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PREAMBLE 

My heart flows out in gratitude to the most high God who knew me before I was 

formed in my mother's womb and preserved me there while my mother passed 

through the horrible experience of the Nigerian civil war and still protected me as I 

was brought forth when guns of battle were becoming silent and the smoke of 

destruction began to fade. To Him alone be all the glory, honour and adoration.  

As a growing young girl, I was always intrigued with the universe and almost 

everything around me; very curious to understand everything that I saw in nature. I 

asked many questions to any adult close to me. In some cases answers that I got 

were satisfactory and at other times, the answers stimulated more questions from 

me. One day, between the ages of five and six, I passed by some secondary school 

students who were in what I called “a big hall”. I watched curiously from outside 

and saw them add “water” (as I thought) inside a glassware and to my surprise, 

after a few minutes of gentle swirling, the “water” was transformed to a very 

lovely pink coloured liquid! I so much admired these students who could turn 

“water” into “wine”.   

From that moment, I was determined to take my studies more seriously so that I 

would one day do the same. As at that time, I did not know the subject involved 

neither did I discuss it with anybody, not even with my educated parents because 

this was a very sensitive target I set for myself. 

What a fulfilling moment years later when during one of the practical classes of 

Acid-Base titration in chemistry, in the laboratory of Federal Government Girls' 

College Owerri, I turned “water” into “wine” on adding sodium hydroxide to a 

glassware containing acid and phenolphthalein indicator. My secondary school 

teacher demystified the subject (Chemistry) and stimulated my interest and made it 

very attractive. He laid good foundation and made chemistry appear simple and 

interesting. 

Along the line, I fell in love with languages, especially French because my French 

teacher was equally amazing. I emerged as the best graduating French student in 

my set. Although I made a good grade in Chemistry (A1), I was almost distracted 

because peer pressure made me believe that there were greener pastures in French 

than in Chemistry. Amidst this dilemma, coupled with a certain pressure to read 
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“Medicine”, by divine ordinance, I found myself as an undergraduate of Chemistry 

in Chemistry Department, Faculty of Science, University of Ibadan. 

My quest and first love to understand more about the environment I live in and the 

Universe at large re-surfaced when I encountered some erudite Chemistry Scholars 

in the Department, who made the subject alluring. My interest in Analytical & 

Environmental Chemistry heightened when the then Dr. Oladele Osibanjo (now 

Prof. Oladele Osibanjo) handled the “Koko toxic waste” saga in Nigeria in 1988.   

He made “Analytical & Environmental Chemistry” appear to be the key to my 

future career, which indeed it turned out to be. Despite challenges and the very first 

storm of life that befell me (the loss of my beloved immediate younger brother 

who was also an undergraduate but at the University of Port Harcourt where he 

was enrolled to study Engineering) that nearly snatched this key from me, I am 

today, by the grace of God, a Professor of Analytical and Environmental 

Chemistry. 

Looking back through the years; seeing how my “childhood thirst” (curiosity about 

the environment I live in) has been quenched by studying chemistry, I see 

“Chemistry” personified; very passionately caring for the environment, using its 

branches (Analytical and Environmental Chemistry) and connecting with any 

relevant tool/discipline it finds along the way; collaborating and networking with 

emerging scientific & technological trends, to ensure a sustainable environment. It 

is, therefore, no wonder; my Vice – Chancellor, Sir, that I expressed these in the 

title of this Inaugural lecture “Chemistry in Analytical Rhapsody for 

Environmental Sustainability”, the second in the inaugural series of the Federal 

University Otuoke. 

 

1.0 INTRODUCTION 

The environment, in a very simple and unambiguous way, can be defined as the 

surrounding of an object that has direct and indirect impact on that object. The 

environment of man is, therefore, his surrounding that has direct or indirect impact 

on his life. By this definition, there are different facets of man's environment 

including the physical, emotional, psychological, financial and religious 

environmental segments. All these segments are closely knitted in such a way that 
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what happens to one may have a bearing on the other. In this interwoven system, 

there is a process chemistry that binds all these environmental segments. 

A natural balance in environmental equilibrium had always existed until the 

activities of man altered the stoichiometric relationships in the environmental 

equations. The acts of man, popularly known as anthropogenic activities, put the 

chemistry of the environment out of equilibrium and ever since then, man has been 

making efforts to restore and balance the equations in order to save himself and his 

generation. Consequently, many proposals, strategies, seminars, conferences, 

protocols, conventions and treaties have been organized by man to ensure that the 

synthesis, reaction kinetics, reaction mechanisms, thermodynamics and entropies 

of chemistry of the environment are moderated through relevant green 

homogenous and heterogeneous processes to avoid global environmental disaster. 

The most commonly perceived environment, which many easily relate to is the 

physical segment, namely: 

. The atmosphere: This is commonly known as the air over planet earth, 

comprising layers of gases [neon (Ne), helium (He), ozone (O3), nitrogen (N2), 

oxygen (O2) carbon dioxide (CO2), methane (CH4), argon (Ar) and water vapour]. 

The atmosphere is structured in layers known as (i) troposphere, (ii) stratosphere, 

(iii) mesosphere and (iv) thermosphere 

. The hydrosphere: This relates to water containing bodies such as ponds, lakes, 

streams, rivers, groundwater resources, seas and oceans. Some are fresh while 

others are salty 

. The lithosphere: This deals with the uppermost layer of the earth where organic 

matter is found. 

. The biosphere: This has to do with the atmosphere, hydrosphere, lithospheres 

including plants, animals and other organisms (Lide, 1996). 

Activities that take place in these four segments have direct bearing on man's 

health and general well-being of the body. As earlier stated, all the various aspects 

of the environment are intertwined but in the context of this lecture, the physical 

segment is prime, though correlations with the others can be drawn. Across the 

globe, there are environmental issues of air pollution, water pollution, carbon 
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emission, global warming, desertification, erosion, waste management, food safety, 

oil spill and petroleum-based pollution, chemical spill, hazardous substances, wild 

fires, and nuclear contaminations amongst others. 

The degree and extent of these issues are not globally homogenous. Issues of 

concern in this environmental segment (physical environment) differ from one 

continent to the other and from one country to the other. In a given nation, 

environmental issues are, most often, region specific. For instance, in Nigeria, 

there are general issues of waste-based pollution, food safety, air and water 

pollution. However, there are environmental issues that are specific to some 

regions such as erosion and oil spill (petroleum-based pollution) in the South-East 

and South-South and desert encroachment in the North.  Even in a given region, it 

could be city specific such as the soot pollution in Port Harcourt (Yakubu, 2018), a 

city in South-South as shown in Plate 1. Each identified environmental problem is 

usually traceable to certain factors. For example, waste-based issue is a function of 

rural urban migration, human population, urbanization, commercialization, 

industrialization and above all, waste management strategy. Similarly, air pollution 

is traceable to industrialization, certain emissions, gas flaring and artisanal refining 

among several other factors.  

 

Plate.1: Images of soot pollution, possible causes and consequences  
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Chemistry is central to all these mentioned environmental issues and can be 

explored to build or destroy the environment. Negative use of chemistry in the 

input, process and output of scientific and technological advancement for improved 

living standard can degenerate and degrade the environment while positive use of 

chemistry has the potential to heal, restore and build the environment. For this 

reason, the Organization for the Prohibition of Chemical Weapons (OPCW), 

encourages the positive use of chemistry and consequently provides various 

platforms of sponsorships to Scientists who do so, of which I am a beneficiary. 

Such an institution aspires to achieve environmental sustainability.  

1.2 Environmental Sustainability 

Environmental sustainability can be defined as responsible interaction with the 

environment to avoid depletion or degradation of natural resources and allow for 

long-term environmental quality. In other words, it is the act of caring, treating, 

restoring, preserving and sustaining the environment to enhance living standard for 

man. Sustainable Development Goals (SDGs), which are a collection of seventeen 

global goals (No poverty, zero hunger, good health and well-being, quality 

education, gender equality, clean water and sanitation, affordable and clean energy, 

decent work and economic growth, industry, innovation and infrastructure, 

reducing inequality, sustainable cities and communities, responsible consumption 

and production, climate action, life below water, life on land, peace, justice and 

strong institutions and partnership for the goals) (Wikipedia,2018) are all 

components of environmental sustainability. My Vice-Chancellor, Sir, basic 

principles involved in analytical rhapsody for environmental sustainability 

include: 

a) Reference point: Acceptable value, based on the  understanding of 

what the environment should be or should have been like. Having an insight 

or a good judgement of what the value should be if the equation of the 

environment is in equilibrium.  This helps to understand when something 

has gone wrong and what poses environmental risk.  

b) Problem identification: This is the diagnosis or identification of the 

nature of the environmental problem, achieved using standard diagnostic 
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tools, adopting relevant approaches such as experimental or survey 

methods. 

c) Awareness and sensitization: This is a conscious effort to release 

knowledge or perception and concern about well-informed interest in a 

particular environmental situation or development. 

d) Possible solution option: This deals with provision of a platform of 

solving the identified and verified environmental problems. 

e) Information dissemination: This generally is achieved by 

advertising, public announcements and speeches. In academic community, 

information dissemination is achieved through various types of publications, 

seminars, workshops, symposia, research and development exhibitions and 

fora. 

f) Implementation: This is the process of putting a decision or plan into 

effect.  Simply put, it is the execution of possible options of (Research & 

Development) outcomes/breakthroughs aimed at solving identified and 

verified environmental problems. 

