, the histological analysis of liver, gills and heart of Clarias gariepinus were studied
in order to determine the toxic effect of caustic soda on them. After four days the fish were taken out
of each tank, killed by decapitation and the gill, heart and liver were removed, sectioned and examined.
The organs were fixed in formalin saline solution, kept in cassettes after which they were embedded in
wax, trimmed and sectioned. Sections were fixed on clean slides and stained with haemotoxylin and
eosin stains. Photomicrographs were taken with Heitz (Ortholux II) microscope with camera,
(Standard model BHTVIII). The temperature, pH and dissolved oxygen level was carried out at the
beginning and the end of the experiment; to ascertain the cause of death in fish, using standard
methods. All the results collated were analysed using Duncan multiple range test and the differences
between means were determined using Turkey Post-Hoc test.
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RESULTS AND DISCUSSION

In range finding test (Table 1), mortality increased as the concentration and number of hours increased.

Table 1: Range finding test: Percentage mortality of Clarias gariepinus fingerlings exposed to
different levels of caustic soda

CONCENTRATION  Time (3 hours) Time (6 hours)  Time (9 hours) Time (12 hours) Time (24 hours)

Oml/8 Liters 0 0 0 0 0
10ml/8 Liters 0 20 0 0 0
20ml/8 Liters 0 0 30 0 20
30ml/8 Liters 0 30 20 30 0
40ml/8 Liters 20 20 20 40 0

As shown in table 2, the results revealed that as the concentration of caustic soda increases, the
percentage of mortality also increased. In acute toxicity, total mortality was recorded in the highest
concentration, this agrees with Akin-Obasola et al. (2022) who recorded total mortality within 96
hours when Caterpilla granule of 16g/10L was used exposed to Clarias garipienus.

Table 2: Definitive test (Acute toxicity test): Mortality of Clarias gariepinus exposed to Caustic soda
within 96 hours Bioassay.

CONCENTRATION  Time (24 hours) Time (48 hours) Time (72 hours) Time (96 hours) Total mortality

Oml/8L 0 0 0 0 0%
22ml/8L 10 10 0 10 30%
24ml/8L 10 20 20 10 60%
26ml/8L 10 20 40 20 90%
28ml/8L 30 30 40 0 100%

As shown in the table 3, the fish showed erratic swimming pattern, loss of reflex, discoloration and no
reaction to external stimuli, these reactions increased with increase in concentration.

Table 3: Behavioural Changes to Acute toxicity test of Clarias gariepinus exposed to Caustic soda
within 96 hours Bioassay.

Behavioural changes Oml/8L 22ml/8L 24ml/8L 26ml/8L 28ml/8L
Loss of reflex - - + + T+
Erratic swimming - - + + T+
Discolouration - + + ++ ++
Behaviouralchages - + ++ ++ ++
Hyper-ventilation - + + ++ ++
Mortality% 0 30 60 90 100

Key: Absent: -, Present: +, Highly present: ++.
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The fish showed erratic swimming pattern, loss of reflex, discolouration and no reaction to external
stimuli, these reactions increased in concentration. This also corroborate the report of Akin-Obasola
(2019) where erratic swimming pattern, loss of reflex, discoloration and molting was recorded when
Clarias gariepinus was exposed to different levels of petrol and engine oil and these reactions increased
with increase in concentrations.

LC50 determination:
The median lethal concentration (LC50) was determined graphically to be 23.5ml/8L

Acute toxicity test

12094
1009
10094

Mortality
(=}
(=)
&=

g S oS ]

Oml/BL  22ml/SL 24ml/SL 26ml/8L 28ml/SL

Concentration

The histopathological analysis:
The histology of the exposed tissue with highest concentrations were analysed as shown in Plates 1-3.

N L
Plate 1: Gill showing Plate 2: Liver showing Plate 3: Heart showing infiltration
degeneration in Treatment 5 necrosis in Treatment 5  of leukocytes in Treatment 5

African catfish (Clarias garipienus) exposed to different levels of caustic soda had the presence of the
toxicant in the gills, heart and liver. This suggests that these organs could be useful as a marker for the
toxicants in the aquatic environment. This work corroborates Ray et.al, (1999) who recorded a high
concentration of mercury in the liver and other organs of Clarias gariepinus while the concentration of
mercuric in the tissues increased with its concentration in the aquatic environment. As shown in plate
3, there was interstitial infiltration of leukocytes in the heart of Clarias gariepinus exposed to different
levels of Caustic soda, this agrees with Akin-Obasola (2022) where deformation in the organs of C.
gariepinus exposed to different levels of Caterpillar granule was recorded.

CONCLUSION

The results of this study show that caustic soda, an alkali chemical compound used in soap making,
disinfecting the pond as well as to improve the alkalinity of the water, when carried by running water
into fish farms, rivers, streams and so on causes toxic effects on fish. The 96 h LC50 value for Clarias
gariepinus suggest that the fish showed a quick response to the chemical therefore, LC50 of 23.5ml/8L
is therefore recommended as the tolerant level for Caustic soda.
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Caustic soda is toxic to Clarias gariepinus at higher concentrations and its management is necessary.
There is also need for more study to set maximum permissible levels of chemical compounds such as
caustic soda for fish meant for human consumption in Nigeria.
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ABSTRACT

The haematological features of Sarotherodon melanotheron that was
subjected to butachlor treatment in the laboratory were assessed. Over
the course of fifteen days, the fish were exposed to the chemical at five
different concentrations: 0.00 (control), 0.05, 0.10, 0.15, and 0.20
mg/L. The five water quality indicators measured during the exposure
were temperature, pH, dissolved oxygen, nitrite, and ammonia.
Following the experiment, fish blood samples were collected, and their
haematological parameters were assessed using standard laboratory
procedures. The results of the investigation demonstrated that
ammonia and nitrite levels increased in proportion to the chemical's
quantity. The dissolved oxygen levels, on the other hand, dropped.
While the temperature and pH were within the same range of 29.01-
29.88 and 6.65-6.68 respectively. Significant reductions (P<0.05) in
haemoglobin (Hb), packed cell volume (PCV), red blood cell count
(RBC), and platelet concentrations were among the most significant

%:Zi‘: (?11;;; toxic manifestations. Dose-dependent alterations were also observed in

Blood composition, mean corpuscular volume (MCV), mean corpuscular hemoglobin

Sarotherodon (MCH), and mean corpuscular hemoglobin concentration

melanotheron (MCHC).The chemical caused significant changes in the blood

Butachlor ' composition of S.melanotheron, which can be used to monitor the
health status of the fish in aquatic medium.

INTRODUCTION

Wastes from homes, businesses, farms, and towns enter the aquatic environment, resulting in an increasing
number of toxins. Pollutants have a broad range of impacts on organ function, reproductive status, species
survival, population growth, and biodiversity that influence organisms at all levels, including humans and
ecosystems (Gabriel et al., 2007a). Aquatic environments are impacted by pollutants and hazards released
by mining, agriculture, and industry. This could have a harmful effect on aquatic life. One of these
pollutants is biocides, which has a detrimental effect on fish and other aquatic organisms (Gabriel et al.,
2007b). Numerous pathways, including direct application, spray-drift, runoff, leaching, manufacturing
discharge, and sewage, allow toxic chemicals to infiltrate aquatic habitats. A variety of aquatic non-target
creatures, particularly fish, are adversely affected by all of these in terms of health (Akinrotimi and
Gabriel, 2012; Gabriel et al., 2007c). Furthermore, because fish react to hazardous substances similarly to
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bigger vertebrates, they can be used to evaluate compounds that may be dangerous to humans and are
frequently utilized in biomonitoring (Akinrotimiet al., 2017).

Haematological markers, which have been shown to be a reliable indicator of physiological alterations and
general health in fish, can be altered by chemical exposure (Banee et al., 2018). According to Gabriel et al.
(2017), fish exposed to sublethal concentrations of toxins can change blood parameters like hemoglobin levels
and red blood cell (RBC) counts. Substances, like herbicides have been employed in several investigations to
evaluate the detrimental effects of various substances on fish. Fish can be used as helpful indicators of a
chemical's toxicity. In addition to the kind of xenobiotic, exposure time, and concentration, fish under
chemical stress may exhibit distinct hematological components based on a range of biological and non-
biological parameters (Gabriel et al., 2007¢). Blood parameters play a crucial role in evaluating the structural
and functional health of fish exposed to pollutants, as blood serves as a pathophysiological reflection of the
entire organism. Investigating the mechanisms underlying the impacts of different pollutants is made possible
by changes in the blood profile, which demonstrate variations in the organism's metabolism and biochemical
processes brought on by these pollutants (Joseph and Raj, 2020). Fish are particularly sensitive to physical and
chemical changes that may be reflected in the components of their blood because they interact with their
environment so directly on a physical and chemical level (Carraschi, 2022). Fish that are exposed to chemical
pollution may experience changes in their hemoglobin levels. An accurate depiction of the anatomical and
molecular changes taking place within the body can be seen in blood tissue (Oruc, 2020).

Worldwide, herbicides are extensively used in agricultural practices followed by other pesticides like
insecticides and fungicides (Liu et al., 2019). Among different types of herbicides, butachlor have been
widely used in Nigeria to control unwanted weeds in rice fields due to their low cost and broad-
spectrum activity (Mave et al., 2020). Due to its extensive use against target weed and its persistence
on the soil, it can reach aquatic ecosystem via drainage, leaching, erosion and runoff water from treated
areas (Joel and Edna, 2022). Consequently, it has detected at the range from 0.1 to 1.4 ug L-1 in surface
waters (Mave et al., 2020) The previous studies clearly envisage that the toxic nature of butachlor has
been posing a potential threat to the agro-ecosystem, aquatic animals and human health (Liu et al.,
2019).To the best of our knowledge, there are no reports on the effects of butachlor on haematological
parameters of S. melanotheron. We therefore report for the first time the influence of butachlor on
blood composition of this specie in order to understand the mechanism of toxicity of this widely used
herbicide on the internal physiology of fish. Thus, this study evaluated the haematological reactions of
Sarotherodon melanotheron that were exposed to butachlor in a laboratory setting.

MATERIALS AND METHODS

Experimental Location and Fish

The study was carried out at the African Regional Aquaculture Center, a division of the Nigerian
Institute for Oceanography and Marine Research, in Buguma, Rivers State, Nigeria. Three hundred
(300) Sarotherodon melanotheron were harvested from the recruitment ponds of the center during low
tide, of which 150 were juveniles (mean length: 10.99 cm; mean; weight: 60.77 g) and 90 adults (mean
length: 14.77 cm; mean weight: 100.42g). Six 50-liter open plastic containers were used to transport
the fish to the lab, where they acclimated for seven days.

Preparation of Test Solutions and Exposure of Fish

Butachlor with trade name butaforce was purchased for this experiment from a supermarket in Port Harcourt,
Nigeria. Sarotherodon melanotheron were exposed to the chemical in triplicates at doses of 0.50, 1.50, 2.50, and
2.50mg/L, this was based on previously conducted acute toxicity test, as well as 0.00 mg/Las the control. Ten fish
were introduced at random into each test tank for each of the life stage. The fifteen-day test was carried out. The
water in the experimental tanks was renewed every day from the stock solution based on the concentrations of
each chemical. Commercial feed was supplied to the fish twice daily at 3% body weight.
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Haematological Analysis

A small hand net was used to remove each fish one at a time, and they were then arranged belly up on a
table. With the help of a 2 mL plastic syringe, blood samples of approximately 5 mL were taken from
the caudal peduncle, and 2 mL of the blood were distributed into an anticoagulant-treated (EDTA)
tubes' for hematological investigations. Blood samples were analyzed using an automated analyzer.
Evaluation of Water Quality Parameters

Water temperature was recorded using mercury-filled glass thermometers, while pH was measured
using a pH meter (Model 3013, Jenway, China). Using standard laboratory technique described by
APHA (2005), the values of dissolved oxygen, nitrite, and ammonia were assessed.

Data Analysis

The data obtained from the work was compiled and analyzed with the help of SPSS statistics program
22.0 for Window. To identify the significant differences in measured variables between the control and
experimental groups, a one-way analysis of variance (ANOVA) was used. Tuckey's multiple comparison
tests was used to distinguish between the treatments that differed significantly from one another.

RESULTS

The results of physico-chemical parameters in the experimental tanks during the exposure period are presented in
Table 1. The values of temperature and pH were statistically similarin all concentrations of butachlor. While ammonia,
and nitrite significantly increased as concentration increases. However, the dissolved oxygen reduced with increasing
concentrations of the chemical. The effects of the chemical on the haematological of the juvenile and adult sizes of
Sarotherodon melanotheron are shown in Tables 2 and 3 respectively. The result showed a significant reductions
(P<0.05) in hemoglobin (Hb), packed cell volume (PCV), red blood cell count (RBC), and platelet concentrations
and dose-dependent alterations were observed inmean corpuscularvolume (MCV), mean corpuscular hemoglobin
(MCH), and mean corpuscular hemoglobin concentration (MCHC) of the exposed fish.

Table 1: Physicochemical Parameters of Water in Tanks of S. melanotheron exposed to Chronic
Concentrations of Sodium Bromide (Mean =SD)

Concentrations  Physico- Chemical Parameters of Water
/L

(mg/L) Temperature (°C)  pH DO (mg/1) Nitrite(mg/1) Ammonia(mg/1)
0.00 29.77+0.99* 6.72+0.66* 6.7240.62*  0.00+0.00° 0.01+0.01?

0.05 29.01+0.882 6.88+0.44* 6.48+0.88*  0.02+0.01° 0.17+0.05°

0.10 29.88+0.472 6.82+0.71* 5.99+0.77°  0.03+0.01° 0.27+0.02¢

0.15 29.71+0.81° 6.65+0.34* 5.61+0.99°  0.05+0.01° 0.32+0.05¢

0.20 29.88+0.99? 6.67+0.56? 4.99+£0.88¢  0.05+0.01° 0.39+0.09¢

Means within the same column with different superscripts are significantly different (P <0.05)

Table 2: Haematological Parameters in Juvenile of S. melanotheron exposed to chronic

concentrations of Butachlor (Mean =SD)

Conc. PCV HB RBC Platelets MCV MCH MCHC
(mg/1) (%) (g/dl) (Cells x (Cells x 102) (i) (pg) (g/dl)
1012)

0.00 38.88+8.05%  11.90+0.86> 7.88+0.54° 298.66+12.66°  76.78+£5.33% 24.77+3.542  33.00+6.77°2
0.05 34.88+1.98Y  11.44+2.77° 6.61+£1.88°  288.09+21.98°  71.03+£7.56° 22.91+1.88% 33.92+7.55°?
0.10 31.66+6.77°  10.77+2.88° 5.56+1.77°  277.39+77.02°  70.77£2.77° 23.9943.76% 32.03+9.88%
0.15 26.09+42.322  9.04+1.77%  4.88+1.77°  261.09+11.00*  65.88+7.44* 23.0244.77° 34.76+9.66*
0.20 227744415 7.12+41.65%  3.44+1.55%  230.33+12.55°  63.88+7.98* 23.76+4.88°  34.014£9.992

Means within the same column with different superscripts are significantly different (P <0.05)

Key: PCV - Packed Cell Volume, HB — Haemoglobin, RBC — Red Blood Cell, ,MCV - Mean

Corpuscular Haemoglobin, MCH - Mean Corpuscular Haemoglobin, MCHC — Mean Corpuscular
Haemoglobin Concentrations
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of Butachlor (Mean =SD)

Conc. PCV HB RBC Platelets MCV MCH MCHC
(mg/l) (%) (g/dl) (Clezl)ls X (Cells x 10'?) ) (pg) (g/dl)

0.00 39.0248.55%  13.01+0.08° ;?02i0.77b 355.99£11.99°  72.7746.04°% 24.8849.00®  33.02+9.22°
0.05 3532+£7.01°  12.33+£2.56% 7.01+1.04° 302.66+15.08%  69.87+9.55*  23.99+9.66° 34.87+£9.93¢
0.10 33.02£6.77°  10.01+£2.77% 5.43+£1.02% 290.00+12.88%  67.0249.442 22.7749.432  33.03+9.05°
0.15 28.7749.32*  9.08+1.77*  4.81+1.55* 282.704£52.48*  67.76+4.98* 21.89+9.88* 32.66+9.11°
0.20 26.54£9.66*  7.99+1.01*  4.32+1.77* 251.52+12.88" 68,98+9.88%  20.03+7.77%  32.66+9.02?

