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ENVIRONMENTAL CHEMICAL POLLUTION:
HOW SAFE IS SAFE ENOUGH?

PROTOCOL

he Vice Chancellor, The Deputy Vice Chomcellor (Academics),

The Deputy Vice Choncellor (Admin), The Registror, and
other Principal Officers of the University; Deoms, Members of
Senate; My Professional omd Academic colleogues; My Precious
Students, past and present; Distinguished Guests, Ladies ond
Gentlemen.

1.0 INTRODUCTION

Looking ot the environment as a life supporting system for
humon existence ond survival, it provides much of the physical
milieu ond the row materials required for socio-economic
progress. Humomity has no choice but to interact with it.
Unfortunately, human interactions ore putting very high
pressure and negative impact on the quality of our
environmental conditions. Chemical pollution, in particular, is
currently one of the most critica issues facing momkind, cnimals,
plonts, bacteria, ond others, which in turn depend on the air, lond
and water environments. The cost of producing o risk-free
society is proactically impossible as solving one problem creates
another. What is now essential is to derive the knowledge on the
safety of these substances ond to onswer the question - how sofe
is sofe enough>

Inview of the above, [ have therefore, titled my Inougural Lecture
"Environmentod Chemical Pollution: How safe is safe enough>"

2.0 CHEMICALS AND MODERN SOCIETY
Chemicals are essential elements of modern society. Humonms in
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general, ore totally dependent on chemicals: agrochemicals,
medicine, pharmaceuticals, coloronts, the list is adlmost endless.
They are used as processing aids or os integral port in the
production of materials needed for daily living. They shope
economic activities, from ogriculture, construction omd textiles
to high tech industries such as aerospace, cutomotive, heaolth care
ond electronics, more thom omy other momufacturing sector. Due
to their role in the volue chain, they serve all sectors of the
economy ond contribute to our well-being.

Chemicals ore not just 'chemical products' (paint, glue,
detergents, solvents, phormaceuticals); they ore virtudly oll
moterials (metals, plastics, paper, glass). The millions of articles
used everydoay (electronics, toys, clothing, vehicles, ond
buildings) are either manufactured using chemicals, consist of
chemicals or treated with chemicals (e.g., coatings,
preservatives). As at 2018, the number of industrial chemicals in
commerce globally was estimated to be between 40,000 omd
60,000 with 6000 of these chemicals accounting for more thon
99 per cent of the total volume. The global chemical industry's
production capocity (excluding pharmaceuticals) almost
doubled from about 1.2 to 2.3 billion tones. If pharmaceuticals
were included, global sales totaled 5.68 trillion United Stotes
dollars (USD) in 2017, moking the chemical industry the second
lorgest momufacturing industry in the world (UNEPA, 2019).

Chemical production in Africais limited. South Africa’s chemical
industry is the lorgest in Africa. In Northern Africo, there are
strong presence of chemical industries in Algeria, Egypt, Libyo,
Morocco omd Tunisio. While in West Africa, Nigeriais the primory
producer and major user of chemicals. To meet their
developmental needs, Africom countries import chemicals for
industrial, domestic, and agricultural purposes. Trade
liberalization ond creation of free trade industrial zones focilitate
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chemical trade across borders ond continents. At the some time,
mony Africon countries lack the copacity ond knowledge to
assess ond monitor the risks associoted with the trade of
chemicals ond products containing chemicals. There ore also
concerns thot Africon countries import chemicals thot hove
expired or rejected by the industrialized countries. Troms-
boundary trade of hozardous chemicals, such as: mercury ond
heavy metals in e-waste, has heightened public health concern
due to the lack of knowledge on environmentally sustainable
alternatives ond proper quality control of chemical products
(Europeon Commission, 2017).

3.0 ENVIRONMENTAL CHEMICALPOLLUTION
Environmental chemical pollution is characterized by the
presence or increase of chemical contaminonts in the
environment thot are not noturolly present or ore found in
quontities greater thom their background levels (Estivad, 2019). It
is one of the most annoying of several mournful consequential
reasons, which include:

i.  Thesubstances involved have ahigh toxic potentiod ond in
most cases, these substances do not usually occur olone.

ii. Mony are characterized by their persistence ond potential
to bioaccumulote ond couse biomognification through
the trophic chain.

iii. Chemical pollutonts do not know frontiers, so they con
travel long distonces ond spread widely, thus becoming o
plometory problem.

iv.  The vast majority of the chemicals created and produced
for various purposes do not only fulfill the objectives for
which they were designed.

v.  One of the great disadvontages of chemical pollution is
thatitusually goes unnoticed.

3.1 Global Chemical Pollution
Environmental chemical Pollution become o populor global
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concern from the 1950s, ofter World War II. This was due to
radioactive fallout from nuclear warfare and testing.
International catastrophes hove demonstroted the universality
of environmental chemical pollution ond the scale ot which
efforts to address them needed to engoge. These catastrophes
include: The Great Smog of 1952 in London that killed ot least
4000 people, Polychlorinoted biphenyl (PCB) dumping in the
Hudson River resulted in abon by the EPA on the consumption of
its fish in 1974, Long-term dioxin contomination at Love Comal
starting in 1947 which became o national news story in 1978,
Legal proceedings in the 1990s that helped bring to light
Chromium-6 releases in Cdlifornia the chompions of whose
victims become fomous, DDT woas bonned in most of the
developed world after the publication of Rachel Corson's Silent
Spring, the Bhopal disaster in 1984. The borderless nature of
otmosphere ond oceoms inevitobly resulted in the implication of
pollution on o planetary level with the issue of global warming
(Birnbaum, 2008).

Various UN oagencies ond their subsidiaries have been
established to stem chemical pollution through the monogement
of chemicals and woastes. Most especially, UNEP, OPCW, UNFCCC,
WHO, FAO, UNIDO, 1AEA, World Bonk, etc.

Several Multilateral Environmentol Agreements (MEAs),
international conventions ond protocols olso address the
monagement of chemicals ond wastes to achieve sustainability in
"green" economies. Nigeria is signatory to most of these
conventions. Presently, the focus of advanced technological
societies has shifted from local ond regional scale activities to
global scale environmental problems.

3.2  Nigeria Chemical Pollution
Chemical pollution issues did not gain official prominence in
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Nigeriauntil the 1988 Koko toxic waste dumping sagawhich also
brought to the fore the exigent need to estoblish the Nigeria
Federal Environmental Protection Agency (FEPA), Federal
Ministry of Environment ond other relevont agencies, ostensibly
to tackle environmentally related issues, in the country.

According to a World Bonk Report, over 80 percent of industries
in Nigeria discharge solid, liquid, ond gaseous effluents directly
into the environment without omy prior treatment especially in
the stotes that contain about 80 percent of the nation's
industries: Lagos, Rivers, Kano, ond Kaduna (World Bomk, 1995).
The report indicated thot only o few percent undertoke even
rudimentary recycling prior to disposal of wastes. This situation
points to o growing industrial pollution problem which offects
Nigerid's ecosystems ond threatens the health of its population.
Toxic emissions from industries that burn fuels have devastating
effects on life when inhaled. Acid rains ore anightmare to those
who live in the vicinity of industries that generate toxic emission.
It has been reported that more than 11 million hectares of forest
are destroyed by acid rain. Today they situotion is worse - off.

The effect of illegad ortisomal mining, pipeline explosion ond
vandalism, ond the resultant impoact on the dwelling
communities oround such sites are mournful problems. Nigeriom
formers hove greatly increased the use of chemical-based
insecticides, herbicides, ond fungicides. Persistent Orgomic
Pollutants are still being used or stocked in make-shift stores
where the dangers omd risks due to exposure are enormous. Oil
producing areas in Nigeriohave been identified as donger zones
of pollution arising from toxic wostes.

The problem of chemical pollution become exacerbated as mony
factories in Nigeriaare located on river bomks ond uses the rivers
as open sewers for their effluents. In some coses, wastewater was
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directly opplied to land through the use of holding ond
evaporation ponds. The estoblishment of industrial estates
beside residential areas in most state copitals ond lorge urbon
centres ore environmentally unacceptoble ond pose serious
threats to public health. Major industries responsible for
environmental pollution in Nigeria include petroleum, mining
(for gold, tin and coal) wood ond pulp, phormaceuticals, textiles,
plastics, iron ond steel, brewing, distillery fermentation, paint
ond food. Of all these, the petroleum industry presents the
greotest threot to chemical pollution. Occasionally, accidental oil
spillages occur which endanger local sources of woter supply,
lond ond freshwater living resources, especially in the rural areas
(Anukam, 1997).