Analytical chemistry, My Vice-Chancellor, Sir, which deals with processes of 

analysis, techniques and method development, instrumentation and what these can 

achieve in applications, is central (Fig.1) to all the other fields of chemistry and 

other related disciplines in tackling environmental issues and ensuring 

environmental sustainability as illustrated in Fig.1, adapted from Skoog et al., 

(2004) with modification. Hence, this inaugural lecture titled “Chemistry in 

Analytical Rhapsody for Environmental Sustainability” personifies chemistry 

passionately or enthusiastically applying one of its branches (analytical chemistry) 

and  adopting the afore mentioned six basic principles to ensure there is an 

environment to hand over to future generations. 
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Fig.1:  Relationship between Analytical chemistry with other branches of 

chemistry and other fields of study 

An inaugural lecture, as it is well known, is a platform that allows newly appointed 

Professors to inform colleagues, the entire university community and the general 

public of their works to date including current and future plans. In other words, it is 

an opportunity for the Professor to tell his/her Research, Development and 

Innovation (RDI) story. Vice-Chancellor, Sir, having been formally pronounced a 

Professor of Analytical & Environmental Chemistry in 2018 (although backdated 

by a few years), I consider it a privilege to present the second inaugural lecture in 

this great University and the first inaugural lecture from the Department of 

Chemistry. It is also a great honour to be the first indigenous Professor and first 

female Professor of this University to present an inaugural lecture. 

My Vice-Chancellor, Sir, Colleagues and Distinguished Guests I have been given 

the opportunity today to tell my RDI story, which focuses on environmental 

sustainability through the subsets of: 

.
 

  Environmental Monitoring and Assessment 

Environmental 

. 
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. Value-added Waste Management 

  Technological Innovation for Environmental Remediation        and Restoration. 

Monitoring is to observe and check the progress or quality of something over a 

period of time. Assessment is the process of systematically gathering information 

as part of evaluation.  Hence, environmental monitoring and assessment can then 

be defined as  the process of observing and checking the quality of the 

environment (atmosphere, hydrosphere, lithosphere and biosphere including life 

resource activities) over a period of time and also systematically gathering 

information as part of its evaluation at any given time. Evidences (data) obtained 

from the monitoring and or assessment are compared with reference values in 

order to draw logical inferences and conclusions with respect to health and 

environmental risks. 

 

2.0 STUDIES ON ENVIRONMENTAL MONITORING AND ASSESSMENT 

Accordingly, Vice-Chancellor, Sir, Environmental Monitoring & Assessment 

studies were conducted by my Research Team under the  following four sub-sets  

(i) Water pollution issues, (ii) Food safety issues in relation to heavy metal 

contents (iii) Soil heavy metal pollution issues and (iv) Heavy metal body burden 

in some vulnerable human population. 

2.1 Water Pollution Issues 

2.1.1 Potable water quality in a typical rural settlement Rural settlements in 

Nigeria are characterized by lack of modern facilities and infrastructure. Of interest 

here is potable water quality. Assessment of groundwater quality in a typical rural 

settlement in South – West Nigeria using (Igbora) as a case study was, therefore, 

carried out. Levels of some physical, chemical, biochemical and microbial water 

quality parameters in twelve hand dug wells in the proximity of pollution sources 

(waste dumps & defecation sites) at 50 m interval from 50 to 200 m were 

evaluated.  Results showed that all parameters were detected up to 200 m from 

pollution source. Fecal coliform, total coliform, cadmium (Cd), biochemical 

oxygen demand (BOD), chemical oxygen demand (COD) were higher in wells 

near pollution sources relative to those located in the residential quarters. Lead 
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(Pb), Cd, fecal coliform, total coliform  and nitrate(NO3
-
) (in some cases for NO3

-
 

), exceeded WHO limits of 0.005 mg/L for Cd, 0.05 mg/L for Pb, 10 mg/L for No3
-
 

and 0 CFU/100 mL for coliform. Most of them increased in concentration during 

the wet season over the dry season, pointing to possible infiltration from storm 

water. 

Effect of distance from dumpsite was more pronounced for fecal and total coliform 

counts, which decreased with increasing distance from dumps (Figs. 2 and 3) with 

strong, positive and significant (p < 0.01) correlations. Study revealed that the 

quality of water from these hand-dug wells was not suitable for human 

consumption without adequate treatment. Regular monitoring of groundwater 

quality, abolishment of unhealthy waste disposal practices and introduction of 

modern techniques were recommended (Adekunle et al., 2007a). 

 

Fig.2a: Trends for fecal and total coliform counts in waste              dumpsite in 

dry season 
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Fig.2b: Trends for fecal and total coliform counts in waste             dumpsite in 

wet season 

 

Fig.3a: Trends for fecal and total coliform counts in defecation               site in 

dry season 
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Fig.3b: Trends for fecal and total coliform counts in defecation               site in 

wet season 

2.1.2 Impact of cassava food processing on aquatic lives Cassava (Manihot 

esculenta Crantz) is an important staple food widely consumed in various forms 

(chips, flour, grain and starch) in developing countries such as Indonesia, 

Malayasia, Thailand, Brazil, Ghana and Nigeria (FAO, 1985).It is also utilized in 

industrial production of food additives, adhesives, textiles and pharmaceuticals. 

Consequently, large volumes of untreated cassava effluents are discharged into 

streams, lagoons, drainage channels and agricultural lands. This practice has the 

potential to interfere with natural functioning of the ecosystem, impairing water 

quality and posing hazards to aquatic life and man. During cassava processing, 

large amounts of cyanoglycosides are released from the tubers to the effluents and 

the cyanoglycosides rapidly decay or transform to cyanide (CN) via enzymatic 

hydrolysis. Primary targets of CN
-
 are cardiovascular, respiratory and central 

nervous systems. Hence, acute exposure to high concentrations results in 

immediate collapse, respiratory effects, growth retardation and death.  

Potential impact of cassava food processing on aquatic life was, therefore, studied 

under controlled environment using two fish species namely cat fish (Clarias 

gariepinus) (I) and Nile tilapia (Oreocromis niloticis) (II). Acute and chronic 

bioassays studies were conducted on the fishes in a standard hematology 

laboratory.   
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Results showed that effluent cyanide (CN) 
- 

concentration of 190.62±1.49 mg/L 

exceeded the WHO limit of 0.03 to 0.05 mg/L for free CN  and 0.01 to 1.0  mg/L 

for metal - cyano complexes in waste waters. Fish body weights and hematological 

parameters (such as packed cell volume, red blood count, hemoglobin and white 

blood count) significantly decreased with increasing effluent CNconcentration at p 

≤ 0.05. Similar trend was observed for total protein, albumin and globulin. Acute 

exposure yielded 96 h LC50 value of 0.45% for I and 0.25% for II while chronic 

exposure caused reduced growth and poor blood quality (Adekunle et al., 2007b; 

Adeyeye and Adekunle, 2016). 

2.1.3  Impact of poultry farm operation 

Poultry farm operations (PFO) provide one of the most important sources of high 

grade protein rich food (egg and meat) worldwide. It serves as a revenue source 

and many Nigerians are engaged in poultry framing. Improper waste disposal from 

PFOs is a major environmental concern.  The wastes are channeled directly into 

surface water or enter water through runoffs.  My Team, therefore, monitored the 

quality of a stream, adjacent to a popular poultry farm in Abeokuta, Ogun State. 