Means within the same column with different superscripts are significantly different (P <0.05)

Key: PCV - Packed Cell Volume, HB - Haemoglobin, RBC — Red Blood Cell, MCV - Mean
Corpuscular Haemoglobin, MCH — Mean Corpuscular Haemoglobin, MCHC — Mean Corpuscular
Haemoglobin Concentrations

DISCUSSION

Aquatic life health is indicated by the physical and chemical characteristics of natural features such
temperature, pH, dissolved oxygen, nitrite, and ammonia (APHA, 2005). It was found that the values
of dissolved oxygen, ammonia, and nitrite differed significantly (P <0.05) from the control. While the
values of pH and temperature parameters were statically within the same range with no statical
differences. Even though ammonia is an essential source of nutrients, fish that live in water with high
ammonia concentrations risk dying. For an aquatic body, the average value of ammonia obtained in this
work was high. Ammonia is naturally produced by fish metabolism, which consumes food to produce
the energy, minerals, and proteins needed for life and growth. This may be the reason why the value of
ammonia has increased in the chemical exposed experimental tanks when compared to the control
tanks. In comparison to other physicochemical characteristics, nitrates usually have a smaller direct
impact on marine organisms. However, excessive nitrite levels in the water might make it impossible
for aquatic life to survive. The experiment's nitrate levels ranged from 0.01 to 0.39 mg/l. This is in line
with studies conducted by Nte and Akinrotimi (2019), who found that nitrite are more harmful to
aquatic invertebrates at higher concentrations and for longer exposure times.

Fish exposed to various aquatic pollutants and poisons have been employed as a sensitive stress indicator
by using haematological markers. Aquatic creatures may not always die when sub lethal toxin quantities
are present in the environment. However, these poisons have the potential to bioaccumulate over time and
pose a serious health risk to aquatic organisms like fish as well as higher trophic levels like humans.
(Carraschi, 2022). Because of the way that blood and water interact, contaminants can cause a variety of
physiological dysfunctions in fish that affect haematological parameters. Essential indices of fish oxygen
transport ability, such as packed cell volume (PCV), hemoglobin (Hb), and red blood cell counts (RBC),
allow for the correlation between fish health and oxygen levels in their surroundings (Gabriel et al., 2019).
S. melanotheron demonstrated a considerable reduction in PCV, Hb, and RBCs along with a large drop in
the dissolved oxygen level with increasing concentration and duration of exposure to butachlor. The
poisonous substance's inhibitory effect on the hemoglobin-producing enzyme system as a result of
chemical exposure is another possible explanation, as is the disturbance of iron production. (Prasad et al.,
2020). Moreover, a decrease in the RBC count, Hb concentration, and PCV values seemed to indicate
erythrocyte hemolysis and/or permanent renal function impairment (Prasad et al., 2020).Besides, Adamu
and Audu (2018) hypothesize that the notable decrease in PCV may be caused by gill injury and/or
impaired osmoregulation, which can lead to hemodilution and anemia. Erythropoietic activity may have
decreased, which would explain the dip in RBCs. Erythropoietin, which is made in the kidney, controls
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erythropoietic activity in most vertebrates, including fish.

In this study, decrease in Hb concentration in the exposed fish could be caused by either a slower rate
of synthesis or a faster rate of Hb oxidation (Akinrotimi et al., 2019). Corresponding to this result,
Akirotimi et al. (2020) found that fish exposed to cypermethrin had lower amounts of PCV,
hemoglobin, and red blood cells, and they linked this to the pesticide's negative effects on cell death
and/or shrinkage. Fish treated with malathion had lower levels of PCV, Hb concentrations, and RBC
counts (Zaki et al., 2019). When juvenile C. gariepinus was treated with glyphosate herbicide similar
outcomes were seen in the exposed fish as reported by Gluszaket al. (2016). The more sensitive
erythrocyte indices, such as mean corpuscular volume (MCV), mean corpuscular haemoglobin
(MCH), and mean corpuscular haemoglobin concentration (MCHC), can cause reversible changes in
the fish homeostatic system. Variations in these indicators are closely linked to variations in PCV
levels, Hb concentration, and RBC count. The findings demonstrated MCHC's significant changes.
There were slight variations observed between the MCV and the control. This pattern is consistent
with research by Adeyemo (2008) who discovered that experimental fish exposed to lead had higher
MCV, MCH, and MCHC levels.

CONCLUSION AND RECOMMENDATIONS

In summary, butachlor reduced the volume of packed and red blood cells, which had a detrimental
effect on S. melanotheron health. These aberrant changes in the exposed fish's metabolic pathways
occurred even at very low concentrations, demonstrating the chemical's degree of toxicity to living
things. The toxicant's impact on the physicochemical characteristics of the water caused stress-related
behaviors in the test fish, such as increased breathing rate, gasping for air, restlessness, and loss of
balance. Therefore, efforts need to be focused on ensuring that this chemical are not allowed to leak
into water bodies.
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ABSTRACT
The acute toxicity of aqueous extract of African Locust Beans tree
(Parkia biglobosa) leaf on African catfish  (Clarias gariepinus)
juveniles was investigated in a static bioassay to determine the
median lethal concentrations (LC50) at 96 hours of exposure. The
bioassay was conducted in the water quality laboratory of Prince
Abubakar Audu University Anyigba, Kogi State. Six graded
concentrations of 0, 85.5, 90.5, 95.5, 100.5 and 105.5 mg/l of the
aqueous extract were applied to Clarias gariepinus juveniles in plastic
containers. The 96 hours LC50 values (with 95% confidence limits)
estimated by probit analysis was 90.241 mgl-1.Fishes exposed to
extract of Pbiglibosa leaf (0.0, 85.5, 90.5, 95.5, 100.5 and 105.5
mg/1) for 96 hours revealed that aqueous extract of Parkia biglobosa
leaf causes alterations in various blood parameters. Red blood cell
(RBC) and white blood cell (WBC) counts, haemoglobin
concentration and haematocrit values were decreased. The toxicity
of the aqueous extract of the plant against Clarias gariepinus was both
time and dose dependent. It is thought that this plant extract, the leaf
Key words: and other parts such as the bark and the roots, would be useful in
African catfish, haematology,  aquaculture to eradicate predators and competing wild fish from
leaf extract, Parkia biglobosa, nursery, rearing and stocking ponds prior to the stocking of
water quality commercially important fry and fingerlings of desired species

INTRODUCTION

Haematological analysis can be used for monitoring the health status of fish from the information's it
provides (Ayanda et al., 2015). Hematological indices can vary depending on so many factors ranging
from environmental factors to fish species, age, sexual maturity, the toxicant, length of exposure, water
quality, and health condition (Ayoola, 2018). Clarias species is a widely distributed fish which
constitutes one of the major fisheries in Asia and Africa. Some records have shown that Clarias species
contributes about 14% of over 6,000 tonnes of annual fish production from all fisheries sectors in
Nigeria (Akin-obasola, 2019). The common species found in Nigeria are Clarias gariepinus, Clarias
anguillaris, Clarias pachynema, Clarias macromystax,Clarias agboyiensis, Clarias jaensis, Clarias
buthupogon and Clarias camerunensis. (Idodo-Umeh 2003). The Clarias gariepinus is a prominent
cultured species because of its hardiness and fast growth rate. Several investigations have been carried
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out on various toxicants with Clarias sp. (Ani et.al., 2017). Parkia biglobosa (Jacq), African Locust
Beans tree is a perennial deciduous tree of high commercial value; it is used as a source of food,
medicinal agents, timber, fuel and fibre (Orwa, et al., 2009). In West Africa, the seeds of P. biglobosa
provide a rich source of vegetable protein for humans; the husks are not eaten by humans, but they
serve as feed for livestocks (Ajibade and Soetan 2012). The fruits are fermented to a condiment called
'dawa-dawa' or 'iru' used as a flavour intensifier for soups and stews (Ladokun and Adejuwon 2013).
The extracts from P. biglobosa have been used as natural pesticides against different pests and diseases
due to the phytochemicals present in different parts of the plant. The study therefore investigate the
hematological changes in C.gariepinus exposed to P. biglobosa leaf extract as a natural cure for fish
disease

MATERIALS AND METHODS

Study Location: The study was conducted at the water quality laboratory of the Department of
Fisheries and Aquaculture, Faculty of Agriculture, Prince Abubakar Audu University, Anyigba, Kogi
State, located at latitude 7024'16"N and longitude 7037'50.6"E., within guinea savannah middle belt
zones of Nigeria. The distribution of trees, grasses and other things in the area is determined by factors
such as; fire, demographic pressure, patterns of cultivation, clearing and relief. Trees found in Anyigba
do adapt to dry conditions (deciduous) and they shed their leaves in the dry season to control
evapotranspiration (Ifatimehin et al., 2012).

Sample Collections and Preparations: Fresh samples of Parkia biglobosa leaf was obtained from
Anyigba, Dekina, Kogi State, washed and air dried to constant weight. The dried samples were
pounded using a clean laboratory mortar to a fine powder which was then sieved through 0.25 mm
sieve. 500 g of the resultant powder was dissolved in two litres of water at room temperature (23 =+
0.5°C) for 24 h. The extract was filtered using a sieve.

Experimental Fish: Tiwo hundred healthy Clarias gariepinus juveniles (mean weight of 18 +0.02g)
were purchased from Ifeoma farms, Lokoja, Kogi State. The fishes were acclimatized for two weeks
under laboratory conditions, during the period, fish were fed 3% of their body weight with Blue Crown
commercial fish feed (2mm)

Experimental set-up: Extracts was introduced into 18 circular plastic containers initially filled with 20
liters of dechlorinated, bore hole water at a concentration of 105.50, designated as ( T6), 100.50
(T5), 95.50 (T4), 90.50 (T3) and 85.50 (T2) mg/L and 0.00 (T1) mgL-1 served as control. Each
concentration had 3 replicates. Fish was randomly be selected and stocked at 10 juveniles per
container. Fish was starved for 24hr prior to the commencement of the bioassay and throughout the
exposure period which lasted 96hr.

Haematological Analysis

Blood Sampling: Haematology analysis was conducted on the fishes from each treatment in triplicate
after the acute toxicity bioassay. The fish used were thoroughly washed according to the procedure of
Ayoola (2018) to avoid contamination before their blood samples were collected. They were bled from
caudal artery by severing the caudal fin and the blood were collected into anticoagulant bottle (EDTA
bottle) labeled to represent each treatment (Ayoola 2018). All the samples collected were taken to
Biochemistry Laboratory, Kogi State University, for Haematological analysis using Sysmex (KS-21N)
digital. Parameters determined include direct measurement of erythrocyte otherwise known Red
Blood Cells (RBCs) (107 12/L), White Blood Cells (WBCs) (107 9/L) Packed Cell Volume
(PCV)(g/L) and Platelets. Haemoglobin (Hb) (g/L), Mean Corpuscular Haemoglobin Concentration
(MCHC) (g/L), Mean Corpuscular Haemoglobin (MCH) (pg) and Mean Corpuscular volume (MCV)
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(fL) and Procalcitonin Test (PCT) were calculated according to the formulae described by Fagbenro et
al. (2020) and Oladimeji et al. (2022).

The following were determines as;

Haemoglobin (Hb)

=PCV (%)/3.

Mean Corpuscular Haemoglobin Concentration (MCHC)
(%) = Hb/PCV x 100.

Mean Corpuscular Haemoglobin (MCH)

(pg) = Hb/RBCx 10.

Mean Corpuscular Volume (MCV)

(f) = PCV/RBCx 10

Water Quality Determination: During the experiment, physico-chemical parameters of bioassay
water namely temperature, hydrogen-ion concentration (pH), total dissolved solids (TDS), electrical
conductivity (EC) and dissolved oxygen (DO) were monitored (Okeke et, al,.2020). These were
measured during the acute toxicity test. Temperature was measured using mercury in glass
thermometer and is calibrated in degree Celsius (oc). pH was determined using pH meter ( pH model
2602), while electrical conductivity and total dissolved solids were determined using Hanna “Combo”
portable hand instrument (Hi 98129 Hanna Instruments, Mauritius). DO (mg/l) was measured using
digital oxygen meter (portable DO model JPB 607).

Statistical Analysis: Data collected were subjected to one-way analysis of variance (ANOVA) using
SPSS version 20. Significant means were set at p<0.05 and separated using Duncan multiple range
test. Data also on LC50 (96hrs) were analyzed using the probit-logit transformation method

RESULTS

Haematological Analysis: Results of the haematological analysis (Table 1) shows significant differences
(P<0.05) in the values of MCH, MCHC and WBC. In MCH, T3 was the highest with 33.37 and the
lowest is 19.64 in T5. In MCHC, T5 was the highest with 33.47 while T6 was the lowest with 33.30
mean value. The analyzed result of haematology is shown in table 1.

Table 1 : Haematological analysis of Clarias gariepinus exposed to aqueous solution of Parkia biglobosa leaf extract

PARA
METE T1 T2 T3 T4 T5 T6
RS
PCV (%) 10.00+1.412 8.50+0.70° 11.004+4.22 10.00+2.82 8.50+0.712 8.50+2.122
RBC(10
A
6 1.67+0.232 1.42+0.13? 1.77+0.752 1.66+0.49° 1.45+0.172 1.42+0.352
cells/uL)
E)B(g/ d 3.34+0.47° 2.84+0.242 3.67+1.412 3.34+0.942 2.854+0.25% 2.83+0.712
;vICV(fL 60.22+0.31° 60.02+0.01° 62.3143.132 60.54+0.76° 58.67+1.91° 59.86+0.042
MCH(p b ab a ab b ab
2) 20.03+0.04 20.00+0.10 20.92+0.087 20.19+0.27 19.64+0.56 19.93+0.02
Oh/d)CHC( 33.3540.02% 33.41+0.042 33.37+0.012 33.36:£0.042b 33.47+0.132 33.30+0.01°
(1)
WBC(1
0"3cells/  5465.00+1187° 3222.50+837.¢ 3570.00+£763.¢  6375.00+£1212°  6715.00+636.° 2660.00+£912.¢
ul)
PCT(m a a a a a a
m) 109.91+15.98 109.77+0.53 144.36+28.17 118.10+12.59 132.77+11.99 129.65+12.07

The value is expressed in mean and standard deviation. Values with ditferent letter superscript in
the rows are not significantly different (p>0.05).
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Keys: PVC = Packed Cell Volume, RBC = Red Blood cell, Hb = Haemoglobin, MCV = Mean
Corpuscular Volume, MCH = Mean Corpuscular Haemogblobin, MCHC = Mean Corpuscular
Haemogblobin Concentration, WBC =White Blood Cell, PCT =Procalcitonin Test.

Water Quality Parameters: The physiochemical parameters of the test water measured during acute
toxicity bioassay; it can be seen that there was significant difference in all the parameters except in
the total dissolved solids. pH was highest in control concentration (T1) (6.90) while the lowest is
seen in T6 (6.10); Temperature was highest in T5 (28.430c¢) and lowest in the control T1 (27.200c¢);
Electrical conductivity (uS/cm) was lowest in 841.33 in the control concentration while the highest
is seen in 991.33 in T6; Dissolved oxygen was highest in the control concentration T1 and lowest in
concentration of T6 This is shown in table 2. Below.

Table 2. Water quality parameters during the ex periment.

Water Quality Parameter

Treatment Ph Temperature Electrical Total Dissolved  Dissolved
(mg/L) (°c) Conductivity Solids (mg/L) Oxygen
(nS/cm) (mg/L)

Control 6.90+0.00* 27.20+0.01F 841.33+0.00° 420.33+0.00 3.91+0.00*
85.5mg/L 6.41+£0.01° 27.43+0.00° 870.00+0.01°¢ 434.67+0.00 3.56+0.00°
90.5mg/L 6.34+0.01°¢ 27.65+0.00¢ 912.33+0.004 456.3340.00 3.55+0.01°
95.5mg/L 6.27+0.01¢ 27.86+0.00¢ 919.67+0.00° 465.3340.00 3.42+0.00¢
100.5mg/L 6.17+0.00° 28.43+0.00° 953.33+0.00° 478.67+0.00 3.24+0.00°
105.5mg/L 6.10+0.01° 28.30+0.00° 991.33+0.00* 496.67+0.00 3.10+0.00"

Mean in the same column with different superscripts differ significantly (p<0.05).