Other reasons for the magnification of chemical pollution
problemsin Nigeriainclude:
i.  Unsofe use of chemicals.
ii. Lack of appropriate regulatory measures or the
impossibility of enforcing them.
iii. Chemical dumping ond waste sites adjacent to populated
areos.
iv.  Lack of owareness about risks ond cultural aspects.
v. Loack of interest because of other urgent ond immediate
health priorities.
vi. Despairatthe mognitude ofthe problem.

Driven by safety concerns ond achieving sofety goad, Nigeriahas
established regulatory frameworks for chemicals. Despite
differences in purposes ond scope, a common component of this
regulatory framework is an inventory of chemicals
monufactured in, imported into, ond/or used in the notion. This
opproach is effective only to a certain extent, as momy chemicals
monufactured or used in the country may enter through trade
(e.g., in the form of imported goods ond orticles) and/or
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environmental tromsport viaair, woter ond lond.

Therefore, in order to effectively momage chemical risks within o
country, there is a need to address not only chemicals
monufactured in, imported into, ond/or used in the country, but
also those monufactured, used, disposed, ond released from
other countries. A noteworthy finding is that the identities of
mony chemicals remain publicly unknown becouse they are
claimed os confidential or ambiguously described (Womg et al,

4.0 CATEGORIZING CHEMICAL POLLUTION

4.1 Natural and Anthropogenic

Cotegorizing chemical pollution of the Nigeriom environment is
not much different from other places only the degree ond
specifics differ. In general, multitudes of chemical pollution
originote both from notural processes ond anthropogenic
sources, including synthesis-by-design of new molecular entities
ond inadvertent formation of by-products from these syntheses
or from the molecule's destruction. Sometimes, the chemicals
produced by humoms ore the some as those produced in nature.

4.2  OrderofPriority

Chemical pollution com be categorized into one of the following:
i.  High priority for regulotory risk monagement.
ii. High priority for data generation ond assessment.
iii. Low priority for further regulatory action.

4.3 Chemical Structure ofthe Pollutant

Based on chemical structure of the pollutont, pollution could be
categorized into the following sources:

i. Inorganicpollutants

Inorgomic pollutants ore released into the environment due to
activities of mining, industry, tronsportation and urban activities.
Environmental risks associated with inorgomic pollutonts vory
widely due to several complex interactions at both intracellular
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ond extracellular levels. Toxic heavy metals ond metalloids
interact quite strongly with soil constituents when compared to
salts of alkali metals, rate of which however, depend on the
element ond their speciation.

ii. Organicpollutants

Man is daily exposed to most of the orgomic compounds used in
industries ond medical fields. They are used for drugs ond
cleaning applications ond as solvents in awide ronge of products
such as fuels, paints, inks, preservotives ond pesticides, therefore
causing more pollution. As such, they com have serious impacts
on humon health, ond mony con be absorbed through contact
with skin ond absorbed into the bloodstream.

iii. Nuclear (Radiation) pollutants

This is the increase in the natural radiotion levels coused by
humon activities. The humon activities that com release radiotion
involve activities with radioactive moterials, such as: mining,
hondling and processing of radioactive materials, handling omd
storage of radioactive waste, as well os, the use of radioactive
reactions to generote energy (nuclear power plonts), cdong with
the use of radiotion in medicine (e.g. X-rays) ond reseorch. But
what about microwaves, cell phones, radio tronsmitters, wireless
devices, computers, ond other common commodities of today's
life> Based on the frequency with which it occurs, radioactive
pollution can be continuous, occasional or accidental.

4.4 Modernand Traditional Pollution

The pollution from chemicals comn be categorized as modern ond
traditional. Modern pollution results from industrialization ond
urbomizotion and includes ambient air pollution, soil and woter
pollution, ond pollution in the workplace. These forms of
pollution are increasing. Traditional pollution refers to indoor air
pollution, largely caused by poor ventilation ond smoke from
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cooking stoves and heating fires, ond water pollution from unsafe
sanitotion. Traditional pollution, which closely correlates with
poverty, improves as economies grow and living stondard rises.

5.0 THE BURDEN OF DISEASE FROM CHEMICAL
POLLUTION

The adverse effects of hazordous chemicals include deaths from
acute poisonings involving heavy metals or pesticides,
intellectual disability from exposure to lead, concer caused by
exposure to asbestos or dioxins, and endocrine disruption from
various chemicals (Figure 1). Chemical pollution has been
identified as asignificomt ond “olmost certainly underestimoted”
contributor to the global burden of disease (UNEPA, 2019).

The World Health Orgomizotion estimated that disease burden
preventable through sound monogement ond reduction of
chemicals in the environment ot oround 1.6 million lives ond
oround 45 million disability-adjusted life yeors in 2016 (Figure
2). These are likely to be underestimated, given that they are
based only on exposures to chemicals for which relioble global
dota exist (including lead cousing intellectual disability,
occupational corcinogens such os asbestos ond benzene, ond
pesticidesinvolved in self-inflicted injuries).

The 2016 Global Burden of Disease study published in the Lancet
estimoated thatin 2015 adlmost 500,000 deaths were attributoble
solely to lead exposure. In addition, chemical oaccidents in
facilities continue to result in high humon fotalities, adverse
environmental impacts ond high economic costs (WHO, 2018).
The report further stated that workers are typically subject to
disproportionally high exposures to hozardous chemicals,
particularly in small ond medium-sized enterprises (SMEs) in
developing countries ond economies in tromsition ond in the
informal economy, where they may not be sufficiently informed
ond protected.
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LOCAL EFFECTS
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GASTROINTESTINAL
TRACT

Figure 1: Effects of Exposure to Chemical Pollutonts

Source: Tricker and Tricker, 1999

Workers ore exposed to hazordous chemicals throughout the
supply chain, from extraction, to monufacturing, to recycling ond
disposal. In 2015, ddmost 1 million workers died from exposure
to hozardous substonces, including dusts, vapours ond fumes
(WHO, 2018).

Foetuses, infonts, children, pregnont women, the elderly ond the
poor are among the most vulneroble to the adverse effects of
chemicals ond waste. For exomple, the foetal brain is especially
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vulnerable to methylmercury. The poor may be
disproportionally exposed because they frequently live near
sources of hozordous chemical releases, such os hozordous waste
dumpsites and monufacturing facilities. Vulnerability ond
exposures of women ond men to chemicals moy also differ. In
generol, women are often more likely to be exposed to hozordous
chemicals in certain cosmetics, while men have significontly
higher occupational exposures in certain sectors. Trogic as itis, it
is not surprising to see Nigeriaomong the top ten in Total Annual
Premature Pollution-related Deaths in the world, ronking 18 in
the number of deaths per 100,000 people as shown in Table 1
(Global Allionce on Health and Pollution, 2019). Zomfora lead
poisoning is the worst ond most recent heavy metals incidence in
Nigerion records that claimed the lives of over 500 children
within seven monthsin 2010 (Gadadimaond Gorba, 2012).

Figure 2: Deaths Attributed to Selected Chemicals
Source: WHO, 2018
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Table 1: Premature Pollution-related Deaths per Year

Pollution  Death Total Air Water Occupation

Death Rate Pollution  Pollution Pollution  Pollution

No. Country Rate Ranking Deaths Deaths Deaths Deaths
1 India 174 10 2,326,771 1,240,529 698,597 153,528
2 China 135 22 1,865,566 1,242,987 9,585 255,580
3 Nigeria 146 18 279,318 114,115 159,777 2,088
4 Indonesia 88 75 232,974 123,753 60,040 16,331
5  Pokistom 114 38 223,836 128,005 60,213 8,787
6 Bongladesh 126 25 207,922 122,734 33,583 13,558
7  USA 61 132 196,930 107,507 1,628 59,536
8  Russiom Fed. 82 86 118,687 99,392 685 9,634
9  Ethiopia 106 46 110,787 40,614 63,454 1,931
10 Brozil 52 146 109,438 66,245 7,152 14,462

Source: Global Alliance on Health and Pollution (2019)

6.0 THE CHALLENGES OF MANAGING CHEMICAL
POLLUTION IN NIGERIA

The ultimate objective of manoging environmental chemical
pollution is to achieve a chemical-safe future and a non-toxic
environment. This con be achieved by strengthening key
elements of on enabling framework to accelerate the needed
tromsformation. It is in the context of the implementation of the
2030 Sustainable Development Agenda, that international
discussions on sustainable chemistry are placed (Figure 3).