Results showed that Pb concentrations (0.07 to 0.14 mg/L in wet season and 0.05 

to 0.66 mg/L in dry season) exceeded WHO limit of 0.01 mg/L. Similarly, Cd 

concentration (0.01 to 0.02 mg/L) in both wet and dry seasons exceeded stipulated 

limit of 0.005 mg/L.Total coliform count of 40, 000 CFU/100mL in wet season 

and 44, 000 CFU/100 mL in dry season, were obtained between 500 m to 700 m 

downstream from discharge point. Another major concern was the high water 

nitrate concentration of 1.50 to 50.12 mg/L in wet season and 7.50 to 97.50 mg/l in 

dry season against 1.0 mg/L that should be obtained in unpolluted river (Adewale 

et al., 2013). Nitrate concentration higher than 10 mg/L is considered harmful to 

man. Infants under the age of six months, fed with formula prepared with  water 

high in nitrate can  

develop a potentially fatal disease known as  methemoglobinemia, also known as 

blue baby syndrome (a condition in which more than 1% of the hemoglobin in red 

cells take the form of methemoglobin). Long term  exposure could result in 

diarrhea and respiratory diseases, hyperthyroidism for nitrate concentration 
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between 11 and 61 mg/L and insulindependent diabetes for nitrate higher than 25 

mg/L ((USEPA, 2002; Ward et al., 2005 and MDH, 2018).  

This study was conducted to create awareness to poultry farmers and the public on 

the dangers of discharging poultry wastes directly into the water body. Balancing 

farming practices to promote human health is very necessary. It was recommended 

that (i) Fadama farming by such water bodies should be discouraged and (ii) 

Poultry farms should not be sited close to water bodies such as wells, streams and 

rivers. 

2.1.4  Inorganic fertilizer usage and water quality  

The use of agrochemicals to improve crop performance is a global phenomenon 

and has gained attention in developing nations. The use of inorganic fertilizers 

(NPK) has given favorable results in terms of crop yields and fiber productivity. 

This, though laudable, is a potential source of water quality compromise. This 

study focused on the impact of agriculture on flood plain and surface water. Hence, 

investigation was conducted in 2 years (four seasons) to evaluate accumulated 

effect of a long-term fertilizer application in a crop production farm on an adjacent 

stream.  

Results showed that applied fertilizer significantly contributed to high nitrate (NO3
-
 

- N) and phosphorus (P) in the stream water. Highest concentrations of soil NO3
-
 - 

N were found in 0-15 cm, 15 – 30 cm and 50 – 45 cm soil depths with about 75% 

reduction in the recorded values in 60 -75 cm depth for NO3
-
 - N and 77% for P, 

the topsoil constituting about 45% of the two plant nutrients. There was 

significantly (p < 0.05) more concentrations of NO3
-
 - N and P in dry season than 

in wet season. There were also positive and significant (p < 0.05)  correlations 

between soil nitrate and soil P at the four different soil depths, indicating that 

nitrogen and P might have been applied jointly as compound fertilizer. It was 

recommended that (i) farmers should adopt appropriate fertilizer application rate 

with proper timing of application and (ii) environmental education and awareness 

on the adverse effect of excessive application of NPK fertilizer should be 

encouraged in agrarian rural communities  

(Olarenwaju et al., 2009). 
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2.1.5  Pond water quality and public health 

Nigeria ranked second after Sudan among four African countries when a water-

based disease (Guinea worm: Drancunculiasis), which affects people in 

remote/rural settlements where there is poor access to protected water resources 

was reported (WHO, 1995).  A study was conducted by my Research Team to 

investigate the relationship between cyclops population and selected physico-

chemical properties of pond water in 5 villages selected from Odeda Local 

Government Area (2 villages), Obafemi Oweda Local Government Area (2 

villages) and Abeokuta North Local Government Area (1 village), all in Ogun 

State. Epidemiological data on guinea worm were collected from Global 2000 

South-West Zonal Office. Results showed correlations between cyclops population 

and gross organic matter load indices (BOD and COD). Regression analysis 

showed that nitrate and BOD explained 67.7% and 50.4% of cylcops population 

respectively (Oguntoke et al., 2010). 

2.1.6 Heavy metals in sediments 

Sediments are soil, sand and mineral fragments washed from land into water 

usually after rain or breakdown of bedrock materials. Sediments can serve as 

bottom sink for accumulation of heavy metals, which are retained by sorption 

mechanisms.  These metals can affect water quality when present in high 

concentrations. Study was carried out on sediment samples collected from various 

locations along River Ogun and then analyzed for selected heavy metal 

concentrations using Inductively Coupled Plasma Optical Emission  

Spectrophotometer (ICP OES).  Results showed that in some cases, Cd (1.0 

mg/Kg) exceeded the Environment Canada Sediment Quality Guideline (ECSQG) 

limit of 0.60 mg/Kg. Lead (46 to 300 mg/Kg) exceeded the limit of 3 mg/Kg and 

Cu (46 mg/kg) exceeded ECSQG of 35.7 mg/Kg. Mercury (Hg) whose 

concentration ranged from 0.975 to 9.945 mg/Kg also exceeded the limit of 0.17 

mg/Kg. These high values were attributed to indiscriminate dumping of wastes in 

the study areas, thus, posing danger for benthic organisms and man via food chain 

(Diayi et al., 2013). 

2.1.7 Study on rapid water treatment for improved quality This was an attempt 

to provide a simple water treatment process for people living in rural settlements. 
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Hence, two types of methods were tried: (i)  removal of phosphates from waste 

water using precipitants such as calcium hydroxide [Ca(OH)2], ferric chloride 

(FeCl3) and aluminum sulphate [AlPO4] under artificial and natural conditions. 

Performance was evaluated via (a) phosphate removal, (b) sludge generation and 

(c) sedimentation period. The effects of pH, alkalinity and liquid-solid ratio 

(dosage) on phosphate removal were assessed. 

Percent phosphate removal varied significantly (p ≤ 0.05) for the three precipitants; 

removal being influenced by pH, alkalinity and liquid solid - ratio . Ferric chloride 

gave best removal efficiency in terms of sludge formation and sedimentation 

period. Nonetheless, it was observed that the performance of a given precipitant 

under artificial conditions differed from that found in natural environment; (ii) In 

another study, detoxification using activated carbon was investigated. Results 

showed that activated carbon removed more organics than metals. Removals were: 

Phenol (50%) > Fulvic acid  (30%) > Humic acid (18%) (Adekunle and Olajitan, 

2003; Adekunle et al., 2007c). 

2.2 Heavy Metals in the Environment 

Despite different types of definitions, a common definition for a heavy metal is one 

that is characterized by a density of greater or equal to 5 g/cm
3
. Some heavy metals 

such as iron (Fe), cobalt, (Co) copper (Cu), chromium (Cr) and zinc (Zn) are 

essential nutrients either to man or plant or both but can be toxic at elevated 

concentrations.  Others such as cadmium (Cd), lead (Pb) and mercury (Hg) are 

highly toxic. Above the regulated concentration, heavy metals negatively affect the 

central nervous system, hematopoietic systems thereby inhibiting key enzymes 

involved in heme synthesis, a process that can lead to anemia. They can cause 

renal dysfunction, leading to acute nephropathy or cardiovascular effects, leading 

to hypertension and cardiovascular diseases. Exposure to high levels of heavy 

metals can also result in other conditions such as adverse effects on the 

reproductive system in both men and women, oxidative stress and bone problems. 

Effects can be general or metal specific. Heavy metal toxicity is an uncommon 

diagnosis. Healthcare Providers are rarely alerted to the possibility of metal 

exposure, this can result in very significant morbidity and mortality (Flora et al., 

2012). 



21 
 

Cadmium and Pb have no known beneficial use in the biological systems. The use 

of leaded gasoline is reported as the greatest single source of human exposure to 

lead.  Utilization of leaded gasoline was practiced in Nigeria until 2001 when 

agitation for its phase-out gained momentum with a target of reduction  from  

0.6 g/L to 9.2 g/L in 2002  and a complete phase-out in 2004 (CAI, 2001). As a 

contribution to awareness campaign on heavy metals in our environment, studies 

on metal concentrations in some vulnerable human population, food, water and soil 

were conducted. 

2.2.1 Cadmium, Lead and Zinc levels in blood of smokers A study was carried 

out to assess the effect of smoking on blood lead (Bpb), blood zinc (BZn) and 

blood cadmium (BCd). Concentrations of the three metals were determined in 

blood samples collected from forty seven (47) male smokers, aged 19 to 56 years.  

