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Abstract

Potentially Toxic Elements (PTEs) are ubiquitous especially in water bodies and they
have tendencies to bio-accumulate and hamper human body metabolic and endocrinal
processes. This study aimed to assess the levels of PTEs in water, sediments and
tissues of Tilapia Fish (Oreochromis niloticus) samples of Ogun River and its human
health risk assessment. Water, sediments and fish samples were collected seasonally
to assess 8 selected PTEs (Cu, Zn, Ni, Pb, Mn, Fe, Cr and Cd) using Atomic
Absorption Spectrophotomer, while the physic-chemical parameters were determined
using standard methods. Highest water pH value of 7.86 was recorded during dry
season while the lowest of 6.10 was for the wet season. Temperature ranged

26.59 £ 0.17 °C to0 27.27 £ 0.72 °C and 26.47 = 1.05 °C to 26.77 + 1.10 °C for&g
wet seasons respectively. The Electrical Conductivity (EC) ranged from % 4.38
uS/em to 36.67 + 29.51 uS/cm and 13.84 = 4.67 uS/em to 47.21 = 32, %/cm for
dry and wet seasons respectively. Total dissolved solids (TDS) shoé}h positive
relationship with the electrical conductivity. The mean TDS ranged”from 53.50 +
10.21 mg/ L to 57.25 = 9.74 mg/L and 23.00 + 4.62 mg/ L to)%(@)'& 2.58 mg/L for
wet and dry seasons respectively. Water, sediment and fé‘gy es samples were
analyzed for Cd, Cr, Pb, Zn, Ni, Mn, Fe and Cu contamir& . Concentrations were
compared with NIS, FEPA and WHO. However,. FQ Is were highest in both
surface water, sediment, and fish samples whil \gvel was least in both sample
locations. Cd, Cr, Ni, Fe, Mn and Pb exceeded@, FEPA and WHO. Pb was the
largest contributor to non-carcinogenic risks. Risk/from the other PTEs followed the
order Cd > Mn > Fe > Ni > Cu > Cr > Zn ildren and Fe > Cd > Mn > Ni > Cr >
Cu > Zn for adults. Hence, Ogun Rivm to have an appreciable level of metal

oints.

toxicity especially at lafenwa and a
Keywords: Metal Bioaccumulatio s, Ogun River, Tilapia, Toxicity.
Word Count: 340 \)
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Chapter One

Introduction

1.1 Background to the Study

Water is vital to the existence of all living organisms, but this valued resource is
increasingly being threatened as human population grows and developmental activities
increase. Yet, the demand for water of good quality for various domestic an@%nomic
activities keeps increasing. Water constitutes 70 % of the total earth s ; %7.5 % of
this is saltwater and the remaining 2.5 % is the freshwater. 70 :% is ogen in the polar ice
caps while other 30 % is mostly present as soil moisture %\Yapped in underground
aquifers'. Consequently, less than 1 % of the world’s &&%‘&/ater (about 0.007 % of all
water on earth) is readily accessible for dir@an general use?. In developing
countries, where potable water supply is %‘ uate, most of the inhabitants rely solely
on surface water from rivers and stre@iﬁout 48 % Nigerians depend on surface water
for most domestic uses and on%‘b‘ % population have access to pipe-borne water.
Unfortunately, most of the%w%ﬁsers are not aware of the enormity of the risk attached

to unhygienic wat@

Although, waterl‘a an essential role in supporting human life and biodiversity, it also
has a greﬁ%&ential for transmitting diseases when contaminated*. Population growth in
co@g with other factors such as urbanization, agricultural activities, industrial and
commercial processes have resulted in the accumulation of wastes and pollutants which
ultimately end up in water bodies, thereby altering the water quality’. Many rivers or
streams particularly in developing countries are heavily polluted due to industrial and

municipal wastewater discharges, as well as agricultural runoffs®. Adversely,

anthropogenic activities are major factors determining the quality of surface and ground



water through atmospheric pollution, effluent discharges, use of agricultural chemicals,
eroded soils and land use’.

Surface water is the water mass that fails to penetrate into the soil, subsoil or flows along
surface of the ground and eventually enters the lakes, rivers or oceans. The quality of
surface water within a region is dictated by some natural processes (such as precipitation
rate, weathering processes and soil erosion, hydrological processes; physical,.chemical
and biological processes)®. Anthropogenic acts such as urban, industrial, é’;}ﬁltural
activities and the human exploitations of water resources are anoth s.\?@ctors that
determines surface water quality®. Rivers, pools and springs are t ost common source
of surface water resource for man use, both industrially and {@stically. Unfortunately,
river waters are being polluted by indiscriminate di§pd\aN of sewage, industrial wastes
and other plethora of human activities, ich) ‘affects water’s physicochemical

characteristics and microbiological qualiti:@
r

Naturally, water is not pure as it acquireS“contaminants from its surrounding and those
arising from humans, animal as@ as other biological entreants!!. Water pollution is
defined to be the presence&feg\;cessive amounts of hazardous foreign deposits (pollutants)
in water in such @ it is no long suitable for drinking, bathing, cooking or other
uses'2. The pol‘l%tion can either be of point source or non-point source. Point source
pollution‘%«rs when pollutants are discharged directly into the water body from
in@Qsewage or municipal wastewater pipes. A non-point source delivers pollutants
indirectly to the water bodythrough environmental changes such as pollution from urban
run-offs 13,

In Nigeria, many rivers and streams are heavily polluted with high concentrations of some

PTEs of variable and unsuitable physicochemical characteristics'*. These PTEs have

particular significance in eco-toxicology, since they are highly persistent and all have the



potential to be toxic to living organisms'>. PTEs are non-biodegradable metallic chemical
elements which have relatively high densities, have toxic tendencies at low concentrations,
and tend to accumulate in the sediments of water bodies in association with organic and
inorganic matters found in the sediments'®. PTEs of significant importance include;
mercury (Hg), arsenic (As), lead (Pb), copper (Cu), zinc (Zn), cadmium (Cd), chromium
(Cr), antimony (Sb), nickel (Ni) and iron (Fe). The presence of these metals, gspecially
lead and cadmium, in the environment have been a source of worry to enviro@g}'alists,
government agencies and health practitioners as a result of thei .?S@us health
implications to man!’. The presence of these metals has far rea 'n& consequences on
man and their effects include; dermal, lung and nasal cancers}(%\

PTEs are commonly found in natural waters and sonie,{kqe)ssential to living organisms,
yet they may become highly toxic when pﬁ%t in high concentrations. Among
environmental pollutants, metals are of 'a@gr concern; due to their potential toxic
effects and ability to bio-accumul Q)aquatic ecosystems!®. As PTEs cannot be
biodegraded, they are depos'ted%%milated or incorporated in water, sediment and
aquatic animals?°. Thus, ca SE{TES pollution in water bodies. As a result of that, PTEs
can be bio-accum&%&d iomagnified via the food chain and finally assimilated by
human consum&%resulting in health risks?!.

Fish is aﬁ%vrtant food resource for humans, especially as source of animal protein,
co@mal or subsistence farming??. In Nigeria, fish are well eaten in most homes as
fresh, cooked, fried or smoked and form a much cherished delicacy that cut across socio-
economic classes?’. Unfortunately, the ability of aquatic environment to sustain this
important resource has come under threat, as a result of increasing pollution of surface
water and sediment contamination. In this regards, the accumulation of PTEs in water and

bioaccumulation in aquatic organisms have become a global concern?*. In most



developing countries, it is a common practice to dispose PTEs laden effluents into the
aquatic environment®®. PTEs are regarded as serious pollutants of the aquatic ecosystems
because of their toxicity even at low concentrations?’. These metals are ploughed back
into the food chains through bioaccumulation in plankton and invertebrates to fishes and
finally biomagnified in man?®.

Thus, fish not only indicates the pollution status of aquatic ecosystem but have s.igré_igi:ant
impact on the food web?’. Accumulation of metals in various organs and tis@f fish
depends on the manner of exposure such as through diet or thei .\3@ level in
surrounding environment?®. Also, PTEs exhibit different acc.:u)r\q%{ugn pattern in fish
organs®. Gills, liver and kidneys accumulate PTEs ix@her concentrations in
comparison to muscles, which exhibit lowest levels® @%’als accumulation®®. Among
different organs, liver accumulates higher conc@%ns of metals and has been used

widely to investigate the process of bioaciﬁ@;%on“.
to

Concentration of metals becomes toxB e fish when its level exceeds the permissible
one*?. This threshold limit not o@aﬂes from metal to metal but also from one fish
species to another®. The t é%ects become more pronounced when various metabolic
activities inside t @m fail to detoxify metals bioaccumulated**. Exposure to PTEs
could ultimate&}gjto health risks associated with the consumption of contaminated fish
by man.@se effects of PTEs may include serious threats like renal failure, liver
dardiovascular diseases and even death™®.

Nile Tilapia is one of the most important fish species that is widely cultured in Nigeria to
meet the increased protein demand and for its profitability. This fish species are native to
Africa but also have become one of the most widely farmed fish across the world with an

increasing production output®®. Nile tilapia inhabits fresh and brackish water of Africa,

Middle East, Coastal India, Central and South America. The Nile tilapia prefers shallow,



still waters on the edge of lakes and wide rivers with sufficient vegetation®’. Given their
importance in the world aquaculture markets, they are being extensively studied among
the researchers. In Nigeria, considerable number of studies have focused on the toxicity
and bioaccumulation of PTEs in tilapia and other fish species?®.

As an important component in riverine ecosystems, sediment serves as both a sink and a
source of PTEs*’. Most PTEs quickly deposit into the sediment after entering rive% and
are much more concentrated in the sediment than in the water body of riverine@ns 40
Conversely, when the physicochemical or hydrological conditions ¢ .'%S@Es in the
sediment may desorbs to cause secondary pollution in the watef bo 1.\The accumulation
of PTEs in the sediment directly affects benthic organisms aq{@& influences many other
organisms through the food web and endangers the we‘l@g of the aquatic ecosystem*?,

)&
W

1.2 Statement of the Problem N

In South western part of Nigeria, Rivés Ogun and most other rivers are used for municipal
water supply, domestic uses, gr@%re, hydropower and transportation purposes. Thus,
the river is usually prone 4o gnvironmental pollution. This is due to the ignorance of
control measures Q ®led to guide against indiscriminate waste disposals*’. Fish
from the river, @g used as food product, is prone to accumulation of PTEs and could in
turn causeserious health issues. One of the challenge is that the stakeholders of the river
ba@cgs adequate knowledge of what sorts of wastes are being discharged; its quality

and the control measures to guide against further pollution of the river. Thus, it

implication poses threat to the health of the river users and the environment.



1.3 Justification of the Study

Rivers have become the main point of much activities and primary candidate as a sink for
waste from all kinds of human activities**. A wide range of contaminants are
continuously introduced into the aquatic environment mainly due to increased
industrialization, technological development, growing human population and exploitation
of natural resources, agricultural and domestic wastes run-off*!. . ‘b.
Among these contaminants, PTEs constitute one of the most dangerous group%%se of
their persistent nature, tendency to accumulate in organisms and .'gp od chain
amplification and more still, they are non-degradable*'. Acut.e P, s..}ntoxications may
damage central nervous function, the cardiovascular and gq&gs\htestinal (GI) systems,
lungs, kidneys, liver, endocrine glands and bones*?. * ,$©

The scarcity of clean water and pollution of fre&@%r has led to a situation in which

one-fifth of urban dwellers in develo;t@g}ﬁ@ljtries and three quarters of their rural

dwelling population do not have a 0 reasonably safe water supplies*. Fishery
products constitute an important @f of human food due to the high level of protein and

essential amino acids for the proper growth and development of the body*°.

'\
Production of wh@%quatic foods demands adequate management of the aquatic

environment thQu effective screening for toxicants for corrective actions. Thus, there
isa need@on‘trol measures to be put in place. This control measures cannot be put in
pl@%out having a scientific assessment of the water quality itself, the advantages of
the activities carried out on the river and future usefulness of the river water. Therefore,

this study was designed to determine the toxicity of the pollutants discharged at the

sampling areas and their bioaccumulation in tissue of tilapia fish.



1.4 Aim and Objectives of the Study
The aim of the study is to assess human health Risk of PTEs in water, sediments, and
tissues of tilapia fish (Oreochromis niloticus) samples of Ogun River

The specific objectives of the study include to:

1. assess the physiochemical properties of the water samples
ii.  assess the concentrations of Cr, Cu, Pb, Mn, Fe, Zn, Cd and Ni of Ogun‘River

S

water and sediments in the selected sampling areas. . QO

iii.  evaluate the bioaccumulation potential of Cr, Cu, Pb, Mn, Fe, Zn, Cd and Ni in

. |
selected tissue of fishes from the river to determine the%;@n ealth risk.

iv.  to assess human health risk of PTEs to childre‘.ba@adult

1.5 Significance of the Study \%

The increasing rate of urbanization a@ man activities in Ogun State has led to
continuous pollution of the Ogun . The aquatic habitat being the ultimate receiver
and reservoirs of these pollutants,/also serve as the hub for aquatic animals which are rich
protein sources for hum@gt?ition. There is relative heavy fishing activities at Alagada
and Lafenwa Eo\' s% the Ogun River and are also being suspected as potential
contaminati Qd (or) pollution sources due to various anthropogenic activities at those
tw@ns. This study is therefore to evaluate the potential contamination contribution
of the’two points to the Ogun River.

1.6 Scope of the Study

The study on River Ogun consisted of field survey, sampling exercise for (water,
sediments and fish) laboratory analysis, interpretation of data gotten using statistical
approach. Samples collected were analyzed for PTEs (Lead, Zinc, Iron, Copper,

Cadmium, Chromium, Nickel, Manganese) and physicochemical parameters



(Temperature, pH, Total dissolved solids, Electrical conductivity). Eight samples were
taken at the shallowest point along the course of the river (dry season and wet season) to
reflect the present condition of the river after pollution and a total sixteen fishes were

collected. Also, human health risk assessment was evaluated to know it impact.

1.7 Limitation of the Study

The research was limited to Lanfenwa and Alagada sections of Ogun River in Ab uta,
Ogun State. Alagada and Lafenwa sections of Ogun River is a difficult te Q} source
for fish especially during the raining season. Fishermen and fishing to‘%}e outsourced

in order to get sizeable amount of desired fish sample for the ana@)
1.8 Definition of Operational Terms Q}

Aquatic Ecosystem- is an ecosystem formed byﬁ%&hng a body of water, in contrast

to land-based terrestrial ecosystems$ @?tlc ecosystems contain communities of

aquatic lives that are depende e another and on their environment.

Bioaccumulation - refers to how tants (metals) enter a food chain and relates to the

accumulation of co tam 1 ants, in biological tissues by aquatic organism.

Ecotoxicity - refeﬁo@do ogical, chemical or physical stressors that affect
ecosysteh&s‘.

Environ@?Management- deals with the regulation process and protection of the

lelth of our planet, by promoting human behaviours that make a positive impact

on the natural environment.

Environmental Pollution — the contamination of the physical and biological components
of the earth/atmosphere system to such an extent that normal environmental
processes are adversely affected.

Health Risk- the chance or likelihood that something will harm or otherwise affect your



health.

Physicochemical Parameter- refers to things that involve the principles of both physics
and chemistry, meaning that they are dependent on, or produced by, the combined
actions of physical and chemical attributes

PTEs- elements which can be present in substance (food, water, air) in amounts that can
be potentially hazardous to human health such as cadmium, arsenic, ‘zgkel,
chromium, lead, and mercury. i Q}&\

Toxicity - the quality of being very harmful or unpleasant in a pervasi \?saious way

Toxic Metals - A toxic metal is any metallic element that can p'OSeQ%H'X pose a risk to
either the environment or human health. &%\

Risk Assessment- a systematic process of evaluating fh@%ﬁial risks that may be
involved in a projected activity or undert@

Sediment- matter that settles to the bott .@Nuid; dregs.

WHO Limits- Target values are spec@i o indicate desirable maximum levels of

>

elements in unpollute% nce such water, soils, air etc.

@'\
6\@0
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Chapter Two

Literature Review

2.1 Aquatic Ecosystems

Aquatic ecosystems such as rivers, dams and lakes provide livelihood for rural
populations in many developing countries in Africa. However, in the recent past,
they have been subjected to various forms of degradation due to pollution @ing
from domestic wastes, industrial effluents, agricultural run offs a.nd @ﬁshing
practices. Industrialization and human activities have partially 01‘@? urned the
environment into dumping sites for waste materials. As a resu@ﬁ\y water resources
have been rendered polluted and hazardous to man and oth%&sg\g systems'-2,

Stable metals or metalloids whose densities are greats.&:@éﬂj gem™ are termed as heavy
metals and these include; lead, cadmium, me , iron, copper, zinc, nickel and
manganese. Metals are an integral comp@f e environment and living matter. Some
of them are essential elements Wi'@ut which the biochemical processes in living
organisms would collapse &{)%en they exceed the normal concentrations, they
could become detrimentak%the organisms'. Heavy metal contamination particularly the
non-essential ele@@ y have distressing effects on the ecological balance of
the recipien atic environment with a diversity of organisms. This has
particul ignificance in ecotoxicology, since the heavy metals are highly
pe@ut and have the potential to bio-accumulate and bio-magnify in food chain, and
become toxic to living organisms at higher trophic levels in nature?.

Heavy metal contaminations in inland waters can be monitored by using the metal levels
in water; sediments and resident biota especially fish. Heavy metals tend to accumulate in
soils and sediments after weathering processes and can be deposited in water bodies due

to surface run-offs. Once the heavy metals get discharged into the aquatic environment,
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they scatter in various components such as water, suspended solids, sediments and biota.
Contamination by these heavy metals can be expressed by their high concentrations in
water, as well as in sediments and aquatic organisms?. Cadmium, copper, lead and zinc
salts are usually found in agricultural and industrial liquid wastes which are discharged
into water resources. The metals, most times, accumulate from diluted concentrations in
water to higher levels in fish tissues. The concentration of metals in water E:orrelates
positively with concentrations in fish tissues®?. Q')&\

Water is one of the vital and most precious resources that exist . %net earth
without which life cannot flourish!. Its nature and prope.rtie hawve interested the
philosophers, naturalists and scientists since ancient times?. \Kgg\bontinues to engage the
attention of scientists today as it remains incompletely ,@erstandable, in spite of intense
study over many years. This is primarily becausSe, watér behaves abnormally in many of

its physical and chemical properties. S h@)water’s unique properties are literally
r;fd

essential for life’, while others hav%' und effect on the size and shape of living

organisms, how they work, ag{j&ysical limits or constraints within which they must

SH

a Unique Natural Resource

operate®*

2.2

Water
Q

Water is the“only naturally occurring substance on earth that can be found in three
pﬂ@gates; solid, liquid, and gas. In its solid form (ice), it is less dense than when it is
in its liquid form. Water is almost the only substance in the universe for which the solid
floats in the liquid. Water is unusual in several other ways as well>. The heat capacity of
water is higher than just about any other substance. The heat capacity of a substance is the
amount of heat you need to add to a mass of material to raise its temperature by a given

amount*. The heat capacity of water is more than twice the heat capacity of natural
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mineral and rock material. This tends to even out temperature differences in earth, from
day to night and from summer to winter. Water is also the best all-around solvent. More

solid substances dissolve in water than in any other liquid.