DISCUSSION

The result showed haematological changes in the blood parameters. The changes in blood variables
suggest that there was osmotic disturbance and change of oxygen carrying capacity during the exposure
of Parkia biglobosa leaf extracts. Similar values were reported for RBC, haemoglobin and hematocrit
when fish was exposed to fiazinon (an organophosphate pesticide) (Banae et al. 2011). This was
related to destruction of cells and/or decrease in size of cells due to adverse effects of pesticide. Zaki et
al. (2009) also reported a decrease RBC count, haemoglobin concentration and packed cell volume
(PCV) values in the fish exposed to extract of medicinal plant. Okeke, et.al. (2020) reported
decreased haemoglobin, RBC count and haematorit values in Clarias gariepinus exposed to lead
nitrate. Toxicants might cause adverse effect on the haemotopoietic organs which reduces the supply
of RBC either due to less production and/or increased rate of removal from circulation. Fall in the level
of haemoglobin may be the consequence of toxic effects of the extracts on the synthesis of this
molecule. The Parkia biglobosa leaf may disrupt the synthesis pathway by affecting the activity of
enzyme involved in the synthesis of haemoglobin. Blood cell indices seem to cause change that are
more sensitive and cause reversible changes in the homeostatic system of fish. Fluctuations in these
indices correspond with value of RBC counts and haemoglobin concentration. A similar respond was
noted in common carp and other freshwater fish exposed to acute toxic level of pesticides (Rao, 2010).
Physico-chemical parameters of the test water measured during acute toxicity bioassay were within
suitable range for the survival and normal growth of C. gariepinus. Hence changes in fish behavior and
subsequently death could not have arisen from poor water quality of the test water. On the optimum
pH scale for fish growth developed by Badiru (2005), the range for this study (6.10-6.90) corresponds
with the desirable range (6.5-9) for the fish production. However, dissolved oxygen range for this
study (3.10-3.90mg/L) spans the range for slow growth following long term exposure (1-5mg/L) of the
dissolved oxygen scale for warm water fishes by Badiru (2005). Similarly, the temperature range for
this study (27.20-28.43) is within the normal range of temperature in the tropics to which fish are
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adapted (22-350C) as reported by Okeke et.al, (2020).The fact that mortality of fish during acute
bioassay was concentration dependents could be directly linked with the direct effect of the toxicant.
This is similar to the finding of Babalola and Oni (2018) where a direct relationship between mortality
in C. gariepinus and concentration of diethyl phthalate was recorded as dose and time-dependent in
such that as the exposure time increased from 12 to 96 hours, the median concentration reduced. The
lack of mortality in the control group was also reported by Ayuba and Ofojekwu (2002) who exposed
Clarias gariepinus fingerlings to the acute toxicity of the root of Jimsons weed (Datura innixia) seed
extract. The concentration dependent nature of fish mortality in this study also agreed with the work
of Fafioye et al. (2004) who exposed C. gariepinus to P. biglobosa extracts. However there is difference
in the result of the present study and that of Abalaka and Auta (2010), which may be due to the
difference in age, parts of the plants used (toxicants) and environment conditions. The result of this
investigation agrees with the earlier works of Oti (2002) and Oshode et al. (2008).when they exposed
fish to acute concentrations of different toxicants. This is similar to the findings of Okomoda and

Ataguba (2011).

CONCLUSION

This result shows that aqueous extract of P. biglobosa leaf caused some clinical haematological change
and ultimate death when exposed to C. gariepinus juvenile. This mean that the extract of P. biglobosa
leaf equally have pesticide property like the extract of the barks of the same plant on C. gariepinus and
can therefore, be used to eradicate unwanted fishes from ponds prior to the stocking of desired fish
species. One can also deduce from this research work that the introduction of P. biglobosa into water
bodies would threaten the life and existence of fish

RECOMMENDATION

This plant (Parkia biglobosa) is recommended to be used as a biological control in eradicating predators
and unwanted organisms in the ponds by farmer instead of using agrochemical, but using for obnoxious
methods of fishing (poison) in the wild should be discouraged and caution should be observed when it
is being used as insecticides.
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INTRODUCTION

ABSTRACT

This research investigated the metabolic responses in Coptodon
guineensis subjected to varying concentrations of butachlor at 0.00
(control), 0.10, 0.20, 0.30, and 0.40 mg/L. During the study, some
water quality parameters were evaluated: temperature, pH, salinity,
dissolved oxygen, nitrite, and ammonia. A total of 150 C.guineensis
were sourced from the creek and were divided into two size
categories: Group 1 included juveniles with an average length of
15.77 = 1.08cm and an average weight of 90.99 + 7.55 g and group 2
consisted of adults with an average length of 22.59 + 9.34 cm and an
average weight of 188.94 = 21.02 g. They were exposed to the
chemical for a period of 15 days. Following the experiment, blood
samples were collected from the fish, and metabolites profiles were
analyzed using standard laboratory methods. The findings indicated
that urea levels were significantly elevated (P < 0.05) in the exposed
fish compared to the control group, while levels of creatinine, total
bilirubin, and total protein were significantly reduced (P < 0.05) in
the exposed C.guineensis. Notably, the juvenile fish exhibited more
pronounced metabolic alterations. This study provides foundational
data that may facilitate future comparative research on metabolic
stress in aquatic organisms from contaminated coastal environments
and enhance effective bio-monitoring of aquatic life.

Pollutant levels in aquatic environments can lead to a substantial increase in mortality rates among
aquatic organisms (Taka et al., 2014). Conversely, low levels of these contaminants can result in
bioaccumulation and biomagnification, ultimately affecting human health through the food chain
(Akinrotimi et al., 2018). It is imperative that we address the issue of water pollution with the highest
priority to ensure the consumption of safe and healthy fish (Ariweriokuma et al., 2018). The
application of agricultural chemicals poses a significant threat to ecosystems and all forms of life, as
these substances can easily contaminate water bodies, leading to severe consequences for non-target
species, including fish. This situation has raised considerable social and scientific concerns globally
(Mave et al., 2020). The pollution of the environment by agrochemicals has emerged as a critical issue
for both human health and wildlife conservation on a worldwide scale (Adedeji and Okocha, 2012).
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Water contamination can occur through various means, whether intentional or accidental, including
direct application into aquatic systems, spray drift, atmospheric deposition such as dust and rain,
sewage discharge, industrial effluents, and, in rare cases, spills. While the use of chemicals in
agriculture offers numerous benefits, it also presents significant drawbacks, including environmental
degradation and pollution, which are closely linked to chemical usage. The contamination of the
environment by agrochemicals poses a serious threat, with exposure to these substances potentially
leading to adverse health effects, including cancer and neurological damage (Babatunde and Oladimeji,
2011). Unlike other pollutants, pesticides are intentionally introduced into the environment to exploit
their toxic properties for pest and disease control. Alarmingly, less than 0.1% of insecticides applied reach
their intended targets, with 99.9% dispersing into various environmental media (Nte et al., 2011).
Pesticides in streams ultimately diminish due to various factors such as torrents, dilution, partitioning
in water or air, adherence to sediment particles, accumulation in the tissues of aquatic organisms, or
burial in sediment (George et al., 2017). The primary mechanism for pesticide transfer from terrestrial
environments to aquatic systems is surface runoff resulting from intermittent rainfall, which
intermittently exposes non-target species, such as fish, to pesticides. In lentic (still) systems, this pulse
exposure may arise from the dissipation of pesticides, while in lotic (flowing) systems, it is often linked
to hydrological processes, characterized by continuous water movement (Gabriel and Akinrotimi,
2011). Biomarkers are defined as sub-organism responses in organisms that indicate exposure to or the
effects of environmental contaminants. Commonly evaluated biomarkers in fish include oxidative
damage, changes in hematology, biochemical and histological alterations, as well as genotoxicity and
mutagenicity. These biomarkers can be instrumental in monitoring fish health and may act as early
warning indicators for environmental threats (Ada er al., 2019). Despite over two decades of research
on aquatic organisms exposed to pesticides or other toxic substances, the biochemical responses of S.
melanotheron to pesticides remain inadequately understood.

The herbicide butachlor, N-(butoxymethyl)-2-chloro-2',6'-diethyl acetanilide, is normally applied in
agricultural fields to control weeds. It is a selective systemic herbicide, mainly used to control pre-
emergent of annual grass with application rate 3000 - 4000 (g-ha—1). It is now one of the top three
herbicides used across the world (Genger al., 2020). It is widely applied in Nigeria, particularly in the
form of granules, as a post-emergent herbicide in rice cultivation. It has a half-life of 18-19 days in soil,
is a highly stable and persistent herbicide (Zhu et al., 2020). Owing to this, a great deal of concern and
interest has been involved regarding the behavior of this chemical and its effects on aquatic ecosystem
including fish (Liu et al., 2019). The environmental and economic implications of these organisms are
significant. There is limited literature regarding the effects of butachlor on the metabolites in the
plasma of T. guineensis. Consequently, this study aimed to assess the metabolic responses of C.
guineensis exposed to varying concentrations of butachlor in a laboratory setting.

MATERIALS AND METHODS

Experimental Location and Fish

The research was carried out at the African Regional Aquaculture Center located in Buguma, Rivers
State, Nigeria. During the low tide period, a total of 150 C. guineensis samples were collected from the
recruitment ponds within the center for the experiment. These samples were subsequently sorted and
categorized into two distinct groups based on their sizes. Group 1 included juveniles with an average
length of 15.77 = 1.08cm and an average weight of 90.99 = 7.55 gand group 2 consisted of adults with
an average length of 22.59 + 9.34 cm and an average weight of 188.94 + 21.02 g. They were exposed
to the chemical for a period of 15 days. The fish were transported to the laboratory in six open, 50-liter
plastic containers, where they underwent a seven-day acclimatization period.

Preparation of Test Solutions and Exposure of Fish

For this experiment, Butachlor, marketed under the trade name Butaforce, was procured from a
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supermarket in Port Harcourt, Nigeria. C.guineensis were subjected to the chemical at concentrations of
0.00 (control), 0.10, 0.20, 0.30, and 0.40 mg/L, with each concentration tested in triplicate. The
concentrations used were calculated using the formula C1V1=C2V2 according to the methods described
by Joel and Edna (2022). The test herbicide butachlor was measured using a micro-pipette and was
introduced into the tanks containing 20litres of water. Five fish were randomly assigned to each test tank.
The duration of the experiment was 15 days, during which the water in the tanks was refreshed daily. The
fish were fed twice daily at a rate of 3% of their body weight using a commercial feed.

Determination of blood Plasma Metabolites

A 2ml sample of fresh blood was collected at the end of each experimental period by puncturing the caudal
artery with a fine needle and transferring the sample into heparinized vials. Serum was isolated through
centrifugation using a TG20-WS Tabletop High Speed Laboratory Centrifuge for a duration of 5-8 minutes at
a speed of 10,000 rpm. In accordance with the guidelines established by APHA (1998), the samples were
analyzed for the metabolites creatinine, total bilirubin, total urea, and total protein. Each test was conducted
in triplicate. The methods outlined by APHA (1998) were also employed to assess water quality parameters.

Statistical Analysis

The mean and standard deviation of the mean were used to express all the data. The data analysis was
done using SPSS Version 22, a statistical program. Using two-way ANOVA, the means were split, and
the two means were deemed significant at 5% (P <0.05).

RESULTS

The water quality parameters presented in Table 1 showed no significant variation, with the exception of
dissolved oxygen (DO), which exhibited lower levels at higher chemical concentrations. Table 2 illustrates
the impact of the chemical butachlor on the plasma metabolites of juvenile T.guineensis. An increase in
butachlor concentrations correlated with a decrease in the levels of creatinine, total protein, and total
bilirubin. In contrast, the urea levels showed a significant increase when compared to the control values.
Furthermore, Table 3 details the effects of butachlor on the plasma metabolites of adult T.guineensis.
Similar to the juvenile findings, elevated butachlor concentrations resulted in reduced levels of creatinine,
total protein, and total bilirubin, while urea levels significantly increased relative to the control values.

Table 1: Physico-chemical Parameters of Water in Experimental Tanks (Meant+ SD)

Parameters Concentrations of Butachlor (mg/L)
0.00 0.10 0.20 0.30 0.40
Temperature (°C) 28.82+1.01* 28.91+1.82% 28.71£1.66* 28.77£1.08? 28.09+1.55°
pH 6.66+1.03° 6.67+1.07* 6.65+1.03? 6.64+1.44° 6.62+1.55°
Ammonia (mg/l) 0.11+0.012 0.32+0.01% 0.40+0.17° 0.41+0.01° 0.50+0.33¢
DO (mg/1) 6.69+0.02°¢ 6.20+0.88°¢ 5.32+0.77° 4.01+0.22° 3.72+0.22°
Nitrite (mg/1) 0.01+0.00? 0.05+0.01° 0.07+0.01° 0.08+0.01° 0.13+0.02°¢
Salinity (ppt) 13.00+1.09* 13.05+1.092 13.07+1.032 13.06£1.072 13.07+1.33¢2

Means within the row with different superscripts are significantly different (P<0.05)
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Table2: Metabolites Activities in Juveniles of C.guineensis Exposed to Butachlor in the Laboratory

Concentrations Metabolites (mg/dl)

(mg/1) Creatinine Urea Total Bilurubin Total Protein
0.00 81.221+1.44°¢ 2.09+0.772 11.99+1.77°¢ 24.01+1.02°¢
0.10 72.494£5.04° 3.23+0.552 10.08£1.12°¢ 18.44+1.65°
0.20 65.77+£5.22° 4.87+1.41° 8.55+1.77° 15.88+1.87°
0.30 55.55+6.23° 5.90+1.44° 7.32+0.88° 14.54+1.77°
0.40 51.99+8.77* 6.52+1.66° 4.88+0.87* 12.43+1.87°

Means within the same column with different superscripts are significantly different (P<0.05)

Table4: Metabolites Activities in Adults of C.guineensis Exposed to Butachlor in the Laboratory

Concentrations Metabolites (mg/dl)
(mg/l) Creatinine Urea Total Bilurubin Total Protein
0.00 94.89+2.99 © 5.01+0.052 22.60+1.71° 35.03+3.65°¢
0.10 81.77+9.81° 5.82+0.152 20.17+1.65° 29.58+1.02°
0.20 72.65+8.47° 6.82+£1.09° 16.76+1.51? 26.02+6.77°
0.30 60.88+4.03 ° 6.90+1.98 2 12.02+0.98 ® 23.02+3.66°
0.40 54.09+4.33* 7.98+1.55°¢ 10.03+0.88 2 20.08+1.552
Means within the same column with different superscripts are significantly different (P<0.05)
DISCUSSION

Water quality parameters are generally affected by chemicals under high concentrations (Oyelese et
al.,, 2019). In this study there was no significant difference (P>0.05) in temperature, salinity, pH,
ammonia, and nitrite levels between the different concentrations of the chemical and the control
group. This may be due to lower concentrations of the chemical applied. However, the measurements
of dissolved oxygen in the water indicated a decrease in all concentrations of exposure. The pattern
observed in the water quality parameters is similar to the results of previous research that exposed fish
to various chemical concentrations in a saltwater environment (Ada et al., 2019). The main role of
blood or plasma is to transport waste materials to excretory organs for elimination from the body, as
well as to facilitate the absorption of metabolites and nutrients (both organic and inorganic)
throughout the body (Akinrotimi et al., 2019). A key clinical indicator is the level of metabolites in the
blood, whether it is high or low. As the concentration of the chemical solution increased, the
measurements of total bilirubin decreased. A decrease in total bilirubin levels suggests that the liver
cells of C.guineensis may have been damaged. The inability of the liver to transform bilirubin into bile
and urobilin, which is responsible for the yellow color of human urine, could be the reason for the
decrease in total bilirubin levels in the blood (Foss et al., 2021).

A variety of both in-vivo and in-vitro methodologies have been employed to utilize urea and creatinine
as important indicators for evaluating the impact of stress on renal function (Oyeleke et al., 2019).
During the exposure period, the creatinine levels in the experimental fish exhibited a decline, whereas
urea concentrations increased in correlation with the rising concentration of the chemical solution.
Calbreath (2022) reported a reduction in the glomerular filtration rate alongside an elevation in urea
levels, suggesting that the kidneys were compromised in their ability to excrete these waste products.
Total protein content serves as a vital non-specific immunological parameter and is regarded as a key
indicator of fish health (Imsland et al., 2022). In this study, a decrease in serum protein levels was
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observed in the experimental fish. Factors such as diminished amino transferase activity, altered
hepatic architecture, and impaired regulation of fluid balance may contribute to the observed decline
in total protein levels. This finding corroborates the results of Anyanwu et al. (2007) regarding the
exposure of Sarotherodon melanotheron to varying salinities. The reduction in protein content is likely
attributed to decreased or disrupted production of microsomal proteins. The degradation of proteins
suggests an increase in proteolytic activity, which may be utilized for metabolic functions (Olusegun,
2021). An increase in protein content could be associated with enhanced protein synthesis due to
elevated enzyme activity related to this process, while a temporary decrease in protein levels may
result from reduced protein synthesis and heightened proteolysis. Nevertheless, a decline in fish
protein content following stress has been documented by researchers (Nte et al., 2018).