Thirty (30) male smokers within the same age range served as control. Subjects 

were classified into 4 sub-groups according to number of years of smoking. Those 

likely to be exposed to these metals either by life style or occupation were 

excluded from this study.  Results showed that smokers had statistically significant 

(p < 0.05) higher BCd, BPb and BZn than non-smokers at p ≤ 0.01 (Babalola et al., 

2009).   

Another study was conducted on blood Pb levels in five hundred and twenty-eight 

(528) subjects (50% smokers and 50% nonsmokers) in the age range of 15 to 80 

years. Results showed that BPb of smokers (42±12µg/dL) was 24% higher than 

that (34±11µg/dL) found in the blood of non-smokers. This study also revealed 

that non-occupational exposure to Pb in Nigeria is related to plasma lipid profiles 

and blood pressure, which are risk factors to hypertension (Adekunle et al., 2009a). 

2.2.2 Lead concentration in smoked fish foods 

Lead (Pb) poisoning is one of the most common environmental hazards, especially 

in places where leaded gasoline is utilized as was the case in Nigeria prior to the 

phase-out campaign. Fine particles of Pb emitted into the environment can travel a 

long distance, causing pollution far from the pollution source. Hence, a study was 

carried out to investigate Pb levels in foods sold in Nigerian outdoor markets, a 

case study of smoked fish from Abeokuta metropolitan city, South-west Nigeria. 

Smoked fish collected immediately after smoking (without exposure in the outdoor 
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markets) served as control samples. Contributory effects of local food processing 

technique and potential relationship between fish mean lead level and traffic 

vehicular volume were also examined. 

Results showed mean Pb concentrations in samples collected in the mornings 

ranged from 7.9 to 12.1 mg/Kg, afternoons ranged from 8.0 to 11.7 mg/Kg and 

evenings 8.5 to 12.5 mg/Kg. These exceeded the limit for Pb in fish of 0.2 mg/Kg 

(EC, 2002). Mean Pb concentration found in fish samples before exposure 

(controls) was 0.95±0.01 mg/Kg.   Both processing technique and vehicular traffic 

density add to give very high  

Pbconcentration in the fish foods; connoting a potential threat to the health of an 

unsuspecting consumer (Adekunle et al., 2004a and b). 

2.2.3 Lead concentrations in commonly consumed           vegetables 

The safety of commonly consumed green leafy vegetables namely (i) bitter leaf 

(Vernomia amygdalina), (ii) fluted pumpkin (Telfairia occidentalis), (iii) water leaf 

(Talium triangulare), (iv) spinach (Amaranthus hydridus) and Jew's mallow or 

bush okra (Corchorus olitoris) for Pb contamination using a total of 585 samples 

procured from 15 outdoor markets and selected farms in Abeokuta, Ibadan and 

Lagos in South–West region of the country. Samples collected directly from farms 

in these areas served as controls. Effect of washing the vegetables with cold water 

on Pb concentrations was also evaluated.  Estimated Daily Intake (EDI) was 

calculated using Total Dietary Study (TDS) approach. 

Generally, Pb concentrations ranged from 13.42 to 14.15 mg/Kg but segregating 

the data according to locations, mean Pb concentrations found in the samples 

varied as 12.53 to 13.36 mg/Kg for Abeokuta; 12.90 to 13.98 mg/Kg for Ibadan 

and 13.98 to 15.46 for Lagos. Pb concentrations in washed samples from the 

markets varied from 7.61 to 10.18 mg/Kg. The concentrations found in samples 

collected directly from farms without washing varied from 9.23 to 13.23 and 

washed samples contained from 7.74 to 10.16 mg /Kg. Estimated Daily intake 

(EDI) of the metal by an adult of 70kg body weight ranged from 1.79 x 10 
-2

 to 

1.90 x 10
-2

 for Abeokuta, 1.84 x 10
-2

 to 1.96 x 10
-2

 mg/Kg for Ibadan and 1.98 x 

10
-2

 to 2.21 x 10 
-2

 for Lagos.  Values exceeded permissible limits of 0.3mg/kg for 

Pb in green leafs vegetables and 3.0x10
-3

 to 4.0x10
3
 mg/kg bw for EDI (EC, 2002).  
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Washing with water reduced the metal concentration (indicating possibility of 

atmospheric deposits) but did not bring it within the safety limit. Limitations in this 

study was inability to evaluate effect of distance from highways on metal 

concentrations because most vegetable traders were not necessarily restricted to a 

particular location in the outdoor markets. They move from one place to another. 

The study constitutes an evaluative probe into the degree of exposure of commonly 

consumed vegetable to Pb contaminations, contributing to data base of knowledge 

on toxic metal daily intake from Nigerian foods and environmental contamination 

(Adekunle et al., 2009b). 

2.2.4  Selected heavy metal concentrations in commonly            consumed 

snacks 

Food safety is an important aspect of the environment and a nation's economic and 

social stability.  Most foodstuffs sold in Nigeria outdoor markets are not 

adequately packaged, hence, are often susceptible to pollution.  As a case study, 

concentrations of selected heavy metals (Pb, As, Zn, Cu, Cd and Ni) in certain 

widely consumed ground nut – and egusi - based food snacks, namely (i) Kulikuli 

and (ii) Robo procured from motor parks in six outdoor markets in Abeokuta, 

Ogun State Nigeria namely Asero, Ita-Oshin, Lafenwa, Sapon, Itoku and Kuto 

were determined. Based on estimated daily intake, risk increased as Ni < Cd < Cu 

< Zn < As < Pb (Lanre-Iyanda and Adekunle, 2012). 

Dietary intake could account for some fractions of such metals found in urine and 

blood samples of many patients. Heavy metals, if present even in very low 

concentrations in foods, have the capability to cause human health problems. For 

instance, trivalent arsenic (As
3+

) interacts with sulfhydryl group of proteins and 

enzymes. Pentavalent arsenic (As
5+

) substitutes phosphate groups in oxidative 

phosphorylation.  Arsenic, because of chemical similarities to phosphorus (P), is 

able to replace P in many plant cells and animals. On absorption of the metal, it 

initially accumulates in the liver, kidney, lung, spleen, aorta and skin (USEPA, 

1984). It is recommended that regular monitoring of these food categories be 

conducted to avoid build up in the body whose detrimental impact becomes 

apparent only after several years of exposure. 

2.2.5 Cadmium, Copper and Lead in Soil  
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In Nigeria, most studies on heavy metal deposition and accumulation in the 

environment often focus on concentrations in food, water, hematological 

parameters, atmosphere, sediments  and soil; paying attention only to the 

determination of total concentrations or speciation. Nonetheless, there is paucity of 

reports on factors influencing their bioavailability or retention in soil. Sequel to 

this, studies were carried out on Pb, Cd and Cu levels in soils found in the 

neighborhood of auto - repair workshops and highway soils in Ibadan, Abeokuta 

and Lagos. The influence of soil organic matter, via its humic acid constituent, on 

retention of these metals in soil was also examined. Results showed that 

concentrations for these metals exceeded the limits. For highway soils, relative 

abundance was found in the decreasing order of Pb> Cu > Cd. Soil organic matter 

bound more to Pb than Cu or Cd with metal binding capacity decreasing in the 

order Pb
2+

>  Cu
2+

>  Cd
2+

. By implication, despite the fact that Pb was more in 

concentration, Cd was potentially the most mobile and easily bioavailable while Pb 

was the most retained in the soil matrix, hence, less bioavailable. 

Relating these soil metal concentrations to blood Pb levels using a linear 

simulation model, blood Pb levels were obtained in the range of 19.88 ± 88 to 

24.46 ± 1.27 µg/dL, suggesting that Pb in these soil matrices could be a 

contributing factor to the metal concentration in blood (Adekunle et al., 2003a, b, 

c; Adekunle et al 2007d).  

Auto - repair shops and highways in Nigeria are characterized by improper 

disposal of liquid and solid wastes. Tyres and scraps are usually incinerated at 

these sites; various automobile oils (waste engine oils, transmission oil and breake 

fluids), which contain these metals as additives, are thrown onto the soils by the 

vulcanizers, panel-beaters, servicemen, electricians, unskilled drivers who work at 

these sites. These processes contribute to the elevated metal concentrations at the 

sites. Such contaminated soils are easy sources of transmission these metals 

through runoffs and food chain to man, a potential threat to public health and the 

environment (Adekunle et al., 2003a,b; Adekunle et al., 2007d). 

