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ABSTRACT

The physcochemical properties of watef the three major dams and rivers in Zamfara State
were analyzed using standard analytical methdtde concentrations of heavy metals in the
sediments, fish and food crops were also examimbd. result revealed marked iaions

and noruniform distribution of all the physicochemical parameters from one season to
another for two yearsf study pH, temperature, EC, TDS, TSS, alkalinity, DO, BOD, COD,

Cl, SQ,, PO, and hardness hawalues that fall below th&)SEPA standard limifor drinking
waterwith exception of turbidity(88.67 mg/l)Analysis of variance revealed that there were
significant difference (P €.05 between the parameters based on locations and seasons. The
concentration oheavy metals in # crops tomatoes and cassgvgrown around the vicinity

of the dams iad rivers determined using atomic absorption spectrometry (Aé&®aled a
spatial and nowniform distribution in the concentration of the heavy metals (Zn, Cd, Cr, Pb
and Hg) in the wter, sediments, fish, and food crops in all six locations studied. The
concentrion of heavy metal determineth water, ®diment, fish and food crops were
generally high during thelry season with exception of Hg which recorded highest
concentrationn year 2015. Zn and Cr levels in the water, sediment, fish and food crops were
within international safe limits while C¢(.1022 mg/l) Pb (0.2104 mg/l)and Hg(1.8818

mg/l) levels were far abovgd.01, 0.01 and 0.001mgANySEPA safelimits respectively ér
drinking water Two major indices such as contamination factor (CF) and pollution load
index (PLI) were used for determining the contamination level of water, sediment, tomatoes,
cassava and fish samples. The result revealed a high contaminatiorfida€dr Pb and Hg
across all the six locations and a general overall pollution load across all the locations. The
direct effect of heavy metal was observed during the histological assessmenttisiisis

such as qills, liver and skinAll gills showed emmon abnormalities in th&ilapia fish

(Orechromismossambicyshabited in all the six locations. Most common aesguamation
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of lamellar epithelium, hypertrophy of epithelial cells, lifting up of lamellar epithelium,
intraepithelial oedema, aneurysm, hyperplasia, and haemorrhage in the gill filament.
Histology of liverrevealed the presence of heterogeneous parenchyma chadctsriz
vacuolization, foci of necrosis, hypertrophy ofnuclei and degenerated hepatocytes.
Histological changes of the skimere mostly at the level of the epidermis, without major
changes in the dermis and hypodermisgmmtic nuclei in the matx layer ofthe epidermis

arethe most severe lesioacorded.

A four step sequential extraction was used to determine the chemical association of the
metals (Zn, Cd, Cr, Pb and HgMajor sedimentary phases in the sediments showed
differences in the distributionfeach metal among those phade$ all the five elements
studied, Cd (14.73939.931%) and Pb (0.10%.832%) appeared to be the most readily
solubilized, thus making these elements the most potentially bioavailablevidence of
pathological alterationm gills, livers and skin oOrechromismossambicuappeared to be a
useful biemarker to assess the impact of metal pollution in water on the health of fish and
higher levels of Cr, Cd, Zn, Pb and Hg in the fish are worrying as it may cause health related

problems in the consumersfigh in the study area
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CHAPTER ONE

1.0 INTRODUCTION

1.1  Background to the Study

Environmental pollution byoxic heavy metals does not only elicit concern in the
metropolitan cities but also in remote and rural communities where anthropogenic activities
are taking place. Contamination of the environment usually résuft industrial activities,
such as mining electroplating, gas exhaust, energy and fuel production, fertilizer and
pesticides application, and generation of municipal wadtaofeet al, 2004. Gold mining
and processing have been the main sources of heavy metal contamination in the environment
(Duruibe et al, 2007; Boamponserat al, 2010; Girigisuet al, 2012). The uncontrolled
dissemination of waste effluents to large water bodies has negatively affected both water
guality and aquatic lif¢Abdulrahmaset al.,, 200§. During the processing of the ores for gold,

poisonous substances such as oxides and sulphides of heavy metals are released into the

environment (Boamponseswt al, 2010)Hence most of the water sourceparticularly in

Zamfara Stateare gradually beauing polluted due to the addition tifeseforeign materials

from the enviroment.