2.2.1 Basic Physical Properties of Water

Water is an inorganic polar substance with unique physiochemical properties that makes
it discrete from other molecules of comparable molecular mass. Water is high&&}hesive
because of the strong intermolecular interactions (hydrogen bonds, or .N between
the oxygen and hydrogen atoms!2. Water also has the remarkable p pg\ ies of expanding
when it is cooled from 4 °C to its freezing point!4. %‘\\‘

Water with the valence angle of 104.5° is characterize@%)the tetrahedral structure of
water molecules. The polar nature of water ace@%r its high solvating ability, high
surface tension, viscosity, heat of Vaporizatid’i\‘&g for a number of other properties, all of

which can be attributed to the extenshg'ge)molecular hydrogen bonding network!2.

‘Zp
2.3 Surface Water \)
'\

At least 27 % Nii@nded absolutely on streams, pond, river and rainwater for

their drinking \&Kte‘ ource!®, Surface water is defined as one that fails to penetrate into
the soil, %Qor flows along surface of the ground and eventually enters the lakes,
ri@g)ceans”. The natural quality of rivers and streams at any point reflects the
quality of upstream contributions of surface run-off and groundwater discharge. The
various water bodies in the country are used for various purposes such as fishing,
transportation, sand mining, irrigation, recreation, abstraction for industrial and domestic

purposes as well as electric generation.
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Research has shown high prevalence of waterborne diseases such as cholera, diarrhoea,

dysentery, hepatitis and so on among Nigerians'®.

The necessity for water quality
monitoring is vital to safeguard the public health and also to protect the water resource in

Nigeria.

2.3.1 Distinction and Similarities between Surface Water and Groundwater Bodies
All water body interactions are interrelated. Water in lakes, wetlands, a&‘)\}treams
wetlands

9

recharges groundwater reservoirs while groundwater discharges back i %

ﬂ
t. Development of

and streams, providing base-flow maintenance. Groundwater contributes to most streams,
thereby maintaining stream flow during periods of low flow ‘ih

surface water resources can affect ground water ~ras$ées and vice versa. Large
withdrawals of groundwater can reduce the ax%@ f groundwater inflow to surface
water and significantly reduce the supplie@furface water available to downstream
users'’.

Although groundwater and surfac@fer are closely related and in many areas comprise a
single resource, two prin 'pmatures of groundwater bodies distinguish them from
surface water bodi S.@the relatively slow movement of water through the ground
means that resi@i’é

imes in groundwaters are generally longer than in surface waters.
Hence o@%uted, a groundwater body could remain so for decades, or even for
hu@f years, because the natural processes of through-flushing are so slow!'?. There
is also a considerable degree of physical and chemical interdependence between the water
and the containing material.

The word groundwater is generally understood to mean all the water underground,
occupying the voids within geological formations. It follows, therefore, that in dealing

with groundwater, the properties of both the ground and the water are important, and
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there is considerable scope for water quality to be modified by interaction between the

two20.

2.4 Surface Water Pollution

Water pollution, which is mostly by effluent, has become a question of considerable
public and scientific concern in the light of evidence of their extreme toxicity to human
health and to biological ecosystems?!. Water is typically referred to as pollute%ﬁn it is
impaired by anthropogenic contaminants and does not support hu .ﬂ\% such as
drinking water, and/or undergoes a marked shift in its ability to 4x)p\o its constituent
biotic communities, such as fish!!. Water pollution OCCKQhen energy and other
materials are released; degrading the quality of the watem&gdther users and these include
all of the waste materials that cannot be naturally%%down by water??. In other words,
anything that is added to the water, above@?eyond its capacity to break it down is
pollution. Pollution, in certain circum'& , can be caused by nature itself, such as when
water flows through soils with hi@dities”.

Natural phenomena such a %oes, algae blooms, storms, and earthquakes also cause
major changes in a%@y and the ecological status of water. Most water pollutants
are eventually ri& by rivers into the oceans. The water we drink contains essential
ingredien‘%%r well-being and a healthy life'*

Th@% stated that one sixth of the world’s population; approximately 1.1 billion

people do not have access to safe water and 2.4 billion lack basic sanitation'>. Polluted
water consists of industrial discharged effluents, sewage water, and rainwater pollution
and polluted by agriculture or households wastes, which causes damage to human health
or the environment!é. This water pollution affects the health and quality of soils and

vegetation!”. Some water pollution effects are ascertained immediately, whereas others
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are observed up for months or years'8. Estimation from several studies indicates that more
than fifty countries of the world with an area of twenty million hectares are treated with
polluted or partially treated polluted water including parts of all continents!®. Poor water
quality causes health hazard and death of human being, aquatic life and distorts the
production of different agricultural crops®?. In fact, the effects of water pollution are said
to be the leading cause of death for humans across the globe, moreover, pollutaI}ts affects
our oceans, lakes, rivers, and drinking water, making it a widespread and glob ~&&:ernﬂ.
These facts have over the years called for a red alert on the degrading a. ny water
bodies that mainly meets the needs of humans by many organiz.ati glg ally.

But more often than not, human activities are responsible foR®ollutants that enter the
water. The pollution can either be of point source or‘y{&point source. Point sources of
pollution occur when pollutants are emitted @%in‘[o the water body e.g. from
industrial sewage or municipal waste we{;@ A non-point source delivers pollutants

indirectly through environmental cha@ ch as pollution from urban run-offs?*.

o

In most urban-rural commun@n the developing countries especially the Sub-Saharan
Africa, surface waters Q s) streams, and lakes among others) have been the most
available sources @ger used for domestic purposes. The water from these sources is
contaminat @ domestic, agricultural, and industrial wastes and likely to cause water
related @25. A philosophical saying that “the solution of pollution is dilution”, but
un&ately, the growth of cities has given rise to such large volume of wastes that

dilution alone no longer assures the natural processes of self-purification.

2.5 Sources of PTEs in Surface Water

2.5.1 Electronic Waste
Electronic goods manufacturing companies must be legally ensured to mention the

disposal methods of their products in their user manuals. As electrical electronics
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equipment-wastes are the known major source of PTEs, hazardous chemicals and
carcinogens, certainly diseases related to skin, respiratory, intestinal, immune, and
endocrine and nervous systems including cancers can be prevented by proper
management and disposal of electrical electronics equipment wastes. With a view to
bridge the digital divide, there is exponential growth in the use of electrical and electronic
equipment (EEE) and so there is alarming effect on environment and human heillth when
the ICT wastes are not disposed of scientifically and hygienically?’. Q’)&\

It produces large volumes of metal-rich effluents, will naturally be a 0. \?@r polluter
than the food processing industry, for example, this is not Eo s&tk\at players in this
industry will necessarily pollute, and it is in fact in the e%gxplating industry’s best
economic interests to minimize metal discharges, sincé,@e are inversely proportional to
resource efficiency. Reducing losses by minimiﬁi%'%g-out from plating baths leads to
reduced metal discharges. The lead-a '&{Qy manufacturing industry is another
example of an industry which can gé@r'a metal-rich effluents as well as airborne lead
pollution which can subsequentl eposited in surface water resources (and of course

on land). So clearly, wherg %n ustry uses PTEs as key input materials, pollution risks is

always at an incre@Q

2.5.2 Pow C@x‘aﬁon Plants

A larngmn point source of PTEs pollution is coal-fired power generation, which can
co@nate water resources through aerial deposition of mercury emitted from boiler
flues. The industry also generates large amounts of ash which itself contains PTEs,
including uranium?’. Pollutants such as Hg, Pb, As, Se, Cd and Cr leach into ground
water from unlined coal ash storage ponds or landfills polute water, possibly for decades
or centuries. Mercury emissions from coal-fired power plants can fall back on to land and

water in rain, and then be converted into methylmercury by bacteria. Through
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biomagnification, this mercury can then reach dangerously high levels in fish. More than

half atmospheric mercury comes from coal-fired power plants?’.

2.5.3 Cadmium-Generating Industries

Cadmium is produced as an inevitable by-product of zinc (or occasionally lead) refining,
since these metals occur naturally within the raw ore. However, once collected the
cadmium is relatively easy to recycle. The most significant use of cadmih@s in
nickel/cadmium batteries, as rechargeable or secondary power sources, € iting high
output, long life, low maintenance and high tolerance to physical a ctrical stress.
Cadmium coatings provide good corrosion resistance, parﬁ&‘ﬁkg@r in high stress
environments such as marine and aerospace applications w @gh safety or reliability is
required; the coating is preferentially corroded if mt% . Other uses of cadmium are as
pigments, stabilizers for PVC, in alloys an % onic compounds. Cadmium is also

present as an impurity in several produ@x

refined petroleum products®,

2.5.4 Biological Practices \)

The degassing of th«& crust emissions from volcanoes and evaporation from

ng phosphate fertilizers, detergents and

natural bodies q{' is the major natural source of mercury. World-wide mining of the
metal lea%gindirect discharges into the atmosphere. The usage of mercury is
wi in industrial processes and in various products (e.g. batteries, lamps and
thermometers). It is also widely used in dentistry as an amalgam for fillings and by the

pharmaceutical industry?®’.

2.5.5 Industrial Sources
Studies carried out in most cities in Nigeria had shown that industrial effluent is one of

the main sources of surface water pollution in Nigeria®’. Industrial effluents when
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discharged directly into the rivers without prior treatment have capacity of impeding
water quality parameters.

These discharges usually contain specific pollutants, which are related to the nature of
products handled in the industry and the production processes being employed?®'. Such
pollutants may originate from metallurgical, paper and pulp, cloth and cellulose fibres,
food, tannery wastes, detergents, petrochemicals, discharge from hospital.s, ower
generation plants. Researches also indicated that less than 10 % of industrie “&igeria
treat their effluents before being discharged into the rivers®'. The i .E\Sﬁese could
pose include water quality deterioration, reduction in fish abun.da agd effect on water-

usage for recreation, industrial and domestic purposes. ,@

2.5.6 Municipal Wastes Q

Waste management is a major problem in most &ping nations of the world including
Nigeria®2. Indiscriminate disposal of m n1c1\ astes remains a major threat to surface
water pollution in Nigeria. Municipet‘ tes include used waters from houses, offices and
other buildings in the area. Itw@called sanitary wastes. The nature of these impurities
and the large volume o t& in which they are carried make disposal of domestic or

municipal wastes @ﬁ ant technical problem. In most cases, sewage and waste water

from home;ated into the rivers and streams.

2. n Runoff

Urbanization in most Nigeria cities has resulted in the concentration of large population
in some areas living under poor sanitation conditions®®. This invariably has led to
increased waste generations with heaps of waste almost everywhere. During rainfall,
some of these wastes are washed into the poor drainage systems and subsequently, into
nearby rivers**. Lack of town planning architecture and strategies in Nigerian cities and

towns had aggravated the risks of urban run-offs with resultant effect on surface water.

23



The poorly managed drainage system in the country had caused the surface water
impairment due to erosions during rainfall. Rainfall runoff carries all sorts of pollutants

from houses, industries, farmland and dumping sites.

2.5.8 Agricultural Wastes

Due to increased population, there is an obligation in the increase of food production,
which involve the use of fertilizers, pesticides and other production enhancer§.\ us,
agricultural wastes are generated, which consist of organic products, pestici rtilizers,
and other chemicals. These materials, animals and crop enter into wat ies mainly in

run-off from watershed lands and causes pollution®. The inflow stes from livestock

feed, pesticides, fungicides, herbicides and other industria@%icals are highly toxic to

the aquatic environment. Q&
2.5.9 Mining Wastes . %
¢ s

Mining, milling, dressing and proces fjores give rise to dust, ore and metal discards
and large quantities of effluents, @n are often discharged into aquatic bodies. They not
only increase sediments contMtion but also release toxic metals into the water sources.
Some common metal@ 1?1 mine effluents are Cd, Cu, Fe, Pb, Cr, Mn, Ni and Zn*.
Unfortunately, %Ca&astes are highly poisonous, which has effect on both the human
health anc%gvironment”. Mineral processing operations can also generate significant
PT, ution, both from direct extraction processes (which typically entails size

reduction - greatly increasing the surface area for mass transfer and generate effluents) as

well as through leaching from ore and tailings stockpiles®>.

2.5.10 Oil Spillage
Oil spillage is one of the common pollution events of global water-soil ecosystems. An

oil spill represents an immediate negative effects on human health, including respiratory
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and reproductive problems as well as liver, and immune system damage. Oil spills
causing future oil supply to decline also effects the everyday life of humans such as the
potential closure of beaches, parks, fisheries and fire hazards. Contamination can also

have impact on tourism and marine resource extraction industries.

2.6 Effects of Surface Water Pollution

Water pollution has a dual effect on the nature. This is true because it has negatl\/& cts
on the living and also on the environment. The effects of pollution on hy %lngs and
aquatic communities are many and varied. Water pollution causes aﬁ%&nately 14,000
deaths per day, mostly due to contamination of drinking wate ntreated sewage in
developing countries*®. Water pollution has wider ecolc@)&clblmpact than just being
unsuitable for consumption or posing health haza @st of the water withdrawn from
the resources is used for consumption which is éage of industrial wastes.

Thus, water is the major conduit in d1 1ss10n of toxic agents, metal elements
like Pb, Cu, Cd, Cr, Zn, Ni, Fe, a?@g are infectious agents and vectors for diseases,
such as cholera, gastromtestln diS€ases, and malaria and so on. Also, increase in human
settlement, urbanizatio ¢S a greater demand for water’s domestic use, bathing,
recreational actw@Qo struction, agricultural and industrial operations. However,
available t@ limited, so adverse effect of water pollution on ecological systems
become@m e serious. Definitely with all these, we can expect that there is going to be a
re(@n in productivity. Biomass and diversity of communities’ wholesomeness are
disrupted when large amount of toxic materials are released into the waterways as water
pollution leads to damage to human health®’.

2.7 Water Quality Parameters
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Water is a compound with unique physiochemical properties that make it distinct from
other molecules of comparable molecular mass due to its tetrahedral configuration®®. The

following properties of water are of concern to this study:

Table 2.1: Physico-Chemical Parameters of Water Quality

26



Physical Parameter

Chemical Parameter

Biological Parameters

Temperature Ph Algae

Colour Alkalinity Bacteria

Taste and Odor Chloride Protozoa

Solids Chlorine Residual Viruses

Turbidity Acidity &

Electrical Conductivity Nitrogen @Q%
Fluoride

. %
Sulfate Q})&%\‘\%

Copper and Zinc : 6
Dissolved Oxy @%
Biochen{ga)@gen
De (BOD)

V%:)mical Oxygen Demand
@'\ (COD)

\Q)Q Toxic Inorganic Substances
<8
Q°

Toxic Organic Substances

Source®

2.7.1 pH
pH which is a measure of the concentration of free H' ions, is affected by acid rain,

surrounding rock formations, and certain wastewater discharges. Most fresh water aquatic
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species prefer a pH range of 6.5 to 8.0*!. Certain types of organisms prefer different
ranges of pH, if the pH is high or low it will change the types of organisms found in
surface water. A low pH can also allow toxic elements and compounds to become mobile

and available for uptake by organisms3$.

2.7.2 Temperature

The temperature of the water may affect both chemical and biologiea}\%gater
characteristics. Rates of many biological and chemical processes vary wit @mrature.
Biological water quality may vary with temperature due to varying sﬁ% survival rates
in different temperatures. A chemical characteristic that varies W@?'}emperature of the
water is dissolved oxygen content. The saturation value o%&élved oxygen in water is

inversely related to the temperature of the v@refore, in temperate climates,
i

dissolved oxygen levels are typically higher in ter and lower in the summer®.

2.7.3 Electrical Conductance 0

Specific conductance or conduct@of water is a measure of the ease with which an
electrical current can pass thro water. A high conductivity is a result of the presence
of inorganic dissolveb‘%d "zhat carry a charge. The specific conductance of surface
water can be afg' by both natural and anthropogenic factors in the watershed. The
natural @@ity of a surface water body that has not been affected by human
activitigs.depends mainly on the geography of the area. The conductivity of surface water
can vary depending upon the type of rock or soil that the water has come in contact with.
Other natural variations in surface water conductivity can be caused by the type or
amount of biological activity in a surface water*’. The specific conductance of surface

water is also influenced by human activities within a watershed.
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2.7.4 Total Dissolved Solids

Total dissolved solid (TDS) are the total amount of mobile charged ions, including
minerals, salts or metals dissolved in a given volume of water, expressed in units of mg
per unit volume of water?” (mg/ L), or as parts per million (ppm). TDS is directly related
to the purity of water and the quality of water purification systems and affects everything
that consumes, lives in, or uses water. . (b
The TDS usually correlates and affect pH reading. The presence of dissolved %ﬁq\sin the
water will affect the taste of the water. The TDS cannot have a signifi . &tion of its
levels from standard value in water. Not only is it not acceptalzle opsumers due to off
taste, but also due to other effects. This condition may indi@\hat a possible bacterial

contamination of the lower TDS water levels and whi@‘s also very harmful to human

health*!, QQ

2.8. Total Alkalinity : ,@

It is composed primarily of carbonate’@ carbonate. Alkalinity, pH and hardness affect

the toxicity of many substan§ ¢ drinking water could be determined by dil. HCI1
I

titration in presence of p@

water essentially @om the presence of hydroxyl and carbonate ions. Hydroxyl

thalein and methyl orange indicators. Alkalinity in hot

alkalinity in bo?% water is necessary to protect the boiler against corrosion and lag. Too
high a czﬁ%solutions cause other operational problems, such as foaming. Excessively
hi@usticity levels can result in a type of caustic attack of the boiler called

"embrittlement".