CONCLUSION

This study has revealed that different levels of butachlor significantly affect the metabolites of C.
guineensis, with this impact being most pronounced in juvenile fish. This aligns with previous studies
indicating that stress can alter the normal operation of fish organs, especially the liver. In conclusion, the
findings that show lower overall protein levels in this research suggest either a reduction in protein
production or an increase in protein excretion, both of which point to kidney issues. A decrease in
creatinine levels in the fish exposed to the toxin suggests the fish are experiencing stress. Higher levels of
urea indicate that the kidneys are struggling to eliminate surplus waste. If fish exposed to the toxin display
changes in total bilirubin levels, it's possible that the liver was not damaged by the toxin. The study's results
indicate that the levels of total protein, total bilirubin, creatinine, and urea in the test organism's blood
could be valuable indicators of sublethal butachlor impacts on aquatic life.
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INTRODUCTION

ABSTRACT

The effect of water-soluble fraction of kerosene on the juveniles of
African catfish Clarias gariepinus was investigated. The incidence of
oil spills that finds their way into the aquatic ecosystem contains a
serious threat to the welfare of fish species and other aquatic biotas.
Many refined products of crude oil are poisonous to aquatic
organisms, even at very low concentrations. The present study was
carried out in the University of Calabar, in the institute of
oceanography (IOC) laboratory for a period of 96 hours. A total of
one hundred and fifty (150) juveniles of Clarias gariepinus were
randomly allocated into fifteen (15) plastic containers measuring 25
x 10 x 15cm (10 juveniles in each plastic and filled with 4 litres of
water. The water-soluble fraction (WSF) of the kerosene used for the
experiment was prepared at five different concentrations of 0, 12,
24, 36 and 48mg/l. The 96-hour LC50 for the test organisms was
determined to be a 12 mg/L concentration of the toxicant.
Significant differences in the mortality rate of C. gariepinus juveniles
were observed across the five concentrations (P < 0.05). Low
feeding rate, uncoordinated swimming, gasping for air, restlessness
and attempt to jump out of tanks were amongst the behaviour
observed due to exposure of C. gariepinus to the water-soluble
fraction of kerosene. Significant negative relationship existed
between ammonia and pH (r = 0.9969, P<0.05), ammonia and
Dissolve oxygen (DO) (r = 0.9 465, P<0.05) while a positive
significant relationship was observed between pH and Dissolve
oxygen (DO) (r = 0.9688, P<0.05). It therefore shows that the
introduction of the toxicant into the test medium altered the
physiochemical parameters.

Pollution from petroleum resources, including kerosene, can indeed occur during oil exploration, even
before fragmentation takes place. During the early stages of oil exploration, activities such as drilling,
transportation, and pipeline construction can result in accidental releases or leaks of petroleum
products, including kerosene, into the environment. These discharges, often occurring before full
fragmentation or extraction processes begin, can significantly impact the aquatic ecosystem. Kerosene,
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in particular, tends to float on the surface of the water, exacerbating its harmful effects on both the
aquatic environment and the organisms within it. Kerosene represents one of the crude oil refinery
products widely used in many household as a sources of cooking energy (Yekini, 2021). Beyond this,
kerosene is also used in the aviation industry as an energy source (Glennetal. 2011). It is important to
note that kerosene is immiscible in water and it floats on the water's surface at any slight spill or
accidental discharge (Garry et al., 2007). Unfortunately, these oil spills with the chemical constituents
always find their way into most freshwater and marine water outlets and alters the aquatic ecosystem
and inflicts serious health damage to the inhabiting fish species (Ayman 2014). Oil spills in water
bodies can cause fish to suffocate by preventing oxygen from dissolving in it. It can also cause difficulty
in respiration, interference with the functioning of various organs, abnormal behavior and the death of
fish (Gabriel ez al., 2013).

Claria gariepinus, commonly known as African catfish, is considered a hardy fish species probably
because they can tolorate adverse water quality conditions due to the presence of accessory breathing
organs. In Africa, Clarias gariepinus is the most cultivated fish species (Fawole et al., 2020).

Nigeria is Africa's largest oil and gas producer and a major exporter of crude oil and petroleum products
to other countries (Egborge, 2000; Ayman, 2014). The economic sector of Nigeria is highly dependent
on the oil sector. This study is aimed at assessing the effect of water-soluble fraction of kerosene on the
juveniles of African catfish (C. gariepinus).

MATERIALS AND METHODS

Test Animals, Experiment Site and Stocking

A total of 150 juveniles of African catfish (Clarias gariepinus) with a mean size of 5.25 ¢m and a mean
weight of 3.5 g were purchased from the University of Calabar Fish Farm. The farm is situated between
latitutde 040510201N and longitude 0080201 4501E (Etim and Enyenihi, 1991). The test animals
were transported to the Biological oceanography Research laboratory in the Institute of Oceanography
(IOC), where the experiment was carried out. The animals were acclimatized to the conditions in the
laboratory in 21 days. The tank was aerated with air stones for the test animals to get used to the
environment. The juveniles were fed with commercial feed (coppens) at 5% body weight per day
(bw.d1) into two rations (2.5% per ration).

To avoid stressing, ten (10) fishes were picked using hand net from the acclimatized tank and then
distributed randomly into each of the fifteen (15) plastic containers measuring 25 x 10 x15cm and
filled with 4 liters of water.

The kerosene was purchased from Ekoson filling station, Calabar Cross River State, in air tight plastic
bottles and transported to the Biological oceanography Research Laboratory in the Institute of

Oceanography (I0C).

Preparation of Water-Soluble Fraction (SWSF) of Kerosene

Water-soluble fractions (WSF) of kerosene were prepared using an oil-to-water ratio of 1:3. Five
hundred milliliters (500 ml) of kerosene was mixed with 1500 ml of deionized water. The mixture was
shaken vigorously for about 2 minutes to create an emulsion. After shaking, the mixture was allowed to
stand for a minimum of 3 hours to establish a clear interface between the oil and water phases. The oil
was decanted, and the remaining mixture was poured into a glass stopper separating funnel and allowed
to stand overnight. Pure and clear WSF was obtained from the lower part of the funnel and siphoned
into capped bottles to make the stock (100% WSF). This process was repeated until sufficient
quantities of WSF were obtained.

Measurement of Physio-Chemical Parameters
Water quality parameters such as temperature (°C), dissolved oxygen (DO), ammonia (NHj3), and pH
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were measured using standard methods. Temperature was recorded using a mercury thermometer,
dissolved oxygen was determined using the Winkler titration method, ammonia concentration was
measured with a colorimetric method, and pH was assessed using a pH meter. These measurements
were taken before the start of the experiment and daily thereafter.

Monitoring of Specimens for Mortality

The test animals were considered dead when their bodies were no longer moving, even when probed
with a glass rod. Mortality was determined promptly before any fish had the chance to sink, as they
began to float or exhibited no movement. Each dead fish was then removed from the test medium with
a pair of forceps, placed in a clean empty petri dish, and recorded.

Definitive Test

Before the acute toxicity test, a range-finding test was conducted to determine the appropriate
concentrations of WSF of kerosene for the definitive toxicity test. Based on the results of the range-
finding test, concentrations of 0, 12, 24, 36, and 48 mg/L were selected for the definitive test on
juveniles of Clarias gariepinus. The experiment lasted for 96 hours, and the LC50 was calculated using
a modified method. The feeding rate, moribund behavior, and death rate were closely monitored and
recorded at 24, 48, 72, and 96 hours, respectively. Additionally, dissolved oxygen, temperature, pH,
and ammonia were monitored using a Lurton DO meter, pH meter, and mercury-in-glass thermometer
throughout the experiment.

Statistical Analysis

Data from these studies were analyzed using SPSS versions 22. Analysis of variance (ANOVA) was
tested for significant different concentrations at a probability level of 0.05. Means of the
physiochemical parameters were calculated using descriptive statistics.

RESULTS

The death and survival of Clarias gariepinus juveniles at the end of the test period for each
concentration are presented in Table 1. No mortality was recorded in the control (0 mg/l
concentration) throughout the experiment. At the 12 mg/1 concentration, 90% of the test organisms
were dead after 96 hours. At the 24, 36, and 48 mg/l concentrations, 100% mortality was observed by
the end of the 96-hour experiment.

TABLE 1: Mortality rate of C. gariepinus juveniles in different concentrations at the end of the
experiment (96) hours

Tank Omg/1 12mg/1 24mg/1 36mg/l 48mg/1
Treatment 1 0 7 10 10 10
Treatment 2 0 9 10 10 10
Treatment 3 0 5 10 10 10

Behavioral changes observed in the juveniles of C. gariepinus included erratic swimming, moribund
state, restlessness, low feeding rate, and attempts to jump out of the test containers. These behavioral
changes were more pronounced with increasing concentrations of the WSF of kerosene, demonstrating
adose-response relationship. The dead and moribund fish exhibited pale skin and brownish gills.
Physicochemical parameters in the test medium were recorded as follows: Temperature (27.63 =+
0.61°C), Dissolved Oxygen (1.90 + 0.81 mg/1), Ammonia (1.90 = 1.52 mg/1), and pH (4.43 = 1.14)
(Table 2). Significant negative correlations were observed between ammonia and pH (r = 0.9969, p <
0.05), and between ammonia and dissolved oxygen (r = 0.9465, p < 0.05). A significant positive
relationship was found between pH and dissolved oxygen (r = 0.9688, p < 0.05).
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TABLE 2: The mean + standard deviation of physicochemical parameters in the test medium in each
24 hours

Parameters After 24 hours After 48 hours After 72 hours After 24 hours
Temperature (°C) 27.3340.72 27.934+0.26 26.80+0.86 26.47+0.92
DO (mg/1) 2.60 +0.38 1.21+0.42 1.26+3.8 1.14+0.30
Ammonia (mg/l) 0.51+0.39 3.29+0.71 3.854+0.58 4.41+40.57
pH 5.50+0.22 3.36+0.14 3.074+0.18 2.71+0.98

LC,, of toxicant on the juveniles of C. gariepinus

The 96-hour LC50 for C. gariepinus was determined to be at a log concentration of 1.08, indicating the
concentration at which 50% of the test organisms were killed by kerosene after 96 hours of exposure. Analysis
of variance (ANOVA) revealed a significant difference (p < 0.05) in the mortality rate of juveniles across the
five concentrations, indicating that kerosene concentration significantly affected fish survival.

DISCUSSION

The results of this study show that C. gariepinus juveniles exhibit significant mortality when exposed
to increasing concentrations of kerosene. The observed dose-response relationship suggests that higher
concentrations of kerosene lead to higher mortality rates, with 100% mortality observed at
concentrations of 24 mg/l and above. The absence of mortality in the control group confirms that the
observed effects were directly attributable to the kerosene exposure.

The behavioral changes observed, such as erratic swimming and attempts to jump out, are consistent
with the toxic effects of petroleum hydrocarbons on aquatic organisms. Similar behaviors have been
reported in other studies, where exposure to hydrocarbon pollutants caused distress and impaired
normal fish activities (Hicken et al., 2011). The pale skin and brownish gills of the moribund fish
indicate respiratory stress, which is a common symptom of toxicity in fish exposed to petroleum
products (Hicken et al., 2011). These signs of distress are indicative of the toxicological impact of
kerosene, which likely interferes with the oxygen uptake and overall respiratory function of the fish.
The recorded physicochemical parameters were within ranges that are typical for freshwater systems,
although the low dissolved oxygen (DO) levels and high ammonia concentrations could be indicative of
stress or suboptimal environmental conditions for the test organisms. The significant negative
relationships between ammonia and pH, and ammonia and DO, suggest that increased ammonia levels
may have contributed to the observed mortality and behavioral changes by altering the water
chemistry. The high ammonia concentration observed could have resulted from the decomposition of
organic matter, which is commonly associated with petroleum contamination (Gauthier etal., 2017).
The 96-hour LC50 value for C. gariepinus at a log concentration of 1.08 supports the toxic potential of
kerosene on this species. The significant difference in mortality rates across the concentrations, as
revealed by ANOVA, further underscores the importance of kerosene concentration in determining
the survival of juveniles. Similar studies on other fish species have found varying LC50 values
depending on the type and concentration of petroleum products, highlighting the need for species-
specific toxicity assessments (Capps et al., 2017).

Overall, this study provides insight into the toxicity of kerosene to C. gariepinus juveniles and
highlights the potential risks posed by petroleum contamination in aquatic environments. Further
research could investigate the long-term effects of such pollution and explore mitigation strategies to
protect aquatic life. Continuous monitoring of water quality in areas prone to oil spills and drilling
activities is essential to prevent significant ecological damage (Adamsetal., 2019).
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CONCLUSION
Kerosene oil is toxic to juveniles of Clarias gariepinus. Exposure to sub-lethal concentrations of
kerosene under laboratory conditions negatively affected the welfare of the fish, leading to significant
behavioral changes. Prolonged exposure to high concentrations of kerosene could have severe long-
term impacts on the population, potentially contributing to the gradual decline or extinction of the
species over time.
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ABSTRACT

The study assessed the levels of selected heavy metals in surface
water and Chrysichthys nigrodigitatus from Calabar River in Cross
River State. Ten surface water samples and sixteen fish samples were
collected for six months across five stations and analyzed for metals
and physicochemical parameters using spectrophotometer. Result
showed that mean weight and length of the catfish samples collected
during dry season were 290.78+5.64g and 31.23+3.16cm and wet
season were 304.64+6.25gand 31.58+2.01 cm respectively. pH and
temperature during dry season were 6.96+0.01 and 26.82+0.5°C
and wet season were 6.38+0.02 and 27.12+0.5°C respectively.
Mean values of metals in water samples during dry and rainy seasons
were: Pb (2.440mg/L, 0.880mg/L), Ni (0.014mg/L, 1.310mg/L),
Cr (0.0012mg/L, 0.00062mg) and Cd (0.00018mg/L,
0.00160mg/L) respectively. Similarly, values of metals recorded in
fish samples during the dry and rainy seasons were: Pb (10.513
mg/kg, 3.488 mg/kg), Ni (8. 844mg/kg, 3.293 'mg/kg), Cr (7.519

Keywords: mg/kg, 0.650 mg/kg) and Cd (1.638 mg/kg, 0.669 mg/kg)
Chrysichthys nigrodigitatus, respectively. There was seasonal difference (p<0.05) in the
heavy metals, proportion of the heavy metals, pH and temperature. There was also

physicochemical parameters  gignificant association (p<0.05) between heavy metals and
physicochemical parameters. The concentrations of Pb and Ni were
higher than the recommended safe limits for drinking water.

INTRODUCTION

The escalating contamination of the environment by toxic substances is of growing global concern
especially in Nigeria (Omole, 2017). The concern about heavy metals stems from their accumulation in
the environment as they are not easily degraded through biological or chemical means unlike most organic
pollutants (Sabo et al., 2013). The term heavy metal refers to metallic chemical elements that have
relatively high density and are toxic or poisonous at low concentrations. They are natural components of
the earth's crust which would mainly include the transition metals, some metalloids, lanthanides and
actinides (Nwankwoala and Ekpewerechi, 2017). The eight most common heavy metals listed by the
Environment Protection Agency (EPA) are: Arsenic (As), Cadmium (Cd), Chromium (Cr), Copper (Cu),
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Mercury (Hg), Nickel (Ni), Lead (Pb), Zinc (Zn) (Oronsaye et al., 2010).

Among animal species, fishes are the inhabitants that cannot escape from the detrimental effects of
heavy metals (Agatha, 2010). Fishes are at the apex of the aquatic food chain and can bioaccumulate
some of these substances into their tissues (Olaifa et al., 2014). Fish have been considered as one of the
most significant indicators in water systems for the estimation of metal pollution level (Oguzie and
Izevbigie, 2019). The transfer factor of heavy metals in fish organs such as gills, liver, muscles and scales
in respect to water and sediments, has been studied to give information on how these metals are
transferred to fish from aquatic ecosystem (Authman and Abbas, 2017).

The Calabar River is of great importance to inhabitants of the coastal region through which it flows.
The inhabitants of these coastal communities rely mainly on the river for their domestic water supply,
fishing, sand mining and inter-village transportation (Offiong et al., 2012). The Calabar River is
bordered by the Calabar Port Authority, residential, agricultural and mangrove land-use. Although, the
Calabar Port ecosystem contributes immensely to the economic development and environmental
security of the state and country as a whole; the presence of industries and increasing urbanization in
the area are immensely affecting the Calabar River (Offiongeral., 2012).