The following key gops have been identified to explain why
pollutionisstill om issue:
i.  Inadequate awoareness, dataond information on pollution
ii.  Poorinstitutiona ond technical capacity.
iii. Absence of infrastructure to monoge ond control
pollution.
iv. Limited scope and scale of finonce oand industry
leadership on pollution matters.
v.  Mispricing ond invisibility of ecosystem values ond
obsence of internalization of pollution costs.
vi. Limited understanding of pollution's social dimension.
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Figure 3: Vision for the Sustainability of Cleon Environment
Source: Halpaap and Dittkrist, 2018

vii. Lackoffunding ond technologies.

viii. Behaviour of citizens, the profit motivation of industry
ond the short termism of governments result in choices
thot have pollution consequence.

7.0 SUSTAINABLE SOLUTIONS FOR THE CHEMICAL
POLLUTION MANAGEMENT
Sustainable Solutions for the Chemical Pollution monogement
meaons satisfying our present needs without compromising the
right of future generotions to meet theirs (Elleuch etal., 2018). In
order to prevent complex threats to humon health, hobitats ond
mojor costs to national economies, sound control of chemicals
during their lifecycle is crucial. Additionally, to optimize the
potentiad benefits of their contribution to humon well-being,
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sound monoagement of chemicals ond waste is important; either
as om input to or consequence of act. A fundoamental challenge to
be addressed is the prioritization of chemicals ond waoste
monogement, which is often less prominent thom headline issues,
such as poverty eradication and climote chonge, but key to
achieving progress towords the development of any nation. The
potentiadl way to achieve a sustainoble chemical pollution
monogement is to reduce the production of waste ond the use of
hozordous chemicals, to avoid pollution. This con be achieved
through:
i.  Understonding how waste is generated ond how it con be
reduced or even avoided.
ii.  Preventing chemical pollution from being produced in the
first place is the best way to monage chemical pollution.

Chemical pollution control monagement com be subdivided into
physical, chemical, ond biological treatment systems. Most
treatment systems use combinations of any of these three
technologies.

8.0 ADSORPTION TECHNOLOGY

Several methods have been developed to remove heavy metals
ions from aqueous solution before dischorge into the water
bodies. These methods include, reduction, precipitation, ion
exchomge reverse osmosis dialysis ond adsorption by cooted
carbon. Most of these methods are expensive ond therefore ore
not affordable for a developing country like Nigerio. They also
have limited opplications as they cannot remove metals ot low
concentrations (Ahalya et al, 2005). With increasing
environmental owareness ond legal constraints imposed on the
discharge of effluents, the needs for cost - effective alternative
technologies ore essential for the removal of heavy metal ions
from industrial wastewater. Different types of adsorbent such as
activated corbon from ogricultural woste, grophene-based,
chitosan, clay, polymer biopolymers, metal oxides,
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nonocomposites, ond multiwalled corbon nomotubes have been
used for the removal of toxic substonces from wastewater.
Among the oforementioned adsorbents, agricultural wostes are
characterized by ready availobility, offordability, eco-friendliness
and high uptoke copacity for heavy metals due to the presence of
functional groups which con bind metals to effect the removal of
heavy metal from effluents. Complexation, coordination,
chelation, ion exchonge, precipitation, electrostatic interaction
ond/or o combination of these processes occur when adsorbing
heavy metals using various adsorbents, as shown in Figure 4

Figure 4: Adsorption mechonisms based on research
Source: Praveen and Vijayaraghavan, 2014
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9.0 MYRESEARCHCONTRIBUTIONS TO KNOWLEDGE

The Vice-Chancellor Sir, distinguished ladies ond gentlemen, let
me highlight some of my research contributions to the field of
chemical pollution ond remedioation:

9.1 Environmental Impact Assessment

Studies on anumber of Industrial pollution hotspots as well as
non-hotspot locations in Nigeria revealed alorming results. For
example, Environmental Impact Assessment of Tannery
Operations on ChadlowaRiver in Kemo showed that except pH, Mn
ond Cd contents, high levels of trace metals, physical omd
chemical parameters (Table 2) of were observed to exceed
opparent sofe stomdord limit for effluents dischorge into surfoace
water for ol categories of industries in Nigeria (Yisaet al, 2004).
This may impact negatively on the headth of the aquatic biotaomd
of the rural community that uses the river water directly for
domesticuse withouttreatment (Yisaetal, 2009).

9.2  Water Quality Index

The qualities of anumber of surface ond ground water resources
including sediments which represent long time conditions omd
better indicator of quality of surface ond groundwoter bodies in
various parts of Nigeria were studied (Yisa, 2010; Yisa et al,
2011°*",2012*"*). Of particular interest ond importance is in the
study of surface water pollution of River Londzu in Bida, Niger
State. Effluents from cottoge industries, municipal sewoge,
ogricultural ond urbon run-off are dischorged into it bringing
obout considerable change in the water quality. The study was
aimed ot using the opplication of Water Quality Index (WQI) in
evaluoting the quality of River Londzu for public usoge. This was
done by subjecting the 120 water samples collected to
comprehensive physicochemical onalyses using APHA stomdord
methods of analysis. The overall WQI for the somples was 171.85.
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Table 2: Summary Statistics for all Tanneries Sampling Sites

Median Maximum Minimum Mean Dejit:gldt'ion
pH 8.11 12.92 4.21 8.39 2.17
T(°C) 27.00 40.00 24.00 27.20 3.01
TS (mg/cm?3) 8019.50 23030.00 2766.50  8758.57 3663.16
TDS (mg/cm3/) 5258.50 11710.00 1280.00 5139.02 2524.14
TSS (mg/cm3) 2463.50 11573.00 104.60 3083.03 2140.10
Conductivity (uS/cm) 10454.00 22410.00 1970.00 10587.15 4156.06
Chloride (mg/cm?3) 1701.34 9489.00 0.00 2209.82 1961.99
Sulphide (mg/cm3) 200.00 1140.00 14.00 274.79 235.88
TKN (mg/cm?3) 40.94 1526.53 2.10 133.48 223.28
Alkalinity (mg/cm3) 30.00 1140.00 0.00 170.55 282.83
BOD (mg/cm3) 3506.50 9500.00 74295 3808.66 1971.44
COD (mg/cm?3) 5195.51 10177.65 965.55 5172.72 2324.27
Noa (mg/cm3) 230.05 508.40 107.10 247.81 82.29
K (mg/cm3) 46.04 310.10 4.07 65.14 64.95
Ca (mg/cm?3) 93.86 977.00 4.89 162.66 192.53
Mg (mg/cm?3) 8.21 36.92 1.96 11.82 9.18
Mn (mg/cm?3) 0.07 0.33 0.00 0.08 0.07
Fe (mg/cm3) 5.19 33.90 0.00 6.40 6.63
Cu (mg/cm?3) 0.33 2.07 0.00 0.54 0.55
Pb (mg/cm3) 0.14 10.06 0.00 0.88 1.84
Zn (mg/cm3) 0.29 6.30 0.00 0.70 1.04
Cd (mg/cm?3) 0.01 2.04 0.00 0.04 0.26
Ni (mg/cm3/) 0.36 4.96 0.00 0.47 0.66
Cr (mg/cm3) 36.14 489.90 0.00 80.73 103.97

T = Temperoture, TS = Total Solids, TDS = Total Dissolved Solids TKN =
Total Kjedahl Nitrogen, BOD = Biochemical Oxygen Demond, COD =
Chemical Oxygen demond .

Source: Yisaetal, 2009

The high value of WQI (Table 3) had been found mainly from the
higher volues of iron, chromium ond momgomese, COD ond
turbidity. The results of the omalysis when compored with World
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Health Orgomizotion (WHO) and Nigeriom Industriod Stomdard
(NIS) permissible limit indicoted thot the river woas heavily
polluted and the water is not safe for domestic use ond would

need further treatment.