2.8.1 Dissolved Oxygen (DO)
The DO is one of the most important parameter. Its correlation with water body gives

direct and indirect information e.g. bacterial activity, photosynthesis, availability of
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nutrients and stratification. In the progress of summer, DO decreased due to increase in
temperature and also due to increased microbial activity. The high DO in summer is due
to increase in temperature and duration of bright sunlight has influence on the percentage
of soluble gases (O, & CO»). During summer the long days and intense sunlight seem to
accelerate photosynthesis by phytoplankton, utilizing CO, and giving off oxygen. This
possibly accounts for the greater qualities of O, recorded during summer. Frgsh water

pond and DO amount recorded during monsoon season was 5.86 mg/L é;\o the

turbulence of water facilitating the diffusion of atmospheric oxyge increased
solubility of oxygen at lower temperature. 6,\

2.8.2 Carbonate ¢ QQ)
Whenever the pH reaches 8.3, the presence of @%s is indicated. It is measured by
titration with standardized hydrochloric 'c@fl) using phenolphthalein as indicator.
Below pH 8.3, the carbonates are co% into equivalent amount of bicarbonates. The
pH titration can also be don m@’ly or potentiometrically®’. Carbonates in water is

present in the form of dness and it needs to be removed as ut can prove to be

dangerous to humt@ as well as affect the conveyance system.

2.8.3 Bicar %e
Bic (@e is also measured by titration with standardized hydrochloric acid using
methyl orange as indicator. Methyl orange turns yellow below pH 4.0. At this pH, the

carbonic acid decomposes to give carbon dioxide and water°.

2.8.4 Biochemical Oxygen Demand (BOD)
BOD is a measure of organic material contamination in water, specified in mg/L. BOD is

the amount of dissolved oxygen required for the biochemical decomposition of organic
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compounds and the oxidation of certain inorganic materials (e.g., iron, sulfites). Typically
the test for BOD is conducted over a five-day period*’. The demand of oxygen in the
water was recorded during monsoon season was 3.20 mg/L due to the possible addition of
high amount of waste along with rain water from the surrounding and addition of organic
waste in Taal lake by certain human activities which also be responsible for the increase
in BOD*!. . (b.
>

2.8.5 Chemical Oxygen Demand (COD) . q%&
COD is another measure of organic material contamination iI.I w\ r@eciﬁed in mg/L.
COD is the amount of dissolved oxygen required to caus&@fnical oxidation of the
organic material in water. Both BOD and COD are Key~udicators of the environmental

health of a surface water supply. They are com nhQused in waste water treatment but

rarely in general water treatment?'. C’}\%

2.8.6 Sulfate
@‘b

It is measured by neph%tric method in which the concentration of turbidity is
measured against @Vn concentration of synthetically prepared sulfate solution.
Barium chlori&(@ used for producing turbidity due to barium sulfate and a mixture of

organic substahce (Glycerol or Gum acetia) and sodium chloride is used to prevent the
se@% turbidity. As per IS; 10500-2012 desirable limit for sulphate is 200 and 400

mg/l in permissible limit®'.
2.8.7 Ammonia (Nitrogen)
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It is measured spectroscopically at 425 nm radiation by making a color complex with
Nessler’s reagent. The conditions of reaction are alkaline and cause severe interference
from hardness in water®!. Total nitrogen exhibited higher value in monsoon season and
very low in summer season the surface run of agricultural wastes, fertilizers, domestic
wastes, house hold sewage and surface run-offs can also increases the concentration of
total nitrogen and carbon in the study area. The total nitrogen level in water.observed

during raining season, phosphate value might be due to the regeneration an@se of

total phosphorus from bottom mud into the water column by turbulence a ng3!.

It is measured by complexometric titration with,{}(%ﬁard solution of Ethylene

2.8.8 Calcium

diammineacetic acid (EDTA) using Patton’s%%eeder’s indicator under the pH

conditions of more than 12.0. These con@e achieved by adding a fixed volume of
t

4N Sodium Hydroxide. The Volume%'l (EDTA solution) against the known volume
of sample gives the concentr, tio& calcium in the sample. The amount of calcium in

water was recorded duringo;\lsoon season due to calcium absorbed by the large number

of organisms for s@l@mction, bone building and plant precipitation of lime>!.

2.8.9 Magn @1\

It measured by complexometric titration with standard solution of EDTA using
Eriochrome black T as indicator under the buffer conditions of pH 10.0. The buffer
solution is made from ammonium chloride and ammonium hydroxide. The solution

resists the pH variations during titration3'.

2.8.10 Sodium
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It is measured with the help of flame photometer. The instrument is standardized with the
known concentration of sodium ion (1 to 100 mg/litre). The samples having higher
concentration are suitably diluted with distilled water and the dilution factor is applied to

the observed values®°.
2.8.11 Potassium

It is also measured with the help of flame photometer. The instrument is s@dized

with known concentration of potassium solution, in the range of 1 g@litre. The
sample having higher concentration is suitably diluted with di ilk§d water and the
dilution factor is applied to the observed values. @

2.8.12 Chloride @6\

It is measured by titrating a known vo 'n&&&sample with standardized silver nitrate
solution using potassium chromate@ n in water or eosin/fluorescein solution in
alcohol as indicator. The latte in@r is an adsorption indicator while the former makes
a red colored compound wi @%lver as soon as the chlorides are precipitated from solution.

The chloride amit)@%onsoon was 102 mg/L due to frequent run-off loaded with
er

contaminated %&
2.8.§ '@bldity

The turbidity is the cloudiness of the effects caused by various individual particles. These

rom the surrounding slum area and evaporation of water*3.

particles are generally invisible to the naked eye, just like what happens to smoke in the
air. Turbidity results in a decrease in the intensity of light that passes through cloudiness
or turbidity water due to light, absorption, and reflection of light. Technically, turbidity

can be defined as a disorder or fluid disturbance caused by suspended solids that are
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usually not visible to the naked eye. The turbidity can affect the growth rate of algae and
other microaquatic plants in the water. Increased turbidity can lead to a decrease in
aquatic plant growth due to a decrease in the amount of light for plants to perform

photosynthesis.

Turbidity is also able to increase the water temperature because the particles in the water
to the surface absorb more heat. These factors lead to the reduction of dissolve & en.
Turbidity measurement is an important test when trying to determine wa@%ality. In

drinking water, the higher the turbidity level, then it is easier for a person to get water-

related illnesses**. ) 6.\

2.8.14 Secchi Disk Transparency &Q)
Secchi disk transparency refers to the deptP t(&lic the white and black Secchi disk can
be seen in the lake water. Water clarity, @ermined by a secchi disk is affected by two
primary factors: algae and suspend iculate matter. Particulates (soil or dead leaves)
may be introduced into the w}g% either runoffs or sediments already on the bottom of
the lake. Erosion from %action sites, agricultural lands, and riverbanks all lead to
increased sedimeQ@noffs. Bottom sediments may be resuspended by bottom-feeding
fish such a %p, or by motorboats or strong winds in shallow lakes. The higher
tra@@ce occurred in lake water, during winter and summer due to absence of rain,

runoffand flood water as well as gradual settling of suspended particles.
2.8.15 Total Hardness

Total hardness is a measurement of calcium and magnesium, and is expressed as calcium
carbonate; our body needs both Ca and Mg to remain healthy. As per WHO standard

desirable limit and permissible limit for hardness lies between 200 mg/l respectively. The
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effect of hardness is scale in utensils and hot water system in boilers. Soap scum’s
sources are dissolved calcium and magnesium from soil and aquifer minerals containing
limestone or dolomite. The Treatment of hard water is softener ion exchanger and reverse
osmosis process. The amount of total hardness in the Suraila Taal lake water was
recorded during monsoon was 346 mg/L due to presence of high content of calcium and

magnesium in addition to sulphate and nitrate in the sewage waste added during

monsoon®. Q’}\

2.8.16 Fluoride é

Fluoride occurs as fluorspar (fluorite), rock phosphate, phosph('m@;}als and triphite in
nature. These factors which control the concentration f)f &L@&E in the water area and the
presence of accessory minerals in the rock minera a@tnlage through which the ground
water is circulating®’. Fluoride is most. important in human body for the normal
development of bones. As per BIS st@ desirable limit for fluoride is 1 mg/l in
permissible limit. The higher conqe&éﬁon of fluoride in drinking water may develop

molting of teeth, skeleton ﬂuw, and deformation in knee joints*®.

Table 2.2: Different Analytical Water Quality Parameter with their Analytical Technique
and Guideline Values as per WHO and Indian Standard.

35



Sr. Parameter Technique used WHO Indian USEPA
No. q Standard Standard Standard
1 Temperature Thermometer - - -
2 Color Visual / color kit - > Hazen -
units
3 Odour Physiological sense Acceptable acceptable -
Electrical Conductivity meter /
4 Conductivity water analysis kit ) ) 2500 us/em
5 pH pH meter 6.5-9.5 6.5-9.5
6  Dissolved Oxygen Redox titration - - - e ®
Complexometric @Gp
7  Total Hardness titration 200ppm 300ppm i QO pm
8  Alkalinity Acid-Base titration - 200 ppm\, 5
9  Acidity Acid-Base titration - - -
10 Ammonia UV Visible 03ppm ° Qﬂl’?l 0.5 ppm
Spectrophotometer %
11  Bi carbonate Titration - é -
Biochemical . ° Q
12 Oxygen Demand iﬁf;]fggon followed by ,® 30 5
(BOD)
13 Carbonate Titration \% - - -
Chemical Oxygen . :
14 Demand (Coby  C-OD- dlgest{j\ 10 i 40
15 Chloride Argentome itration 250 ppm 250 ppm 250 ppm
. Compl tric
16 Magnesium titrion 150 ppm 30 ppm -
. V Visible
17  Nitrate c't\ropho tometer 45 ppm 45 ppm 50 mg/l
. Q V Visible
18  Nitrite ( Spectrophotometer 3 ppm 45 ppm 0.5 mg/l
19 Potas 'ulé\, Flame Photometer - - -
20  So Flame Photometer 200 ppm 180 ppm 200 ppm
Nephelometer
21 <®1ate Turbidimeter 250 ppm 200 ppm 250 ppm
Y
Source*®

Table 2.3: Different Analytical Water Quality Parameter used for Testing of Quality of
Water and their Source of Occurance and Potential Health Effects with USEPA Guideline
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Sr.

No. Parameter

Source of Occurrence Potential Health Effect

1 Turbidity

[\

Color
Odor

(98]

Flectrical
conductivity

5 pH

Dissolved
oxygen

7  Total hardness

Higher level of turbidity is
Soil runoff associated with disease
causing bacteria’s.

Due to presence of dissolved salts
Due to biological degradation Bad odour unpleasant

Conductivity due to ionizable
ions. High conductivity
increases corrosive nature of
water. {%‘

pH is changed due to different Affects mucous l%gane;
r

dissolved gases and solids. bitter taste; ¢ h,%
D.O. corm%i 1nes,

Presence due to dissolved oxygen boiler ans :E heat exchangers, at

Due to different dissolved solids

lowsl arine animals

can%N ive.
Presence of calcium and &

magnesium ions in a water suppl r lathering with soap;
It is expressed. Hardness mi eterioration of the quality of
exist to same degree in ev&@ er clothes; scale forming.

supply.
8  Total alkalinity Due to dissolved éj&\% Eg}?gg?ﬁzr:igggf;eﬁigiissﬁel'
d&{ Undesirable taste; gastro-
9 TDS Presence all ved salts intestinal irritation; corrosion
Q) or incrustation
10 Calcium Precip%v) Interference in dyeing, textile.
11 Magnesium S t&nts, anionic emulsifiers Paper industry etc.
12 Ammonia Q t d%ssolved gases and Corrosion'of Cuand Zn a}loys
gradation of organics by formation of complex ions.

13 Bar@\‘
'@emical

14 gen Demand
(B.0.D.)

15 Carbonate

16 Chloride

Discharge of drilling wastes;
discharge from metal refineries;  Increase in blood pressure
erosion of natural deposits

Organic material contamination in High BOD decreases level of
water dissolved oxygen.

Product imbalance
Due to dissolution Unsatisfactory production
short product life

Eye/nose irritation; stomach
discomfort. Increase corrosive
character of water.

Water additive used to control
microbes, disinfect

17 Nitrate

Runoff from fertilizer use; leaking Effect on infants below the
from septic tanks, sewage; erosion age of six months symptoms
of natural deposits include shortness of breath
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Sr.

No Parameter Source of Occurrence Potential Health Effect

and blue-baby syndrome.

Stimulate microbial growth,

18  Phosphate - Rancidity mold growth

19  Sodium Natural component of water

Taste affected; gastro-
intestinal irritation. Calcium
Sulphate scale.

Due to dissolved Ca/Mg/Fe

20 Sulphate sulphate

Source*®

&

%\%

2.9 PTEs and its Associated Human Health Effects
Potentially toxic elements are non-biodegradable and are considered as major
environmental pollutants causing cytotoxic, mutagenic and carcinogenic effects in

animals®’.
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PTEs are natural constituents of the earth's crust. They are stable and cannot be degraded
or destroyed, and therefore they tend to accumulate in soils and sediments. However,
human activities have drastically altered the biochemical and geochemical cycles and
balance of some PTEs. The principal man-made sources of PTEs are industrial point
sources, such as mines, foundries and smelters, and diffuse sources such as combustion
by-products, traffic and so on. .

Heavy metals such as zinc, iron, chromium and nickel are essential metals sin@% play
an important role in biological systems, whereas cadmium and le . -essential
metals, as they are toxic, even in trace amounts*®. However, .the eﬁential metals can

also produce toxic effects when the metal intake is excessive@ated.

There are about thirty chemical elements that play a p@zg) role in various biochemical
and physiological mechanisms in living organis@% recognized as essential elements
for 1life*. In fact, for many food compo é@)e intake of metal ions can be a double

edged sword because of bioaccum%tl and bio-magnifications of PTEs in living

organisms which describes %ﬁ@gses and path-ways of pollutants from one tropic
level to another™.

'\
Majority of the k @ds and metalloids are very toxic to living organisms and even
those considere%s essential can be toxic if present in excess amounts*. Concentrations
of severall%b metals and metalloids have been largely increased as a result of human
ac@s. They can disturb important biochemical processes, constituting an important

threat to the growth of plant and health of animals*3.

Lately, contamination of foods by PTEs has become an inevitable challenge; this is
because of air, soil, and water pollution contributing to the presence of harmful elements,

such as cadmium, lead, and mercury are found in foodstuffs. The occurrences of PTEs
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enriched ecosystem components arise from rapid industrial growth, advances in the use of
chemicals in agriculture, or the urban activities of human beings. These agents have led to
metal dispersion in the environment and, consequently impaired the health of the
population by the ingestion of victuals contaminated by harmful elements>!.

Percolation of runoff water often lead to horizontal leaching from dumpsites causing
metal uptake by root of crops; the rest may find their way into open water bodie.s and the
entire aquatic ecosystem. The entry into food chain of these metals leads %&'c\eased
susceptibility and exposure to metal poisoning of the local populati ..NA mber of
serious health problems can develop because of excessive.u e.\of dietary PTEs.
Furthermore, the consumption of PTEs-contaminated food,éa\eriously deplete some
essential nutrients in the body causing a decrease in ir‘ru@qofogical defenses, intrauterine
growth retardation, impaired psycho-social @%s, disabilities associated with
malnutrition and a high prevalence of up T@gintestinal cancer>?,

In Nigeria, there is lack of food int%@rd to monitor the intake of PTEs and their

levels in blood and urine. y\i?@‘ocated that legislation is necessary to check Pb
be

exposure to humans shoul

data®. QQ@

2.9.1 Lea 6\‘

ased on genuine scientific evaluation of the available

Lead w@a mic number 82 is a bluish-white and very soft metal. Lead is a metal that
occurs/as Galena naturally in the earth. It has many industrial uses and is found in trace
amounts everywhere in the human environment. Lead is used in many engineering and
chemical industries such as lead batteries, sulphuric acid plants, soldering, automobile
industry, pigments and paints.

Lead is resistant to corrosion and discoloration; its early uses included pipes for the

collection, transport, and distribution of water and containers for the storage of food and
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beverages>®. Nevertheless, lead has adverse behavioural, physiological, and biochemical
effects on humans. A major physiological and biochemical impact of lead is inhibition of
two key enzymes needed for the synthesis of haemoglobin, the iron-containing protein in
red blood cells that binds and transports oxygen to all cells in the human body>*. When
these enzymes are inhibited and haemoglobin synthesis is disrupted, there is insufficient

transport of oxygen and anaemia as the result. ‘b.
2.9.2 Zinc . é

Zinc with atomic number of 30 is a white metal with a bluish-grey lu‘s%lnc is a metal
that occurs as sphalerite, calamine, and zinc blend naturally il}\\@sﬁhh. It has a great
variety of application as it is useful in the negative pla@ some electric batteries,
roofing in buildings and construction, as a white i@qx in paints, pigment in plastics,
cosmetics, photocopier papers, and printing ink é

Zinc is used in drugs as it is believed @@s anti-oxidant properties. This protects
against premature ageing of the ski muscle of the body. However, zinc ingestion at
extreme concentration can ﬁ@ the pancreas, disturb protein metabolism, cause

hypogonadism with impaifed féproductive capacity and result in arteriosclerosis®>.

S
2.9.3 Cadmiun‘\d

Cadmiur%thmic number of 48 is a bluish-white rare metal. It occurs in association
with™zine,)lead, copper minerals and resembles zinc in many of its properties. Cadmium
has many industrial uses such as in electroplating, Ni-Cd batteries and manufacture of
fertilizers, paints and coloured glass.

The effects of cadmium on aquatic organisms can be directly or indirectly lethal and can
impact populations and ecosystems as well as individuals, Vitamin D is necessary for
deposition of calcium in bones and by blocking vitamin D synthesis, cadmium prevents

the bones from having a normal amount of calcium®. Thus, the bones become soft or
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brittle. Chronic cadmium exposure causes kidney damage by inhibiting enzymes

responsible for re-sorption processes>>.

2.9.4 Chromium

Chromium with atomic number of 24 is a hard steely-grey metal, occurring in nature as
chromite. Chromium is used in plating and in the manufacture of stainless, acid resistant
steels, tanning of hides in leather industry, and mordant in dyeing. Chromih@s an
essential trace nutrient that is required in small amounts for carbohydrate,m ism, but
becomes toxic at higher concentrations). The most bioavailable ‘%oxic form of
chromium is the hexavalent ion Cr*¢. Therefore, water quality‘s@scﬁ for protection of
aquatic life are stricter for hexavalent chromium than fo%'&galent chromium (Cr*3)%.
Chromium and cadmium works together and thec&?@d toxicity of these two metals is

greater than the sum of their individual toxicity™/.