Food aml Agricultural Organization (FAD of U.S.A revealed that in African
countries, particularly Nigeria, water related diseases had been interfering with basic human
devebpment (FAO, 2007Qifferent aquatic organisms often respond to external
contamination in different ways, where the quantity and form of the element in water,
sediment, or food will determine the degree of accumulatisdulrahmaet al, 2008
Olaoye andOnilude (2009)Certain environmental conditions such as salinity, pH, and water
hardness can play an important factor in heavy metals accumulationup to toxic concentrations

in living organisms and cause ecgical damage (Garbat al, 2010). Thus, heavy etals



acquired through the food chain as a result of pollusicte potential chemical hazards that

threaten consumers (Oladcdeal, 2004).

A study by Umetlet al. (2004) revealedhat 48% of the people iKatsinaAla Local
Government Area of Benuddeare affected by urinar§chistosomiasisdue to increasm
water pollution Garbaet al (2010) reported a mean arsenic concentration of 0.34 mg/l in
drinking water from hand dug wells, boreholes amplstof Karaye Logal Governmente,
Kano state. Theraenc levels are of serious concemregulatory agencies becauseythg
far exceed the upper band of 0.01 mmg8ommended by WH@008) Nwidu et al(2009)
reportedthat quality of water and prevalent water related diseases in hospitals were casually
related to contamination oivers.
1.2Statement of the Research Problem
The governrant of Zamfara State constructddms in order to provide good water for the
teaming population. Howevethe dream thatthes#ans would provide clean and safe water
in the Stateis being threatened by metal pollutamisd carcinogenic rganic compounds.
There havebeen gold miningctivities in Zamfara tate, northern Nigeridpr decades, but
was not widespread or profitabletil 2009 (MSF, 2012). IMarch-April 2010, Médecins
Sans Frontieres (MSF) informed the Zamfara state Ministry of Health of an increasing
number of childhood deaths and illnessn seven villages of Anka aBaikkuyumLGAs.

Fromthetime the lead poisoning incidence was reportedhe state authiby:

It has been estimated that at least 10,000 people of whom &,@@hildren undeb
years of agefronthe seven villagesn the Stateare in acute danger of death or severe
illnesses.

There is also aimcreasingly active artisanal mining industwhich digs up rocks by

hand, breaks them into pebbles with hammers, grinds the pebbles to sand with flour mills, and



extracts gold from the sand using sluicing, qgag, and Mercury amalgamation and in some

cases, cyanidation (MSF, 2012)

In theStategold bering deposits contaiproblematic concentrations of lead;hence
mining activities leads to the release of lead.

The crushing of pebbles into sand in -doyining flour mills produces enormous
amouwnts of dust which sometimes containshigh amounkeadi. Lead can enter the body
through the lungs or the digestive tradSF, 2012)
1.3Justification of the Study
In March 2010, an unusually high number of deaths, primarily among children under age 5 in
Bukkuyum and Anka Local Government Areas (LGAs)Zaimfara $ate, was reported by
Médecins Sans Frontieres (MSH-ield work by MSF focused on five villages in Anka
(LGA), which are Abare, Sunke, Kirsa, Baggega and Dareta. From the five villages
investigated, four had been confirmed as lead contaminatkdrly one was remediated
(Dareta).Further study byRoddiger et a(2010) on blood samples takémom the people
revealed that the increased mortality was as a result of acute lead poisoning, determined to be
caused by massive environmental contaminafiom artisanal mining and processing of
gold found in leagtich ore. The grinding of the ore into fine particles resulted in extensive
dispersal of lead dust in the villages concerned, including within family compounds.
Ingestion and inhalation of the finead particles was determined to be the major reason for

high blood | ead I|(MSFeepost,2018). vi ct i msdé bodies

A personal survey of these villages found that livestock wanigking from
contaminated ponds, rivers, and crops were found to beirggaw contaminated soil near
affected wdk, ponds and riversTherefore, atil complete remedition of polluted villages
takeplace, and as long @®ld/ore processing continure sensitive areas home compounds

and villages, wells, ponds and rivers disier drinking water by humes and livestocks
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remain incontinuing health risk. Henget is essential that a thorough assessment on quality

parameters of watdérom rivers and dams in ti&tate be carried out

1.4 Aim

The aim of the research was to determine physicochemical properties of water and
heavy metal concentration in watsgdiment and fish Qreochromismossambicu&om the
three major dams (Gusau, Bakolori and Dangulbi dams), and three selected rivers in Anka
LGA (Bagega, Sunke and Abare) as well as food crops (tomatoes and cassava) from the

surroundings in Zamfar&tate.