Table 3: Computed WQI Values for River Landzu, Bida

Standard
Permissible
Parameter value (Si) Wi Qi qiWi
pH 6.50 - 8.50 0.13 86.66 11.50
Turbidity (NTU) 1.00 1.00 3350.00 3350.00
Total acidity 100.00 0.01 18200.00 182.00
Total hardness 200.00 0.01 4690.00 23.45
TDS 500.00 0.00 52000.00 104.00
Total solids 500.00 0.00  158000.00 316.00
Nitrate 10.00 0.10 1430.00 143.00
Nitrite 1.00 1.00 5.00 5.00
Phosphate 5.50 0.18 271.00 49.27
Chloride 250.00 0.00 3170.00 12.68
Sulphate 500.00 0.00 997.00 1.99
DO 5.00 0.20 420.00 84.00
COD 10.00 0.10 8090.00 809.00
Manganese 0.05 20.00 74.00 1480.00
Chromium 0.05 20.00 32.00 640.00
Iron 1.00 1.00 305.00 305.00

Si = Recommended Standard, Wi = Relative Weight, qi = Quality
rating scale, Qi = Quality rating, DO = Dissolved Oxygen, COD =
Chemical Oxygen Demond.

Source: Yisa and Jimoh, 2010
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The percentage of water samples that fall under different quality are
indicated in Table 4. The high value of WQI has been found mainly
from higher value of turbidity, COD, manganese, chromium and iron
in the water sample. The study demonstrated application of water
quality index in estimating/understonding the quality of river
water ond appeared to be promising in the field of water quality
monogement (Yisa&Jimoh, 2010).

Table 4: Water Quality Classification Based on WQI Value

WQI value Water quality Water samples (%)
<50 Excellent 20

50-100 Good water 36
100-200 Poor water 30
200-300 Very poor water 0

>300 Woater unsuitable for drinking 14

9.3 Metal Pollution Index and Factor Analysis

In river systems, surface woter hos been widely used as
environmental indicators ond their chemical analysis con
provide significant information on the assessment of
onthropogenic activities. The study evaluoted the pollution
stotus of Imo River with reference to heavy metal enrichment.
The meomn concentration of the ten metals used in this study was
slightly higher than the recommended moximum permissible
limit by the Nigeriom Stondard for Drinking Water Quality except
zinc. The results of metal pollution index (Toble 5) revealed that
theriveris slightly too moderotely polluted with metals.

The application of factor onalysis on the doto-set identified three
factors which imply that these metals enter the river through
three possible sources. As seen, in Toble 6, factor one comprises
of pH, nickel, lead, iron ond cadmium ond accounts for 34.46% of
the total variomce. Factor two has amoderate loading of 25.89%
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Table 5: Calculated Heavy Metal Pollution Index for the
Groundwater of Imo River

Parameters (mg/dm?3) HMPI Value Rating

Arsenic 2.10 Moderately polluted
Cadmium 3.33 Moderately polluted
Chromium 1.40 Moderately polluted
Copper 1.02 Moderately polluted
[ron 3.40 Moderately polluted
Lead 3.00 Moderoately polluted
Mangonese 2.50 Moderately polluted
Mercury 2.00 Moderoately polluted
Nickel 3.50 Moderately polluted
Zinc 0.55 Lightly polluted

< 0.01 = Very lightly polluted; 0.01-0.99 = Lightly polluted; 1.0-4.99 =
Moderately polluted; 5.0-10.0 = Highly polluted; > 10.0 = Very highly
polluted

Table 6: Factor loading of the dataset after varimax rotation

Parameters Factor-1 Factor-2 Factor-3
Arsenic 0.002 0.517 0.216
Coadmium 0.502 0.301 0.116
Mercury 0.235 0.505 0.149
Chromium 0.360 0.517 0.334
Copper 0.134 -0.005 0.549
Iron 0.850 0.391 0.288
Lead 0.520 0.353 0.091
Mangomese 0.002 0.659 0.114
Nickel 0.531 0.142 0.336
Zinc 0.257 0.056 0.520
pH 0.705 0.380 0.345
Eigenvalues 2.446 1.832 1.1060
% of Varionce 34.459 25.890 16.638
Cumulative % 34.459 60.349 76.987

Source: Amadi et al, 2016
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of the total variomce with arsenic, mercury, chromium ond
mongonese os contributors. Factor three had the least loading
from copper ond zinc which constitutes a total voarionce of
16.64%. The enrichment of these heavy metals in the river may
be attributed to the dumping of waste into the river as well as the
dischorge of untreated industrial effluent into the river. The
prohibition of dumping of woste into the river is strongly
advocated. The present study demonstrated application of metal
pollution index omd factor analysis in understomding the quality
of river water ond appeoared to be promising in the field of water
quality monogement. (Amoadietal., 2016).

9.4 EnrichmentFactorand Chemical Fractionation
Copper and Mongonese contents ond their chemical forms in the
surface soils of the Abuja Streets were investigated to
quontitatively assess their contamination, mobility, and
potentiad bioavailability. Thirty surface soil samples were
collected ond analyzed for total contents ond chemical forms of
Cu ond Mn. The results (Table 7) revealed thot the totad contents
of Cu and Mn in the soils ronged from 4.93 to 9.67 mg/Kg ond
23.67 to 85.33 mg/Kg respectively. The Enrichment Factors (EF)
of Cuond Mn in some soils were lower thon 1.0 with the exception
of AyingbaStreet, Aminu Komo, Logos Street, Londoke Boleuvard,
ond Tofowa Balewa Streets where EFs were more thon 1 for Mn,
indicating that Mn has enthropogenic origin. Less thom 2% ond
more thom 60% of total Cu ond Mn contents in the soil ot most
sampling sites were associated with the exchomgeable fraction
and residudl fraction, respectively, showing their low mobility
and bioavailability. The mojor sink for omthropogenic Cu was
orgomic motter ond carbonates, while for Mn was carbonates ond
reduceable phase (Yisaetal.,2011°).
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Table 7: Enrichment Factor of Cu and Mn in Soils of Abuja Street

Street name Cu Mn
Moshood Abiola 0.10 0.20
Ademola Adetokunbo 0.20 0.80
Ahmadu Bello 0.040 0.90
Anyigba 0.10 1.30
Aminu Komo 0.10 1.50
Gimbia 0.040 0.60
Logos 0.10 1.50
Londoke Boulevard 0.10 1.90
Ibrahim Kashim 0.010 0.40
Tofawa Balewa 0.10 3.40

Source: Yisa et al, 2011°

9.5 Evaluation of Pollution Patterns

Multivariote methods of dota omalysis were used to describe
patterns of soil contomination with heavy metals in Lokoja city
dumpsites. Groups of metols omd dumpsites were identified
using cluster onalysis. Score plot was used to group dumpsites
into four; Group I consists of Pata ond Cinima dumpsites, while
groups II, III ond IV consist of Caturgo, High Court ond New
Market dumpsite respectively. The loading plot shows that Cu,
Co, Cr and Cd have less significont contribution thon the other
five elements with positive value on the principal components.
The bi-plot sketch shows the correlation between site somples
ond metals, in which Group I sample sites, consisting of saample 1
ond 3, does not really correlate with particulor metal, moking it
exceptional in terms of contomination. It is probably, the least
contaminated omong the sample site groups. Group II, consisting
of somple site 4, is characterized by Zn and Cu. Group III, the
group of sample site 5, has Co, Fe ond Mn as main metal
contaminont. Ni ond Pb oare dominomt contominonts of Group IV.
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Strong omd positive correlation co-efficient of element pairs
indicate common source. This con be observed in the cases of Fe
ond Mn, Zn ond Mn, Zn ond Fe, Co and Mn as well as Cd ond Cr,
whereos, Ni ond Pb, originate from different pollution source.
The cluster omalysis gives pottern recognition boased on the
similarity ond closeness of dump sites ond the noture of the
contaminonts. The result reveals the closeness of sites 1, ond 2 in
terms of pollution level (Olukoyaetal., 2019).

9.6 MetalsSpeciationin Municipal Waste

Moanogement of waste is one of the most importont
environmental problems today in Nigerio. Heavy metal ions in
the refuse sediment ore always portitioned between the vorious
solid phases present (Yisaond Idoga, 2009).

Studies using single ond sequential procedures for the speciation
of copper (Cu), Tin (Sn), Lead (Pb), Mongonese (Mn) ond Iron
(Fe) in the refuse dump from Bidametropolis, Nigeria, indicated
that the meon of the exchangeoble, acid extractable, reduceable,
oxidisable ond residual fractions were 33.02,42.46,43.67,48.27
ond 20.95 mg/Kg respectively. The oxidasable fraction provided
more binding sites for heavy metals thom other phases ond that
competition for the binding phase occurs for acid exchongeable,
reduceable and oxidizable (Yisaetal., 2006).