MATERIALS AND METHODS

Fish Sample Collection

A total of 16 Chrysichthys nigrodigitatus (Silver catfish) samples were collected from commercial
catches made by local fishermen at the landing site for 6 months from November 2022 to April 2023,
covering both wet and dry season. The fish samples were immediately place in clean plastic bags, kept
oniceinaclosed ice-chest, and transferred to the laboratory.

Water Sample Collection

Ten surface water samples were collected for six months (November 2022 to April 2023) within the
industrial distance area of 16,704.3 meters seaward (author field survey) that is, from Adiabo bridge
head to Esuk. Samples were representation of the whole water body.

Fish Sample Preparation

In the laboratory (Institute of Oceanography Centre laboratory, University of Calabar, Calabar) the
collected fishes were brought out of the closed ice-chest to allow them to thaw at room temperature.
Each fish sample was properly washed with distilled water and labeled accordingly. Total body length
was determined using a measuring board and recorded to the nearest 0. cm while weight was
determined using a top loader (Mettler, P. E. 230) and recorded to the nearest 0.1 g respectively. The
fish samples were dissected into gills and muscle, using stainless steel dissecting instruments, while
wearing surgical gloves. After dissection, all tissue samples were separately oven-dried at 100°C for 48
hours to ensure that all the water content was removed to get a constant weight. Each sample was
homogenized using clean porcelain mortar and pestle and stored at a temperature of -10°C.

Wet Digestion of Fish Sample

Exactly 1.0g of each homogenized fish sample was weighed. The digestion of the homogenized fish
sample followed the method described by Authman and Abbas (2017). Briefly, 2ml of distilled water,
Sml nitric acid, and 3ml sulphuric acid were added to the sample, followed by heating on a heating
mantle at 85°C for 30 min. Complete digestion was ascertained when the solution turns into a clear
light yellow. The solution was allowed to cool at room temperature. The sample solution was then pass
through a Whatman 0.45um paper filter into a 100ml volumetric flask, and the filtrate diluted with
distilled water to the 50ml mark.

134



#Ee%  BOOK OF PROCEEDINGS FOR THE 39TH ANNUAL NATIONAL CONFERENCE OF
@j’? FISHERIES SOCIETY OF NIGERIA (FISON) ABUJA

Digestion of Water Sample

Water digestion was carried out according to the method described by Omole, (2017). 2ml of water
sample was digested using 1 Sml concentrated nitric acid (HNO) in a 250ml conical flask. The mixture
was heated over an electric hot plate at a temperature of between 200°C and 250°C under a hood until
the volume was reduced to Sml. The digest was stored the same way as the fish digest.

Determination of Heavy Metal Concentration in Standard and Sample Solutions

Heavy metals determination in samples were performed using the Perkin Elmer® Analyst 400 atomic
absorption with wavelengths set at: 228.9nm (Cd), 357.9 nm (Cr), 279.5nm (Mn), 232.0 nm (Ni),
232.0nm (Pb) and 213.9nm (Zn). All the samples were run in triplicates. The analysis of the standard,
reagent blanks and replicates were run in the same way.

Statistical Analysis

The data obtained from the experiments were statistically analyzed for mean and standard deviation
among the various samples in triplicates. The independent t-test was used to determine significance
difference between mean concentration of heavy metal in dry and rainy seasons. Correlation among
physicochemical parameters and heavy metals was done using Pearson's correlation matric. All analyses
were done using the software, IBM SPSS Statistics, version 20 at the p<0.05 level of significance.

RESULTS

The study revealed that the mean weight and length of catfish samples collected during the dry season
were 290.78 = 5.64 g and 31.23 = 3.16 cm, respectively. In contrast, the mean weight and length
during the wet season were slightly higher at 304.64 = 6.25 gand 31.58 = 2.01 cm, respectively. The
physicochemical parameters measured showed that pH and temperature during the dry season
averaged 6.96 + 0.01 and 26.82 + 0.5°C, while during the wet season, the averages were 6.38 + 0.02
and 27.12 + 0.5°C, respectively (Table 1).

Table 1: Average Levels of Physicochemical Parameters and Heavy Metals in Water and Fish Samples

Parameter Dry Season Rainy Season WHO Permissible Levels
pH 6.96 6.38 6.5-8.5
Temperature (°C) 26.82 27.12 25.0-30.0
Lead (Pb) in Water (mg/L) 2.440 0.880 0.01
Nickel (Ni) in Water (mg/L) 0.014 1.310 0.07
Chromium (Cr) in Water (mg/L) 0.0012 0.00062 0.05
Cadmium (Cd) in Water (mg/L) 0.00018 0.00160 0.003
Lead (Pb) in Fish (mg/kg) 10.513 3.488 0.3
Nickel (Ni) in Fish (mg/kg) 8.844 3.293 0.5
Chromium (Cr) in Fish (mg/kg) 7.519 0.650 0.1
Cadmium (Cd) in Fish (mg/kg) 1.638 0.669 0.05

Heavy metal concentrations in water samples varied significantly between seasons. During the dry
season, the mean levels of lead (Pb), nickel (Ni), chromium (Cr), and cadmium (Cd) were 2.440
mg/L, 0.014 mg/L, 0.0012 mg/L, and 0.00018 mg/L, respectively. In comparison, the rainy season
showed reduced concentrations for Pb (0.880 mg/L) and Cr (0.00062 mg/L) but elevated levels of Ni
(1.310mg/L) and Cd (0.00160 mg/L). Similarly, the concentrations of these metals in the fish samples
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reflected seasonal differences. The dry season recorded higher metal accumulation in fish tissues, with
Pb at 10.513 mg/kg, Ni at 8.844 mg/kg, Cr at 7.519 mg/kg, and Cd at 1.638 mg/kg. During the rainy
season, these values were notably lower for Pb (3.488 mg/kg), Ni (3.293 mg/kg), Cr (0.650 mg/kg),
and Cd (0.669 mg/kg).

Statistical analysis revealed significant seasonal differences (p<0.05) in the levels of heavy metals, pH,
and temperature. Furthermore, a strong association (p<0.05) was observed between heavy metal
concentrations and the physicochemical parameters of the water. Notably, the concentrations of Pb
and Ni in the water samples exceeded the recommended safe limits for drinking water, indicating
potential environmental and health risks.

DISCUSSION

This present study shows that the Calabar River is highly contaminated with heavy metals attributed to
chemical waste from various activities including automobile servicing, dumps, and pesticides
discharge. The water and fish samples taken in this vicinity and analyzed were found to contain high
concentration of heavy metals. The concentration of heavy metals in fish samples correlate well with
the metal concentration observed in the water samples and the result of analyses provided valuable
quantitative information as reported by Ayoola and Aina (2017), that heavy metals and their salts
constitute the most widely distributed group of highly toxic and long retained pollutants and exposure
to them even at low concentration is associated with diverse health effect (Omogoriola and Ayoola,
2017). This study establishes the significant pollution index of the Calabar landing site, as it clearly
shows the stress exposure of fish resident in this location and seems to adequately explain the
preponderance of observed lesions and these are attributable to the measurable levels of heavy metals
as reported in the Ologe Lagoon by Ayoola and Aina (2017). The pH value is high in the dry season and
low in the wet season with average values of 7.03 and 6.30 respectively. A river with high alkalinity
levels according to Ipeaiyeda and Onianwa (2011) will be able to supply adequate amounts of
carbonate, bicarbonate and hydroxide ions in solution to bind up free protons and metals.

Increase in alkalinity level during the dry season reduces water acidity of the Calabar River as reflected
in measures of water pH (7.03). A river with high pH generally contains elevated levels of dissolved solids
(Ipeaiyeda and Onianwa, 2011). For nickel (Ni), high value in surface water was recorded in the wet
season with an average value of 1.310 mg/L, while low concentration in Ni was noticed in the dry season
with an average value of 0.014mg/L. Ni values in the dry season happened to fall within WHO tolerable
level of 0.5 mg/L, its concentration in the wet season was above WHO tolerable limit of 0.5 mg/L

CONCLUSION

The results reveal that the proportion of heavy metal in the Calabar River indicates potential threat to
aquatic life as the measured parameters are above WHO/FAO and FEPA permissible levels for surface
water and fish food. The water body and silver catfish are contaminated with heavy metals. Both
seasons have substantial influence on the proportion of metals in the Calabar River, and the proportions

of Pb and Ni differ in both seasons.
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ABSTRACT

The study investigated heavy metal bioaccumulation in water,
sediments, and commercially important fish species in River
Chanchaga, Niger State, Nigeria. Sampling was conducted monthly
from January to June 2024 at five stations along the river, with each
sample triplicated. Water parameters measured included
temperature, dissolved oxygen, pH, total alkalinity, conductivity,
biochemical oxygen demand (BOD), calcium, magnesium,
phosphate, and nitrate, analyzed using standard methods. Sediments
were collected using an Eckman grab, while fish samples (Clarias
gariepinus and Oreochromis niloticus) were transported to the
laboratory in ice. Fish muscle and sediment samples underwent acid
digestion and were analyzed for heavy metals using an Atomic
Absorption Spectrophotometer. Data were statistically analyzed
using SPSS and One-Way ANOVA with significance set at
p<0.05.Results showed the highest concentration of metals in all
stages (water and sediments) were zinc, chromium and corper. This
was probably due to the sources of pollution . Most physical and
chemical parameters were within WHO standards for fish survival,
with exceptions for temperature and BOD. Significant differences
were observed for Cd, Cu, Pb, Zn, Ni, and Cr levels in fish species.
The findings highlight critical implications for environmental
monitoring and sustainable fisheries in River Chanchaga.

Keywords:

Heavy metal,
Bioaccumulation,
Sediments, River, Fish

INTRODUCTION

Water is a vital renewable resource, essential for sustaining life, food production, economic development,
and general well-being. Its unique role in supporting human and ecological systems makes it irreplaceable
for most uses, challenging to purify once polluted, and expensive to transport (Singh and Gupta, 2016).
Surface and groundwater resources play critical roles in agriculture, power generation, livestock
production, industrial processes, forestry, fisheries, navigation, and recreational activities. Freshwater
ecosystems, which account for only about 0.5% of the Earth's surface and a volume of 2.84 x 10’ km3, are
invaluable yet highly vulnerable to degradation (Singh and Gupta, 2016).

Inrecent years, the quality of freshwater resources, including River Chanchaga in Niger State, has been
under increasing pressure from anthropogenic activities. Pollution from industrial discharge,
agricultural runoff, domestic waste, and other human activities has led to the increase of heavy metals
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in water bodies. These pollutants not only degrade water quality but also pose significant risks to
aquatic ecosystems and human health. Despite the importance of the river for local communities,
there is limited data on the extent of heavy metal contamination and its impacts on the river's
biodiversity and the safety of its aquatic resources.

This study is therefore critical for understanding the environmental health of River Chanchaga, as it
serves as a vital source of water for agriculture, fishing, and domestic use. Assessing heavy metal
bioaccumulation in the river's water, sediments, and fish is essential for determining it's safety for
human consumption and aquatic life. The findings will provide valuable data for policymakers,
enabling the development of strategies for sustainable management and pollution control in freshwater
ecosystems.

The objectives of this study are: To determine the physical and chemical parameters of water in River
Chanchaga, to analyze heavy metal concentrations in water, sediment, and fish species and to

evaluate the bioaccumulation of heavy metals in fish.

MATERIALS AND METHODS

Study Area and Site Selection

The study was carried out in River Chanchaga located in the southern parts of Minna metropolis with
Latitude: 9.6140° N, Longitude: 6.5478° E . The area has a tropical climatic condition with mean
annual temperature, relative humidity and rainfall of 20-300C, 61% and 1334 cm respectively. The
climate presents two separate seasons: raining season between May and October and dry season
between November and April each year. The vegetation is a typical Guinea Savannah type consisting
majorly of grassland with scattered trees (Omalu et al., 2017).

The study selected five (5) sampling stations as station I, II, III, IV and V along the river basin.

Station 1: A village along River Kaduna in Niger State where sand packing, domestic and farming
activities are done around the water body.

Station 2: Gidan Waya located along River Kaduna. Washing and farming activities are carried out
around this water body.

Station 3: located behind Niger State Water Board. Discharge of waste materials from industrial
companies are done around this station.

Station 4: Chanchaga River along Lapai Gwari Fish Farm. Farming and domestic activities takes place
around the water body.

Station 5: Gidan Ponpo, a settlement around Gidan Kwano where farming activities takes place.
Sample Collection

Water, sediment, and fish samples were collected from five stations along River Chanchaga over six
months. Water sampling was done according to the procedure described by Ndimele and Kumolu-
Johnson (2012). Water samples from all five (5) sampling stations was collected at a depth of about
0.3m below water surface into 500 ml plastic bottles. Sediment samples was taken from the bottom
surface (1-2 cm thick) using an Eckman grab according to Osman and Kloas (2010). Fish samples
(Clarias gariepinus and Oreochromis niloticus) were caught using gill nets, stored in ice boxes, and
transported to the laboratory for analysis.

Heavy Metal Analysis

The fish muscle and sediment samples were acid-digested and analyzed for heavy metals, including
cadmium (Cd), copper (Cu), lead (Pb), zinc (Zn), nickel (Ni), and chromium (Cr), using Atomic
Absorption Spectrophotometer (AAS). The physico-chemical parameters of the water, such as
temperature, pH, dissolved oxygen (DO), biochemical oxygen demand (BOD), and nitrates, were
measured using standard methods.

Statistical Analysis

Data were analyzed using SPSS software, and significance was established at p<0.05 using one-way
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Analysis of Variance (ANOVA).

RESULTS AND DISCUSSION

Table 1 and 2 presents the concentrations of heavy metals (Cd, Pb, Zn, etc.) in water and sediment
samples respectively from the study sites. These values highlight significant spatial differences,
particularly in areas influenced by industrial discharge and agricultural runoff.

The results in Table 3 illustrate the bioaccumulation of heavy metals in Clarias gariepinus and
Oreochromis niloticus. Elevated levels of Zn and Pb in fish tissues, especially in Station 3, underscore the
potential health risks associated with fish consumption from this river. The concentration of heavy metals
varied significantly across the stations and between sample types (water, sediment, and fish tissues).
Water and Sediment: Heavy metals such as Cd, Pb, and Zn exceeded permissible limits in certain
stations, particularly those near industrial and farming zones. For instance, high levels of Cd and Pb in
sediment from Station 3 suggest contamination from industrial discharges.

Fish Tissues: Clarias gariepinus and Oreochromis niloticus showed significant bioaccumulation of Zn
and Pb. This finding aligns with their trophic positions and feeding behaviors, which make them more
susceptible to heavy metal uptake. The bioaccumulation of non-essential metals like Pb raises concerns
about their consumption safety.

Finally, the results showed the highest concentration of metals in all stages (water and sediments) were
zinc, chromium and corper. This was probably due to the sources of pollution (sewage, and the use of
toxic chemicals around the station) which had high levels of these metals. There might be some

contribution from the geology of the region, which might contain naturally higher concentrations of
these metals (Algiil and Beyhan, 2020).

CONCLUSION

The study highlights the bioaccumulation of heavy metals in water, sediments, and fish from River
Chanchaga, with concentrations of cadmium, lead, and zinc exceeding regulatory limits in some areas.
These pollutants pose serious health risks to both aquatic life and humans consuming fish from the
river. It is critical to enforce regulations on waste disposal and industrial discharges to protect the
ecosystem and public health.