1.5 Obijectives of the Study
The aim of the research work will be achieved through the following specific
objectives
(i) Determination of pysco-chemical parameterH, temperature, conductivity,
total dissolved solids, total suspended solid, alkalinity, hardness, dissolved
oxygen, chloride, turbidity, sulphate, phosphate, chemical oxygen demand and
biochemcal oxygen)of the wateffrom the dans and rivers.
(i) Microbiological assessment (Total Bacterial and Coliform Count) of water from
dams and rivers will be determined.
(i)  Determination of the concentratioatPb, Hg, CdZn, Cr in water, sedimentish
and food crops (cassava, and tomatesasipes that are commonly found and
aroundall the three dams and rivers
(iv)  Sequential extractioaf the metals irihe sedimentgrom the dams and rivers will
be determined.
(v) Proximate composition and histopthalogical analysis of the fish will also be

determned.



CHAPTER TWO
2.0 LITERATURE REVIEW
2.1  Water Quality Parameters

2.1.1 pH

pH measures the level of acidity or alkalinity of the water sample. The pH is indicated
by the concentration of hydrogen ion present (Edward, 1980). It is expressed on a scale of O
14 where 7 is neutral, below 7 is acidic and above 7 is basic. Practivally,ghase of water
treatment such as softening, precipitation, coagulation, disinfection and corierg pH
dependent (ALPHA, 1999 Natural water has pH values in the range 4 to 9 and most are
slightly basic due to the presence of bicarbonate and waid® of alkali and alkaline earth
metals (ALPHA,1999).High or low pH values in a river have been reported to affect aquatic
life and alter toxicity of other pollutant in one form or the other (DWAF, 1996¢). Low pH
values in a river for examples impagcreational uses of water and effect aquatic life. A
decrease in pH values could also decrease the solubility of certain essential element such as
selenium, while at the same time low pH increases the solubility of many other element such
as Al, B, Cu, CdHg, Mn and Fe (DWAF, 1996c).

2.1.2 Temperature

The temperature of water is not the main issue when considering it as physical
parameter, butits effect on other properties e.g. changing solubility of \Gades.
temperature may cause the differencesmetal deposition in various organs. Higher
temperatures promote accumulation of cadmium especially in the most burdened organs:
kidneys and liver (Yang and Chen, 1996). Increased accumulation of metals by fish at higher
temperatures probably results frongher metabolic rate, including higher rate of metal
uptake and bindin@.ool water is generally more palatable than warm water, and temperature

will impact on the acceptability of a number of other inorganic constsuand chemical
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cortaminants that mayaffect taste. High water temperature enhances the growth of
microorganisms and may increase taste, odolmuc@nd corrosion problems (WHO, 2008)
The effect of temperaturand especially changes in tpemature, on living organisms can be
critical. Temperature controls the solubility of gases in water, and the reaction rate of
chemicals, theaxicity of ammonia, and of cineotherapeutics to $h. Temperature is the
most impotant physical variable affecting the metabolic rate of fish and is thereforefone
the most important water qualiattributes in aquaculture (WHO, 2008)

2.1.3 Electrical conductivity

This is a quantitative measure of the ability of water to conduct electric current. It can
also be defined as a numerical expression of the abilignadqueous solutioto carry an
electric current (ASTM, 2004 Electrical conductivity is influenced by the presence of
dissolved salts such as sodium chloride and potassium chloride which produce ion that
migrate in solution and then generate electricrentConductivity does not have direct
impact on human health. It is determined for several purposes such as determination of
mineralization rate (existence of minerals such as potassium, calcium, and sodium) and
estimating the amount of chemical reagergsd to treat this water (Kavaairal, 2009; Cidu
et al, 2011; Muhammaaet al.,2011; and Khart al, 2013). High conductivity may lead to
lowering the aesthetic value of the water by giving mineral taste to the water. For the
industrial and agricultal activity, conductivity of water is critical to monitor. Water with
high conductivity may cause corrosion of metal surface of equipment such as boiler. It is also
applicable to home appliances such as water heater system and faucetplaRb@md
habtat-forming plant species are also eliminated by excessive conductivity @ten2013

and Kavcaet al., 2009).