It was observed that the municipadl waste was not highly
contaminated. Most metal concentrations were below the
permissible levels for the opplication to ogricultural lond os
regulated by the USEPA (1995).

9.7 Abstraction of Cuand PbIons from Aqueous Solution
The physicochemical properties (Toble 8) ond adsorption
performonce of activated corbon prepored from sondal fruits
(Santalum Album) for the removal of lead ond copper from
aqueous solution was investigated using batch adsorption
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process. The influence of importont parameters like initial metad
concentration, temperature, pH, adsorbent dosoge and contact
time were studied. The result indicated that adsorption copacity
increased with increase in the initiodl metal concentration, pH,
adsorbent dosoge and contact time up to om equilibrium point
when adsorption stabilizes or decrease with further chonge in
those porameters. The sorption process either decreases with
increased temperature or does not chonge with chonges in
temperature. FTIR analysis results of the adsorbent includes;
3250-3400 cm’; 1640-1670 cm’; 1000-1260 cm™’ which
revealed the presence of functional groups such as the carboxylic
acid or alcoholic O-H bond stretching, amine (N-H) bond
stretching, C=0 bond of corbonyl or omide groups, C-O ond O-H
bond stretching of alcohol ond ethers. The surface area, iodine
number, bulk density, particle density, ash content ond porosity
of the adsorbent determined were; 649.5 mz/g, 614.7 mg/g,
0.921g/cm’, 0.72g/cm’ and 26.4% respectively The equilibrium
sorption data proved that the process fitted well into Freundlich
better thom Lomgmuir isotherm model as indicated with high
correlation coefficients > 0.95. The results obtained in this study
indicated the high adsorption ability of somdal fruit for Pb omnd Cu,
provingitto be excellentbiosorbent (Jibrinetal, 2015).

Table 8: Physicochemical properties of Sandal fruit adsorbent

Parameter Adsorbent Values
Bulk density (g/cm®) 0.92
Ash (%) 4.45
Iodine number(mg/g) 649.50
Surface area(m’/g) 615.00
Particle density (g/cm®) 1.25
Porosity (%) 26.40

Source: Jibrin et al, 2015
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9.8 Equilibrium and Adsorption Study

The aim of the study wos to produce activated carbon using
melon seed shell which is harmless, cheap ond abundont. This
ogricultural row materiol when activated with HNO, as om
activoting agent to remove molachite green from aqueous
solution, two step processes which involve carbonisation of the
powder melon seed shell followed by activation of the carbon
were used for the production of the activated carbon.
Experimental data were anolysed using Longmuir, Freundlich,
Temkin ond Harkin's-Jura adsorption isotherms. Characteristics
ofthe activated corbon values produced is as shown in Table 9.

Isotherm parameters obtained for Longmuir are R® = 0.9461,
0.9183,0.9653 and RL=0.0468, 0.4640, 0.0712 for AC1, AC2 ond
AC3; for Freundlich are R*=0.9288, 0.8991, 0.9705 ond n = 0.25,
0.41, 0.65 for AC1, AC2 and AC3; for Temkin are R* = 0.8273,
0.8430, 0.9019 for AC1, AC2 ond AC3; for Horkin's-jura are R’ =
0.8538, 0.8345, 0.8244 for AC1, AC2 omd AC3. Adsorption
capacity at equilibrium tends to increase as the initial
concentration increases. Longmuir adsorption isotherm best
described the adsorption processes because of the higher R’
values (Idrisetal.,2013).

Table 9: Characteristics of the Activated Carbon (AC) Prepared
from Melon Seed

Parameters AC1 AC2 AC3
% Burn off 43.41+0.01 77.73+0.04 86.50+0.02
% Yield 56.63+0.02 22.32+0.01 13.54 £0.03
Bulk density (g/cm3) 9.76 £ 0.01 9.15+0.06 8.34+0.01
pH 6.18 +0.02 7.24 +£0.01 7.12 +£0.01

Conductivity (uS/cm) 1.50 £ 0.01 1.60+0.01 1.80 £ 0.01

Source: Idrisetal, 2013
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9.9

Kinetics and Isotherm Study

The potentiad of chemically modified Bombox buonopozense
Calyx to adsorbed Cr®, Mn* ond Cd** ions from aqueous solutions
are of prime intent in batch experiments. In this study, chemically
modified activated carbon (AC) functionalized with H,SO, (ACH)
ond KOH (ACK) were used in botch obsorption process. The
pseudo first, pseudo second, Noatoarojon ond Khalof first,
Bhattachorya ond Venkobachar first, Elovcih and introparticle
diffusion model rote equations were tested on kinetic data. The
adsorption data followed the pseudo second order rate kinetics

(Table 10).
Table 10: Kinetic Parameters for Adsorption of Cr*’, Mn** and Cd*
Kinetic Parameter Cré+ Mn2+* Cd2+
Model ACH ACK ACH ACK ACH ACK
Pseudo first  R? 0.807 0.606 0.954 0.841 0.821 0.790
Order k1 (min-1) 0.029 0.029 0.039 0.044 0.032 0.035
qo(exp)(mg/g) 0935 0914 0921 0920 0934 0914
Qo(cal) (mg/g)  0.233 0219  0.581 1.064 0382 0229
SSE (%) 0.314 0.311 0.151 0.064 0.247 0.306
Pseudo R? 0.997 0.990 0.990 0.997 0.997 0.994
second order  kz(mg.g''min1) 0.143 0.084  0.089 0.062 0.107 1.022
Qe(exp)(mg/g) 0935 0914 0921 0920 0934 0914
Qe(cal) (mg/g) 0995  1.011 1.014 1.033 1010 0977
SSE (%) 0.027 0.048 0.042 0.050 0.034 0.028
Natorojon R? 0.611 0.567 0.584 0.857 0.724 0.746
glsgtlglgl:: k (min'1) 0.009 0.009 0.009 0.009 0.009 0.007
Bhattacharyo.  R? 0852  0.865 0975 0924 0855 0.674
And kg (min) 0037  0.039 0.046 0053  0.037  0.018
Venkobachor
Elovich R? 0.780 0.732 0.867 0.919 0.846 0.683
o (mg.g''mint) 3.319 0.346 0.294 0.269 1.057 1.415
B (mg.g'min-1) 8.621 5.882 5.649 5.682 7.246 7.752
Source: Musa et al., 2018
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The isotherm data were onalysed for possible agreement with
the Halsoy model thon Hurkins-Jura, Radlich-Peterson ond
Dubinin-Radushkevich models (Table 11). Correlation
coefficient (R*) values obtained ronged from 0.799 to 0.997. The
results indicated high prospect of chemically modified Bombox
buonopozense Calyx for Cr*, Mn** and Cd** ions removal (Musaet
al,2018).

The oforementioned adsorbents obtained from ogricultural
wastes are characterized by ready availobility, offordobility, eco-
friendliness and high uptake capacity for heavy metals. Activoted
carbon from ogricultural waste such as; Dum palm leaves ond
fronds, Poultry Waste, Dattock (Detarium microcarpum) Sweet

Table 11: Isotherm Constants for the Adsorption of Cr®, Mn** and

cd”
Isotherm Parameter Croé+ Mn?z+ Cdz+

Model ACH ACK ACH ACK ACH ACK
Hurkins-Jura Ay (g2/L) 1.071 1.021 0968 1.011 1202 1.238
By (mg/L) 1.109 1144 1.027 1.085 1.000 1.060

R2 0.826 0.832 0.879 0799 0.823 0.897

RMSE 4612 4942 4329 3962 4369  7.207

x- 17.88 4942 1468 1297 12.82 43.59

Halsay Kua (mg/L) 0.876 0.755 0.886 0.867 1.049 0.851
Nia 1996 1996 1812 1934 1176 2.062

R2 0.983 0982 0998 0974 0983 0.975

RMSE 0.001 0.057 0.028 0.039 0216 0.070

X 0.000 0.003 0.001 0.001 0.031 0.004

Rodlich- G 0.498 0.497 0446 0482 0.135 0.514
Peterson Kr (L/g) 0931 0.868 0934 0929 0997 1.081
R2 0.982 0.981 0997 0970 0.659 0.977

RMSE 0.001 0.049 0.018 0.049 0223 0.066

x- 0.000 0.002 0.000 0.002 0.034 0.004

Dubinin- Bp (mol2/KJ2)  0.946 0997 0909 1.057 1.245 0925
Radushkevich  Q, (mol/g) 3597 2175 3.789 3.846 6.606 3.432
(D-R) Ep (KJ/mol) 0.727 0708 0.742 0.688 0.634 0.735
R2 0.970 0.962 0946 0.987 0993 0915

RMSE 0.229 0294 0.044 0211 0.095 0.335

X" 0.044 0.074 0.092 0.037 0.006 0.094

Source: Musa et al.,, 2018
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Oromge (Citrus sinensis) hove been prepared for the removal of
selected heavy metals (Idris etal, 2012; Jimohetal, 2013; Yisaet
al,2011°&2016).