2.9.5 Iron C.J)\\‘

Iron with atomic number of 26 i ilvery plastic metal and the next abundant metal in
the globe after aluminum. IMrs naturally as magnetite and haematite. Iron is used
mainly in the product@f '\ous alloys, coagulants in water purification and pesticides.
Although, iron%@essential mineral, disease of aging such as alzheimer’s diseases,
diabetes %@ have been linked to excess iron intake. Excess iron in drinking water
ca %e an unpleasant taste and stain home fixtures>. Iron at low concentration may
cause nuisance algae species to replace inoffensive species. Likewise, iron may cause
algae blooms, which create biological oxygen demand, smother aquatic plants and

produce potent neurotoxins.
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2.9.6 Nickel

Nickel with atomic number 28 is a hard and silvery yellowish metal. It occurs in nature
chiefly as compounds with arsenic or sulphur and resistant to corrosion. Nickel alloy is
employed in turbines, jet engines and electrical heating elements>”.

Nickel is one of many trace metals widely distributed in the environment. Nickel is being
released into the environment from both natural sources from wind-blo.wn dust,
weathering of rocks and soils, volcanic emissions, forest fires, Veg@ and
anthropogenic sources from emissions from fossil fuel consumpti ."N kel is a
nutritionally essential trace metal for at least several animal sp?ciewigro-organisms and
plants, and therefore either deficiency or toxicity symptoms &Qé}cur when, respectively,
too little or too much nickel is taken up. Inhalation ei@e in occupational settings is a

primary route for nickel-induced toxicity, and l@%@ toxic effects in the respiratory
tract and immune system®’. :' ,@

2.9.7 Copper ‘b
Copper with atomic number 0 &Q a reddish metal, widely distributed in nature in form
of free metal as ore suc dlachite, copper glance and copper pyrite. Owing to its high
thermal and elecl@a)gm uctivity, high tensile strength; copper is in great demand in
electrical a @ trial equipment manufacture.

Cop erﬁ‘i in drinking water from copper pipes, as well as additives in controlling
alg$owth. The major sources of its deposition into the environment are mining,
smelting and fossil fuel combustion®?. Although, copper is an essential substance to

human life. But in high doses, may cause anemia, liver and kidney damage, and intestinal

irritation.
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2.9.8 Manganese

Manganese is a chemical element with the symbol Mn and atomic number 25. It is a hard
brittle silvery metal, often found in minerals in combination with iron. Manganese is also
an essential human dietary element, important in macronutrient metabolism, bone
formation, and free radical defense systems. Manganese toxicity can result in a permanent
neurological disorder known as managasm. Symptoms of this include; tremors, i.rritability,

difficulty walking and facial muscle spasms. Q’)&\

2.9.9 Mercury and Arsenic ‘é\

Mercury is toxic and has no known function in human bioc@‘@ and physiology.
Inorganic forms of mercury cause spontaneous abortion,ég%enital malformation and
gastrointestinal disorders (like corrosive esophagitis ,%},haematochezia)&. Poisoning by
its organic forms, which include monomethyl “arfd dimethyl mecury presents with
erethism (an abnormal irritation or sen@{w\‘o an organ or body part to stimulation),
acrodynia (pink disease, which is %&terized by rash and desquamation of the hands
and feet), gingivitis, stomati‘u@é@éological disorders, total damage to the brain and CNS
and are also associated @ﬁ(’ﬁlgenital malformation. As with lead and mercury, arsenic
toxicity symptoms, de gd n the chemical form ingested.

Arsenic a @bagulate protein, forms complexes with coenzymes and inhibits the
producti adenosine triphosphate (ATP) during respiration. It is possibly carcinogenic
in@pounds of all its oxidation states and high-level exposure can cause death. Arsenic
toxicity also presents a disorder, which is similar to, and often confused with Guillain-
Barre syndrome, an anti-immune disorder that occurs when the body’s immune system
mistakenly attacks part of the PNS, resulting in nerve inflammation that causes muscle

weakness.
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Arsenic is one of the most important PTEs causing disquiet from both ecological and
individual health stand points. It has a semi metallic property, is prominently toxic and
carcinogenic, and is extensively available in the form of oxides or sulfides or as a salt of
iron, sodium, calcium and copper. Arsenic is the twentieth most abundant element on
earth and its inorganic forms such as arsenite and arsenate compounds are lethal to the
environment and living creatures. Humans may encounter arsenic by natura.ll crrgans,
industrial source, or from unintended sources. Deliberate consumption of ars%'&,l\ﬁ case
of suicidal attempts or accidental consumption by children may als r. q@ cases of
acute poisoning. Arsenic is a protoplastic poison since it affec.ts ‘p\%a{ily the sulphydryl

group of cells causing malfunctioning of cell respiration, cell@hes and mitosis®.

2.10 Water Quality Assessment ®

An assessment on the effect of anthropf;;@gtivities on the surface water quality of
river Ogun reported high concentrati%i al dissolved solids of 98 — 200 mg/L, which

is within the WHO standards of @ng/L“. This could be true because of salt intrusion

as a result of short distances to”ocean. High values of hydrogen ion concentration and

'\
total dissolved so '@er Ogun was reported, which is above the maximum
b

permissible limgﬂd

water of %@ro Local Government area of Ogun State®®. Water quality assessment on

riv@@n using multivariate statistical technique and discovered a slightly acidic

condition®’. Similar acidic condition in Asa River, which exceeded the recommended

HO®. This is corroborated by similar findings obtained in Omi

level for surface water quality®®. The state of pollution of Ogun River at Kara Abattoir
and revealed that cadmium, chromium, iron and lead exceeds the WHO limit standard®®
Similar results were obtained revealing high concentration of lead and copper®. The

scarcity of clean water and pollution of fresh water has therefore led to a situation in
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which one-fifth of the urban dwellers in developing countries and three quarters of their
rural dwelling population do not have access to reasonably safe water supplies’’.
Available literature on environmental monitoring of surface water indicated that streams
and rivers in the country are showing increasing trend of water pollution due to increase
population, industrialization and urbanization?'. Waste generations by the industries and
households have continued to increase. These wastes are indiscriminately dispo(sebd‘-off
into the water bodies. Urgent attention is therefore necessary to mitigate wat@s})\lution
problems in Nigeria through monitoring as well as enforcement of emi .'\S@ﬂards by
industries’". . 6.3
The study of toxic PTEs in Ogun River is more importa Qe\mmparison with other
pollutants due to their non-biodegradable nature, ‘a@wlative properties and long
biological half-lives. It is difficult to remove the‘@etely from the environment once
they enter into it. In light of the in é@se of a wide variety of metals and
petrochemicals in industries cou%' ith Nigerian style of dumping refuse
indiscriminately around the as@%ere is now a greater awareness of toxic metal
pollution in the aquatic en@g\mentn’”.

R
2.11 Hazard Q%gﬂ)t (HQ)

A hazard'%uent is the ratio of the potential exposure to a substance and the level at
wh@@ldverse effects are expected. It is primarily used by USEPA to assess the health
risks of air toxics. Another very important concept related to HQ is Hazard Index (HI). It
is the sum of hazard quotients for substances that affect the same target organ or organ
system. As with the hazard quotient, aggregate exposures below an HI of 1.0 derived
using target organ specific hazard quotients likely will not result in adverse non-cancer

health effects over a lifetime of exposure’!.
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Both hazard quotient (HQ) and risk quotient (RQ) are very important concepts in
chemical risk assessment. They are used by regulatory authorities such as USEPA to

describe the risk category of a chemical substance.

A hazard quotient less than or equal to 1 indicates that adverse effects are not likely to
occur, and thus can be considered to have negligible hazard. HQs greater than 1 is not

statistical probabilities of harm occurring. Instead, they are a simple statement of {Nher

(and by how much) an exposure concentration exceeds the reference concen (RfC).
2.12 Heavy Metal Contamination in Sediments . 6'\

Contamination of sediments by heavy metals and other poll&%is considered by many
regulatory agencies to be one of the major threats to :&q@c ecosystems. The importance
of sediments as a sink for a range of substanegs)including nutrients, hydrocarbons,
pesticides and heavy metals has been .'g%g ed in many past studies*. Sediments’
qualities are one of the possible me%'in monitoring the health of aquatic ecosystems.
They are ecologically import&t)&ﬁponents of the aquatic habitat and play a significant
role in maintaining the traphiestatus of any water body. It was observed that sediments

play a signiﬁca@ 1% remobilization of contaminants in aquatic systems under

favorable c;n&oys and interactions between water and sediments. Like soils in the

terrestrial system, sediments are the primary sink for metals and precipitates in the aquatic
en@nent. It was reported that sediments in rivers do not only play important roles at
influencing the pollution, they also record the history of their pollution*3.

Heavy metals once adsorbed on the sediments are not freely available for aquatic
organisms. Under changing environmental conditions (temperature, pH, redox potential,
salinity) of the overlying water, these toxic metals are released back to the aqueous phase.

The occurrences of enhanced concentrations of heavy metals especially in sediments may
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also be an indication of human-induced perturbations rather than natural enrichment
through geological weathering*. Heavy metal distribution and bioavailability in both
sediments and the overlying water column have to be considered to obtain a better
understanding of interactions between the organisms and their environment. Hence, the
assessment of sediment is significant to study the risk of aquatic ecosystem contamination
and pollution. Apart from water, sediments are also responsible for nutrients and.pollutant
transportation in aquatic environments*>, Q’)&\
Sediments capture hydrophobic chemical pollutants that enter wate . d slowly
release the contaminants back into the water column. Th.ereg,.wensuring a good
sediment quality is crucial to maintain a healthy aquatic ecq&%’n, which ensures good
protection of human health and aquatic life. In addi@to the physical and chemical
relationships between sediments and contarr@:, sediments are of fundamental
importance to benthic communities in t roviding suitable habitats for essential
biological processes. Therefore, sedi%} quality assessements provide an essential link
between chemical and biological @%sses going on in the aquatic biodiversity®.
Sediments near urban areas_ commonly contain high levels of contaminants. This
constitutes a maj e@'\’%ﬂnental problem faced by many anthropogenically impacted
aquatic enviror&gg Sediments act as both carrier and sources of contaminants in
aquatic enwrohments. The contamination of sediments with heavy metals leads to serious
enental problems. Heavy metals may adsorb onto sediments or be accumulated by
the benthic organisms; their bioavailability and toxicity level depends upon the various
metal forms (inorganic or organometallic) and amounts bound to the sediment matrices.
Additionally, pollutants released to surface water from industrial and municipal
discharges, atmospheric deposition and run-offs from agricultural, urban and mining areas

accumulate to harmful levels in sediments®’.
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2.13 Heavy Metals in Fish

Fish enjoys a good reputation as a nutritious and healthy food. They are essential
food items that provide high quality protein, vitamins, minerals and omega-3 fatty
acids which have been associated with health benefits due to their cardio-
protective effects. Despite the many health benefits associated with fish in a diet,. th(;c&e‘ are
also some health risks related to fish consumption, mainly due to potential advq'%&ffects
of heavy metal contamination®. It was noted that heavy meta .{c\%l known
environmental pollutants that cause serious health hazards to I.lu bgings; their effects
are not immediate and show up after many years. The@vironmental pollutants
represent a major problem in both developed and unde’v@%ﬁ countries of the world.
Aquatic biota has been wused to monito@}% metal pollution in aquatic
ecosystems for decades. The choice of bi 't{@gnds on several factors like heavy metal
accumulating potential of the orgw&' »”motility, economic value among others®*.
However, fish are the often ref@%biota because of their big size which makes them
easily identifiable and tl%g\bllity to accumulate heavy metals. Also, fish is a bio-
indicator because A @y to be obtained in large quantity, potential to accumulate
metals, long liféﬁge}n, easy to sample and optimum size for analysis®.

Therefore,\fiSh are useful as sentinel species and biomonitors of metal pollution
be@gey can help understand the risk to the aquatic ecosystem and to humans. The
use of wild and cultured food fishes as biomonitors of metal pollution in aquatic
ecosystems is becoming popular throughout the world’.

Heavy metals are non-biodegradable and they persist in the environment and may become
concentrated up the food chain. This may lead to enhanced levels in tissues of fish and

other aquatic biota. The region of accumulation of heavy metals within fish varies with
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route of uptake, type of heavy metals and species of fish concerned. The
accumulation of contaminant residues may ultimately reach concentrations
hundreds or thousands of times above those measured in the water, sediment and food.
For this reason, monitoring fish tissue contamination serves an important function as an
early warning indicator of sediment contamination or related water quality problems.
Monitoring fish tissue contamination also enables detection of toxic chemicals it.l ﬁ% that
may be harmful to consumers, and take appropriate action to protect public he@d the

environment. Multiple factors including seasonal, physical and chg@@perﬁes of
n

1
water can play a significant role in metal accumulation in diff§H ish tissues. It is

therefore of great significance to evaluate pollution effects o @;\1\;0r both environmental
protection and socio-economic reasons. A comb'l@n of biological monitoring
(bioaccumulation) and measurements of water @ment quality can provide a good
indication of conditions and potential risi’;@ter body®°.

Accumulation of metals in differe%' species depends on their feeding habits,
ecological needs, metabolism, a d size of fish. Heavy metals accumulate in many
important organs. Evidently heavy metals accumulate frequently in fish flesh (muscle)
and in internal o @%pporting structures and gills mostly accumulate waterborne
heavy metals, mle stomach and intestines accumulate food-associated elements. The
highest conceitrations of heavy metals are found in fish liver, kidney and gills'®!!:!2, Diet
is ‘@mm route of exposure to heavy metals in the case of population not exposed to
them. Thus, heavy metals acquired through the food chain as a result of pollution are
potential chemical hazards, threatening consumers. The consequence of heavy metal

pollution can be hazardous to man through his food. Therefore, it is important to assess

and monitor heavy metal in aquatic environments (water, sediment and biota)'!!2,
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2.14 Effects of Heavy Metals in Aquatic Organisms and Man

Despite progress made in environmental waste management, heavy metals still
pose immense health hazards to human and aquatic biota. Unlike other classes of
pollutants which can be biodegraded and totally destroyed, heavy metals are non-
biodegradable, and can neither be created nor destroyed. However, heavy metals might be
altered from more toxic form or complexes to more stable and less toxic compou.ndSS.
Discharge of heavy metals into a river or any aquatic environment @Mange
both aquatic species diversity and ecosystems, due to t 1.\3@0ity and
accumulative behavior. Aquatic organisms such as fish and sllell hqccumulate metals
to concentrations many times higher than present in water o@hent. They can take up
metals concentrated at different levels in their different @v organs>.

In an aquatic environment, toxicity can@ influenced by various abiotic

environmental factors such as; dissoly fﬂ@en calcium/water hardness, pH, and

temperature. Temperature espemally portant factor affecting metal toxicity, since
most aquatic organisms are p&) ic. Studies have shown that as water temperature
rises, toxicants in water b me more lethal to fish at lower concentrations. Other factors
that can play a ro @anmc matter, carbon dioxide, metabolic activities, biological
half-life of th metal, suspended solids, total organic carbon, interactions between
pollutantg%'he developmental stages of the organisms, and intraspecific variations in
su@%ity to metals. Studies carried out on fish have shown that heavy metals
have toxic effects’. They alter physiological activities and biochemical parameters
both in tissue and in blood of fish. Elements such as mercury, cadmium, copper
and zinc are considered most dangerous in the ecotoxicological aspect!®!415,

Consumption of biota from contaminated aquatic bodies is an important route of

exposure to pollutant compounds. However, water quality criteria for fish have
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not received the attention that they deserve. All too often, water has been
considered quite adequate for fish as long as there is no obvious mortality ascribed to

known pollutants®.
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Chapter Three

Methodology

3.1 Description of the Study Area

The river Ogun is a permanent river with a total area of 22.4 km and a fairly large flow of
about 393 m/s during the wet season'. The river originates from Oyo State [3’ 28”E and
8’41”N] near Shaki, which flows through Ogun State and discharges into {K@&a’gos
Lagoon, which is the final sink. The river Ogun water is us;u%&@%ﬁculture,
transportation, human consumption, various industrial activities and domestic purposes?.
The river serves as raw water for Ogun State and Lagos State gﬁé' ?ks, which treats it
before dispensing it to the public. Along the river basip, @s from breweries, abattoir,
dyeing industry, domestic wastewater are discha@’@

The major climatic seasons are wet season, w@begins in June, and ends in July and the
dry season, which begins in January aanﬂs in March. The people are mainly farmers
and traders. As at the time of this h work, the study area is predominantly an urban
area at Lafenwa areas and M area with an industrial activity (mining of sand) at
Alagada area. The co@: of each area were recorded using the Garmin-12 Global

Positioning Sy te@PS) and are presented in Table 3.1.

Q

3.2 ﬁme ollection

The sampling exercise was carried out twice each month for two months of the two
seasons in Nigeria (January to February and June-July) for dry and wet season
respectively, with a total of thirty-two (32) water samples collected to assess four (4)

physicochemical parameters and eight (8) PTEs.
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Table 3.1 Sampling Locations and their Activities

S/N Location Coordinates Activities
1 Alagada 7°4°23.888”°N Sand mining, rearing of animals and
3°20°0.6’E Agriculture

2 Lafenwa 7° Wood Processing, Agn%% Waste

8°44.246°N disposal, selling and, buying of fishes,
3°21°12.1896”° Bathing, lau%:}‘ activities  and

E Rehgloung')&

Source: Field Work, 2021 Q\\
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The physiochemical parameters and metals (Pb, Zn, Cd, Cr, Ni, Cu, Fe and Mn) were
assessed on each water sample collected. Four of the water samples were collected along
the stretch of the river at the two sampling locations (Lafenwa and Alagada), at the
shallowest part to reflect the present condition of the river after pollution. Water samples
were collected according to standard methods*. All samples were collected using pre-
cleaned 2.5 L plastic bottles. All plastics utilized were pre-washed with deterg.ent water
solution, rinsed with tap water and soaked for 48 hours in 50% HNOs3, Q‘%t‘\finsed
thoroughly with distilled-deionized water. They were then air-dri .‘?» dust free
environment. Precautions were taken to avoid the trapping of .atrq%h?ric oxygen in the
containers. Water samples for PTEs were collected separa;&%l\i 2.5L capacity plastic
bottles. Three replicates of surface water samples wér@%‘e’cted from each location by
lowering a pre-cleaned plastic bottles into the \ﬁ@% depth of 30cm below the water
surface and allowed to over flow be Tg&l%drawing“. To ensure that no foreign
substance was introduced into the s@ , the plastic bottles were washed with water
from the river before collection. were preserved with 2 drops of concentrated nitric
acid to prevent sorption (@éﬁto the container walls. Samples were preserved in the
0

field by keeping t@&

They were transported to the Department of Science Laboratory Technology, Laboratory,

er packs containing ice cubes.