2.1.4 Dissolved xygen

It is a measure of the oxygen content in water. Different life forms in water need
oxygen for survival. Water lovin dissolved oxygen has an unpleasant smell while waters
high in dissolved oxygen are good fatinking purposes(lgbadt al, 2004).Several factors
determine the DO levels in water including water temperature, which has inverse relationship
with DO, phdosynthesis by green algae, salinity and pollution resulting from both natural
and anthropogenic activities (Igbadt al, 2004; IEPA, 2001)Organic wastes and other
nutrient inputs from sewage and industrial discharges, agricultural and urban runetwaian
in decreased oxygen levels. Nutrient input often leads to excessive algal growth; when the
algae die, the organic matter is decomposed by bacteria, a process which consumes a great
deal of oxygenhat could lead to oxygen sag (Aiyesarehial, 200§. A high DO level in a
community water supply igood because it makes dring water taste better. However, high

DO levels speed up corrosion in watergs.
2.1.5 Biological oxygen demand

It is the amount of oxygemsed by microorganism per unit voheof water at a given
time. Biological oxygen demand (BOD) measure the amount of oxygen requires by bacteria
for breaking down to simpler substances the decomposable organic matter present in any
water,
Wastewater or treated effluent. It is also taken amemasure of the concentration of organic
matter present in any water. The greater the decomposable matter present, the greater the
oxygen demand and the greater the BOD values (Ademoroti, NfiGjal sources of
organic matter include plant decay and l&df However, plant growth and decay may be
unnaturally accelerated when nutrients and sunlight are overly abundant due to human

influence. If there is a large quantity of organic waste in the water supply, there will also be a
lot of bacteria present wking to decompose this was{&eith et al, 1997%. Oxygen

consumed in the decomposition process robs other aquatic organisms of the oxygen they need



to live. In this case, the demand for oxygen will be high (due to all the bacteria) so the BOD
level will be high. As the waste is consumed or dispersed through the water, BOD levels will
begin to decline. When BOD levels are high, dissolved oxygen (DO) levels decrease because
the bacteria are consuming the oxygen that is available in the water. Since sedgedis
oxygen is available in the water, fish and other aquatic organisms may not survive.
2.1.6 Chemical oxygen demand

The chemical oxygen demand (COD) is the amount of oxygen consumed to
completely chemically oxidize the organic water constituentsaganmic end products. COD
is an important, rapidly measured variable for the approximate determination of the organic

matter content of water samples. Some water samples may contain substances that are

diffi cult to oxidize(Harrafiet al, 2012).

2.1.7 Chlorine

The chloride content in water is another important factor for water quality analysis
(Ademorati, 1996). Excess chlorides in water are usually taken as index of pollution. The
mining, sewage water and industrial effluents are rich in chloride and hence the discharge of
these wastes result in high chloride level in the rivers (Hasalam,).Co®dride is a
ubiquitous aqueous anion in all natural waters, the concentrations varying very widely and
reaching a maximum in sea water. Natural levels in rivers and other fresh waters age usuall
in the range 15 35 mg/L Cl and much below the permibke drinking waer standard of <
250 mg/L (IEPA, 2001; USEPA, 2002; EUDWS, 1998; WHO, 20@3loride has little
effect on fish health or behaviour and is not consii@rgroblem in inland waters (SAWQG,

1996)

2.1.8 Alkalinity

The presence of hydroxide carbonate and bicarbonate in natural water cause

alkalinity. Alkalinity is defined by Ademorati, (1996)s a measure of the ability of water
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samples to neutralize strong acids to an arbitrary pH or an indicatqpoamntdVhen natural

waters contain weakcids, alkalinity is usually determined as well as pH in water quality
assessment. Alkalinity the concentration of bases in water is composed mainly of
bicarbonate, carbonatnd hydroxyl ions (WHO, 2006Alkalinity is affected by variations

in flow regmes and its natural unevenness is linked to the presence or absence of carbonate
rock (Dladla, 2009). The change in alkalinity depends on carbonates and bicarbonates, which
in turn depend upon release of £Change in carbonates and bicarbonates alsendeyppon

release of C@through respiration of living organisms (Vermgal, 2013).

2.1.9 Total suspended solid

These are discrete particles that can be measured by filtering thesample through
appropriate filters. The magnitude of these soliépendson the typeof filter (paper or
sintered glagsused the pore size, the physical nature and the size of the particles (ASTM,
2004, APHA, 199% Increase in suspended salid water is proportional to the increase in
the extent of pollution and also account for odour and colour (Golterman, 1978). The
materials deposited on the filter are the principal factffectingseparation of suspended
solid from dissolved solid.
2.1.10 Total dissolved slid

Total dissolved solids are due to soluble materials. This refers to the portion of total
solid that pass through the filter and is expedss mg/I(APHA, 1999). Water with high
dissolved solid is generally of inferior palatatyil and may induce an unfavourable
physiological reaction imhe consuner (ASTM, 2004; APHA, 1999 High concentration of
dissolved solid in water is also responsible for hardness, turbidity, odour, taste, colour and
alkalinity (ASTM, 2004). The maximum pmissible concentration ofDS is 500mg/L in

potable water.