10.0 CONCLUSION AND RECOMMENDATIONS

The era of environmental dormoncy in overlooking the
environmental chemical pollution and its effect is over. There is
no doubt that chemical pollution has done afair share of domage
to the environment. Therefore, to control the deleterious effects
of pollution and to minimize it, the following recommendations
ore mode:

I

il

iii.

iv.

V.

Government should promote integrated waste
monogement with recycling, as well as cleoner technologies
in production, ond sound chemicals monogement.

Government ond various bodies should create o greater
awareness and enforcing legislative control meoasures ond
policies as to the need to protect the environment.

As o signatory to mony Multiloteral Environmental
Agreements (MEAs), international conventions oand
protocols, Nigeria should address the sound monogement
of chemicals ond wastes to achieve sustainability in "green”
economies and ensure the minimizotion of significant
adverse effects of chemical pollution on humon health ond
the environment.

The need for collective responsibility to protect the
environment for present and future generations, and adopt
sustainable consumption ond production strategies so that
posterity may commend rather thom condemn us.

Consumer demond, as well as green ond sustainable
chemistry education and innovation (e.g. through stort-
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Vi.

vii.

viil.

iX.

ups), are among the important drivers of chomge. They com
be scaled up through enabling policies, reaping the
potential benefits of chemistry innovoations for sustainable
development.

Developing a doatabase of ossessed ond classified
chemicals for information-sharing and promoting
hormonization of classifications.

Setting targets to fill data gops to fully understond the
hozords of substonces in commerce, ond assessing
progress.

Developing hoarmonized opproaches ocross sectors to
share chemical information ond to advance full material
disclosure across supply chains, including chemical-
intensive industry sectors and the recycling/waste sector.

Strengthening collaboration by all actors in the supply
chain in designing ond using safer chemicals and
sustainable products.

32

Federal University of Technology, Minna



ACKNOWLEDGEMENTS

believe I con paraphrose the poetic words of The Great
Winston Churchill and say that “My life has been one in which
never was so much owed to so many by one person”. So mony have
influenced me positively, but I shall be constrained here to
acknowledge afew ond proy that I be forgiven by those for whom
[ am unoble to find the space ond time now.

Nobody has been more important to me in the pursuit of my
academic career thom the Almighty God and His abiding grace. |
therefore, first ond foremost give Him dll the glory, honour ond
adoration for bringing me into this world ond paved the way for
me to reach the pinnacle of my academic career successfully.

[ would like to acknowledge my indebtedness omd render my
wormest thomks to my late parents, Mr. Jeremioh Audu Yisa omd
Mrs. Elizabeth Nnadzwa Yisa for their unflinching support, love
ond sacrifices in ensuring thot I had good education ond
preporing me for a better future. I appreciote ond thomk my
siblings: Mr. Isaiach N. Yisa (Late), Mr. Bornabas Yiso, Mrs. Morgret
Gana, Mrs. Grace J. Jiya, Mr. Stephen Y. Yisa, and Mrs. Victoria H.
Jiyaond their spouses. You have all been greot, pillars of support
ond I thank you. My cousins: Lote Mr. Moses L. Yisa, Mr. Andrew S.
Yisa, Mr. Josioh N. Yisa, Mr. Samuel Yiso, Borr. Jacob YisaPati to
mention but o few. You ol deserve special recognition for being
motivators ond role models.

Without the inspiration, drive, and support given me by oll my
teachers, supervisors ond mentors from primary school level to
the university,  might not be the person I om today. To all of them
I om immensely indebted. Among my teachers, there ore some

Inaugural Lecture Series 78 33



thot have played ahighly significont role ond thus worthy of being
singled out for mentioning. First, Alhaji Abdullahi Audu Isch, Mr.
T. K. Mathew, Prof. J. 0. Amupiton, Prof. E. B. Agbaji, Prof. E. M.
Okonkwo and Prof. S. A. Agbaji.

[ was fortunate to hove the opportunity to work with a group of
energetic scientist in National Research Institute for Chemical
Technology, Zorio: Dr. F. A. Lowal ond F. Nwoye (both of blessed
memory) ond Edword Ogobiele. I have enjoyed every moment
that 1 have worked in their loboratory: I appreciate all their
friendship ond their collective encourogement.

[ want to appreciate everyone who has worked with me or [ have
work with when [ was a Stoff of Niger State College of Education,
Minnaond The Federal Polytechnic, Bida

My oppreciation goes to all members of stoff of the School of
Physical Sciences. The past Deans, the professors ond all the
Heads of Department ond stoff of Deons Office are greatly
appreciated. Also deserving of appreciation oare my colleogues in
the Department of Chemistry: Prof. B. E. N Doudao, Prof. M. A. T
Suleimom, Prof. Y. A. Iyaka, Prof. Abdullachi Monn, Prof. S. S.
Ochigbo, Prof. ]. O.]Jacob, Prof. M. M. Ndamitso ond indeed Dr. L.
A. Fadipe, Dr. Simon Salihu, Dr. Tijomi O. Jimoh, E. Y. Shoba etc. I
cannot forget the cooperation I enjoyed from other members of
the Department working in the laboratory. When I was the Head
of Department (2010-2013), Ireally enjoyed your cooperation.

[ thomk all my past ond present students for their dedication, hord
work ond invaluoble contributions to knowledge. They are very
importomt people to me.

It is also worthy to oppreciote my well wishers, friends ond
classmates. Among them ore Prof. D. N. Tsado, Dr J. A. Adam,
Engr. Prof. T. Y. Tsado, Engr. Prof. Jacob Tsado, Prof. A. Goma ond

34 Federal University of Technology, Minna



their families. I om groteful to every member of the Patishabokolo
Community both ot home ond abrood. Let me mention late Mr. &
Mrs. TPL Peter Audu, late Mr. & Mrs. Paul N, Jiyo, Mr. & Mrs. Isaac
N.Kolo, Mr. & Mrs. Amos Jiya, Prof. & Mrs.]. N. Nmadu, Prof. & Mrs.
E.Z.Jiyo, Mr. & Mrs.]. B. Kolo, etc.

My great appreciation also goes to my pastors for their selfless,
precious, timeless services. They are always there when we need
them. They have really helped me in my walk with God.

In a worm ond very special way, I recognize ond oppreciate my
wonderful in-lows. Notably my fother ond mother in-low, Mr. &
Mrs. Joshua Gona for loving me unconditionally, putting smile on
my foace, sincerely omd sacrificially wishing us well. I must not
forget to acknowledge omd appreciate the love of Prof. & Mrs.
Jerry A. Gang, late Mr. & Mrs. Simon N. Goma, Mr. & Mrs. David N.
Gonoaond so mony others.

My appreciation goes to the University Momagement, I am short
of words to express my grotitude to you all, right from my Vice-
Choncellor, Prof. A. Bala; Deputy Vice-Chancellor (Academics),
Prof. Y. A. Iyako; Deputy-Vice Choncellor (Admin), Professor E. E.
Udensi; The Registror, Mr. A. N. Kolo, The Bursar, Mrs. H. Goje omd
The University Librariom, Dr. A. S. Katamba, members of Senate,
the Chairmon ond members of the University Seminor ond
Colloquium Committee for creating the atmosphere I require ond
acting as the compass thot guided my navigation through.

Finally, my heortfelt thanks to my loving and caring wife, on
inestimable jewel, ond a great motivator: Mrs. Felicia Lomi Yisa
for her undiluted love, sacrificial friendship ond goodwill. Your
encourogement is much oppreciated. I odso oppreciote our lovely
children: Nathomiel, Mercy, Nehemiah ond a foster child, Naomi
for bearing with me during my travels ond absence from home.