Moshood‘%‘a Polytechnic, Ojere, Abeokuta for subsequent analysis within 24 hours of
co‘@)n and kept in the refrigerator at 4°C.

Two fishermen from each location were employed throughout the period of the sampling.
Four tilapia fishes were collected randomly from each established location (as shown in
Plate 6 and 7) using fishing gears (mostly nets) available at the disposal of the fishermen.
A total of thirty-two (32) tilapia fish samples were collected throughout the study period.

The fish samples were transported to the laboratory in a thermos flask with ice on the
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same day. Ice was used to minimize the tissue decay and to maintain moist conditions

during transportation®. All fish samples were kept at -30 °C until they were analyzed.

3.3 Chemicals and Reagents Used

Concentrated Hydrochloric acid, concentrated Nitric acid , concentrated Hydrogen
perioxide, distilled water

3.4 Analyses of Physical Parameters of Water Samples Q&
Physical parameters of the river water samples were determined accordi y standard

method®. This include temperature (°C), pH, Electrical Conductilv'%ty_’ /em) and TDS

NS

(mg/L). They were carried out in-situ using pocke& %X@ ANNA COMBO
pH/TDS/Conductivity meter. The probe was rinsed wih@%ﬂed water before use in each
case and allowed to stay in the sample till the ti@ stabilized for reading. The meter
displays the value of pH and temperature .ﬁb@en when the mode button is pressed its

value for electrical conductivity and t%taﬁis)solved solids shows on the screen.

3.4.1 Digestion of Water Salﬂ@)@@‘b

The three replicated sam for each sampling site were composited for the procedures
conducted in the @o)@) . One hundred millimeter (100ml) of the raw unfiltered water
samples w reé@nsferred into pyrex beakers containing ten millimeter (10ml) of
concentr;‘énitric acid (HNOs) and were boiled slowly till evaporated to 20 ml on hot
plz@he beakers were allowed to cool, while another 5 ml of concentrated nitric acid
(HNO3) was added and heated until digestion was completed. The samples were then
evaporated again to dryness and the beakers were cooled, followed by the addition of 5
ml of hydrochloric acid (HCI) solution (1:1 v/v) concentration. The solution was warmed;

5 ml of sodium hydroxide (NaOH) was added and then filtered. The filtrates were
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transferred to one hundred 100 ml volumetric flasks and diluted with distilled water to be
used for the elemental analysis.
All the measurements were carried out in triplicate as a standard procedure®’. The PTEs

were read using Atomic Absorption Spectrophotometer (Buck Scientific, Model 211).

3.4.2 Digestion of Fish Samples

For the purpose of this study, only the fish edible tissue (skin and flesh) was us%@ the
analysis as it is these parts of the fish that is mostly consumed by peopl %order to
obtain a representative sample, composites were prepared by takin:g%‘edible tissues
(flesh and skin) of the two fish samples collected at each sa “location. The fish

samples were carefully cut using a plastic knife and theql&ﬂ%e tissue of the fish was

Q

removed and dried in an oven of about 105 °C %@Jrs. After drying, it was ground
w

and milled using a blender. The powdered fo% sieved and put in a plastic container

and stored in desiccators until digestiorQé\}S

ml beaker. Afterwards, about 10 m ncentrated HNOs (analytical grade, 69 % w/w)

the ground muscle was placed in a 25

was poured into the beaker. M@l glass was placed at the mouth of the beaker and the
beaker was placed on a dte with magnetic stirrer. Initially, the temperature was kept
at about 40 °C f@h ur to prevent vigorous reactions. Then the temperature was
maintained t®‘°C for another 3 hours. Once the digestion was completed, all tissue

m le@e completely dissolved in the acid. Then the mixture was cooled to room
temperature. Double distilled water was added into the vessel to dilute the mixture for
AAS detection of PTEs. The sample was filtered by filter paper (Whatman No.1 grade).

The filtrates were stored at 4 °C until the metal determination by AAS®.
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3.5 Preparation of Standard Metal Concentrations

Aqueous stock solutions were prepared for Pb, Cr, Cd, Cu, Ni, Fe, Mn and Zn using
appropriate salts. Four working standards were prepared in triplicates for each metal by
serial dilution of the stock solutions. The blank solutions were aspirated into the Atomic
Absorption Spectrophotometer (Bulk Scientific model 211) as described by the
manufacturers to obtain the absorbance of each of the samples and standard sollltions for
each of the metals. A calibration curve for absorbance versus concentra@f the
standard metal concentrations was prepared for each metal from whi . 'Bg@ion graph
for each of the metals in the sample was determined!®. . 6.\

3.6 PTEs Determination QQ}%\

The filterates obtained from digestionof the wat@@h samples were analysed for Pb,
m

Zn, Cd, Cr, Ni, Cu, Fe and Mn using AA easurements were carried out in

triplicates as standard procedures®’. ( )\\‘

S

3.6.1 Preparation of Standard %%e

The standard curves for thews were prepared bearing in mind that these elements
occur in trace conce@ 7Standard solutions were prepared from 1000 parts per
million (ppm) g{' lutions. 1 ml of the 1000 ppm stock solution was pipetted into a
100 ml \%gc flask and made up with distilled water. This solution was 10 ppm of
th n. From this solution, standard solutions of 0.2, 0.4, 0.6, 0.8 and 1 ppm were
prepared by taking 0.2, 0.4, 0.6, 0.8 and 1 ml portions into 10 ml volumetric flasks and

put to mark. These were then run in the air acetylene flame and standard curves for the

various elements were obtained.
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3.7 Method of Detection Limit

Three replicate blank samples were digested following the same procedures utilized for
digesting the fish and water samples. Each blank was assayed for its PTEs contents (Cr,
Cd, Zn, Fe, Mn, Cu, Ni and Pb) by AAS. The standard deviation, SD of the three replicate
blanks was calculated to determine the method detection limit (MDL). MDL was then

calculated as shown in equation (3.1)'.
= 13 ,%Eq ion 3.1
Where; yB = mean o the replicate blank

SD = Standard deviation of the blank &%\

3.8 Recovery Test
Recovery is one of the most commonly use % iques for validation of the analytical
results and evaluating how far the met@ cCeptable for its intended purpose. In the

study, the validity of the dlgestuz.é‘%ocedure, precision and accuracy of AAS was

determined by spiking fish a er samples with standard of known concentration in
accordance with proce .“The spiked and non-spiked fish and water samples were
digested follow1 me procedure employed in the digestion of the respective

samples anga ed in similar procedure. Then the percentage recoveries of the analytes

were C la ed as shown in equation 3.2,

r = CM in spike samples — CM in non—spike samples x 100%
Amount added Equation 3.2

Where, CM = concentration of metal of interest.
According to Harvey (2000) the acceptable ranges of percentage recovery for PTEs

sanalysis were within 80 — 120 %.
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3.9 Questionnaire Administration

3.9.1 Research Design
The questionnaire objective for this project is the survey type. It is based on the use of
questionnaire for collecting the needed information and does not involve the manipulation

of any variable as they have already occurred.

3.9.2 Target Population

X

The target population is the people living within Lafenwa and Alaga(}a 5%;’%013 of
Ogun State, Nigeria. ‘é\

3.9.3 Sample and Sampling Technique . 6'\

The sampling technique used in the study was stratified ra%g%\sampling and was done
on the basis of sampling areas, local government a@dential area. Samples of 100
questionnaires were used with a proportion % % at Lafenwa and Alagada area
respectively. Cj\\‘

3.9.4 Variables of the Study %,

The variable for this researd@pendent and independent variables. It is of great
importance to specify thesc%lﬁables. The independent variables include characteristics of
respondent such @ nder, sex, and occupation while dependent variables are the
public perc t@ef the river water usage and pollution control'>!3,

3.9.5 Potential Health Risk of PTEs
Po@l non-carcinogenic and carcinogenic health risks were determined using USEPA

methods and exposure parameters recommended for management of contaminated land
in South Africa!*!>. Exposure assessment was carried out by calculating the average
daily intake (ADI) of each PTE through ingestion, and dermal contact for adults and
children (Equations 3.3 & 3.4). Adults and children are considered separately because of

their behavioral and physiological differences'®!”.
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where;
ADIing is the average daily intake of a PTE from fish and water via ingestion in mg per
kg per day (mg/kg/day)
C is the concentration of PTE in the fish and water in mg/kg, /R is the ingestion rate
EF 1is the exposure frequency,

ED is the exposure duration
é\

BW is the body weight of the exposed individual ; \

AT is the time period over which the dose is averaged.

ADI dermal is the average daily intake of PTE from W@la dermal contact in

mg/kg/day
SA is the skin surface area @
AF is the soil-to-skin adherence facto@il%? is the fraction of the applied dose

absorbed across the skin. 'é,

Hazard quotient (HQ) and h&{d%ﬂex (HI) were used to estimate the non-carcinogenic
risk of PTEs in soil. HQ aeterizes the health risk of non-carcinogenic adverse effects
due to exposure t(@)@n and is defined as the quotient of ADI or dose divided by the

toxicity thr sl@value, which is referred to as the chronic reference dose (RfD) in
mg/kg/ ‘%

2\

HQ = ADI/RfD Equation 3.5

a specific PTE, as shown in Equation 3.5

To assess the overall potential of non-carcinogenic effects posed by a PTE, the

calculated values of HQ are summed to give HI (Equation 3.6).

HI = HQing + HQdermal
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CR = ADI x CSF Equation 3.6

Where;

CSF (mg/kg/day) is the cancer slope factor, which converts the estimated daily in-take
of a PTE to an incremental risk of an individual developing cancer. The total excess life

time cancer risk for an individual is ultimately calculated from the average contribution

of the individual PTE across all exposure pathways using Equa@ﬁ
CR total= CRing +CRdermal E&%On 3.7
Where; . \%q

CRing and CRuermar are risk contributions through ingestion %@’mal pathways,

respectively. ﬁ&
a

Values for all of the parameters used in the risk ations are presented in Table 3.2

>
ﬁQ
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Table 3.2: Parameters Used in Risk Calculations

Parameter Unit C(lilil Adult
Ingestion rate (/R) mg/day 200 100
Exposure frequency (EF) days/year 350 350
Exposure duration (ED) Years 6 24
Body weight (BW) Kg 15 70

Average time (A7) Days &
6

Inhalation rate (Inr) m3/da 10" QO 20
y D
1.3x1

Particulate emission factor m3/kg 1.3 x 107
(PEF)
Skin surface area (SA4) cm< . ‘\\‘ 00 5800
Soil-skin adherence factor mgécm '@ 0.2 0.07

RS
Dermal alzz%l-g‘)[ion factor None $ 1 1

For carcinogens 365 365 x70

For non-carcinogens (\‘ © 3 567?) 365 XED
X

\ )
Source!'® @
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3.10 Data Analysis

3.10.1 Statistical Analysis
Data collected were analyzed for descriptive statistics. Analysis of variance (one-way)
and correlation analysis using the SPSS for Windows version 19.0 were also employed to

interpret the similarities and differences among the means of data.
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Chapter Four

Results and Discussion of Findings

4.1 Physical and Chemical Parameters of River Ogun water

The results of the physical and chemical parameters of the water samples across sampling
point at Lafenwa and Alagada, Ogun State for both dry and wet season are shown in
Appendix 1 and 2. The mean values of the physical and chemical properties of \X(%e‘r in
Lafenwa and Alagada areas of River Ogun, Ogun State for dry and we @}13 are
reported in this study and presented in Tables 1 and 2. The pH Value@%er varied
at each sampling points. In all the water samples, the highest pH ¢“recorded was 7.86
for the dry season while the lowest pH was 6.10 for the W%&% The mean pH values
across the sampling points ranged from 6.57 = 0.33 —.%A@i 0.43 and 6.77 £ 0.41 — 6.79
+ 0.33 for dry and wet season respectively. er, mean value of pH across the
sampling points were not significantly d@@fr m each other.

The water samples showed slight'@anges in temperature seasonally. The mean
temperature ranged from 26.@7 °C -27.27+0.72 °C and 26.47 £ 1.05 °C - 26.77 £
1.10 °C for dry and wet s%)ns respectively. The highest temperature value of 28.64 °C
at Lafenwa and Ql) 8.42 °C was recorded for dry and wet season respectively.
While the mperature value of 26.10 °C and 16.0 °C at Lafenwa for wet and dry
season ‘sgsvely. In case of Alagada the highest temperature was 28.10 °C and 27.31
© @recorded for dry and wet season respectively. While the lowest temperature value
0f 26.12 °C and 24.50 °C was recorded for dry and wet season respectively.

The mean electrical conductivity (EC) ranged from 13.84 + 4.38 uS/cm — 36.67 + 29.51

uS/cm and 13.84 + 4.67 uS/cm — 47.21 + 32.86 uS/cm for dry and wet season

respectively.
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The highest electrical conductivity (EC) value recorded was 37.45 uS/cm and 43.70
uS/cm for Lafenwa dry and wet season respectively while the lowest value of 10.18
uS/cm and 10.48 pS/cm for dry and wet season respectively. In case of Alagada the
highest value obtained was 110.4 pS/cm and 87.24 uS/cm for wet and dry season
respectively. While the lowest value was 10.10 uS/cm and 10.72 puS/cm for wet and dry
season respectively.

The TDS showed slight relationship with the electrical conductivity. The@ total
dissolved solids ranged from 53.50 £ 10.21 mg/L — 57.25 £ 9.74 m 0+4.62
mg/L —40.00 £+ 2.58 mg/L for wet and dry season respectively.. N

In Tables 4.1.3 to 4.1.8, PTEs were detected in both su@\water and fish tissues
samples obtained from Lafenwa and Alagada. Th¢ @ence of these PTEs may be
attributable to discharges from agricultural wast&npal wastes, geology of dam bed

and catchment area. These have been : @3 in other studies!. In similar studies,

detected the presence of PTEs in fi ue from rivers and lakes in different water
bodies in Nigeria and they als at@%e their presence in fish tissue to accumulation from
water bodies?**. Thus, th ge;?ences of PTEs contaminants in fresh water bodies and in
fish tissue are co

In Table 4.1.9 nt‘rﬁe exception of Ni, Mn, Fe and Cr, mean concentration of Cu, Cd,
Pb and Znun 1sh tissues were generally higher than levels found in water samples in
L@ and Alagada. This is similar to the pattern observed for the surface water
resource, suggesting that high levels of Cr in the muscle of tilapia fish could have resulted
through the ingestion of food and water from the river or through the gills or other

biological membrane®. Similarly, for all the stations, Fe level were observed to be highest

in fish and water samples.
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Table 4.1: Physical and Chemical Parameters (PTEs) of Ogun River Water for Dry

Season
Parameters Lafenwa Alagada WHO (2011) Limit
pH 7.43+0.43 6.57 £0.33 6.5-8. 5
Temp. (°C) 26.59 £0.17 2727+0.72 Qg)
EC (nS/cm) 13.84 +4.39 36.67 £29.51 ié
TDS (mg/ L) 39.7+1.80 38.87 £ 1.65 \ 250
)
PTEs Lafenwa Up Lafenwa Down Alag@ Alagada Down

Source: Field Work, 2021. Q‘&\y

Table 4.2: Physical and Chemical Par@f Ogun River Water for Wet Season

>

Parameters Lafe&n%) Alagada WHO (2011) Limits

pH ( Q +0.33 6.77+£0.41 6.5-8-5

Temp. (°C Q 26.78+1.10 26.47+1.05 30
EC (MS@) 13.84+4.67 47.21432.86 1500
TDS\gg/ L) 72.0942.70 72.8145.27 250

Source : Field Work,. 2021.

Key SL1 = SAMPLING LOCATION 1 (Lafenwa)
SL2 = SAMPLING LOCATION 2 (Alagada)
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Stream Stream Stream Stream
Cu 0.787.+0.625 2.13+£2.378 0.907 £0.483 1.557 +£2.161
Zn 0.950 +0.287 0.850 +£0.195 0.46 £0.462 0.477 £ 0.330
Ni 0.580 + 0.443 1.167 £0.819 0.627 £0.360 0.607 +=0.203
Pb 1.040 +0.144 0.773 +£0.841 0.787 £ 0.068 1.837+£0.115
Mn 0.590 £+ 0.060 1.187 £0.398 1.163 £ 0.465 0.530 £0.254
Fe 3.050 +3.248 18917 +£22.589  5.20+0.356 17. @.213
Cr 1.250 +£0.951 1.343 +£0.847 0.233 £0.025 ,@%ﬁ 0.044
Cd 0.270 +0.052 0.100 = 0.046 0.263 + 0.0.74 o 0.347+0.081
Table 4.3 Mean + SD Concentration of PTEs in Water Ogéa?iver Dry Season
Source: Field Work, 2021 ‘ $Q)

Table 4.3.1 Mean + SD Concentration of PTEs in Sediment Ogun River Dry Season
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Source: Field Work, 2021.

PTEs Lafenwa Up Lafenwa Down Alagada Up Alagada Down
Stream Stream Stream Stream

Cu 8.677 +0.569 2.163 £2.435 1.557 £2.161 3.267+0.393
Zn 0.880 +0.026 0.550+ 0.426 0.477+0.330 2.440+ 0.495
Ni 0.870+ 0.085 1.233 £0.791 0.607 £0.203 0.373 ;t 047
Pb 0.720 £ 0.100 1.210 £ 0.680 1.837+0.115 84@0 112
Mn 2.523 £0.420 1.593 £0.716 0.530+ 0.254 ‘@%ﬁ 0.130
Fe 2.270+£1.123 4.903+ 1.683 17.013 + 32%'3 6.543+1.500
Cr 0.010 + 0.006 1.150 £1.099 0.460 £ % 0.015 +0.007
Cd 0.307 £0.015 0.170+£0.165 0.243 £0.025

O& 0081
4

Table 4.3.2 Mean + SD Concentration of PTEs in Fish Ogun River Dry Season
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PTEs Lafenwa Up RMidgnda Down Alagada Up Alagada Down
Cu 4.930 + 0.096 0.380 +0.020

Zn 1.263 £0.049 0.907 £ 0.021

Ni 0.087+0.015 0.743 £0.015 . (b'

Pb 2.300 + 0.044 0.943 £0.575 . Q'}\

Mn 0.547+ 0.047 0.647 £ 0.045 ‘@QO

Fe 5.673 +£0.304 28. 110 +2.025 . \4%'3

Cr 0.747 £ 0.057 0.487 +£0.015 é%\

Cd 0.447 £ 0.047 0.120+ 0.010 ) $

Source : Field Work, 2021
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Stream Stream Stream Stream

Cu  2.113£0993 3.00 £ 1322 1.490 = 0.483 3.673 £ 2.031
Zn 0370 +0.454 0.523+0267  0.577+0.206 0.713 + 0.449
Ni  0337+0307 0463+0.091  0.497+0.333 0.990 + 0.864
Pb 1267 +0.744 24300490  3.40+0291 1453 + 0.872
Mn  1.970+ 1.446 0.720+0.056  1.100 = 0.460 0770+ 0,236
Fe 2750+ 1997 8.197+3.406  2.923+2301 8%;\567
Cr 0.507+0.757 15970328  1.383+0210 %%i 0.446
cd  0363+0.126 0.617+ 0.327

0.570 £ 0.15"4\%.3 0.370+ 0.056

Table 4.4 Mean = SD Concentration of PTEs in Water O

Source: Field Work, 2021.