2.2.6 Lead level in blood and urine of pregnant women Previous studies on 

human lead (Pb) exposure in Nigeria have severally reported elevated Pb 

concentrations either in the blood or urine samples (Adeniyi and Anetor, 1999: 

Ademuyiwa et al., 2005 and Adekunle 2009 a).  Study was, therefore, carried out 
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on vulnerable population in Nigeria. My Team assessed  lead (Pb) in blood (BPb) 

and Pb in urine (UPb) of some nonoccupationally exposed, nonsmoking 214 

pregnant Nigerian women and 113 non-pregnant women (control), aged 17 to 49 

years and resident in Lagos. All standard research ethics were followed.  

Results showed that mean Pb concentrations in BPb and UPb (µg/dL ) for pregnant  

women  (59.5 ± 2.1; 29.4 ± 1.1) were significantly (p < 0.01) higher than the 

values (27.7± 1.1; 9.2 ± 0.6) obtained in non-pregnant women. Blood Pb 

concentrations found in women in the first trimester, second trimester and third 

trimester were 57.2 ± 2.3, 61.6 ± 2.2 and 63.1± 1.8., indicating increasing blood Pb 

as pregnancy advanced. All values exceeded the limit of  10 µg/dL. This could  

result in low birth weight, preterm,  and small – for - gestational – age. This study 

was a contribution to blood and urine Pb status of Nigerian pregnant women, being 

relevant for healthcare management purposes and possible primary prevention 

activities  (Jelliffe-Pawoski at al., 2006;  Adekunle et al., 2009c).  

 

3.0 STUDIES ON VALUE ADDED WASTE MANAGEMENT 

Waste generation is an integral part of human activity. The manufacture, 

distribution and use of products inevitably results in the generation of waste 

materials, which cuts across the globe. However, there is greater emphasis on 

waste reduction, reuse and recovery. Improper waste handling and management 

pose threat to the environment. Waste management has reached advanced stage in 

developed nations where waste materials are sorted at source  unlike what obtains 

in developing ones such as Nigeria where waste materials are not sorted or 

segregated at source but are rather mingled and lumped together in a common 

collecting vessel. The commonly practiced waste management option in Nigeria 

basically involves collection of mingled waste materials and subsequent dumping 

in designated dump sites. Alternatively, the mingled waste materials are 

incinerated. In either case, there is little or no environmental control. The dump 

sites are usually excavated land or ordinary land surface without any form of 

encasement. Consequently, pollutants are released into the air, water and soil 

resulting in environmental pollution (Adekunle et al., 2003d; Adekunle and 

Adekunle, 2006; Adekunle et al., 2012)  
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In West Africa and Nigeria in particular, waste materials constitute largely of 

plastics, nylons, paper, glass, degradable, non-degradable, batteries, cans, e-wastes.  

Wastes generated in Nigeria consists some significant fraction of biodegradable 

materials. There is a school of thought that if waste materials generated in Nigeria 

were segregated at source with nondegradable materials sorted for future reuse  or 

recycling and  degradable organic fractions converted into products useful for land 

applications, the remaining quantity going into theses dumps would be greatly 

reduced (Adekunle et al.,2012) 

In reality, non-biodegradable and biodegradable materials often end up in landfills 

although the most common in Nigeria are burrowed pits instead of engineered 

sanitary landfills that are equipped with environmental controls. Integrated waste 

management, which aims to be social desirable, economically viable, and 

environmentally sound has not yet been successfully achieved in Nigeria and the 

technology of secure landfill is yet to be fully implemented in the country. Most of 

the landfills, as earlier stated, are just burrowed pits or glorified dumpsites. 

Leachates from such systems consisting of pollutants such as hydrocarbons, 

pesticides, nitrates, phosphates, chlorinated hydrocarbons and trace metals migrate 

without restriction to the subsoil, endangering ground water quality. 

As a step towards contributing to evolution of sanitary landfill in the country, a 

study was carried out to formulate trace metal compliant landfill liner for use in 

Nigeria using montmorillonite clay and sand. Results were quite encouraging 

(Adekunle et al., 2007e)   

A study was carried out on population perception on value added waste 

management; a survey that focused on people's appreciation on the use of products 

developed from waste-based feed stock. Results showed that Nigerians are willing 

to practice waste segregation at source in order to enjoy the benefits (Adekunle et 

al., 2012). 

3.1.1 Conversion of wood wastes to resource materials for             industrial 

applications 
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3.1 Wastes to Wealth Issues 

Wood waste such as sawdust is a terrible menace to the environment. Most 

fractions are disposed  into water bodies, a practice that contributes to increased 

organic matter pollution/load in aquatic ecosystem, reflected by high biochemical 

oxygen demand (BOD), chemical oxygen demand (C)OD) and reduced dissolved 

oxygen (DO). Depletion of oxygen in water will in turn lead to asphyxiation of fish 

and other aquatic lives; a process that   could result in poor hematological (blood) 

profile, body growth productivity, species diversity or even death.  

Sawdust, being derived from either coniferous (soft wood) or deciduous (hard 

wood) or combination of both, is basically made up of cellulose, lignin, 

hemicelluloses and holocelluloseis, a potential source of important  industrial raw 

materials, demonstrated by the production of nitrocellulose  polymer from sawdust 

(Adekunle, 2010a), useful for the production of the following: 

a) Gun powder, used as a propellant in firearms, artillery,   rockets, fireworks 

and as blasting powder in quarry,   mining and road building 

b) Pyroxyllin, used in making plastics and water-repellent   coatings such as 

lacquers 

c) Celluloid, a flammable plastic used as photographic   film, X-ray film 

and motion-picture films 

d) Collodion, a syrupy solution used for coating things,   essentially in 

surgery and in former photographic   process. 

  

3.1.2 Conversion of wastes to products useful for land           applications 

Traditional organic farming in which the use of household wastes and raw animal 

manure are used as organic fertilizers has been practiced for years in the country. 

There is a compelling need to apply modern technology to make the process profit 

oriented in order to make it private sector driven and allow platforms for job 

creation and poverty alleviation. 
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Potential locally sourced feedstock was characterized and then formulated as 

customized 100% organic fertilizer (Plate 2). Technologically improved organic 

fertilizer products developed from urban waste materials performed better by up 

95% in comparison to inorganic fertilizer. Biodegradable wastes can further be 

processed to form feedstocks for various product developments, useful for diverse 

land applications (Adekunle and Adekunle 2006; Adekunle et al., 2006a,b; 

Adekunle and Lanre-Iyanda, 2008; Adekunle, 2011; Adekunle et al., 2011).  

 

Plate 2:  Commercializable organic fertilizer products developed from source 

segregated wastes and   possible utilization for crop production 

3.1.3 Safety evaluations of some waste to resource products It is a wonderful 

idea and concept to transform waste materials to resource via the “Waste to 

Resource/Waste to Wealth initiative”. Despite its various benefits, there is still the 

need to thoroughly evaluate the feedstock and finished products for the presence of 

pollutants to ensure environmental safety and protection. In this regard, my 

Research Team carried out safety evaluations of some waste-based products such 

as building rubbles/construction wastes, organic fertilizer feedstock and innovative 

commercialzable organic fertilizer products. Studies .carried out both within and 

outside of Nigeria were:   

Release of inorganics from wastes: Studies on heavy metals and leachability 

from organic fertilizers made from waste materials.  

Nephrotoxicity evaluations: Studies to evaluate impacts on renal functions in the  

kidney of receptor organism 
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. Hepatoxicity assessments: Studies to evaluate potential impact on possible liver 

damage in  receptor organisms 

. Oxidative stress studies: Studies to assess any imbalance between free radical 

activity and anti-oxidant activity. Oxidation is a normal and necessary activity in 

the body. Free radicals help fight pathogens in the body  but when there are more 

free radicals in the body certain damages can occur including  damages to fatty 

tissues, DNA and proteins, resulting in diseases such as diabetes, high blood 

pressure, heart disease, atherosclerosis etc. . Plant metal uptake investigations 

(Adekunle et al 2005a,b;  

.  

Adekunle et al., 2006a,b) 

Potential global warming effect  (Adeyeye et al., 2016) 

Results showed that (i) source segregated waste materials are safer feedstock than 

those not segregated at source, (ii) the use of source segregated biodegradable 

waste materials in the production of organic fertilizers gave no adverse effects in 

terms of nephrotoxicity, hepatoxicity and oxidative stress to receptor aquatic 

organisms, (iii) using raw biodegradables without further processing could easily 

release heavy metals under the influence of temperature changes. Water extractible 

fraction of some metals could be up to 10% of the total content with Cd being the 

most mobile in comparison with Zn, Cu and Pb(Adekunle and Onianwa, 2001; 

Adekunle et al., 2004e; Lanre-Iyanda et al., 2004; Adekunle et al, 2005 a,b; 

Adekunle, 2008; Adekunle, 2010b,c; Adekunle et al., 2010a; Adekunle and 

Ajuwon, 2010).  