Inaugural Lecture Series 78 35



REFERENCES

Ahalyo, N.; Komamoadi, R. D. and Ramachondre, T. V. (2005).
Biosorption of chromium (VI) from aqueous solutions
by the husk of Bengal grom (Cicer arientinum). Journal
of Biotechnology 8:258-264.

Amadi, A. N.; Olasehinde, P. I; Yisa, ]J.; Nwomkwoalo, H. O.; Ameh,
M. . ond Shaibu, I. (2016). Analytical Studies on Heavy
Metal Contamination of Imo River. Proceedings of INCEDI
2016 Conference held between 29" and 31st August 2016
ot Accro, Ghoma

Anukom, L. C. (1997). Water Pollution Control - A Guide to the
Use of Water Quality Monagement Principles. Case Study
[V* - Nigerio. Edited by Richord Helmer ond Ivomildo
Hesponhol. Published on behalf of the United Notions
Environment Progromme, the Woater Supply & Somitation
Collaborative Council ond the World Health Orgomization
by E.&F.Spon 1997 WHO/UNEP.

Birnboum, L. S. (2008). The Effect of Environmental Chemicals on
Humoaon Health - CJA. Fertility ond Sterility. American Society
for Reproductive Medicine, 89(2, Supplement 1):e31.

Elleuch, B.; Bouhamed, E; Elloussaief, M. ond Joaghbir, M. (2018).
Environmental sustainobility ond pollution prevention.

Environmental Science Pollution Research, 25, 18223-
18225.

Estival, J. R. (2019). An Invisible ond Underestimated Threat
called Chemical Pollution.

36 Federal University of Technology, Minna



http://www.ozeral.es/en/divulgozeral /ecotoxicology /om-
invisible-and-underestimated-threat-called-chemical-
pollution

European Commission (2017). European Commission Study for the
Strategy for a Non-toxic Environment of the 7th Environment
Action Programme Final Report 1-132.

Galadima, A. and Gorbe, Z. N. (2012). Heavy metals pollution in
Nigeria: couses ond consequences. Elixir Journal of
Pollution, 45:7917-7922.

Global Allionce on Health and Pollution (2019). Pollution and
Health Metrics: Global, Regional, ond Country Andlysis.
Available at gohp.net/pollution-and-health-metrics
Accessed Februory 2020.

Halpaop, A. ond Dittkrist. ]. (2018). Sustainable Chemistry in the
Global chemicals ond Woaste Momogement Agenda. Current
Opinion in Green and Sustainable Chemistry,9:25- 29.

Idris, S.; Yisa, J., [todo, A. C. ond Popoola, K. A. (2012). Application
of Carbonized Poultry Waste in the Removal of Chemical
Oxygen Demond (COD) from Dye Woastewater: Kinetic
Study. Resources and Environment, 2(2): 51-55.

Idris, S.; Yisa, J.; Ndomitso, M. M. and Anyachukwu C. C. (2013).
Equilibrium ond Adsorption Studies of Malachite Green
onto Melon Seed Shell Activated Corbon. International
Journal of Modern Chemistry,4(2):90-103.

Jibrin, A.N.; Yisa, J.; Okafor, ]. 0. ond Momn, A. (2015). Abstraction
of Cu omd Pb lons from Aqueous Solution using Santalum
Album (Sondal Fruit) Shell Activated Corbon. International
Journal of Current Engineering and Technology, 5(4): 2926 -
2934.

Inaugural Lecture Series 78 37



Jibrin, A. N.; Yisa, J.; Okofor, J. 0. ond Mann, A. (2016).
Comporative Study of Removal of Cadmium Ions from
Aqueous Solution Using Dialium indum ond Santalum
album Fruitshells as Adsorbents. American Chemical
Science Journal,11(2): 1-15.

Jimoh, T.O.; Yisa, ].; Ajai, A. . ond Musq, A. (2013). Kinetics ond
Thermodynomics Studies of the Biosorption of Pb (II), Cd
(II) omd Zn (IT) Ions from Aqueous Solution by Sweet Oromge
(Citrus sinensis) Seeds. International Journal of Modern
Chemistry,4(1):19-37.

Musah, M.; Yisa, J.; Suleimom, M. A. T.; Monn, A. ond. Shoba, E. Y.
(2018). Kinetics ond Isotherms Studies of the Adsorption of
Cr*, Mn* and Cd* Ions onto Chemically Modified Bombax
buonopozense Calyx, Biological and Environmental Sciences
Journal for the Tropics, 15(1): 28 - 34.

Olukoya, A. B.; Yisa, J. ond Jacob, ]. 0. (2019). Chemometric
Evaluation of Heavy Metals Pollution Patterns of Soil in the
Vicinity of Some Dumpsites in Lokoja, Nigerio. FUW Trends
in Science & Technology Journal,4(1):118-121.

Praveen, R. S. ond Vijayoraghaven K. (2014). Optimization of Cu
(II), Ni (1), Cd (II) and Pb (II) biosorption by red morine odga
Kappophycus alvarezii. Desalination and Water Treatment,
55:1-9.

Tricker, R. omd Tricker, S. (1999). Pollutants ond contaminants in:
Environmental Requirements for Electromechomical and
Electronic Equipment, Published by Elsevier Ltd pp 158-
194.

UNEPA (2019). Global Chemicals Outlook II: Summoary for

38 Federal University of Technology, Minna



policymakers. United Notions Environment Assembly of
the United Nations Environment Programme Fourth
session Nairobi, 11-15 March, 2019.

USEPA (1995). A Guide to the Biosolids Risk Assessments for the
EPA part 503 rule, Tech. Rep. EPA/832-B-93-005, Office of
Wastewater Momogement, Washington, DC, USA, 1995.

Wong, G. W.; Walker; D. C. G.; Muir, K. and Nogotad, Y. (2020).
Towoard a Global Understonding of Chemical Pollution: A
First Comprehensive Analysis of Notionod ond Regional
Chemical Inventories. Environmental Science Technology,
54(2020):2575-2584.

WHO (2018). The Public Headth Impact of Chemicals: Knowns
and Unknowns: Data Addendum for 2016.
http://apps.who.int/iris/handle/10665/279001.
Accessed 21 Jonuory, 2019.

World Bomk (1995). Nigeria Strategic Options for Redressing
Industrial Pollution World Bomk, Industry ond Energy
Division. 1st Edn., West Central Africa Department,
Annexes, pp: 60-62.

Yisa, J. (2010). Heavy Metals Contomination of Road-Deposited

Sediments. American Journal of Applied Sciences, 7(9):
1231-1236.

Yisa, J.; Agbqji, E. B. ond Okonkwo, E. M. (2004). Tannery Effluents
Analysis for Challawa Industrial Estate, Nigeria. A Poper
Presented ot the 16th Annual Conference of International
Association of Nigerion Studies ond Development Held at
Pioneer Hotel, Wuse, Zone 4, Abujo, Nigerio.

Yisa, J.; Agbaji, E. B. ond Okonkwo, E. M. (2009). Tannery

Inaugural Lecture Series 78 39



Effluents Quality Evoduation Using Principal Component
Analysis for ChallowoaIndustrial Estate, Komo, Nigerio. Asian
Journal of Water, Environmental and Pollution, 6 (3): 35-41.

Yisa, J. and Idogo, E. (2009). Partitioning of Chromium Metal in
Tonnery Industry Sludge from Komo, Northern Nigeric
International Journal of Chemical Sciences, 2(1):125-132.

Yisa, J. ond Jimoh, T. (2010). Analytical Studies on Water Quality
Index of River Londzu. American Journal of Applied Sciences,
7 (4):453-458.

Yisa, J.; Gang, P. J. ond Jiya, G. J. (2006). Study on some Metal
Speciation in Bida Municipad Waste by Sequential
Extraction. Asian Journal of Water, Environment and
Pollution, 3 (2): 79 - 84.

Yisa, J.; Gana, P. ].; Jimoh, T. O. and Yisc, D. (2012%). Underground
Woter Quality Assessment in Doko Community, Niger State
Nigerio. Journal of Emerging Trends in Engineering and
Applied Sciences (JETEAS), 3 (2): 383-386.

Yisa, J; Hossom, H. ond Jimoh, T. (2011%). Application of
adsorbent from Dum Podm for the Removal of Monganese
(I1), Zinc (IT) ond Copper (II) ions from Aqueous Solution.
Journal of American Science, 7(10): 226 - 230.