Table I: Heavy Metals Concentration of Water in Stations of River Chanchaga

STATION STATION STATION STATION STATION

PARAMETERS
1 2 3 4 5

Zn (mg/L) 0.1440.04b 0.14+0.04b 0.14+0.04b 0.14+0.04b 0.14+0.04b
Ni (mg/L) 0.01+0.01a 0.01+0.01a 0.01+0.01a 0.01+0.01a 0.00+0.01a
Cu (mg/L) 0.08+0.06ab 0.07+0.05b 0.12+0.08a 0.08+0.06ab  0.10+0.05ab
Pb (mg/L) 0.02+0.03a 0.0140.02ab  0.0140.0lab  0.01+0.01ab 0.00+0.00b
Cr (mg/L) 0.08+0.06ab 0.04+0.03b 0.06+0.05ab 0.08+0.04a 0.08:£0.08ab
Cd (mg/L) 0.01+0.01b 0.01£0.01b 0.0120.01b 0.01£0.01b 0.12+0.47a

Mean values in the same row followed by the same superscript are not significantly different (P>0.05)
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Table II: Heavy Metals Concentration in Sediments of River Chanchaga

PARAMETERS STATION1 STATION2 STATION3 STATION4  STATION 5
Zn (mg/kg) 56.80+14.18° 59.53+7.24° 84.47+33.17*  63.00+29.12°  68.40+26.18°
Ni (mg/kg) 4.33+1.66° 3.37+1.45° 8.40+1.67 4.83+1.92° 5.03+1.45P

Cu (mg/kg) 18.93+£6.12°>  17.6745.25"  30.17+8.60*  20.00+8.85°>  21.50+9.78
Pb (mg/kg) 1.20+£0.91° 0.93+0.52° 2.73+1.08? 1.70£1.16% 1.60£0.59°

Cr (mg/kg) 27.57+412.75°  22.27+7.93°  35.80+£22.07°  29.20+13.14°>  23.50+10.47°
Cd (mg/kg) 11.23+£6.48°  7.30+£2.75>  16.30+8.54*  12.17+£10.33*®®  11.37+7.91°

Mean values in the same row followed by the same superscript are not significantly different (P>0.05)

Table IIIa: Concentration of Heavy Metals in CatFish muscles of river Chanchaga

PARAMETERS | STATION  STATION  STATION  STATION  STATION
1 2 3 4 5
Zn (mg/kg) 19.63+4.69*  18.89+4.93*  20.52+5.09*° 21.10£2.77*° 19.87+4.38°
Ni (mg/kg) 0.74£0.36°  1.21£1.13%  2.37+2.29*  1.07+0.88®°  0.57+0.21°
Cu (mg/kg) 0.25+0.04*  0.18+0.11*  0.11£0.05®  0.03£0.05¢  0.11+0.04°
Pb (mg/kg) 0.07+0.06°  0.14£0.02*  0.11+0.03%®  0.14+£0.07*  0.06+0.03°
Cr (mg/kg) 0.70£0.11®  0.76£0.32®®  0.48+0.06*  0.81£0.38"  0.31+0.06°
Cd (mg/kg) 0.04+0.04°  0.05£0.02*  0.02+0.02*  0.03+0.03*  0.03+0.05°

Mean values in the same row followed by the same superscript are not significantly different (P>0.05)

Table 111b: Concentration of Heavy Metals in Tilapia muscles of river Chanchaga

PARAMETERS STA’ll“ION STA’lz“ION STA’l:;ION STAEION STATSION
Zn (mg/kg) 17.41+2.38%  18.18+2.36% 17.75£2.20° 18.8242.45* 19.34+2.33%
Ni (mg/kg) 0.75£0.42°  1.22+1.04*°  1.04+1.20°  1.24+2.02*  0.73+£0.37°
Cu (mg/kg) 0.06+£0.06°  0.09+0.06®  0.15+0.07*°  0.09£0.04®  0.110.02%
Pb (mg/kg) 0.04+0.03°  0.09+0.06®  0.13+0.07*  0.13£0.07*  0.11£0.06®
Cr, (mg/kg 0.33+0.12°  0.55+0.30*  0.54+0.21*  0.49+0.18*  0.36+0.10°
Cd (mg/kg . ) i i
0.03+£0.02°  0.05+0.02*  0.08+0.05*°  0.03+0.02°  0.04:0.02

Mean values in the same row followed by the same superscript are not significantly different (P>0.05)
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ABSTRACT

Heavy metal pollution in aquatic environment is a major concern on a
world scale because of its toxic effects on both aquatic lives and man
consume them. The used of bacterial isolates as biosorbents for the
removal or sequestration of these heavy metals from polluted water
body is therefore imperative. Bacterial isolates were screened for
biosorption potentials. Bacillus pumilus and Macrococcus
equipercicus were identified and used for the removal of lead (Pb)
and Chromium (Cr) in polluted pond water. Percentage removal of
lead by Bacillus pumilus were 97.3%, 98.1% and 97.1% for stations 1,
2, and 3 respectively while removal of chromium were 76.2%, 76.6%
and 71.4% for stations 1, 2, and 3 respectively. Percentage removal of
lead by Macrococcus equipercicus were 9.4%, 9.5% and 7.6% for
station 1, 2 and 3 respectively while removal of Chromium were
76.8%, 76.4% and 76.3% for stations 1, 2 and 3 respectively. Bacillus
pumilus has high biosorption capacity for lead hence can be used as a
bacterium of choice for removal of lead in lead polluted aquatic
environment.

Keywords:

Bacterial Isolates,
Heavy metals,
Biosorption, Inoculum

INTRODUCTION

Heavy metal pollution in aquatic environment is of major concern on a world scale because they are
indestructible and most of them have toxic effects on both aquatic lives and man that consume them (OztUrk
et al., 2009). Heavy metal damages the kidney, testicular tissue and central nervous system in man especially
among children. It also causes lung cancer, ulcer and liver damage in man (Etimet al., 2013).

Heavy metals bioaccumulate in fish tissues and over time leads to the suppression of fish immunity
hence allowing normal flora to cause ulceration and possible septicaemia (Mutuku, 2010). Heavy
metals are known to reduced growth rate in fishes, delayed embryonic development, change in
biochemistry such as enzyme activity and blood chemistry, changes in reproduction (Bio-ellite, 2000).
Lead (Pb) ions combine with mucus on the gills of fish and this interferes with its respiration, causing
death due to suffocation. It is also reported that prolonged exposure of fish to lead causes damage to
the liver, spleen and blood (Dawson, 1985). High concentrations of chromium in surface waters, can
damage the gills of fish (Abioye et al., 2015). The toxic inorganic form causes damage in the liver and
other internal tissues of fish (WHO, 2008b).

The quality of surface water (including fish ponds) in present day has been greatly affected due to
overexploitation of resources, urbanization and improper waste disposal practices (Ojutiku et al., 2013).
Biosorption is the use of biological materials as sorbents for the uptake of metal ions from aqueous
solutions. This process utilizes inexpensive biomass for selective sequestration of toxic heavy metals and is
particularly useful for the removal of heavy metal contaminants from water and sediments.
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This study is aimed at production of different bacterial isolates which will be used for heavy metal
removal in polluted water body.

MATERIALS AND METHOD

Collection of water samples for bacteriological analyses

Water samples were collected from five (5) different sampling stations in Jebba Lake where mining
activities is being carried out. This was carried out in the month of August, 2023. With the help of a
boat, water samples were collected at 150 m away from the bank and at a depth of 30 cm below the
surface using van-dorn water sampler. The water was collected directly into 250 ml sterilized plastic
bottles and corked as described by the American Public Health Association (APHA, 1985). The bottle
containing each water sample was labeled and stored in portable ice box at temperature of not more
than 50C so as to stop or reduce microbial activity. These samples were transported to microbiology
laboratory at National Institute for Freshwater Fisheries Research, New Bussa, Niger State for
preliminary analyses.

Screening of Isolates for Biosorption Potentials

Screening of isolates for metal biosorption potential were carried out by well diffusion method, using
nutrient agar (Abioye et al. 2018). Three (3) ppm of each heavy metal (lead, chromium) was prepared
and the metal pH solution was adjusted to 7.0. Nutrient agar were sterilized using autoclave at 1210C
for 15 minutes, poured into petri dishes and allowed to solidify. With the help of a sterilized cork borer
of 5.0 mm diameter, a well was made on the media. The test organisms were inoculated and spread
using sterilized bent glass rod as previously carried out by Abioye et al. (2018). One millilitre (1 ml) of
3ppm heavy metal was inoculated into the well and the plate was incubated at 370C + 20C for 24
hours. Development or presence of bacterial colonies around the well is an indication of its ability to
tolerate the heavy metal hence its affinity. Zone of clearance is an indication that the test organism
cannot tolerate the heavy metal, hence cannot grow in presence of the heavy metal.

Bacterial Identification

Primary isolation was carried out following standard procedures of Bergey's Manual of Systematic
Bacteriology (Krieg and Holt, 1994) and Cheesbrough (2000). Water samples were inoculated into
Nutrient agar, MacConkey agar, Eosin Methylene blue agar, Thiosulfate Citrate Bile Salt Sucrose agar
and incubated at 37 oC for 24 hours using Thermo scientific incubator, 51028063, USA. Pure colonies
were sub-cultured into nutrient agar slants and stored in the refrigerator for further tests.

Biochemical analysis of the bacterial isolates was also carried out using microbact identification kits.
Molecular characterization of bacterial isolates was carried out using molecular technique (Luo et al.,
2017). The use of 16S-rDNA identification has become more acceptable due to its greater degree of
accuracy and specificity.

Preparation of inoculum/ biosorption

Five hundred milliliters (500.0 ml) of sterilized distilled water was measured each into two conical
flask and 6.5g of nutrient broth each was added. This was sterilized at 1210C for 15 minutes and
allowed to cool.

A sterilized inoculation loop was used to pick isolates of Bacillus pumilus and Macrococcus equipercicus
from a petri dish and these were inoculated each into the nutrient broth to obtain a homogenous
bacterial suspension in the flask. These were incubated at 350C + 20C for 24 hours to obtain the
inoculum. Five hundred milliliters of the inoculum each (2.0 x109 CFU/ml) was added to water in an
abandon fish pond to undertake biosorption.

Collection and digestion of water samples for determination of heavy metals

Water samples were collected from each sample stations of the ponds. One litre capacity polyethylee
sampling bottles were used to collect the water samples at each sampling station. Samples were
acidified with 2 cm3 of 10 % HNO3. This was placed in an ice box in order to stabilize the metal ions
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and prevent volatility of the constituents (APHA, 1992). This was transported to the laboratory and
digested according to APHA (2005).

Determination of heavy metals

After digestion, the filtrate of each sample was analyzed using atomic absorption spectrophotometer
(PG instrument model, AA500 Spectrophotometer, UK). These determinations after initials, were
carried out at 7 days interval for a period of 28 days (7th, 14th, 21st and 28th) according to the method
of Abioye etal. (2015).

Analysis of data
Percentage removal (% R) of heavy metal was calculated using:

C 2
R(%) 1 X100

Where C1 = Initial concentration, C2 = Final concentration, R (%) = Percentage removal.

RESULTS AND DISCUSSION

Biosorption of heavy metals by Bacillus pumilus from experimental pond A

Biosorption of heavy metals by Bacillus pumilus shows a significant removal of lead (Table 1).
Percentage removal of lead by Bacillus pumilus were higher (97.3%, 98.1% and 97.1% for stations 1, 2,
and 3 respectively) when compared to that of chromium (76.2%, 76.6% and 71.4% for stations 1, 2,
and 3 respectively). This result agrees with the findings of Abioye et al. (2018), where Bacillus species
had higher uptake level of lead in tannery effluent compared to uptake of chromium.

Bacillus species secretes hydrolytic enzymes, which are capable of tolerating heavy metals (Abioye et
al., 2018), this may be the reason for high biosorption. This study revealed that Bacillus pumilus has
effectively carried out biosorption/removal of lead, this may also be due to the fact that it is a gram
positive bacteria with techoic acid as source of carbxyl groups which are main agents in heavy metal
uptake. Though the biosorption of chromium by Bacillus pumilus was also high within one month, the
concentration is still above maximum permissible limit of 0.05Mg/L (FEPA, 2003).

Table 1: Biosorption of Heavy Metals by Bacillus pumilus from experimental pond A

Time(Day) Pb(ppm) Cr(ppm)

St 1 St2 St 3 St 1 St2 St3
1 1.314 2.377 0.648 0.256 0.303 0.021
7 1.086 1.487 0.230 0.130 0.162 0.016
14 0.706 0.825 0.060 0.084 0.098 0.009
21 0.068 0.092 0.031 0.072 0.086 0.006
28 0.036 0.046 0.019 0.061 0.071 0.006
% R 97.3 98.1 97.1 76.2 76.6 71.4

Key: ppm = part per million, % R = Percentage removal of heavy metal, Pb = Lead, Cr = Chromium,
Stl= Station 1, St 2= Station 2, St 3= Station 3

Biosorption of heavy metals by Macrococcus equipercicus from experimental pond B

Biosorption of heavy metals by Macrococcus equipercicus shows a high removal of chromium (Table 2).
The removal rate of chromium was much higher (76.8%, 76.4% and 76.3%) for stations 1, 2 and 3
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respectively compared to lead (9.4%, 9.5% and 7.6%) for stations 1, 2 and 3 respectively. This result
demonstrates high selectivity/affinity of the bacteria to chromium. Macrococcus equipercicus, though
a gram positive bacteria has very low affinity for lead

Table 2: Biosorption of Heavy Metals by Macrococcus equipercicus from experimental pond B

Time(Day) Pb(ppm) Cr(ppm)
St1 St2 St3 St1 St2 St3

1 1.806 1.907 1.848 0.654 0.660 0.718
7 1.798 1.807 1.810 0.368 0.370 0.380
14 1.702 1.752 1.748 0.253 0.250 0.240
21 1. 684 1.732 1.714 0.185 0.200 0.210
28 1.636 1.726 1.708 0.152 0.156 0.170
%R 9.4 9.5 7.6 76.8 76.4 76.3

Key: ppm = part per million, % R = Percentage removal of heavy metal, Pb = Lead, Cr = Chromium
Stl= Station 1, St 2= Station 2, St 3= Station 3

Plate I: Affinity for Chromium (Cr) Plate II: Affinity for Lead (Pb)

Table 3: Bacteria Screened for Biosorption Potentials

S/N Bacteria Pb Cr
1 Bacillus pumilus - -

2 Enterobacter cloacae + +
3 Escherichia coli - +
4 Macrococcus equipercicus + -
5 Aeromonas enteropelogenes + +

Key: - = Not Sensitive/ Ability to tolerate heavy metal hence development of bacterial colony
+ = Sensitive/ Inability to tolerate heavy metal hence no development of bacterial colony

CONCLUSION AND RECOMMENDATION

The bacteria Bacillus pumilus has high biosorption capacity for lead compared to chromium.
Macrococcus equipercicus is selective for chromium compared to lead. Though the screening on
biosorption showed that Escherichia coli had the potential for uptake of lead, it could not be used for
fear of been opportunistic. It can be concluded that Bacillus pumilus can be used for removal of lead in
lead polluted aquatic environment.
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ABSTRACT

This study aimed to determine the growth and nutrient utilization
parameters of Oreochromis niloticus exposed to cypermethrin.
Juveniles were exposed in aquaria of 20 litres capacity containing
0.0005, 0.0011, and 0.0021 mg/l sub lethal concentrations of
cypermethrin in flow-through bioassay. The final mean weight for
control was 21.33 g, while the exposed group had 20.03 g, 15.60 g,
and 13.23 g for 0.0005, 0.0011 and 0.0021mg/l sub lethal
concentrations respectively. WG and SGR were significantly lower
(p < 0.05) and dose dependent compared with the control fish. In
flow through bioassay, feed conversion ratio (FCR) of the exposed
fish increased significantly (p < 0.05) as the concentration of the
toxicant increases. Gross feed conversion efficiency (GFCE), feed
efficiency (FE) and nitrogen metabolism (NM) of the control fish
increased significantly (p < 0.05) than those fish exposed to 0.0011
and 0.0021 mg/l concentrations of cypermethrin. Cypermethrin
adversely affected the growth and nutrient utilization of
Oreochromis niloticus. Farmers are therefore advice to avoid the
application of this pesticide near or into water bodies.

Keywords:

Cypermethrin, Oreochromis
niloticus,growth, flow through
bioassay. Nutrient Utilization

INTRODUCTION

Pyrethroids are synthetic forms of pyrethrins extracted from species of chrysantemum. Pyrethroids
are groups of insecticides use for control of insects. Excessive application of pesticides on farmlands
enters into water body through surface runoff, accidental spillage from tanks during transportation,
atmospheric precipitation and sometimes through direct application into water during pest control
programs.

Introduction of pesticide into water affects the physiology of non-target aquatic organisms including
fish Type 1 and 11 pyrethroids inhibit the sodium channels of nerve filaments. Type 11 pyrethroids
inhibits the gamma aminobuttyric acid (GABA) receptors of the nerve filaments and affects the
calcium and chloride channels (Bradbury and Coats 1989; Hayes, 1994; Burr and Ray, 2000;
Svobodovaetal., 2003).

Borges et al. (2007) observed increased levels of sodium (Na+), potassium (K+), magnesium
(Mg2+), phosphorus (P), Urea, glucose, cholesterol, creatinine, aspartate aminotransferase (AST)
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and alkaline phosphatase (ALP) and decreased levels of total protein, triglyceride and ALT in silver
carp exposed to cypermethrin. . Reduced levels of free amino acids with increased AST, alanine
aminotransferase (ALT) and glutamate dehydrogenase (GDH) were as a result of decreased
catabolism in fish (Kumar et al., 2011). The change in the external environment of fish affects the
physiology and overall health status of fish as a result of their relationship with energetic (haemoglobin
level), and defense mechanism (leucocyte level) as a measure of health status of fish, which overtime
manifest into changes in weight. Yaji and Auta, 2007 reported a significant reduction in weight gain,
specific growth rate, gross feed conversion efficiency, feed efficiency, protein efficiency ratio and
nitrogen metabolism in Clarias gariepinus exposed to sub lethal concentrations of monochrotophos.
Exposure of Oreochromis niloticus to sub lethal concentrations of cypermethrin induced a reduction in
weight gain, specific growth rate and protein efficiency ratio (Rajib and Anilava. 2017).