QQ»

g{l@ﬁver Wet Season

Table 4.4.1: Descriptive Statistics of PTEs Concentration in Sediment Wet Season
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Source: Field Work, 2021.

PTEs Lafenwa Up Lafenwa Down Alagada Up Alagada Down
Stream Stream Stream Stream

Cu 3.423+£0.516 1.920 +2.669 1.687 £0.301 2.730 £ 0.255
Zn 0.633 £0.078 0.480 + 0.257 0.170£0.010 1.350 £ 0.246
Ni 1.043 £0.015 1.043 £0.635 0.317£0.093 0.693 & Q177
Pb 1.83 £0.121 1.590 £ 1.254 1.457 £0.346 .2.1 &}505
Mn 2.183 +£0.142 1.927 £0.707 3.497+0.312 ‘@3% 0.123
Fe 2.84 £0.161 1.230 £0.528 4.697 + 0.5.43\%'3 2.877 £0.957
Cr 0.21£0.01 0.753 £0.192 0.090 i@% 1.827+£0.116
Cd 0.597 £0.015 0.640 £ 0.036

o& 0.035 0.550 = 0.038
N
AU

Table 4.4.2 Mean + SD Concentration of PTEs in Fish Ogun River Wet Season
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PTEs Lafenwa Alagada

Cu 1.900+ 0.030 3.023 £ 0.040
Zn 0.137+£0.119 0.207 £ 0.031
Ni 0.463 £0.025 0.427 +£0.083
Pb 2.757 £0.021 1.173 £0.169
Mn 0.553 £0.042 0.577 £0.032
Fe 2.650 +0.026 2.360 + 0.040
Cr 0.267+0.015 1.767+ 0.042
Cd 0.497 £0.015 0.503 +£0.025

K>
&
i
&
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Figure 4.1: Showing the Mean Concer@i}% PTEs in Water and Fish Tissue in the

selected locations ’év
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These metals could eventually reach the human biological system through consumption
of the fish or drinking of the water from Lafenwa and Alagada. Long term exposure to Cr
in humans can cause damage to liver, kidney circulatory and nerve tissues, as well as skin
irritation’. The mean concentrations of the Cr, Cd, Cu, Pb, Ni and Zn in the surface water
samples and in Tilapia fish from the sample stations are illustrated in Table 4.1.9.
Generally, observed levels of metals concentrations in the fish tissue were hig.heg_gv‘hen
compared to patterns observed for surface water across all locations, Qﬁ;\i few
exceptions like Cu and Ni concentration. In Table 4.1.9, mean concen t'. %e, Cu, Pb
and Zn in fish tissues were generally higher than levels found ifl v‘v\d r s?mples. Similarly,
for both locations, Fe level was observed to be highest, whil&@é\?as lowest for both fish
and water samples. ¢ ,$©

Similarly, observed levels of metal concentrations %e fish tissue were higher when
compared to patterns observed for surfac \@cross all stations, with a few exceptions
like Cu and Fe concentration at Lafenwa season, Fe and Pb concentrations in Alagada
dry season, in Lafenwa wet s as&@a Alagada wet season respectively®!!. Also, agreed
with this trend of highergr%:entrations of PTEs found in fish compared to water!!.
Similar trend was I@’%d that PTEs are being transferred to fishes and to predators of
fishes from wat&t where the concentration of PTEs will increase until it finally ends up in
human b@in a process referred to as biomagnification'?. The presence of PTEs in the
suwater of Lafenwa and Alagada as seen in this study could be attributed to the
intense agricultural and industrial activities that occur around the dam. For example the
presence of chromium in water has been linked to agricultural land use, emissions of
chromium-based automotive catalytic converters as well as chromium compound which is
leached by rain water'®. This may account for the presence of chromium in the surface

water of Lafenwa and Alagada as the reservoir is characterized by heavy presence of
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agricultural land use, industries and residential activities. Again, the presence of Pb and
Ni as seen from this study could be attributed to the discharge of hazardous wastes such
as old battery wastes, components of automobiles and other items containing stainless

steel including nickel alloys into Lafenwa and Alagada.
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Table 4.5: t-Test Paired Sample for Means of PTEs levels in Water Sample and Fish
Tissue

Station Sample Mean Variance Obs Df tStat P(T<=t) t P(T<=t) tCritica
itical
One- Critica two-tail two-tail
tail one-tail
SL1 Water 2.008 5.459 8 7 0.01974 0.4924 1.89458 0.98480 2.36462
(D) Fish 2.001 4.635 ° %,
Tissue Q’)&\
SL2 Water 1.9707 6.4709 8 7 -0.8191 0.2199 é&k 0.4397 2.3646
D
(D) Fish  4.0839 94.3667
Tissue . \%'\
SL1 Water 1.5490 1.1654 8 7  1.6045 %3 1.8946 0.1526 2.3646
(W) Fish 13505 1.1810 . QQ’
Tissue @
SL2 Water 1.6101 1.5046 8 74% 43125 0.3819 1.8946 0.7637 2.3646

(W) Fish 1.5712 1.5140 Q.;\\‘
Tissue 'A’

Source: Field work, 2021. %(bd\’

S
S

>

N
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The results of student’s t-test to determine the level of significant differences in levels of
concentrations between water samples and fish tissues revealed a moderate to very strong
relationship, implying that a unit increase in concentration level in water will lead to an
increase in concentration levels in fish tissues.

In Lafenwa during dry season, there was a significant difference in the levels of metals
concentrations between water sample and fish tissues at p < 0.05, d = 0.0197. .Similarly,
in Alagada dry season, Lafenwa during wet season and Alagada wet @, the
relationship between metals concentrations in water samples and acc : 'Bo fish did
not show any significant difference at p > 0.05, d =-0.8191, p.> 0,09, ‘K: 1.6045 and p >
0.05, d = 0.3125 respectively. The results of student’s t-tg&@determine the level of
significant differences in levels of concentrations betW@water samples and fish tissues
revealed a moderate to very strong relationﬁ@&plying that a unit increase in
concentration level in water will lead to a 'i@ e in concentration levels in fish tissues.
Results of the multiple correlation b%’g#concentration levels of Cr, Cu, Zn, Ni, Pb,
Mn, Fe and Cd in water and fish t@‘ are presented in Table 4.11 with fish tissue sample
as dependent variable, while yx}/ater sample as independent variable. Cr, Cu, Zn, Ni, Pb,
Mn, Fe and Cd i \@and fish recorded positive coefficient value (0.28927) with
intercept Value&g.{SM. This indicates that, for every increase in Cr, Cu, Zn, Ni, Pb,
Mn, Fe aﬁ% in water will lead to increase in one unit of Cr, Cu, Zn, Ni, Pb, Mn, Fe and
Cd@%sh tissue living in the water of the areas.

The mean values of the concentrations of each of the selected PTEs contaminants in the
Tilapia fish and water samples were compared with the WHO guidelines, Federal
Environmental Protection Agency (FEPA) and Nigerian Industrial Standard (NIS) in

order to ascertain the pollution status of the chemical contaminants (Table 4.12).
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Figure 4.2: Relationship in the concentration of Cu in Surface Water and Fish Muscle

Source: Field Work, 2021.
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Figure 4.3: Relationship in the Concentration of Zn in Surface Water and Fish Muscle
Source: Field Work, 2021.
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Figure 4.5: Relationship in the Concentration of Pb in Surface Water and Fish Muscle
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Figure 4.6: Relationship in the Concentration of Mn in Surface Water and Fish Muscle

Source: Field Work, 2021.
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Figure 4.7: Relationship in the Concentration of Fe in Surface Water and Fish Muscle

Source: Field Work. 2021.
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Figure 4.8: Relationship in the Concentration of Cr in Surface Water and Fish Muscle

Source: Field Work, 2021.
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Figure 4.9: Relationship in the concentration of Cd in surface water and fish muscle

Source: Field Work, 2021.
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In Fig. 4.1 to 4.3 the relationship between Cu, Zn and Ni level water sample and fish
tissue was identified that, for every decrease in Cu in water will lead to decrease in one
unit of Cu, Zn and Ni in the fish tissue living in the water of the area. This implies that,
Cu, Zn and Ni content in the water is directly associated with Cu, Zn and Ni
concentration with numerical coefficient values of 1.423. The coefficient of dete{mination
(r> = 0.866) in shows that, variation Cu, Zn and Ni level in the fish tiss%%d be
explained by 86 % variation in Cu, Zn and Ni level in water of the riv . NQ\@ recorded
negative coefficient value (1.423) with intercept values of 1.45?. N

In Fig. 4.4 the relationship between Pb level water sample @sh tissue was identified
that, for every increase Pb in water will lead to increa§e{§>ne unit of Pb in the fish tissue
living in the water of the area. This implies 1%‘% content in the water is directly
associated with Pb concentration wit '@cal coefficient values of 0.004. The
coefficient of determination (r* = 9E-@'§‘§Lows that, variation Pb level in the fish tissue
could be explained by 0 % v ria@fn Pb level in water of the dam, and fish recorded
positive coefficient value %&vith intercept values of 2.369.

In Fig4.5t0 4.8t r@ps ip between Mn, Fe, Cr and Cd level water sample and fish
tissue was iden g)that, for every increase in Mn, Fe, Cr and Cd in water will lead to
increase i‘r%unit of Mn, Fe, Cr and Cd in the fish tissue living in the water of the area.
Th@&es that, Mn, Fe, Cr and Cd content in the water is directly associated with Mn,
Fe, Cr and Cd concentration with numerical coefficient values of 0.272. The coefficient
of determination (r> = 0.046) shows that, variation Cu, Zn and Ni level in the fish tissue
could be explained by 4.6 % variation in Mn, Fe, Cr and Cd level in water of the dam,

and fish recorded positive coefficient value (0.272) with intercept values of 0.282.
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Table 4.6: Relationship between PTEs in Water and Fish Tissue of the Entire
Samples

Coefficients Standard t Stat P value Lower  Upper Lower  Upper
Error 95% 95% 95.0%  95.0%

1.15144 0.23034 4.99889 2.33696E- 0.68102 1.62185 0.68102 1.62185

05
Intercept

Fish 0.28927 0.04328 6.68340 2.10105E- 0.20088 0.37766.0%988 0.37766

07

Source: Field work, 2021.
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Table 4.7: Comparison of Mean Concentration of Selected PTEs in Tilapia fish and
Water Sample of Ogun River with FEPA, WHO and NIS

Mean Concentration of Selected PTEs

Mean Concentration of Selected PTEs

in Tilipia Fish in Surface Water
PTEs Mean FEPA WHO Mean NIS WHO
Values in (2003) (2008) Values in  (2007) (2011)
mg/kg Standard Standard ppm Standard Standard
(Tilapia (Surface .
fish) water) ,\%
'\‘V
Cadmium  0.120 NG 0.05 0.383 0.003 ° @3
Chromium 0.487 0.15 10.0 0.333 0.05‘% 0.05
Copper 0.380 1-30 20.0 2.213 . ;&'\ 2.0
(Cw) {3\
Lead (Pb) 1.277 2.0 0.05 2.(.)831§Q) 0.01 0.01
Nickel (N1 0.743 0.5 2.0 0.@, 0.02 0.02
Manganese 0.647 0.4 04 gl%ﬁl 0.4 0.4
Zinc 0.007 75.0 40.0 « ﬁ 0.998 NG 3.0
Iron 28.11 0.3 Q) 8.01 0.3 0.3

S

FEPA (2003); WHO (2008)

guideline

Source: Field Survey, 20

QQQ
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Table 4.12 Comparison of Mean Concentration of Selected PTEs in Tilapia fish and
Water Sample of Ogun River with Federal Environmental Protection Agency, World
Health Organization and Nigerian Industrial Standard guideline/Recommendation.

From Table 4.12, it was found that with an exception of zinc, quality of water samples
from Ogun River did not meet the NIS and WHO permissible limits for drinking water
and thus unsafe for human and animal consumption due to contamination by C.r, Cd, Fe,
Mn, Cu, Pb and Ni all of which are detrimental to human health. There are n%}elines
for permissible concentrations of Cd in fish according to FEPA, but .'13@ to WHO
(2011), the permissible level of Cd in fish is 0.05 mg/kg and tl.le nﬂvalue of Cd in the
fish muscle of this study is 0.120 mg/kg. This shows that th&%l\centration of Cd in this
study is higher than WHO limits; suggesting that the ﬁsf\t&om river is contaminated with

cadmium poisoning. ®

In view of the fact that river Ogun is usi(@nking, fishing and tilapia fish is widely

consumed by communities around thenriver, it is of great concern that Cd level in fish is
higher above set perrnissibl%@@nore especially since Cr is extremely toxic and

carcinogenic'®. The observed finding is similar to other studies conducted on Nigerian

'\
Rivers'>. A higheg;@ration of Cd (0.56 mg/kg) in the flesh of Tilapia fish from
-Eki

Elemi River, A ti'>. Also, Cd average levels of 2.16 mg/kg in fish from Forcados

River!s, T%d levels in both studies exceeded the WHO maximum permissible limit of

0.@%{; for fish and fish products.

The concentration of Cr in the fish samples from Ogun River is seen to be lower than the
WHO set standard for fish, but higher than the FEPA standards of 0.15 mg/kg, indicating
contaminated with Chromium according to FEPA standards. Cr is actively poisonous,
carcinogenic to humans and on contact with the skin, it triggers cancer, dermatitis,

allergies and irritation of the eyes and respiratory passage, damage to the liver and kidney,
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rickets in children, alteration, hypertension and possibly death!’. 1.10 mg/kg Cr mean
concentration in the fish tissue from Ikpoba River, Nigeria during the wet season
constituting immediate hazards'®. This concentration also exceeded the recommended
levels for fish and fisheries products by the FEPA (2003). Hexavalent Cr is very toxic and
mutagenic when inhaled and is a known human carcinogen, and exposure can cause
damage to liver, kidney circulatory and nerve tissues, as well as skin irritatior.llg.(g[‘ean
concentration of Cu in fish samples (0.38 mg/kg), was below the WHO @\FEPA
standards of 20 mg/kg and 1 - 30 mg/kg respectively for human consu ."0\90

This means that the fish from Ogun River is not pollut?d‘\'th.\copper, thus the
consumption of tilapia fish from the river does not indicate a&@lediate health hazard as
far as Cu concentration is concerned. Although coppe‘r@ race element that is essential

to humans, excess copper can cause health@%ls such as diarrhea, dizziness,

gastrointestinal disorder, renal disease a;d @ingzo. Similar pattern was recorded for

Tilapia fish from Lake Edku, likew% of Northern Delta Lakes of Egypt and fish

from Lake Koycegiz of Turke 21’%%

Lead concentration is see o%ﬁgher than the WHO standards of 0.05 mg/kg but lower

than the FEPA stz@a@% .0 ppm. This implies that the concentration of Pb in the fish
1

sample from O§n

Pb is toxie. €ven at a low concentration and has no known functions in biochemical

ver is above the WHO limit indicating fish contamination with Pb.

pr %4. Pb in fish could be detrimental to the health of residents who use the river
water for irrigation and consume the fish therein®. Pb can also result in possible kidney
damage, nervous system damage, nausea, severe vomiting, and damage to central nervous
system and immune system, cancer, interference with vitamin D metabolism and constant
headache?®. Ni concentration in the fish was higher than level of FEPA permissible limits

and below the WHO permissible limit of 2.0 mg/kg. This implies that the fish sample
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from Ogun River is contaminated with Nickel according to FEPA but not contaminated
according to WHO. Nickel is often used in electroplating of materials and readily released
into the environment which is drained into the river. Excessive exposure to nickel can
cause health effects on the blood, lungs, nose, kidney and reproductive system?’. Other
studies on bioaccumulation on fish from Nigerian rivers have recorded Ni levels that are
higher than the present study?®*. Zinc (Zn) level in fish samples from in Ogun river was
far below the WHO and FEPA standards of 40mg/kg and 75mg/kg. This sho@g}at fish
caught from the Dam is not polluted with zinc. This may not pose i o problem,
however once it accumulates, it becomes an issue of concern b.ec e e.sxcessive intake of

zinc may lead to vomiting, dehydration, abdominal pain and @gﬁ .

Q

Results obtained for human health risk assessme 2@ esented in Table 4.2. For non-
; ;2

carcinogenic risk, comparison of HQ values ates that ingestion was the most

significant exposure route for both chil@%ﬁdults, followed by dermal contact. The
HI (summation of HQ across the two'@posure pathways) values were less than 1 for Cr,
Ni, Fe, Cu, Cd, Mn, Pb and Z&aﬁng that there is no significant on-carcinogenic risk
associated with exposur %& average concentrations of the above PTEs in Ogun River.
Among the PTEs @ﬁb was the largest contributor to non-carcinogenic risks. This is
of particular @zem, given the impact that this element can have on children’s
develop@‘ﬁven at low concentrations. Risk from the other metals followed the order
Cd n > Fe > Ni > Cu > Cr > Zn for children and Fe > Cd > Mn > Ni> Cr > Cu > Zn

for adults.
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Table 4.8: Health Risk Assessments for Children and Adult

Element HQing HQDermal Hlchildren HQIng HQDermal HI Aduit CR total CR total
children Adult

Cu 2.3x10*  1.3x10*  3.6x10*  6.0x10° 8.5x10° 9.1x107
Zn 2.8x10°  1.3x10°  1.6x10°  6.5x10°% 1.1x10° 1.8x107
Ni 3.7x10*  1.8x10*  4.5x10*  8.5x10° 8.0x107 1.7x10*  4.5x10*  3.4x10*
Pb 7.8x10°3  4.0x102  4.8x102  1.9x102 3.2x107 2.2x102%  4.8x10% Ax1073
Mn 2.5x103  1.2x10°  3.7x103  5.5x10%  1.0x107 1.6x1073 Q}&\
Fe 5.0x10*  2.5x10°  3.0x10°  1.2x10*% 2.6x107 2.6x1072 .'\QO
Cr 1.4x10°  7.0x10°  8.4x10°  3.3x10° 5.7x107 9.2x10° '8.4x10*  9.2x10*
Cd 1.3x102  4.6x10°  1.8x102 3.0x10° 5.4x107 8&.@”

Source: Field work, 2021 Value in bold indicat > >1x10-
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Although similar trends were observed in both groups, non-carcinogenic risk was greater
in children than in adults. This is expected, given their lower body mass and immatured

physiology, has been reported in many previous studies®!-¥.