Yisa, J.; Jacob, J. 0. ond Onoyima, C. C. (2011%). Identification of
Sources of Heavy Metals Pollution in Road Deposited
Sediments using Multivariate Statistical Analysis. Journal of
Emerging Trends in Engineering and Applied Sciences, 2(4):
658-663.

Yisa, J.; Jacob, 0. ]. ond Onoyima, C. C. (2012"). Assessment of
Toxic Levels of Some Heavy Metals in Road Deposited

40 Federal University of Technology, Minna



Sediments in Sulejo, Nigeria. America Journal of Chemistry,
2(2):34-37.

Yisa, J.; Jibrin, N. A; Woziri, S. H. ond Goma, P. ]. (2011°).
Enrichment ond Chemical Froctionation of Copper ond
Mangonese in Soils of Abuja Streets. Journal of Science,
Technology, Mathematics and Education, 8(1): 22 - 32.

Yisa, ].; Jimoh, T.and Okolo, M. (2011"). Physicochemical Analysis
of Well-Water Samples from Villoges in Bwari Area Council-
Abuja, Nigerio. Australian Journal of Basic and Applied
Sciences, 5(9):418 - 425.

Yisa, ].; Jimoh, T. 0. and Oyibo, M. 0. (2012°). Underground Water
Assessment using Water Quality Index. Leonardo Journal of
Sciences, 21,33-42.

Yisa, J.; Tijomi, J. O. and Ulasi, M. A. (2016). Sorption Equilibrium,
Kinetics ond Thermodynamic Studies of Pb (ii), Ni (ii) And
Co (ii) Ions Adsorption in Aqueous Solution by Sweet
Dattock (Detarium microcarpum) Shell. FUW Trends in
Science & Technology Journal, 1(1): 61-69.

Inaugural Lecture Series 78 41



PROFILE OF THE INAUGURAL LECTURER

Jonathom Yisa is o Professor of Chemistry in the Department of
Chemistry, School of Physical Sciences. He was born in Jomuory
30, 1965 to the family of late Mr. Jeremich Audu Yisa ond Mrs.
Elizabeth Nnodzwa Yisa (populorly known as Kedigi) in
PatiShabokolo, Lovun Local Government Area of Niger Stote,
Nigeria.

He commenced his educoational pursuit ot L. E. A. Primary School,
Pati-Shabokolo in 1973 and completed his primory education in
1979. On completion, he gained admission to Government
Technical College, Kontagora for his secondary educotion in
1979 but was later tromsferred to Government Science College,
Kutigi in 1981 where he successfully completed the secondory
education in 1984. He got admission into School of Basic Studies,
Ahmadu Bello University, Zaria ond obtained IJMB in 1985 upon
which he was admitted to the Department of Chemistry, Ahmadu
Bello University, Zoriathe some yeor. He earned aB.Sc. Degree in
Chemistry in 1988, M.Tech. Degree in Analyticad Chemistry from
The Federal University of Technology, Minna (1999) ond PhD
degree in Chemistry from Ahmadu Bello University, Zorio (2004).

Prof. Jonathon Yisa had his National Youth Service in Oyo State
between 1988 ond 1989 and thereafter begon his academic
career as om Assistomt Lecturer with the Niger State College of
Education, Minnain 1989. In 1990, he joined the service of The
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Federal Polytechnic, Bida, lecturing in the Deportment of Science
Laboratory Technology. He later tromsferred his services to
Federal University of Technology, Minna as o Senior Lecturer in
the Department of Chemistry in 2007, where he currently holds
the romk of Professor of Chemistry Since 2013.

In maintaining on octive research interest, Professor Yisd's
interest focuses on: Development ond application of omalyticad
techniques in environmental studies; Chemical studies of local
fruits, vegetobles ond indigenous plonts os basis for their further
utilization; Assessment ond remediotion of Industriad ond
Agricultural Wastes ond onalysis of industrial products to ensure
conformity with stondards. He has conducted externally-funded
research ond publishes regularly with his reseorch students in
reputable journals.

Prof. Yisa has supervised several undergraduate, M. Tech and
PhD students. He has assessed mony condidates for promotion to
professorial romks at momy universities.

He has held several administrative positions in Polytechinic
ond University system. Some of which include:
Director, School of Preliminary Studies, Federal
Polytechnic, Bide, 2006 -2007.
SIWES Coordinator, School of Science and Science
Education, Federal University of Technology, Minna
2008 - 2010.
Head, Department of Chemistry, Federal University of
Technology, Minna 2010 - 2013.
Industrial Licison Officer/SIWES Coordinator, Federal
University of Technology, Minna 2018 - 2019.
Deom, School of Physical Sciences Federal University of
Technology, Minna, 2019 - Date.
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Prof. Yisa also served in a number of committees ot the Federal
University of Technology, Minna:

Member, Junior Staff Disciplinory Committee, 2010 -
2012.

Member of Professional ond Academic Board of CPES,
2010-2013.

Member, Staff Welfore Committee, School of Physical
Sciences, 2011.

Member, Committee to Look into the Operation of
Academic Stoff Toking up Visiting Appointment in other
Universities, 2015.

Member, School of Physical Sciences Committee to review
the Condition of Service of Senior Staff, 2015.

Chairmon, Committee to investigate the case of illegal
mining in the Main Compus, Gidon Kwono of Federal
University of Technology, Minna, 2015.

Member, Search Teom for the Appointment of aNew Vice-
Choncellor for The Federal University of Technology,
Minnao, 2017.

Senate Representoative, Postgraduate School Boord, 2018
-20109.

Member, Committee of Deoms, 2019 - Date.

Member, Senoate Estimate ond Budget Committee, 2019 -
Date.

Member, Promotions ond Appointments Committee,
2019 -Date.

Member, Senote Business Committee, 2019 - Date.
Member, West Africon Science Service Centre on Climate
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Chonge ond Adopted Lond Use (WASCAL) Boord, 2019 -

Date.
Member, Directorate for Reseorch, Innovation ond
Development Boord, 2019 - Date.

While ot The Federal Polytechnic, Bida, he served in the
Department of Science Loboratory Technology os:

Seminor Coordinator, 2004 -2005.
Exomination Officer, 2005 -2006.

His contributions to notional development ore equally very
impressive. He has served as Chairmon ond or member
(Resource Person) of Notional University Commission in
Accreditation Visitation Team to several Nigerion Universities.

Professor Yisa has odso contributed to the development of other
Polytechnics ond Universities through the porticipation as
Externad Examiner to:

Niger State College of Agriculture, Mokwa, 2006 -2010.
Kogi State Polytechnic, Lokojo, 2007-2011.

Ahmoadu Bello University, Zaria, 2010 to Dote.

Federal Polytechnic, Bido, 2010-2011,2013-2016.
Niger State Polytechnic, Zungeru, 2010 -2016.

Nile University of Nigeria, Abuja, 2012 -2014.

Boze University, Abujo, 2016 - Dote.

Ibrahim Badomasi Babongida University, Lopai, 2018 -
Dote.

Nile University of Nigeria, Abujo, 2018 -2019.
University of Abuja, 2019.
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Apart from the professional achievements, Prof. Yisa devoted
considerable effort to community service as he served as:

Member Senior Staff Football Teom omd Gold Medallist in
Football at Yoboni 1991 Federal Polytechnic, Nasorowa,
1991.

Financial Secretary, PatiShabokolo Development
Association, 1998 -2003.

General Secretary, PatiShabakolo Development
Associotion, 2004 -2008.

Coordinator of Monotechnics, Polytechnics and Colleges
of Education Matriculation Examination (MPCM) in Bida,
2006-2007.

Vice Chairmon, Chemical Society of Nigeria, Niger Stote
Chapter,2006-2010.

Adviser, Fellowship of Christian Students,
PatiShabokolo, 2010 - Date.

Member, World Bonk/CSDP Electrification Project of
Patishobokolo Community, 2012 - 2016.

Member local orgenizing committee of the 36" Annuod
International Conference of Chemical Society of Nigeria,
2013.

Chairmon, Chemical Society of Nigeria, Niger State
Chopter,2015t02018.

Council Member, Chemical Society of Nigeria, 2015 to
2018.

Professionally, He is a fellow of the Chemical Society of Nigeria
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(FCSN), Member of the Institute of Chartered Chemists of Nigeria
(MICCON). He enjoys reading, writing, ond wotching football.

He is happily married to Mrs. Felicia Lomi Yisa ond they ore
blessed with three children: Nathomiel, Mercy, Nehemioh ond a
foster child, Noomi.
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