3.2 Hazards of Utilization of Un-remediated Dumpsite for         Crop 

Production 

Nigeria is one of the developing countries where no specific area is zoned for 

farming in the cities. Individuals, often those from low socio-economic status, farm 

on any readily available land space to augment family income. Arising from 

developmental pressure on limited land space in the urban areas, it has become a 

common practice to utilize lands previously used as dumpsites (the major waste 

disposal option in the country) for crop production. This type of land use has the 
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potential for toxic metal accumulation in food crops, posing health hazard and 

environmental disaster via food chain.  

3.2.1 Hazard to plant and public health 

Study focused on uptake, accumulation and toxicity of Cd to common Nigerian 

food/cash crops namely fluted pumkin (Telfairiaoccidentalis), cowpea 

(Vignaunguiculata) and corn (Zea mays L.,) grown in natural dumpsite soils 

procured from the cosmopolitan city of West Africa (Ibadan) in Oyo State. 

Toxicity to agronomical factors (vegetative growth: plant height, root length, 

biomass yields), biochemical factors (nutrient value: protein and carbohydrate 

values and photosynthetic pigments: total chlorophyll, chlorophyll a and 

chlorophyll b) was examined. Relationships between Cd in plant tissues, toxicity 

indices and soil factors were also evaluated. 

Results gave differential Cd uptake, distribution within tissues, tolerance and 

toxicities for the three crops. Cd phytotoxicity was shown by (i) growth 

retardation, (ii) reduction in plant nutrient values and (iii) reduction in plant 

photosynthetic pigments. Study revealed that the utilization of lands previously 

used as w a s t e d u m p s i t e s w i t h o u t p r i o r 

remediation/reclamation/restoration procedure is a potential avenue for increased 

toxic metal uptake by the Nigerian human population via food chain (Adekunle et 

al., 2009b,; Lanre – Iyanda  et al., 2012). 

 

4.0 TECHNOLOGICAL INNOVATIONS FOR ENVIRONMENTAL 

REMEDIATION AND RESTORATION 

4.1 Green Solution for Iron Contamination Issue in Bayelsa  Water Resources 

A major problem in raw (untreated) water resources of Bayelsa State in general is 

the presence of Iron (Fe) in the aquifer, which is contained in the raw water.  Iron 

in water leads to yellow, brown or red coloration (Plate 3a) due to change from 

Fe
2+

 to Fe
3+

 due to atmospheric oxidation. This causes brown stains on properties, 

such as clothing, sinks, tanks, tubs etc. Most often, the stain is very difficult to 
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remove. This phenomenon is a typical prevailing water resources problem in 

Bayelsa State.  

 

Plate 3a: Coloration of water due to iron contamination,                   a 

persisting problem in Bayelsa (IWS, 2018) 

This was one of the major problems I encountered on assuming duty in this 

University. My Research Team set to work to proffer green solution to this 

menace. Consequently, a product that has the potential to remove Fe
2+ 

from raw 

water was developed. In so doing, the problem (Fe) is removed from source and 

water coloration completely terminated. This is illustrated in Plate 3b. 

The resulting brownish precipitate (sediment) consists of both the metal and the 

product. The product is completely taken out from the water. The sediment can be 

converted to a useful soil amendment product, hence, there is almost zero waste 

generation in this procedure. Resultant filtrates comply with stipulated drinking 

water standard. The technology is also applicable for the removal of other heavy 

metals from waste water.  This is an ongoing research and my Team is presently 

working to optimize product consistency and standard operating procedures. 

Stakeholders and Collaborators are invited for partnership. 
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4.2  Remediation of petroleum hydrocarbon contaminated   Soil and Spent 

Oil-based mud  

Remediation 

Oil boom brought financial prosperity to the country. However, the associated 

environmental degradation has brought pains to the region housing the reserves 

(Adekule et al 2009d; UNEP, 2011).  Petroleum exploration, production and 

distribution activities invariably introduce crude and refined products into the 

environment, which form the bedrock of petroleum-based pollution. Regardless of 

the cause, petroleum related environmental problems are attributed to (i) crude oil 

spill, (ii) refined petroleum product spill, (iii) poor handling of petroleum 

wastes/oil field wastes such as sludge, spent oil-based drilling mud (Plate 4), 

effluents and many others. There are various forms of technologies for 

environmental matrices impacted with petroleum-based pollution including (i) 

physical remediation technology, (ii) chemical remediation technology, (iii) 

thermal remediation technology, and (iv) bioremediation  technology. Studies on 

this innovative and eco-safe remediation technology  
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Plate 4: Typical environmentally unsound disposal of oil field wastes such as 

spent oil-based mud (Source: UNEP, 2011) 

evolved from traditional bioremediation and transformed into nanotechnology-

based bioremediation, presently referred to as CNB-Tech (Adekunle et al., 2013; 

Adekunle et al., 2015; Adekunle et al., 2019). CNB-Tech converts petroleum 

impacted matrices, under ambient temperature conditions, to clean soil that can be 

used for a targeted purpose such as: 

(i) Crop production  

(ii) Construction materials such as bricks  

(iii) Sea bed mattress production 

The technology has been subjected to different development stages such as (a) 

material characterizations aimed at identification and chemical characterization of 

potential feedstock for product formulation, (b) spiked sample study, (iii) real 

sample study, (iv) product development and customization, (v) process re-

validation, and (vi) eco-toxicological studies. 

4.2.1 Spiked sample study 

The formulated remediation products and procedures were first tested on 

artificially induced polluted soil samples at laboratory – scale as shown in Plates 5 

to 7. Students from different disciplines (pure science, environmental science and 

engineering) were involved in this study. 
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Plate 6: Another cross-section of members of my research team at Federal 

University of Agriculture Abeokuta at the initial stage of product 

development 
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Fig.7: Members of my research team at Federal University of Agriculture 

Abeokuta test-running the products on artificially induced polluted matrices 

in a screen house  

4.2.2 Real sample study 

Artificially induced pollution does not translate to real life samples. It was 

important to test-run the technology on naturally polluted samples. The Sabbatical 

platform of the Shell Petroleum Development Company (SPDC) in Port Harcourt, 

Rivers State in the Niger Delta Region of the country created a very good 

opportunity to work on real life polluted samples. Industrial exposure to field-scale 

remediation of land areas impacted by petroleum - based pollution; working 

together with the Remediation Team of SPDC (Plates 7a and b) broadened my 

horizon as I was exposed to very complex impacted issues and sites. Studies were 

conducted on real sample stock piles collected from Ejama-Ebubu legacy site of 

SPDC. The real sample used in this pilot-scale trials were as listed below. SOBM 

was supplied by an SPDC contracted Vendor: 

.
. Carbonized soil 

 Normal petroleum impacted soil 

.  Sludge stockpile  

 Spent oil-based drilling mud (SOBM)  

Highlights of the pilot-scale studies at SPDC are presented in Plates 9 to 13. In this 

technology, microbes are not imported from outside but generated in-situ and 

activities are conducted under ambient temperature. Treated samples were sent to 

three standard laboratories for analysis. Two of the laboratories were based in 

Nigeria and the third was based in the United States of America (USA). 

Results from the three laboratories showed very high (98 to 100%) reduction of 

total petroleum hydrocarbons and polycyclic aromatic hydrocarbon compounds 

Fig.4 and evidence on the use of microbes were also obtained (Plates 12). 

Reduction in the concentrations of some metals are presented in Fig.6. 