Carcinogenic risk was calculated for Cr, Ni and Pb based on their respective cancer
slope factors (the other analytes are not considered a cancer risk, so slope factor data are
not available). For Cr, a slope factor of 0.5 (the lower of the values commonly, ci{%di in

literature®> was used because results of the sequential extraction suggeste@ut the
element was not readily available. Risks greater than 1x107 '\ansidered

unacceptable, those between 104 and 1076 acceptable and ﬂ\ﬁ‘%féss than 1x106
unlikely to lead to any detrimental health outcomes34’35$%\1e current study, total
carcinogenic risk levels for children were greater t @ for adults, and values for Pb

and Ni exceeded the threshold for unacceptab in both age groups. In contrast,

values for Cr were greater in adult than @e 36,37,

However, it is important to emphasi@at these risk calculations are based on average
PTE concentrations. Given tlxm%émrkably wide range of analyte concentrations found

and the fact that a few 4&%1&5 markedly exceeded the mean for each element, it is

probable that resu@%egtimate risk on the Ogun River water.

N
QQ%Q
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4.2 Questionnaire Administration

Table 4.9: Location of Respondent

Location Frequency Percentage

Lafenwa 51 51

Alagada 49 49 @(\’
Total 100 100 é \

Source: Field Survey, 2021

[ &

.{\'\
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Table 4.10: Gender Distribution of Respondent

Frequency Percent
Valid Male 48 48.0
Female 51 52
Total 100 100.0

Source: Field Survey, 2021
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Table 4.11: Age Distribution of Respondents

Frequency Percent

Valid less than 15 8 8.0
15-25 38 38.0

26-35 23 23.0

36-45 15 15.0

46-55 8 8.0
Above 55 8 8.0

Total 100 100.0

Source: Field Survey, 2021
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Table 4.12: Occupational Status of Respondent

Frequency Percent
Civil Servant 12 12.0
Self Employed 52 52.0
Professional 4 4.0
Student 25 25.0
Unemployed 4 4.0 .
Informal Sector 3 3 ,%\QO
Total 100 100

Source: Field work, 2021

108



Table 4.13: Educational Status of Respondent

Frequency Percent

Valid SSCE 34 34.0

NCE/OND/HN
52 52.0

D &

BA/BSc/B.Ed 12 12.0>
M.A/M.Sc 1 1.0
PhD 1 1.0
Total 100 100.0

Source: Field Survey, 2021 . \%
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Figure 4.10 A Bar Chart Showing Water Usage Distribution of Respondents

Source: Field survey, 2021.
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Table 4.14: Alternative Source of Water Usage by Respondents

Alternative Source of Water Usage by Respondents

Supply 82
Public ! &

Communal ,%\Q@

Source: Field Survey, 2021 . m 1
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A total of 100 respondents were used in this study, 51% of the respondent of the respondent

lives at Lafenwa while 49% of the respondents were from Alagada.

Table 4.10 show 48% of respondents used were male while 52% of respondent used were

Female.

Their age distribution shown in Table 4.11 38% were between the age of 15-2%\&};9: were

26-35, 15% were 36-45, 8% were 46-55,8% were above 55 : \QO

Their occupation invlude civil servant 12%, self employed 52%, @e@sionals 4%, student
25% , unemployed 4% and informal sector 3% , also their ec&@al background were BSc

12%, PhD 1%, MSc 1% NCE/OND/HND 52%, and SSC@%.

It was observe from the questionnaire that @ river is usually use for washing,

transportation,agriculture, bathing, textile,@gg% ahd others.
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35

Figure 4.11: A Bar Chart Showing Measure to Improve the Water Distribution of
Respondents

Source: Field Survey, 2021
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Figure/12: A Bar Chart Showing Rating of Bad Water Distribution of Respondents

Source: Field survey, 2021.
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Chapter Five

Conclusion
5.1 Summary of Findings :&\‘b‘
The study analyzed the concentration of Cd, Cr, Cu, Pb, Ni, Zn, Fe an °M\@he surface
water, sediment and bioaccumulation in Tilapia fish obtained from O;%iver at Lafenwa
and Alagada points at Abeokuta North and Obafemi Owode t&@%'gvemment Areas of
Ogun State using the Atomic Absorption Spectroscopy (ﬁﬁ@mique.
The samples of tilapia fish muscles, sediment and Q}water obtained from Ogun River
were found to contain all the analyzed PTES.(CQ§r, u, Pb, Ni, Fe, Mn and Zn) at different
levels. Concentrations of Cd, Cr, Ni, Cu@,\ﬂn and Pb in Tilapia fish muscle and water
samples from Ogun river were found(té'%'ve exceeded the WHO recommended limits in fish
and fisheries products and drinlwater.
The implication of this fi %? that tilapia fish from Ogun River was contaminated to such
levels that could posQQtential hazards when consumed. This has serious implications in view
of the large po L@ion which depend on the river as a source of their fish supply.
The @e of these contaminants in Ogun River are possibly caused by anthropogenic
activitie§ including the use of chemicals such as fertilizers and herbicides by farmers,
dumping of solid wastes by residents within the reservoir and also weathering activities of the
rock and soil. Although zinc was below permissible limits for drinking water and safety levels

for fish and fishery, efforts should be made to ensure that these elements and other PTEs are

regularly monitored as well as activities leading to this presence. This can be done through
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regular studies in order to detect changes in water quality of the river and regulating of land

use activities within the reservoir which influence the introduction of contaminants into the

river.

5.2 Conclusions

This study showed that PTEs were present in all the samples and human <health risk

assessment indicated it hazard effects on both adults and children :é

,%\

5.3 Recommendations . \%“
It is recommended that: Q}&%

1.

A regular assessment of the river water quality i.s@ntial to ensure the water quality

is safe for public health always. Q

Fishes from the areas of study poséiéuﬂ)h risk to their consumers therefore should

not be consumed. '6'

Public sensitization of the %k associated with indiscriminate waste disposal and as

well as evolving me res to control pollution is encouraged.

Ogun Rivth)@%be protected through conscious planning and re-organization

activiiie%qu the river.

5.4 @%ution to Knowledge

The concentrations of PTEs obtained from this study were higher compared to previous work

on the same Ogun River, which means there were increase in the activities that led to

pollution of the river. This is similar to the pattern observed for the surface water resource,

suggesting that high levels of PTEs in the muscle of tilapia fish could have resulted through
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the ingestion of food and water from the river or through the gills or their biological

membrane®.

5.5 Suggested Areas for Further Study
Microorganisms’ pollution and its effects on the users of the Ogun river iséso a good
research area. Other bio-indicators (e.g. snails, crabs and waterlily) a@e sed to also

evaluate the rate of metal uptakes by the aquatic animals and plan.tsﬁo\

121



Bibliography
Journals

Abadi, D.R.V., Dobaradaran, S., Nabipour, 1., Lamani, X., Ravanipour, M., Tahmasebi, R., &
Nazmara, S. Comparative investigation of heavy metal, trace, and macrdﬁﬁment
contents in commercially valuable fish species harvested off from the P@Q&z Gulf.
Environmental Science and Pollution Research, 22, 2015, 66706.67%

Adegbola, 1.P., Aborisade, B.A., & Adetutu, A. Health risk assess@ eavy metal
accumulation in fish species (Clarias gariepinus and Sarotherodon melanotheron)
from industrially polluted Ogun and Eleyele Rivers, Nigerig™~ELoXicology Reports, 8,

2021, 1445-1460. %\

Agah, M., Leermakers, M., Elsken, M., Fatemi, S.M., &@, W. Accumulation of trace
metals in the muscles and liver tissues of fiv species from the Persian gulf-
Environmental Monitoring and Assessment; »2009, 499-514.

Ahmad, M K., Nafiu, S.A., Baba, H.A., Ras.h'w . Zakariyya, M., & Abubakar, S. Heavy
metals bioaccumulation in tissues %@l zilli as indicators of water pollution in
kafinchiri reservoir, Kano-Nige, ia@ ro Journal of Pure and Applied Sciences,
11(1), 2018, 443-450. %

Akhbarizadeh, R., Moore, F., Ke@rzi, B. Investigating a probable relationship between
microplastics and PT, in  fish muscles from northeast of Persian Gulf.
Environmental Poll%'i;g, 232,2018, 154-163.

Amadi, C.N., Frazzeli{ (" Orisakwe, O.E. Sentinel species for biomonitoring and
biosurveillance of \environmental heavy metals in Nigeria. Journal of Environmental
Science m&‘%ea th, Part C, 38(1), 2022, 21-60.

Ansah, E.,‘%&zah, D., & Horgah, J.N. Level and distribution of heavy metals in Weija
Reseyvoir, Accra, Ghana. West African Journal of applied Ecology, 26-1a: 2018, 74
eki;ji

., Kargin, D., Cogun, H.Y., Temiz, O., Varkal, H.S., & Kargin, F. Accumulation
and health risk assessment of heavy metals in tissues of the shrimp and fish species
from the Yumurtalik coast of Iskenderun Gulf, Turkey. Heliyon, 5(8), 2019, 21-31.

Ayt

122



Bakhshalizadeh, S., Liyafoyi, A.R., Saoca, C. G., Piccione, C., Cecchini, S., & Fazio, F.
Nickel and cadmium tissue bioaccumulation and blood parameters in chelon
auratus and mugil cephalus from anzali free zone in the south caspian sea (iran)

and faro lake (Italy): A comparative analysis. Journal of Trace Elements and
Medical Biology 72, 2022, 126999

Bozorgzadeh, E., Pasdaran, A., & Ebrahimi-Najafabadi, H. Determination of toxi¢_heavy
metals in fish samples using dispersive micro solid phase extraction combined with
inductively coupled plasma optical emission spectroscopy. Journal,Yof Food
Chemistry, 346, 2021, 128-216.

Copat, C., Grasso, A., Fiore, M., Cristaldi, A., Zuccarello, P.. Signorelli, S.S., Conti G.O., &
Ferrante, M. Trace elements in seafood from the Mediterrayeah Sea: an exposure risk
assessment. Journal of Food Chemistry and Toxicology,AI'S, 2018, 13-19.

Coulibaly, S., Coulibaly and M., Atsé, B. Arsenic contamination of water and sediments in the
continental and maritime areas in the western part0fthe Ebrie lagoon (Cote d’Ivoire).
International Journal of Innovation and Appliéd Studies, 25 (2), 2019: 577 — 585.

Edward, J.B. Determination of PTEs Concentration in Fish Samples, Sediment and Water
from odo-Ayo River in Ado-Ekiti,.’Ekiti-State, Nigeria. International Journal of
Environmental Monitoring and Analysis, [(1), 2013, 27-33.

Fakhri, Y., Atamaleki, A., Asadi ALY Ghasemi, S.M., & Mousavi Khaneghah, A.
Bioaccumulation of potenti@tiy~toxic elements (PTEs) in muscle Tilapia spp fish: a

systematic review, metasanalysis, and non-carcinogenic risk assessment. Toxin
Reviews, 40(4), 2021,473-483.

Fiore, M., liveri Contin G/, ‘Caltabiano, R., Buffone, A., Zuccarello, P., Cormaci, L.,
Cannizzaro, A., &Ferrante, M. Role of emerging environmental risk factors in thyroid

cancer: aybrief review. International Journal of Environmental Research and
Publie Health, 16, 2019, 1185.

Ganugapenta, 8., Nadimikeri, J., Chinnapolla, S.R.B.R., Ballari, L., Madiga, R., Nirmala, K.,
& NTella, L.P. Assessment of heavy metal pollution from the sediment of Tupilipalem

Coast, southeast coast of India. International Journal of Sediment Research, 33(3),
2018, 294-302.

Giri S., Singh, A.K., & Mahato, M.K. Monte Carlo simulation-based probabilistic health risk
assessment of metals in groundwater via ingestion pathway in the mining areas of

Singhhum copper belt, India. International Journal of Environmental Health
Research, 2019, 1-14.

123



Gooré, B.G. Seasonal and spatial variation of heavy metals in water and sediments from
mainland areas of Ebrié lagoon (Cote d’Ivoire, Western Africa). International
Journal of Biological and Chemical Science, 13 (4) 2019:2374- 2387.

Guo, G., Zhang, D., & Wang, Y. Probabilistic human health risk assessment of heavy metal
intake via vegetable consumption around Pb/Zn smelters in Southwest China.
International Journal of Environmental Research and Public Health, 16, 2019,
32-67.

Gusso-Choueri, P.K., de Aragjo, G.S., Cruz, A.C.F., de Oliveira Stremel, T.R., & do,Cdmpos,
S.F. Metals and arsenic in fish from a Ramsar site under past and presenChitinan

pressures: consumption risk factors to the local populatiop! Sgience of the Total
Environment, 628, 2018, 621-630.

Hadzi, G.Y., Essumang, D.K., & Ayoko, G.A. Assessment of contamination and health risk of
heavy metals in selected water bodies aronnd. gold mining areas in Ghana.
Environmental Monitoring and Assessment, 19052018, 406.

Han, L., Gao, B., Hao, H., Zhou, H., Lu, J., & Sun, KSLead contamination in sediments in the
past 20 years: A challenge for China. S€itence of the Total Environment, 640, 2018,
746-756.

Hoang, H.G., Chiang, C.F., Lin, C., Wu{ G,Y., Lee, C.W., Cheruiyot, N.K., Tran, H.T., & Bui,
X.T. Human health risk simwlation and assessment of heavy metal contamination in a
river affected by industrial activities. Environmental Pollution, 285, 2021, 117- 414.

IvoSevi‘c, T., Mom'cilovi‘g,\ M., Bilandzi'c, N., Sedak, M., & Petrovi'c. J. Levels of
hazardous trace eleptents in estuarine sediments, fish, mussels and wild boar collected
from the rasa bayarea (Croatia). Rudarsko Geolosko Naftni Zbornik, 37, 2022,
119-135.

Jaishankar, .M “Eseten, T., Nbalagan, N., Mathew, B.B., & Beeregowda, K.N. Toxicity,
mechanism and health effects of some heavy metals. Interdisciplinary Toxicology, 7,
2Q.14.Y60-72.

Jijie, R’; Ciornea, E., Nicoara, M., Turek Rahoveanu, M.M., & Cristea, V. Predictive
innovative  methods for aquatic heavy metals pollution based on bioindicators in
support of blue economy in the danube river basin. Sustainability. Blue Economy and
Resilient Development, 13, 2021, 211.

Jolly, Y.N., Rakib, M.R.J., Islam, M.S., Akter, S., Idris, A.M. & Phoungthong, K. Potential
toxic elements in sediment and fishes of an important fish breeding river in
Bangladesh: a preliminary study for ecological and health risks assessment. Toxin
Reviews, 41(3), 2022, 945-958.

124



Kinimo, K., Yao, K.M., Marcotte, S., Kouassi, N., & Trokourey, A. Distribution trends and
ecological risks of arsenic and trace metals in wetland sediments around gold mining

activities in central-southern and southeastern Cote d'Ivoire. Journal of Geochemical
Exploration, 190, 2018, 265 — 280.

Kortei, N.K., Heymann, M.E., Essuman, E.K., Kpodo, F.M., Akonor, P.T., Lokpo, S.Y.,
Boadi, N.O., Ayim-Akonor, M., & Tettey, C. Health risk assessment and levels of
toxic metals in fishes (Oreochromis noliticus and Clarias anguillaris) from Ankobrah

and Pra basins: impact of illegal mining activities on food safety. ToxicologyReports,
7,2020, 360-369.

Kouamenan N.M., Coulibaly S., Atsé B.C., & Gooré¢ B.G. Seasonal and sSpatialVariation of
heavy metals in water and sediments from mainland areas of=Lbrie lagoon (Cote
d’Ivoire, Western Africa). International Journal of Biological and Chemical
Sciences, 13 (4)2019, 2374- 2387.

Kumar, V., Sharma, A., Minakshi Bhardwaj, R., & Thukralp™aK. Temporal distribution,
source apportionment, and pollution assessment of, ietals in the sediments of Beas
river, India. Human and Ecological Risk Assessmient, 24(3), 2018, 2162-2181.

Kumar, V., Sharma, A., Kumar, R., Bhardwaj, R.;Kumar Thukral, A., & Rodrigo-Comino, J.
Assessment of heavy-metal pollution im three different Indian water bodies by
combination of multivariate analysis™and water pollution indices. Human and
Ecological Risk Assessment: An Interhational Journal, 26(1), 2020, 1-16.

Loredo-Portales, R., Bustamante-Arceg, ¥,,»Gonzalez-Villa, H.N., Moreno-Rodriguez, V., Del
Rio-Salas, R., Molina-Freaner)/F., Gonzalez-Méndez, B., & Archundia-Peralta, D.
Mobility and accessibility yof Zn, Pb, and As in abandoned mine tailings of
northwestern Mexico.. Environmental Science and Pollution Research, 27, 2020,
26605-26620.

Martinez-Tavera, E{, DuarteMoro, A.M., Sujitha, S.B., Rodriguez-Espinosa, P.F., Rosano-
Ortega, Gy &“Exposito, N. Microplastics and metal burdens in freshwater Tilapia
(Oreochromis niloticus) of a metropolitan reservoir in Central Mexico: potential
thred@tssor human health. Chemosphere, 266, 2021, 128968.

Meduni“enG., Kuhari'c, Z., Fiket, Z., Bajramovi'c, M., Singh, A.L., Krivohlavek, A.,
Kniewald, G., & Dujmovi'c, L. Selenium and other Potentially Toxic Elemets in
vegetables and tissues of three non-migratory birds exposed to soil, water, and aquatic

sediment contaminated with seleniferous rasa coal. Rudarsko Geolosko Naftni
Zbornik, 33, 2018, 53-62.