Contamination of environment by pesticides is a problem of worldwide concern. Therefore, data on
pesticide toxicity on fish is important for the assessment of the safety for man and level of
environmental contamination. There are dearth information on the effects of pesticides on Nigerian
fish species. This research investigated the effects of sublethal concentrations of cypermethrin on
growth and nutrient utilization of Oreochromis niloticus in static and flow-through bioassays.

MATERIALS AND METHODS

Collection and maintenance of test organisms

Juveniles of Oreochromis niloticus of mixed sexes and fairly uniform size were obtained from Bagauda
fish farm in Kano and transported in plastic containers to the laboratory in the Department of
Biological Sciences, Ahmadu Bello University (ABU), Zaria. In the laboratory, the water from the farm
was gradually replaced with dechlorinated tap water and acclimatized for two weeks. The natural day
and night photoperiods was maintained. During the time of acclimatization, the fish were fed with
commercial feeds (coppens) three times a day at 9.00 am 1.00 pm and 7.00 pm.

Experimental Design for Static Bioassay

Healthy fish were randomly selected, weighed and distributed into twelve (12) glass aquaria with
dimensions; 30..5 x 30.5x 46.25cm, each containing 20 litres of dechlorinated water. Ten Oreochromis
niloticus (18.87 g and 9.1 cm mean weight and length) regardless of sex were randomly sorted into
each aquarium. The experiment was replicated three times including the control.

Experimental Design for Flow through Bioassay

The system set-up consists of the delivery and test tanks as prescribed in (EPA, 1996) and (OECD,
1992) guidelines for acute toxicity tests with fish. Healthy juveniles of Oreochromis niloticus of
uniform weight and size (18.83 g and 8.9 cm mean weight and length) were randomly sorted and
distributed into the test tanks. Ten fish were distributed into each test tank including the control and
the experiment was replicated three times. Flow rate was controlled to allow continuous flow of sub
lethal concentrations of the toxicant from the delivery tanks into the test tanks at 4 L/hour.

Sub-lethal Bioassay

The 96 hour LC50 value as described by Yaji et al., (2011) was divided by 1/5, 1/10, 1/20, to
determine sub-lethal concentration range of the toxicant. The experiment lasted for eight weeks.
Group of ten fish were exposed to sub-lethal concentrations of the toxicant including the control.
During the time of exposure, fresh solution was added every 48 hours to maintain the concentration

level. Water quality parameters such as temperature, pH, and dissolved oxygen were monitored at the
time of the experiment (APHA, 1985).
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Growth studies and Nutrient Utilization

The fish were fed at 3% body weight with commercial feeds (coppens). Daily ratio was divided into
three and fed thrice (at 9, 00 am, 1.00pm and 7,00pm) a day. Quantity of daily ration was adjusted
weekly, based on fish weight . The average weight of the fish as at commencement of the experiment
was recorded, as well as at the end of the experiment (Shalaby et al., 2006).

The data collected during the experiment were analysed for fish growth, specific growth rate, feed
conversion ratio, gross feed conversion efficiency, nitrogen metabolism and protein utilization using
the appropriate indices.

Weight Gain (W G)
The fish fresh weight gain (W G) was calculated as the difference between the final weight of the fish
at the end of the experiment and the initial weight in grams.

Specific Growth Rate (SGR)

The SGR was calculated as described by (Hepher, 1988), that is: SGR= LogWe-Log Wo

t—to

Where:
Wt= Weight at time of observation (g)

Wo = initial weight (g)
t-to= the period under study (days)

Feed conversion Ratio (FCR)

FCR was computed as the dry weight of feed offered divided by the wet weight gain of fish (Stickney, 1979; APHA,
1985; Shalaby et al., 2006). This was expressed as

Feed supplied (g)
Net feed produced (g)

FCR =

Gross Feed Conversion Efficiency (GFC E)
The G F C E is the reciprocal of the F C R express as percentage (APHA, 1985; Hepher, 1988) that is;

Feed efficiency (FE)
Feed efficiency (FE) was computed as a ratio that expresses the fish weight gain to the quantity of feed.

Weight gain
FE= Weight gain (g)
Feed fed (g)

2.14 Nitrogen metabolism (NM)
The value of nm will be calculated with the formula of (APHA, 1985).

Nm = (0.549 (b-a) h
2
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Where:

a. = initial weight of fish (g)

b. = final weight of fish (g)

c. = experiment periodindays
Statistical analyses

Data obtained were subjected to Analysis of variance (ANOVA) at p < 0.05 and least significant
difference (LSD) was used as post-hoc test to separate means

RESULTS

Results on growth of Oreochromis niloticus after 8 weeks of exposure to sub-lethal concentrations of
cypermethrin in static bioassay is shown on Table 1. The final mean weight for control was 21.33 g,
while the exposed group had 20.03 g, 15.60 g, and 13.23 g for 0.0005, 0.0011 and 0.0021mg/1 sub-
lethal concentrations respectively. Weight gain (WG) of the control fish were significantly higher (p <
0.05) than those exposed to 0.0011 and 0.0021 mg/l concentrations but not significantly different
from those exposed to 0.0005mg/l concentrations of the toxicant. Specific growth rate (SGR) of the
exposed groups decreased significantly (p < 0.05) compared with the control fish.

Table 1: Growth of Oreochromis niloticus Exposed to Sub-lethal Concentrations (mg/l) of Cypermethrin after
8 Weeks in Static Bioassay.

Treatment/Parameter TO (0.00) T1(0.0005) T2(0.0011) T3(0.0021)

No. of fish 10 10 10 10
Mortality % 0 0 0 0

AV. Initial weight (g) 18.87 19.04 18.33 18.97
A.V final Weight (g) 21.33 20.03 15.60 13.25
Weight gain (g) 2.46+0.16° 0.99+0.11% 2.73£0.19° -5.72+1.01°
SGR 0.006+0.0132 0.0013+0.11% -0.0088+0.02° -0.0196+0.21°¢

Means with the same superscript along rows are not significantly different (p<0.05)

Table 2 shows the growth of Oreochromis niloticus exposed to cypermethrin in flow through system.
The initial mean weight for control was 18.83 g, while the exposed groups had 19.00g, 17.83 g, and
19.30 g for 0.0005, 0.0009 and 0.0018 mg/l sub-lethal concentrations respectively. WG and SGR
were significantly lower (p < 0.05) and dose dependent compared with the control fish.

Table 2: Growth of Oreochromis niloticus Exposed to Sub-lethal Concentrations (mg/l) of Cypermethrin after
8 Weeks in Flow through Bioassay.

Treatment/Parameter TO0 (0.00) T1(0.0005) T2(0.0011) T3(0.0021)
No. of fish 10 10 10 10
Mortality % 0 10 0 10

AV. Initial weight (g) 18.83 19.00 17.83 19.30
ALV final Weight (g) 24.33 23.07 18.60 16.23
Weight gain (g) 5.50+1.222 4.07+0.14* 0.77+0.06% -3.07+1.02°¢
SGR 0.0150+0.01° 0.0104+0.05% 0.0029+0.01° -0.0096+0.03¢

Means with the same superscript along rows are not significantly different (p<0.05)
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Results of nutrients utilization in Oreochromis niloticus in static bioassay is shown in Table 3. Feed
conversion ratio (FCR) of the exposed fish increased significantly (p < 0.05) as the concentration of
the toxicant increases compared with the control value. Gross feed conversion efficiency (GFCE),
feed efficiency (FE) and nitrogen metabolism (NM) of the control fish increased significantly (p <
0.05) than those fish exposed to 0.0011 and 0.0021mg/1 concentrations of cypermethrin but not
significantly varied with those fish exposed to 0.0005 mg/1 of the same toxicant.

Table 3: Nutrient Utilization of Oreochromis niloticus Exposed to Sub -lethal Concentrations (mg/l) of
Cypermethrin after 8 Weeks in Static Bioassay

Treatment/Nutrient Utilization TO (0.00) T1 (0.0005) T2 (0.0011) T3 (0.0021)
FCR 1.49+0.54¢ 1.63+0.21% 1.98+0.16% 2.43+1.342
GFCE 67.21+4.36* 61.49+5.222 50.60+3.32° 41.98+3.29%
FE 0.43+0.11° 0.10+0.02? - 0.55+0.06° - 0.98+0.92°
NM 5.4242 .45° 1.39+0.87° -6.59+2.91° -12.59+4.37°

Means with the same superscript across the rows are not significantly different (P>0.05)

Nutrient Utilization of Oreochromis niloticus Exposed in Flow-through Bioassay.

FCR value of the control fish shows no significant difference compared with those fish exposed to
0.0005 and 0.0009 mg/1 concentration of cypermethrin, but significantly lower (p < 0.05) than those
exposed to 0.0018 mg/l concentration of the toxicant (Table 4). GFCE, and FE value of the control
were higher significantly (p < 0.05) compared to those exposed to the various sub-lethal
concentrations of cypermethrin. The decreases with the exposed groups were observed to be dose
dependent.

Table 4: Nutrient Utilization of Oreochromis niloticus Exposed to Sub-lethal Concentrations (mg/l) of
Cypermethrin after 8 Weeks in Flow through Bioassay

Treatment/Nutrient Utilization TO (0.00) T1 (0.0005) T2 (0.0011) T3 (0.0021)
FCR 1.3140.33° 1.41+0.27° 1.62+0.25° 2.01£1.01%

GFCE 77.63+£6.45% 71.42+4.87% 61.92+2.44% 50.2243.45¢
FE 0.99+0.09* 0.71+0.09% 0.15+0.03%¢ - 0.52+0.24¢
NM 9.85+2.27* 8.93+3.28* 1.68+0.95% - 6.7442.32°

Means with the same superscript across the rows are not significantly different (p>0.05

DISCUSSION

This study shows that there is significant difference between the control and the various
concentrations of the toxicant and the effects are dose dependant. Significant decrease in percentage
life weight gain (LWG%), weight gain (WG), specific growth rate (SGR), gross feed conversion
efficiency (GFCE), feed efficiency (FE) and nitrogen metabolism (NM) were observed with fish
exposed to sub lethal concentrations of the toxicant. This is similar to the report of Ndimele et al.,
(2012) on fingerlings of Clarias gariepinus exposed to dichlorvos (2, 2-dichlorovinyl phosphate) but
disagrees with Ramota et al., (2021) on growth response and nutrient utilization of Clarias gariepinus
fingerlings exposed to Dichlorvos who reported that growth and nutrient utilization parameters of C.
gariepinus fingerlings were generally not dependent on the concentration group to which they belong;
This may be due to different conditions to which the fishes were subjected in their study. Increase in
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FCR could be as a result of under utilization of food in these concentrations. A reduction in growth
may also be attributed to an increase activity associated with attempt to avoid the contaminated water,
or an increased expenditure of energy on chemical detoxification and tissue repairs (Yaji and Auta,
2007). In sub lethal tests, growth parameters such as specific growth rate, food conversion efficiency
and protein efficiency ratio conversion decreased as the concentration of cymbush pesticide increased
(Aguigwo, 2022). Growth effects in rohu were accompanied by impaired fuel conversion efficiency
for lipids, proteins and carbohydrates (Rajib and Anilava. 2017). Fishes are noted to increase their
metabolic activities for the excretion of toxicants, hence, making more energy available for
homeostatic maintenance than storage, which could be used for growth (Rao et al., 2017). Dietry
levels of 500 u/kg resulted in only minor sublethal effects, such as reduction in condition factor and
transient changes in haematological parameters (Dietrich, et al., 2006).

Shallangwa and Auta (2008), reported a reduction in growth of Clarias gariepinus exposed to sub
lethal concentrations of 2,4-Dichlorophenoxy — acetic acid. The authors attributed this to lower
feeding rate and or the toxicant made the feed unsuitable for consumption. They further opined that it
could be due to an increased expenditure of energy on chemical detoxification and tissue repair.

CONCLUSION

In conclusion, exposure of Oreochromis niloticus at chronic concentrations of cypermethrin in both
static and flow through systems adversely affected the growth and better utilization of feed by this fish.
It is recommended that application of cypermethrin near water body should be avoided and further
research should be focus on biological control of insect pest.
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ABSTRACT

This study compares the water quality and heavy metals in the New
Calabar River, assessing its compliance with World Health
Organization (WHO) standards. By evaluating physicochemical 1
parameters such as pH, dissolved oxygen, turbidity, and heavy metal
contamination, the research aims to identify pollution levels in the
river.. Data were analysed using ANOVA to compare water quality
parameters against WHO benchmarks. Results indicate that most
water quality parameters, including total dissolved solids, turbidity,
and nitrate levels, fall within acceptable limits. However, high
concentrations of iron were recorded in several communities,
exceeding the WHO standard of 0.3 mg/l. Trace elements, including
lead and copper, were generally within safe levels, though slight
exceedances were observed in some areas. The ANOVA analysis
reveals significant differences (p<0.05) in water quality and heavy
metals between the results obtained and WHO standard across the
sampled communities. The study highlights the need for targeted
interventions to address specific contaminants, particularly iron, and

Keywords:. emphasizes the importance of improving water management
Water Quahty,. practices to safeguard public health. Recommendations include
New Calabar River, stricter monitoring, treatment facilities, and community education
WHO standard, on waterborne diseases.

INTRODUCTION

Water is an invaluable resource requiring stringent protection from contamination. However, factors like
rapid urbanization, population growth, industrialization, and inadequate environmental management have
degraded many water sources, making them unsafe for human use. This problem is particularly severe in
countries with weak environmental regulations. Access to clean water is crucial for health and economic
development, as emphasized by Bhat et al. (2018). Despite Earth's freshwater abundance, only 3% is
accessible, and pollution increasingly threatens this supply (Taruna and Alankarita, 2013). Globally,
around 450 billion cubic meters of wastewater are discharged into surface waters annually, carrying
pollutants like organic and inorganic compounds and microorganisms (Tarunaand Alankarita, 2013). This
affectsrivers, lakes, and oceans, degrading water quality (Onyegeme-Okerentaetal., 2016).
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Urbanization and intensified economic activities lead to environmental challenges, such as water
pollution from industrial and domestic waste (Rashid et al., 2018). Pollutants entering rivers degrade
water quality, posing risks to both human health and aquatic ecosystems. In developing countries,
untreated sewage is a major source of pollution, with 95% being discharged into water bodies
untreated. For example, two-thirds of surface waters in India are dangerously polluted (Shah, 2016).
Solid waste dumping into rivers further compromises water quality (Akungah, 2003; Chindah et al.,
2004). Studies from the Niger Delta highlight how industrial and human activities contribute to water
pollution (Marcus and Ekpete, 2014; Iyama and Edori, 2016; Ekpete et al., 2019). Monitoring water
quality provides critical data on pollutant concentrations, which helps assess water suitability for
various uses. The World Health Organization (WHO) sets water quality standards to assess pollution
levels and determine water's suitability for different uses (WHO, 2017). Ensuring safe water quality is
essential for public health and sustainable development, and the WHO provides acceptable limits for
contaminants in drinking water (WHO, 2017).

Contaminated water poses severe health risks and can damage aquatic life by depleting oxygen and
stunting organism growth (Ndeda and Manohar, 2014). Parameters like pH, temperature, and
dissolved oxygen are crucial in assessing water quality. For example, water with a high pH can cause
gastrointestinal issues, while low pH irritates the eyes (Taruna and Alankarita, 2013; WHO, 2017).
The New Calabar River is increasingly affected by activities that introduce contaminants, necessitating
regular monitoring to maintain ecosystem health (Seiyaboh et al., 2016). Polluted water endangers life.
Akpe et al. (2018) stress that water is among the most essential natural resources, directly impacting
life. Polluted water not only affects ecosystems but also poses significant health risks. Water quality is
influenced by seasonal changes, water levels, and runoff (Ezekiel et al., 2020; Rahman et al., 2021;
Romin et al., 2021).This study focuses on a comparative analysis of water quality and heavy metals in
the New Calabar River, this research aims to assess the extent of pollution in the river. Thus provide
insight into the current state of the New Calabar River's water quality and heavy merals, identify areas
of concern and recommend measures to improve water management practices and safeguard public

health.