. 
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Plate 8a: Industrial exposure to field-scale soil remediation at the 

Shell Petroleum Development Company (SPDC) between 2010 and 2011 

 

Plate 8b: More of the industrial exposure to field-scale soil remediation at the 

Shell Petroleum Development Company (SPDC) between 2010 and 2011 
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Plate.9a: Project site for pilot-scale trial of the technology (CNB-Tech) on the 

sabbatical platform of the Shell Petroleum Development Company (SPDC) 

between 2010 and 2011 
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Examples of some polycyclic aromatic hydrocarbons biodegraded via CNB-Tech 

are highlighted in Fig.5. They include the very toxic (i) benzo (k) fluoranthane, (ii) 

dibenzo (a, h) anthracene, (iii) benzo (a) pyrene, (iv) indeno (1, 2, 3 – cd) pyrene 

and (v) benzo (g, h, i) perylene.The application of CNBTech and associated 

products significantly (p < 0.001) reduced the concentrations of total petroleum 

hydrocarbons (TPH) and polycyclic aromatic hydrocarbons (PAHs)(Adekunle et 

al., 2013; Adekunle et al., 2015) 
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The remediated matrices were again tested for use in crop production for cassava, 

fluted pumpkin and maize (Plate 13).  The produce water/process line water was 

also tested for phtotoxicity using maize. Good vegetative growth and root 

development were recorded (Adekunle et al., 2013).  
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4.2.3 Process re-validation and Eco-toxicological studies 

(a) Remediation works 

In 2012, eco-toxicological studies were conducted involving (i) repeat of 

remediation of spent oil-based drilling mud collected from Gbaran onshore 

platform of SPDC as shown in Plate 14 a and b,  after due permission was obtained 

from relevant authorities . The procured SOBM samples were then conveyed to the 

temporary Demonstration Remediation Research Centre (Plate 15) at Federal 

University Otuoke where they were subjected to CNB-Tech products & 

procedures. A typical outlook of remediated matrix is presented in Plate 16 and 

involvement of students and staff in the works are shown in Plate 17. 
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(b)  Utilization of remediation end product  

The utilization of remediation end product, for now, are of two dimensions 

namely: 

Crop production: Treated matrices were used as plant growth media. Crops 

grown were fluted pumpkin, okra, brown beans, tomatoes, yam and onions. Fluted 

pumpkin was allowed to grow for up to 90 days (Plate 18) and then used for 

toxicity tests. Assessments to evaluate plant safety was carried out on the crop 

(fluted pumpkin). Agronomical parameters (height, leaf number, root length, root 

number and biomass yield), photosynthetic pigments (total chlorophyll, 

Chlorophyll a and chlorophyll b), metal uptake and distribution in plant parts were 

studied. Comparison between vegetables grown in treated matrices and those 

grown in an Otuoke community farm is shown in Plates 19 a and b. 

Production of construction materials: Treated matrices were used as components in 

the production of inter locking bricks, slabs and blocks as illustrated in Plate 20. 
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a = Otuoke community farm; b, c & d = Crop growing in remediated media 

 

Plate 19b: Some crops grown in matrices remediated using CNB-Tech 
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The interlocking bricks were produced by our Research Partners in Civil 

Engineering Department, College of Engineering, Federal University of 

Agriculture Abeokuta. 

c) Consumer safety assessment: This was conducted in collaboration with 

Biochemists. Vegetables (Fluted pumpkin) grown in the remediated matrices were 

administered to 80 experimental animals (40 males and 40 females) and arranged 8 

per cell for each gender, giving a total of 10 cells. Control cells were also provided 

as illustrated in Plate 21. 

 

Plate 21: Consumer safety assessment of a crop grown in remediated matrix 

using experimental animals  
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4.3 Development of In-country Technology for Remediation of Degraded Soil 

Crop Production: Okpoma-Brass Experience 

A certain farm land in Okpma, Brass Local Government Area of Bayelsa State has 

been earmarked for the establishment of pineapple orchard by Green River Project 

(GRP), Nigerian Agip Oil Company (NAOC). However, due to extreme land/soil 

degradation, stunted crop growth characterized the orchard. In collaboration with 

GRP, NAOC, my Team visited the impacted site in December 2017 and by 

December 2018, remediation products had been developed by my Research Group 

(Environmental Remediation Research Group, Federal  

University Otuoke). The study on remediation and restoration of the degraded land 

then began. 

The overall objective of this project is to develop eco-friendly technology, 

characterized by commercializable product(s), that is compliant with the local 

environment of the Niger Delta region of Nigeria and related sites, which can 

effectively remediate and restore the degraded farmland to a fertile arable land, 

suitable for the production of any crop of interest. Based on the choice of the 

International organization to establish pineapple (Ananas comosus) orchard in 

Okpoma, pineapple was the crop of interest in this study. Consequently, applying 

nanotechnology, commercializable products have been developed and are currently 

being tested at various stages of controlled environment (Screen House Model: 

SHM), Pilotscale model and field-scale models  

4.3.1 Screen House model 

The remediation product was applied at rates 0%, 33%, 50% and 67% (v/v) using a 

well-developed standard operating procedure (SOP) under controlled 

environmental conditions of screen house. Impacts on soil pH, electrical 

conductivity (EC) and other relevant parameters in addition to   crop growth 

performance were assessed.  A regression model was developed to assist on the 

choice of applied rate for a desired soil EC to avoid soil sodicity condition. 

Baseline investigation showed that the soil is strongly acidic  and that the 

innovative product  ameliorated soil acidity by raising soil pH and EC to 
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acceptable ranges and improved indicator crop (Pineapple: Ananas comosus) 

growth relative to control systems (Adekunle and Isaac, 2019) 

In terms of crop growth, product efficiency increased as: Rate 0% < Rate 67% < 

Rate 50% < Rate 33%. Study points to user friendly SOP, product efficacy, cost 

effectiveness and suitability in the difficult terrain of the Niger Delta region of 

Nigeria.  In addition, the product is designed to be packaged in various customized 

weight or volume capacities. 

Further studies on near field conditions (pilot trial and field – scale trials) are 

ongoing.Highlights of this phase in the project are presented in Plates 22 to 25. 

Results showed (i) improved soil structure, (ii) positive impact on soil pH, 

restoration to acceptable agricultural range, (iii) positive impact on soil electrical 

conductivity, indicating enhanced nutrient supply and fertility status, (iv) good root 

development, (v) improved blade production and (vi) enhanced plant height 

development (Adekunle and Isaac, 2019) 
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Plate 23: Outlooks of degradedOkpoma soil (left) and same soil after 

treatment (right) 
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Plate 25: Screen house model research for the degraded soil of Okpoma-Brass 

and results on vegetative (height & blade number) growth for untreated and 

treated soil 
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Fig.5: Trends in the growth of pineapple crop with time for various applied 

rates of treatment in comparison with that found in the untreated Okpoma 

(Brass) soil 

After a review meeting with GRP, NAOC on the research outcomes, it was 

mutually agreed that the pilot-scale phase should commence so that learnings from 

Screen House Phase could be translated to the pilot-scale phase (demonstration 

outdoor farm). 

4.3.2 Pilot- Scale Model 

The success of the Screen House Model enabled the commencement of pilot-scale 

research model. This is currently ongoing. Degraded soils samples from Okpoma, 

Brass through logistic supports from GRP, NAOC were conveyed to the University 

and used for this study in a demonstration farm of dimension 3.94 m x 3.77 m, as 

shown in Plates 24. Processes involved were: 

(I) Land clearing: the area chosen within the University was swampy with very 

high water table within the University (ii) Near field condition simulation: 

Covering of the whole  farm land area with the Okpoma, Brass soil in an effort to 

simulate near-field conditions 

(iii) Ridge construction:  ridge at predetermined ridge to  ridge & crop to crop 

interval, were constructed (iv) Planting of pineapple: Same species of pineapple 

crop  procured from same farm in the neighborhood of Otuoke  was procured and 

planted same day at defined inter-crop and inter ridge spacing  
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(v)  Treatment application: The innovative product was   

applied to half of the crops while half served as control  

  system, hence, did not receive any form of applied treatment.  

Note that no external form of fertilizer has been applied and the innovative product 

was applied at single dose from commencement till date (eight months long). 

Pineapple crops were planted in December 2018 and are still growing in the 

outdoor/demostration farm. All relevant soil and agronomical parameters are being 

recorded. Results so far on crop growth are given in Plate 26 a and b, Figs 6a and 

b. All the crops are growing but crops planted in treated soil are growing at mean 

rate of 6.44 cm per month for blade height and 5.0 per month for blade number. In 

the control system, 4.20 cm and 3.0 are recorded for blade height and blade 

number respectively (for each mean, sample population used for calculation is 40).  

 

Once again, it is emphasized that the crops are still growing and have presently 

entered the eight month with only single dose application of treatment. This 

innovative method to remediate the degraded soil and enhance pineapple crop 

growth without the application of any chemical fertilizer is very cost effective and 

the operating procedures are very user friendly even for the unskilled workforce. 