Melake, B.A., Nkuba, B., Groffen, T., De Boeck, G., & Bervoets, L. Distribution of metals in
water, sediment and fish tissue. Consequences for human health risks due to fish
consumption in Lake Hawassa, Ethiopia. Science of the Total Environment, 8§43,
2022, 156-968.

125



Nawab, J., Khan, S., & Xiaoping, W. Ecological and health risk assessment of PTEs in the
major rivers of Pakistan: General population vs. Fishermen. Chemosphere, 202, 2018,
154-164.

Njuguna, S.M., Makokha, V.A., Yan, X., Gituru, R.W., Wang, Q., & Wang, J. Health risk
assessment by consumption of vegetables irrigated with reclaimed waste water: a case

study in Thika (Kenya). Journal of Environmental Management, 231, 2019, 576—
581.

Obasi, P.N., & Akudinobi, B.B. Potential health risk and levels of heavy metals\in*water
resources of lead—zinc mining communities of Abakaliki, southeast Nigeriay, Applied
Water Science, 10, 2020, 184.

Owa F.D., Water pollution: sources, effects, control and managemeént. Mediterranean
Journal of Social Sciences, Vol. 4(8), 2013, 65-68.

Ouattara, A.A., Yao, K.M., Soro, T.P., Diaco, T., & TrokoureyA,YArsenic and trace metals
in three West African rivers: concentrations, partitioningy and distribution in particle-

size fractions. Archives of Environmental Cohtamination and Toxicology, 75 (3)
2018, 449-463. DOI: 10.1007/s00244-018- 0543£9,

Parkar, J., & Rakesh, M. Risk Assessment of«dietary elemental intakes contributed by
commercial baby foods from Indian> mqrket. Journal of Environmental Pollution,
232,2018, 154-163.

Pei, J., Zuo, J., Wang, X., Yin, J., LiuywL., & Fan, W. The bioaccumulation and tissue
distribution of arsenic species \it Tilapia. International Journal of Environmental
Research and Public Health:"16, 2019, 757.

Piccinini, P., Piecha, M., &JX¥ottaner, T.S. European survey on the content of lead in lip
products. Journalof Pharmaceutical and Biomedical Analysis, 76, 2019, 225-233.

Prasad, S., Saluja, RyJoshi, V., & Garg, J.K. Heavy metal pollution in surface water of the
Upper, @anga River, India: Human health risk assessment. Environmental
Monitoring and Assessment, 192, 2020, 742

Roy, Ay, \Rahman, F., Islam, S.S., Sarker, S., Begum Quraishi, S., & Hosen, M.M.
Bivbaccumulation of heavy metal in urban pond reared Oreochromis niloticus, water,

sediment, and handmade feed in Bangladesh and human health risk implications.
Arabian Journal of Geosciences, 15(10), 2022, 959.

Sadeghi, P., Loghmani, M., & Afsa, E. Trace element concentrations, ecological and health

risk assessment in sediment and marine fish Otolithes ruber in Oman Sea, Iran.
Marine Pollution Bulletin, 140, 2019, 248-254.

126



Sani, A., Idris, K.M., Abdullahi, B.A., & Darma, A.l. Bioaccumulation and health risks of

some heavy metals in Oreochromis niloticus, sediment and water of Challawa river,
Kano, Northwestern Nigeria. Environmental Advances, 7, 2022, 100-172.

Saoca, C., Arfuso, F., Giannetto, C., Piccione, G., & Fazio, F. Seasonal biodistribution of
some trace elements (Cd, Pb, Cr, Hg) and “Blood biomarkers” Response in mugil
cephalus. Biological Trace Element Research, 47(4), 2022, 65-73.

Shakeri, A., Sharifi Fard, M., Mehrabi, B., & Rastegari Mehr, M. Occurrence,_origin and
health risk of arsenic and Potentially Toxic Elements (PTEs) in sediments, and fish
tissues from the geothermal area of the Khiav River, Ardebil Provinae (NW Iran).
Journal of Geochemical Exploration, 208, 2020, 106-347.

Siddiqui, E., & Pandey, J. Assessment of heavy metal pollution in water and surface sediment
and evaluation of ecological risks associated with sediment coittamination in the

Ganga River: A basin-scale study. Environmental Scienee and Pollution Research,
26,2019, 10926-10940.

Soltani, N., Moore, F., Keshavarzi, B., Sorooshian, A.,& Javid, R. Potentially toxic elements
(PTEs) and polycyclic aromatic hydrocakbons¥(PAHs) in fish and prawn in the
Persian Gulf, Iran. Ecotoxicology and Enyironmmental Safety, 173, 2019, 251-265.

Tayebi L., & Sobhanardakani, S. Analysis ofNbeavy metal contents and non- carcinogenic
health risk assessment throughrconsumption of Tilapia fish (Oreochromis niloticus).
Pollution, 6, 2020, 59-67.

Togbé, A.M.O., Kinimo, K.C., N Gadran, A.D.P.K., Ouattara, A.A., Yao, K.M., Kouamé, K.V.,
Atse, B.C., & Tidou, A.™S. Environmental and human health risk assessment of

potential toxic eleméuls “in sediments from Ebri¢ Lagoon, Cote d’Ivoire. American
Journal of Physical Chemistry, 11(1), 2022, 14-24.

Varol, M., Kaya, G.K.,.Siinbiil, M.R. Evaluation of health risks from exposure to arsenic and
heavy imetals, through consumption of ten fish species. Environmental Science and
Pollution*€ontrol, 26, 2019, 33311-33320.

Varol~M\,_& Siinbiil M.R. Multiple approaches to assess human health risks from carcino
genic and non-carcinogenic metals via consumption of five fish species from a large
reservoir in Turkey. Science of the Total Environment, 633, 2018, 684—694.

Wang, X., Cui, L., Li, J., Zhang, C., Gao, X., Fan, B., & Liu, Z. Water quality criteria for the
protection of human health of 15 toxic metals and their human risk in surface water,
China. Journal of Environmental Pollution, 276, 2021, 116-628.

Wuana, R., Ogbodo, C., Itodo, A.U., & Eneji, 1.S. Ecological and human health risk
assessment of toxic metals in water, sediment and fish from Lower Usuma Dam, Abuja,
Nigeria. Journal of Geoscience and Environment Protection, 8(5), 2020. 82.

127



Zakariyya, M. Heavy metals bioaccumulation indicators of water pollution. Journal of Pure
and Applied Sciences, 11(1), 2018, 206-213.

Zhang, H., Zhang, F., Song, J., Tan, M.L., & Johnson, V.C. Pollutant source, ecological and
human health risks assessment of heavy metals in soils from coal mining areas in
Xinjiang, China. Environmental Research, 202, 2021, 111-702.

Zhong, W., Zhang, Y., Wu, Z., Yang, R., Chen, X., Yang, J., & Zhu, L. Health risk
assessment of heavy metals in freshwater fish in the central and eastern North China.
Ecotoxicology and Environmental Safety, 157, 2018, 343-349 .&\

%\%
. \%w
Thesis . 6&%\

Alene, A. Assessment of heavy metals in edible musel le tilapia (oreochromis niloticus)

and crucian carp (carassius carassius) lake ziway (Doctoral dissertation,

Haramaya University), 2022.

128



Appendix 1

Table 4.3: Descriptive Statistics of PTEs Concentration in Dry Season Water Sample

Sample Cu Zn Ni Pb Mn Fe Cr Cd
Replicate
Lafenwa 1 097 1.14 0.07 0.88 0.59 0.67 054 0.24
Up-
Stream
2 1.31 1.09 0.87 1.16 0.65 1.73 0.88 0.33
3 0.08 0.62 0.80 1.08 0.53 6.75 233  0.24
Mean 0.787 0.950 0.580 1.040 0.590 3.050 1.250 0.270
+SD 0.635 0.287 0.443 0.144 0.060 3.248 0951 0.052
SE 0.367 0.166 0.256 0.083 0.035 1.875 0.549 0.030
Lafenwa 1 486 1.00 0.88 0.15 1.07 4500 0.69 0.15
Down-
Stream
2 051 063 2.09 1.73 1.63 5.90 1.04 0.09
3 1.02 092 0.53 044 0.86 5.85 2.30 0.06
Mean 2.13 0.850 1.167 0.773 1.187 18917 1.343 0.100
+SD 2.378 0.195 0.819 0.841 0.398 22.589 0.847 0.046
SE 1373 0.112 0473 0.486 0.230 13.042 0.489 0.026
Alagada 1 069 097 0.26 0.71 1.70 5.61 021 0.18
Up-
Stream
2 146 0.07 0.98 0.84 0.87 4.97 026 0.32
3 0.57 034 0.64 0.81 0.92 5.02 023 0.29
Mean 0907 046 0.627 0.787 1.163 520 0.233 0.263
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*SD 0.483 0.462 0.360 0.068 0.465 0.356 0.025 0.074

SE 0.279 0.267 0.208 0.039 0.269 0.206 0.015 0.043
Alagada 1 023 0.15 0.77 1.95 071 1440 041 0.26
Down-
Stream
2 4.05 047 0.38 1.84 024 20.60 049 042
3 0.39 0.81 0.67 .72 0.64 16.04 0.48 0.36
Mean 1.557 0.477 0.607 1.837 0.530 17.013 0.460 0.347
+SD 2.161 0.330 0.203 0.115 0.254 3.213 0.044 0.081
SE 1.248 0.191 0.117 0.066 0.146 1.855 0.025 0.047

@\J

Table 4.4: Descriptive Statisti&}DPTEs Concentration in Dry Season Sediment Sample
n

Sample Cu o Ni Pb Mn Fe Cr Cd
Replicate
~ (\Q
Lafenwa 1 9.00 0.90 0.96 0.82 2.85 2.41 0.01 0.32
Up-
Stream
2 8.02 0.85 0.79 0.62 2.15 2.22 0.02 0.31
3 9.01 0.89 0.86 0.72 2.67 2.18 0.03 0.29
Mean 8677 0880 0.870 0.720 2.523 2270 0.020 0.307
+SD 0.569 0.026 0.085 0.100 0420 0.123 0.010 0.015
SE 0.328 0.015 0.049 0.058 0.242 0.071 0.006 0.009
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Lafenwa 051 063 209 173 163 590 1.04  0.09
Down-
Stream
1.02 093 053 044 086 585 230  0.06
496 009 1.08 146 229 296 011 036
Mean 2.163 0550 1.233 1210 1593 4903 1.150 0.170
+SD 2435 0426 0.791 0.680 0.716 1.683 1.099 0.165
SE 1.406 0246 0457 0393 0413 0972 0.635 0.095
312 066 063 1.77 121 342 026 049
Alagada
Up-
Stream
351 081 058 1.82 132 354 028  0.87
274 038 074 201 162 28  1.01  0.68
Mean 1.557 0477 0.607 1.837 0.530 17.013 0460 0.347
+SD 2.161 0330 0203 0.115 0254 3213 0.044 0.081
SE 1.248 0.191 0.117 0.066 0.146 1.855 0.025 0.047
Alagada 342 219 039 389 164 658 ND 024
Down-
Stream
282 301 041 372 152 802 002 027
356 212 032 393 178 503 001 022
Mean 3267 2440 0373 3.847 1.647 6543  0.015 0.243
+SD 0393 0495 0.047 0.112 0.130 1.500 0.007 0.025
SE 0.227 0286 0.027 0.064 0075 0.863 0.005 0.015
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Table 4.5: Descriptive Statistics of PTEs Concentration in Wet Season Water Sample

Sample Cu Zn Ni Pb Mn Fe Cr Cd
Replicate
Lafenwa 1 1.52 0.05 0.09 0.60 0.98 2.06 1.38 0.23
Up-
Stream
2 1.56 0.17 0.24 1.13 3.63 5.00 0.09 0.38
3 3.26 0.89 0.68 2.07 1.30 1.19 0.05 0.48
Mean 2.113 0370 0337 1267 1970 2.750 0.507 0.363
+SD 0.993 0454 0307 0.744 1446 1997 0.757 0.126
SE 0.573 0.262 0.177 0430 0.835 1.153 0437 0.073
Lafenwa 1 1.56 0.22 0.38 2.78 0.71 12.13 1.22 0.27
Down-
Stream
2 4.16 0.63 0.56 1.87 0.67 6.24 1.75 0.66
3 3.28 0.72 045 264 0.78 6.22 1.82 0.92
Mean 3.00 0.523 0.463 2.430 0.72 8.197 1.597 0.617
+SD 1.322  0.267 0.091 0.49 0.056 3.406 0.328 0.327
SE 0.764 0.154 0.052 0.283 0.032 1967 0.189 0.189
Alagada 1 2.01 0.34 0.75 3.70 0.47 0.27 1.31 0.39
Up-
Stream
2 0.38 0.68 0.12 3.38 1.24 4.37 1.22 0.64
3 2.08 0.71 0.62 3.12 1.29 4.13 1.62 0.68
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Mean 1.49 0577 0497  3.40 1.00 2923 1.383 0.570

+SD 0.932 0206 0333 0291 0460 2301 0210 0.157
SE 0.555 0.119 0.192 0.168 0265 1328 0.121 0.091
Alagada 1 594 1.03 001 083 071 729 044 042
Down-
Stream
2 3.06 020 164 245 057 1121 013 031
3 202 091 132 1.08 1.03 004 1.0l 038
Mean 3.673  0.713 0990 1453 0.770 6.180 0.527  0.370
+SD 2.031 0449 0.864 0.872 0236 5667 0.446 0.056
SE 1.172 0259 0.499 0.504 0.136 3272 0258  0.032

0
$

Table 4.6: Descriptive Statistics of P]&Q\Iw\centration Wet Season in Sediment Sample

Sample Cu Zn 1 Pb Mn Fe Cr Cd
Replicate Q(b'
AN
Lafenwa 1 3.61 0.57 1.04 1.81 2.25 2.69 0.20 0.60
Up-
Stream
2 2.84 0.61 1.03 1.72 2.28 3.01 0.21 0.61
3 3.82 0.72 1.06 1.96 2.02 2.82 0.22 0.58
Mean 3423  0.633 1.043 1.83  2.183 2.84 0.21 0.597
+SD 0.516 0.078 0.015 0.121 0.142 0.161 0.01 0.015
SE 0.298 0.045 0.009 0.07 0.082 0.093 0.006 0.009
Lafenwa 1 0.30 0.28 0.31 2.97 1.25 0.62 0.96 0.63
Down-
Stream
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2 5.00 0.77 1.42 0.52 2.66 1.55 0.58 0.68

3 0.46 0.39 1.40 1.28 1.87 1.52 0.72 0.61
Mean 1.920 0.480 1.043 1.590 1927 1.230 0.753 0.640
+SD 2669 0257 0.635 1.254 0.707 0.528 0.192 0.036
SE 1.541 0.148 0367 0.724 0.408 0.305 0.111 0.021
Alagada 1 1.56 0.17 0.24 1.13 3.63 5.00 0.09 0.38
Up-
Sstream
2 2.03 0.18 0.29 1.42 3.72 4.07 0.08 0.39
3 1.47 0.16 0.42 1.82 3.14 5.02 0.10 0.28
Mean 1.687 0.170 0317 1.457 3.497 4.697 0.090 0.350
+SD 0.301 0.010 0.093 0346 0312 0.543 0.010 0.061
SE 0.174 0.006 0.054 0.200 0.180 0.313 0.006 0.035
Alagada 1 2.67 1.12 0.81 2.77 0.62 2.37 1.81 0.56
Down-
Stream
2 2.51 1.32 0.49 1.89 0.39 2.28 1.72 0.61
3 3.01 1.61 0.78 1.90 0.58 3.98 1.95 0.48
Mean 2730 1.350 0.693 2.187 0530 2.877 1.827 0.550
+SD 0.255 0246 0.177 0.505 0.123 0957 0.116 0.066
SE 0.147 0.142 0.102 0.292 0.071 0.552 0.067 0.038
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Table 4.7: Descriptive Statistics of PTEs Concentration in Fish Dry Season Sample

Sample Cu Zn Ni Pb Mn Fe Cr Cd
Replicate

Lafenwa 1 4.97 1.26  0.09 228 0.51 5.59 0.73 0.41
2 4.82 .32 0.07 235 0.53 6.01 0.81 0.43

3 5.00 1.24 010 227  0.60 542 0.70 0.50
Mean 493 1263 0.087 2300 0.547 5.673 0.747 0.447
+SD 0.096 0.049 0.015 0.044 0.047 0304 0.057 0.047
SE 0.056 0.028 0.009 0.025 0.027 0.175 0.033 0.027

Alagada 1 036 090 0.73 1.25 0.65 28.10 0.47 snipp0.12

2 0.38  0.93 0.74 1.28  0.60 28.14 049 0.13

3 040 0.89 0.76 1.30 0.69 28.09 0.50 0.11
Mean 0.380 0.907 0.743 0943 0.647 28.110 0.487 0.120
+SD 0.020 0.021 0.015 0.575 0.045 0.026 0.015 0.010
SE 0.012 0.012 0.009 0.332 0.026 0.015 0.009 0.006

Table 4.8:Descriptive Statistics of PTEs Concentration in Fish Wet Season Sample

Sample Cu Zn Ni Pb Mn Fe Cr Cd
Replicate
Lafenwa 1 1.90 0.20 0.46 2.75 0.54 2.64 0.37 0.50
2 1.87 0.22 0.49 2.78 0.60 2.63 0.25 0.51
3 1.93 0.19 0.44 2.74 0.52 2.68 0.28 0.48
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Mean 1.900 0.137 0.463 2757 0.553 2.650 0267 0.497
+SD 0.030 0.119 0.025 0.021 0.042 0.026 0.015 0.015
SE 0.017 0.069 0.015 0012 0.024 0.015 0.009 0.009
Alagada 1 303 020 040 325 059 232 178  0.50
2 298 024 036 329 054 240 172 0.53

3 306 0.8 052 298 060 236 180 048

Mean 3.023 0207 0427 3.173 0577 2360 1.767 0.503
+SD 0.040 0.031 0.083 0.169 0.032 0.040 0.042 0.025
SE 0.023 0.018 0.048 0.097 0.019 0.023 0.024 0.015
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Plate 3. 1: Lafenwa Site 1 x5
Source Field Work, 2021
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Plat afenwa Site 2 X5

Source: Field Work, 2021.
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Lafenwa site 3 X5

Plate 3.3

Source: Field Work, 2021
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Plate 3.4: Alagada site 1X5

Source : Field Work, 2021
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Plate 3.5: Alagada site 2X5

Source: Field Work, 2021.
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Plate 3.6: Fishes (Oreochromis niloticus) from Lafenwa Mg x 5

Source: Field Work, 2021
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