MATERIALS AND METHODS

Study Area and Samples Collection

The New Calabar River is a low lying deltaic river located in Rivers States, in the oil-rich Niger
Delta Region of Nigeria. The New Calabar River lies between 4°30 and 4°49N and 6°59 and
7°00 and empties into the Atlantic Ocean. Water samples were collected at Aluu, Emoubha,
Mbousi, Choba, Rumuokparali, and Ogbogoro sections of the river to ensure a representative and
comprehensive understanding of water quality across different contexts and transported to the
laboratory of the University of Port Harcourt forimmediate analysis.

Physicochemical Analysis

Turbidity, temperature, pH, Dissolved Oxygen (DO), Total Dissolved Solid (TDS), salinity and
conductivity were analysed in situ with a HORIBA, U-51 series Multi-parameter water quality
checker. Biochemical Oxygen Demand (BOD), Chemical Oxygen Demand (COD), chloride,
sulphate, phosphate, nitrate, oil and grease were determined as described by the American Public
Health Association (1998). Atomic absorption Spectrophotometry was used for heavy metals analysis.

Statistical Analysis

Analysis of Variance (ANOVA) was used to establish significant differences within parameters from
different sampling points of the river at (P <0.05). The values obtained were compared with the WHO
Standard.
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RESULTS

Table 1 provides a comparison of water quality of the New Calabar River in different sampling stations
with the World Health Organization (WHO) standards. The values of electrical conductivity, total
dissolved solids, pH, turbidity, nitrates, sulphates, phosphates and hardness were below the WHO
standard, indicating that their levels in the water are within safe limits. For the heavy metals, the
values of Copper, lead, manganese, and zinc were well below the WHO standard, suggesting minimal
metal contamination. However, Iron concentrations are notably high, ranging from 1.84 mg/lin Choba
to 72.17 mg/l in Emuoha. These values exceed the WHO standard of 0.3 mg/I, indicating a potential
issue with iron contamination in some communities.

Table 2 provides a detailed ANOVA analysis comparing water quality across various sampled
communities and the WHO standard.The ANOVA results revealed significant differences in water
quality. The between-groups sum of squares is 284,249.5 with 6 degrees of freedom, yielding a mean
square of 47,374.92. The F-value of 3.70, coupled with a p-value of 0.0025, indicates that the
differences in water quality across the sampled communities are statistically significant. This F-value
exceeds the critical value of 2.20, suggesting that the observed differences are unlikely to have
occurred by chance. Overall, the ANOVA analysis confirms that water quality differs significantly
among the sampled communities when compared to the WHO standard, underscoring the varying
levels of water quality across these locations

Table 1 Comparison of Water Quality Sampled in New Calabar River with WHO Standard
Aluu Choba Emuoha  Isiodu Ogbogoro  Rumuokparali WHO

Electrical Conductivity 143 69 83 69 65 108 400
(us/cm)

Total Dissolve Solute 101 48 59 49 46 76 1000
(mg/1)

Measure of Acidity or 5.87 5.2 5.52 6.08 5.48 5.2 8.5
Alkalinity

Turbidity (FAU) 2 3 2 2 2 2 5
Chloride (mg/1) 65.68 32.33 39.51 38.38 31.33 49.59 250
Nitrate (mg/1) 27.54 12.41 18.81 20.38 15.54 23.66 50
Sulphate (mg/1) 4.69 2.6 2.1 6.56 34 1.2 500
Phosphate (mg/1) 7.09 4.46 5.86 4.23 1.85 7.1

Total Hardness (mg/1) 62.03 29.64 37.96 28.49 25.37 46.9

Iron (mg/1) 4.41 1.84 68.57 72.17 4.54 2.47 0.3
Copper (CFU/100ml) 0.07 0.01 0.04 0.03 0.04 0.05 2
Lead (mg/1) 0.02 0.01 0.02 0.01 0.01 0.02 0.01
Manganese (mg/1) 0 0 0 0 0 0 0.4
Zinc (mg/1) 0.02 0.01 0.02 0.01 0.01 0.02 3
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Table 2. Difference in Water Quality Across Sampled in Some Fishing Communities and WHO Standard
SUMMARY

Groups Count Sum Average Variance
Aluu 14 423.42 30.24429 2068.783
Choba 14 208.51 14.89357 469.4912
Emuoha 14 322.41 23.02929 852.001
Isiodu 14 296.34 21.16714 684.5985
Ogbogoro 14 200.57 14.32643 415.6825
Rumuokparali 14 322.21 23.015 1179.377
WHO 12 2219.21 184.9342 96791.16
ANOVA
Source of SS df MS F P-value F crit
Variation
Between Groups ~ 284249.5 6 47374.92 3.703728 0.002477 2.202234
Within Groups 1138412 89 12791.14
Total 1422661 95
DISCUSSION

Findings from this study reveals significant variations in water quality across communities along the
New Calabar River, revealing both compliance and concerns when compared to WHO standards.
Generally, the electrical conductivity, total dissolved solids, pH, turbidity, chloride, nitrate, sulphate,
and phosphate levels across the sampled communities meet or fall below WHO guidelines, indicating
that most of these parameters are within acceptable limits for safe drinking water. These findings align
with previous studies, such as those by Oko et al. (2014), which also reported that most water quality
parameters in rural and peri-urban settings are within acceptable thresholds. However, the study
identifies elevated iron concentrations in several communities, significantly exceeding WHO
standards. This highlights a localized issue with iron contamination, which could pose health risks over
time, such as gastrointestinal problems or other iron-related disorders. This concern is corroborated by
other literature, such as Dahunsi et al. (2014), which emphasizes the importance of monitoring and
managing metal contaminants in water sources.

Copper, lead, manganese, and zinc levels are generally within safe limits, with copper levels
particularly low and well below WHO standards. Lead concentrations are slightly above the WHO
standard in some areas, but they are still within acceptable ranges, reflecting a minor concern.
Manganese levels being consistently low aligns with the findings of previous research, such as that of
Ukpong et al. (2013), which found that manganese contamination was not a significant issue in similar
settings. The ANOVA analysis reveals substantial variability in water quality scores among the different
communities, with Aluu showing particularly high variability, while other communities like Choba and
Ogbogoro exhibit lower and more consistent scores. This variation suggests that while some
communities are generally meeting safety standards, others, such as Aluu, face greater challenges with
water quality management. This variability highlights the need for targeted interventions and more
detailed local assessments to address specific issues effectively, a recommendation also supported by
the broader literature on water quality management and infrastructure needs (Edokpayi et al.,
2018).Overall, while the study finds that many water quality parameters align with WHO standards,
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the elevated iron levels in some communities and the significant variability in water quality scores
underscore the necessity for ongoing monitoring and localized interventions to ensure safe and
consistent water quality across all sampled areas.

CONCLUSION AND RECOMMENDATIONS

In conclusion, the study underscores the critical need for enhanced water quality management and
infrastructure improvements in some fishing communities along the New Calabar River. The significant
reliance on bottled or sachet water for drinking reflects widespread concerns about the safety and
reliability of alternative water sources. Borehole water, while preferred for non-potable uses, highlights a
perceived lack of trust in other sources like wells and river water. The variability in water quality
parameters across the fishing communities, including elevated levels of iron and inconsistencies with
WHO standards, reveals a pressing issue of contamination and potential health risks.
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ABSTRACT

The New Calabar River plays a vital role in the daily lives of
surrounding fishing communities, providing water for domestic,
agricultural, and industrial purposes. However, concerns about the
quality of water from wells and boreholes in the region have emerged
due to increasing pollution. This study assesses the variation in water
quality across six fishing communities—Aluu, Choba, Emuoha,
Isiodu, Ogbogoro, and Rumuokparali—along the New Calabar River,
focusing on key physico-chemical and microbial parameters. Water
samples were collected from boreholes, wells, and river points and
tested for electrical conductivity, total dissolved solids (TDS), pH,
turbidity, chloride, nitrate, sulphate, phosphate, and total hardness.
The results revealed significant variability in water quality. Electrical
conductivity ranged from 65 us/cm in Ogbogoro to 143 ws/cm in
Aluuy, indicating higher dissolved ion concentrations in the latter.
TDS levels also varied, with Aluu recording the highest at 101 mg/1
and Ogbogoro the lowest at 46 mg/l. pH values ranged from 5.20 to
6.08 across the communities, suggesting slightly acidic to neutral
water. Chloride concentrations were highest in Aluu (65.68 mg/1)
and lowest in Ogbogoro (31.33 mg/l), while nitrate levels ranged
from 12.41 mg/l in Choba to 27.54 mg/l in Aluu. Total hardness
showed substantial variation, with Aluu having the highest mean at
62.03 mg/l and Ogbogoro the lowest at 25.37 mg/l. Metal
contamination was also evaluated, with iron levels ranging from 1.84
mg/l in Choba to 4.57 mg/l in Emuoha. Copper and lead

Keywords: concentrations were low across all communities, indicating minimal
Fishing Communities, contamination. These findings highlight the disparities in water
New Calabar River, quality across the studied areas and emphasize the need for
Water Quality, Rivers State. continuous monitoring and interventions to ensure safe drinking

water for the communities along the New Calabar River.

INTRODUCTION
Rivers are essential natural resources that significantly contribute to the biosphere due to their diverse
applications (Ukpong et al., 2013). Although water covers 70% of Earth's surface, only 3% is fresh and
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found in rivers, lakes, aquifers, glaciers, and atmospheric sources. The remaining 97% is saltwater.
Rivers provide crucial services such as transportation, fishing, hydropower generation, and water
supply for domestic, industrial, and agricultural use (Coles et al., 2010). Water quality is a key factor in
sustaining both human populations and aquatic ecosystems. Rivers, especially, are vital sources of
freshwater for various uses. The New Calabar River in southern Nigeria is a lifeline for local
communities, supporting drinking water, fishing, irrigation, and daily activities. However, the river's
water quality has been increasingly compromised by industrial activities, agricultural runoff, and
improper waste disposal, raising serious concerns (Seiyaboh et al., 2016).

The health of aquatic ecosystems largely depends on their physicochemical properties and biological
diversity (Cantonati et al., 2020). Water plays a crucial role in human development and ecosystem
function, facilitating processes like drinking, cooking, and industrial applications. In the human body,
water is vital for nutrient absorption, waste expulsion, and transporting organic substances (Dey et al.,
2021). Rivers must, therefore, be regularly monitored to assess their ecological health. Rivers can
originate from sources such as springs, lakes, glaciers, or rainwater runoff. Groundwater also
contributes to river flow (Romin et al., 2021). As they traverse various terrains, rivers serve as cost-
effective transportation routes but also face pollution from unregulated transport activities,
contributing to global greenhouse gas emissions and particulate pollution (Iyama and Edori, 2016).
Given the importance of rivers like the New Calabar, which support domestic and industrial use,
regular water quality assessments are critical. Industrial discharge, agricultural runoff, and domestic
waste have severely degraded the river's quality, threatening both the environment and public health.
This study therefore assessed the variation in well and borehole water quality in some fishing
communities along the New Calabar River, Rivers State, Nigeria.

MATERIALS AND METHODS

Study Location

The population of this study encompassed boreholes, water samples, and residents within the various
fishing communities sampled along the New Calabar River. This approach ensures that the study
captures a holistic view of the water quality and its impact on the local population. Boreholes represent
a significant source of drinking water for many residents in the communities along the New Calabar
River. These underground water sources are often considered more reliable and safer compared to
surface water, given their lower susceptibility to surface contaminants. By including boreholes in the
study, the research aims to evaluate their water quality, including potential contaminants and seasonal
variations. This data is crucial for understanding the overall safety and reliability of boreholes as a
primary water source and for identifying any need for additional water treatment or infrastructure
improvements.

Experimental Procedures

Water samples was collected at various points in some fishing communities along the course of the New
Calabar River. Also, Boreholes and wells will be randomly sampled across the selected communities.
Residents of the selected fishing communities were randomly sampled for survey through
questionnaires. Representative sampling points along the New Calabar River was selected,
encompassing both urban and rural communities. The samples represented different sections of the
river to capture a comprehensive picture of water quality. Water samples were collected from the
selected points at the same time using standard laboratory methods described APHA (1998) to test for
various physico-chemical and biological parameters, such as pH, turbidity, dissolved oxygen,
biochemical oxygen demand, total dissolved solids, and microbial content. Each fishing community
along the New Calabar River—Aluu, Emouha, Mbousi, Choba, Rumuokparali, and Ogbogoro—were
sampled to ensure a representative and comprehensive understanding of water quality across different
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contexts. Water samples was collected at the river, boreholes and wells in the study area. This samples
was collected in plastic HDPE bottles for proper laboratory test.

Sample Preparation for AAS Analysis

Sample preparation is a very important step in analytical chemistry which should be done very
carefully without any mistake or carelessness. Sample preparation involving digestion of water samples
for metal ion analysis by atomic absorption spectrophotometer can be achieved by adopting the
standard method by APHA (1998): 50 ml of well mixed, acid preserved sample is measured into a
beaker. 5 ml conc. HNO3 + few glass beads were added. It was then slowly boiled and evaporated on a
hot plate upto 10-20 ml. Conc. HNO3 (few ml) was added until the completion of digestion (Sample
was not allowed to dry). The beaker was washed down with deionized water (3 times). It was then
filtered and poured in 100 ml volumetric flask and made up to 100 ml, mixed thoroughly.

Heavy Metal Determination

The digested samples were taken to the Laboratory, for AAS determination of heavy metals including
Cadmium, Zinc, lead, and Copper. Three replicates determination was done for each metal analysis
and the instrument gives the mean of the results.

Statistical Analysis

The mean and standard deviation of the mean were used to express all the data. The data analysis was
done using SPSS Version 22, a statistical program. Using one way ANOVA, the means were split, and
the two means were deemed significant at 5% (P <0.05).

RESULTS

Table 1 provides an overview of the variation in physico-chemical properties of well and borehole water
across different communities. The electrical conductivity of water varies significantly across the
communities, ranging from a low of 65 us/cm in Ogbogoro to a high of 143 us/cm in Aluu. This
indicates that the water in Aluu has a higher concentration of dissolved ions compared to other
locations. Similarly, the total dissolved solids (TDS) follow a comparable trend, with Aluu having the
highest mean value at 101 mg/l, while Ogbogoro has the lowest at 46 mg/1.The measure of acidity or
alkalinity, as reflected by pH, is relatively consistent across all communities, ranging from 5.20 to 6.08.
This suggests that the water is generally within a slightly acidic to neutral range. Turbidity remains low
across all locations, ranging from 1.85 FAU in Ogbogoro to 3 FAU, indicating that the water is relatively
clear in all communities. Chloride concentrations show notable variation, with Aluu having the highest
mean value of 65.68 mg/l and Ogbogoro the lowest at 31.33 mg/l. Nitrate levels also vary, with Aluu
recording the highest mean concentration of 27.54 mg/l, compared to the lowest at 12.41 mg/I in
Choba. Sulphate concentrations range from 1.20 mg/l in Rumuokparali to 6.56 mg/l in Isiodu,
highlighting some variation in water quality related to sulphate content. Phosphate levels are notably
higher in Rumuokparali and Aluu, with means of 7.10 mg/l and 7.09 mg/I, respectively, compared to
lower levels in other communities. Finally, total hardness varies significantly, with Aluu having the
highest mean hardness at 62.03 mg/l and Ogbogoro the lowest at 25.37 mg/1. This variation in hardness
levels suggests differences in the mineral content of the water across the communities.

Table 2 showed the variation in metal concentrations in well and borehole water across different
communities. Iron concentrations in the water vary significantly, with Aluu having the highest mean
level of 4.41 mg/l and Choba the lowest at 1.84 mg/l. Emuoha also shows a high mean concentration of
4.57 mg/l, indicating elevated iron levels in some areas. Copper levels are consistently low across all
locations, ranging from a mean of 0.01 CFU/100ml in Choba to a maximum of 0.07 CFU/100ml in
Aluu. This suggests that copper contamination is minimal and does not vary greatly between
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communities. Lead concentrations are similarly low across the surveyed communities, with values
ranging from 0.01 mg/l in Choba and Isiodu to 0.02 mg/l in Aluu, Emuoha, and Rumuokparali. This
indicates that lead levels are generally within acceptable limits across the locations.

Manganese levels are consistently low in all communities, with no measurable variation, as all locations
report a mean concentration of 0.00 mg/l. This indicates that manganese is not a significant concern in
the water quality of these communities. Zinc concentrations also show minimal variation, ranging from
amean of 0.01 mg/lin Choba, Isiodu, and Ogbogoro to 0.02 mg/l in Aluu, Emuoha, and Rumuokparali.
This suggests that 