The crops will only be harvested after productivity. Root development will then be 

assess. Note that all relevant soil parameters are being evaluated. 
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Among the six basic principles of “Chemistry in Analytical Rhapsody for 

Environmental Sustainability”, earlier stated in this lecture is “Information 

Dissemination”. The most commonly platform patronized by the academic 

community is publication of research findings in peer reviewed journals, 

conference proceedings and books. Accordingly, my research findings have been 

published in these at both the national and international levels and have also been 

presented at different conferences held in Nigeria, other African countries, Europe 

and the United States of America. 
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5.0 DISSEMINATION OF R & D OUTCOMES 

The platform that has attracted the attention of prominent stakeholders, My Vice-

Chancellor, Sir, is the Research and Development Exhibition Fairs as presented 

below: 

(I) Research and Development exhibition fair organized  by the Federal 

Ministry of Science & Technology in  Eagle Square, Abuja in April, 2017: 

Research & Development (R & D) outcomes in Technical innovation (CNB-Tech) 

on Environmental Remediation for soil impacted by petroleum –based pollution 

and spent oilbased mud were exhibited.  This outcome attracted the attention of the 

Nigerian Content and Development Monitoring Board (NCDMB) and they invited 

us for further presentations in their office in Yenagoa in August, 2017. 

(ii) Research and Development exhibition/fair organized  by the Nigerian 

Content and Development Monitoring  Board at Eko Hotel & Suites, Lagos in 

September 2017:  

 Following our presentation at NCDMB, we were invited to this Fair designed 

especially for Stakeholders in Oil & Gas. The R & D outcome was once more 

exhibited and demonstrations made. We were spotted here by the Nigerian Agip 

Oil Company (NAOC) 

(iii) Research and Development exhibition/ fair organized   by the Nigerian 

Agip Oil Company  at Hotel  

  Presidential, Port Harcourt in October, 2017:   

 Following  our performance at the R & D Exhibition/Fair in Lagos, NAOC invited 

us to this very exhibition and again, CNB-Tech R & D outcome was presented. 

(iv) Research and Development exhibition/fair organized   by the Federal 

Ministry of Science & Technology in   Eagle Square, Abuja in April, 2018: 

Research &  

 Development (R & D) outcome in Technical innovation (CNB-Tech) on 

Environmental Remediation for soil impacted by petroleum–based pollution, spent  
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6.0 FUTURE RESEARCH AND DEVELOPMENT DIRECTION 

Oil-based mud were exhibited and remediation of severely degraded farmland in 

Okpoma, Brass, Bayelsa State.   

(v) Research and Development exhibition/fair organized  by the Nigerian Agip 

Oil Company at Sheraton Hotel  Abuja in April 2019: As a follow-up to the R 

& D Exhibition Fair in 2018, NAOC invited us to this second edition. Research 

&Development (R & D) outcome in Technical innovation (CNB-Tech) on 

Environmental  

 Remediation for soil and spent oil-based mud polluted impacted with petroleum–

based pollution, spent oil-based mud were exhibited and remediation of severely 

degraded farmland in Okpoma, Brass, was also presented  

A major outcome of this type of information dissemination platform on R & D 

outcome is an invitation by the Nigerian Agip Oil Company to our University 

(Federal University Otuoke) to submit a Research Proposal on Soil Remediation 

based on the innovative, eco-friendly and In-country environmental technology 

(CNB-Tech). My Vice-Chancellor, Sir, this has since been ritten and submitted. 

This has been acknowledged by NAOC. As a follow up, Sir, on June 25, 2019, Sir, 

NAOC and its Joint Ventures Partners (NAPIMs, NNPC and OANDO) paid the 

University a visit in this regard. 

My future R&D research direction, my Vice-Chancellor, Sir, is to drive the Triple 

Helix Research Model “involving University –Government – Industry Partnership 

(UGIP) in areas of my research interest namely: 

  Environmental Monitoring and Assessment. .  Value-added waste 

management.   Environmental remediation studies .Added to these three is 

my latest passion: 

   Chemistry-based Entrepreneurial Research (Plate 27) 

. .
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Using these four areas and others as opportunities present them self, My Vice-

Chancellor, Sir, I hope to impact more strongly and positively on the University 

community, immediate community of Otuoke, Bayelsa State, Nigeria and the 

world at large. God helping me and with the cooperation of the University 

Management,  relevant and willing  Stakeholders in Government and Private 

Sector; 

I desire to make a bold statement that this University (Federal University Otuoke) 

should set the pace in: 

1) Environmental sustainability goal  

2) Startup businesses as a livewire scheme for our   students as a 

survival strategy for post University life 3)  Job creation and poverty 

alleviation  for the Nigerian   youths   
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7.0 CONCLUSION AND RECOMMENDATIONS 

Based on evidences shown in this lecture, it is obvious that water pollution issues, 

which are of public health concern, are prevalent in rural settlement. Study 

revealed that the quality of water from most of these hand-dug wells was not 

suitable for human consumption without adequate treatment. Most of the food 

processing techniques and procedures such as cassava processing method 

negatively impact water quality, endangering aquatic lives and posing public health 

hazard. Similarly, some farming operations such as poultry operations and 

application of inorganic fertilizers are not generally conducted in such a manner 

that promotes environmental protection and sustainability. 

The quality of food stuffs sold in Nigerian outdoor markets is not monitored to 

ensure consumer safety. In reality, most of the commonly consumed food stuffs 

including fish food, staple foods, snacks, and vegetables are largely contaminated 

with inorganic pollutants. They are highly exposed to pollutants largely due to (i) 

food processing techniques and (ii) improper packaging. Most consumers are, 

therefore endangered and are at risk of health hazards.  

Certain professions in Nigeria such as Auto – repair should be more properly 

organized and supervised so that the environmental protection practices are 

implemented by the workers. The current status of auto-repair workshops is a 

source of elevated metal (and perhaps other pollutants) concentrations in soils and 

water through runoffs and in man through food chain.  Most Auto-repair 

workshops in Nigeria are indeed potential threats to public health and the 

environmental sustainability. 

Inadequate waste management is a major contributing factor to environmental 

(water pollution or soil pollution). In addition, it contributes to heavy metal uptake 

by food crops and subsequent content of these toxic metals in most food stuffs sold 

in Nigerian outdoor markets. Indiscriminate dumping in water increases the risk of 

water-based diseases such as guinea worm. Indiscriminate dumping on land 

increases the risk of toxic metals and related pollutants in crops. Indiscriminate 

incineration of wastes release pollutants into the atmosphere, reducing air quality. 

The use of abandoned waste dumpsite without remediation has the potential for 

toxic metal accumulation in food crops, posing health hazard and environmental 
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disaster via food chain. On the contrary, adequate waste management promotes 

excellent environmental quality and provides windows for waste to wealth 

initiatives, thereby, creating platforms for (i) job creation, (ii) poverty alleviation 

and (iii) social security. 

Poor environmental quality impacts more on some vulnerable population namely 

(i) people living with certain habits/lifestyles such as smoking and (ii) pregnant 

women. 

Petroleum – based pollution such as soil pollution via crude oil spill and some oil 

field waste such as spent oil-based mud, which is presently endemic in the Niger 

Delta region of Nigeria can be successfully tackled using in-country technologies, 

which are being developed in this University 

7.1    Establishment of Outdoor Market Food Quality   

            Monitoring and   Assessment Centre  

It is obvious from this lecture that there is little or no standard for quality of food 

items sold in many outdoor markets in Nigeria. Consumers are, therefore, at the 

mercy of both skilled and unskilled manufacturers. This poses danger to public 

health and the environment in general. To bridge this gap, I recommend the 

establishment of “Nigerian Outdoor-Market Food Quality Monitoring and 

Assessment Centre in this University”  

7.2 Establishment of Centre of Excellence for  

          Environmental Remediation  

The Federal University Otuoke is located in the Niger Delta, in Ogbia local 

Government Area of Bayelsa State (the core of oil producing States). Petroleum – 

based pollution is an environmental issue specific to this region. It has been 

demonstrated in this lecture that this University (FUO) has Human Resource and R 

& D strength to develop viable, practical, cost effective, in-country technology for 

remediation & restoration of environments impacted or degraded by petroleum 

pollution.  It is recommended, my Vice-Chancellor, Sir, that a Centre of 

Excellence for Environmental Remediation be established in the University for 

capacity building and environmental management and protection. 
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7.3 Establishment of Annual Research & Development            Exhibition and 

Fair 

In order to stimulate cutting-edge and solution –based Research & Development 

initiative among the Researchers in this ivory tower, Sir, it is recommended that an 

annual “Research & Development Exhibition and Fair” be established in the 

University where the “Gown” meets the “Town” and innovations, transformations  

and environmental sustainability are guaranteed.  
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