2.1.11 Turbidity

Turbidity:is a measure of the loss of transparency of a soltiobidity is the
cloudiness of water caused by a variety of particles and is another key parameter in drinking
water analysis(Kavcaet al, 2009. It is also related to the content of diseases causing
organisms in water, which may come from soil rundfie presence of colloidal solid gives
water a cloudy appearance which reduces its transpafdmcystandard recamended
maximum turbidity limit, set by WHO and NDWQS, for drinking water is 5 nephelometric
turbidity units (NTU) (Kavcaet al., 2009; Cidwet al, 2011; Muhammast al, 2011)

2.1.12 Water hardness

Hardness of water is a phenomenon which occurs gbap does not lather easily
with water and scales are produced in pipes and boilers/kettles. Hardnessisedcay
metallic salt (ion) of calcium and magnesium and sometimes Tro@se salts are usually in
the form of bicarbonate, sulphates and chlorigdsPHA, 1999). Water hardness could be
temporary or permanent. Temporary hardness is caused by dissolved calcium and magnesium
bicarbonates. It can be removed by boiling. Permanent hardness is caused by sulphate and
chloride of calcium and magnesium anadnnot be removed by boiling but by addition of
sodium carbonate or ion exchange methods. Water hardness is usually expressed as mgl

lcacaq.

2.2 Water Quality Challenges

Several studies have showhat the effects of human activities like agricultural
runoffs, sewage and industrial effluents contaminate freshwater resourcext @laje007;
Dladla, 2009; Ogleni and Topal, 2011;-Ahzi, 2012). The effects of human activities on

water quality difer in magnitude from one place to another. Changes in the physical,
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chemical, and biological characteristics of water negatively affect both human and ecosystem
health (Wagneet al, 2013).
2.2.1 Agricultural use of fertilizer and runoff

Agricultural activities around the world contribute significantly to wapadlutant
loads (Wagneret al, 2013). Agricultural activities are among the most frequently cited
sources for degradation and pollution of fresh water systems (Musth@ia 2013). Hoff
(2013 carried a study to establish the source and magnitude of pollution in Kranji Reservoir
in Singapore. The report findings indicated that there were high levels for nutrients and
bacterial concentration in the downstream from an intensive cropping vegetalluction
operation and it is a major contributor to Aomint source of pollution in the reservoir.
Nyakunguet al. (2013) investigated the impacts of human activities along Manyame River
and its tributaries (Mukuvisi, Marimba, Ruwa and Nyatsime riverZimbabwe. The report
established that the contamination is associated with agricultural activities among other
sources.
2.2.2 Environmental impacts of Mining activities

Artisan mining is an important economic sector in many developing countries.
However, limited resources and training, and the availability of cheap, but potentially
hazardous methods of extraction and processing of minerals can cause significant threats to
both miners and the local environment (Bitala, 2008; Aretadl., 2010). Sucla scenario is
being experienced in mining locations in Zamfara State.During peak mining periods, up to
5000 people invade the mining areas from outside the State. This has devastating effects on
health and environment. Surface waters in the proximity tdngpiindustries are at a great
risk of contamination due to waste discharges from mining activities (UNEP, 2010). Mining
industries require different amounts of water based on their operations. The end products of

mines come with lot of wastewater that ema being discharged into open water courses
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(Johnstonet al, 2008; Caruscet al, 2012) investigated the impacts of mining on water
quality in the Caucasus Mountains in Georgia. Concentrations of manganese, iron and nickel
were detected from public watsupplies. High concentrations of Iron and manganese were
detected on rivers downstream the mining industrial discharges. Ngjaaljg2010) studied

the influence of mine drainage on water quality along river Nyaba in Nigeria. Results showed
that the rier water quality was polluted due to the presence of heavy metals such as
manganese, nickel and chromium whose values were above WHO maximum permissible

limits.

2.3Heavy MetalToxicity

Artisan gold mining is a dangerous activity as the heavy metals, mamlyb, Cd
and As are released to the environment. According to the United States Agency for Toxic
Substances and Disease Registry (ATSDR, 1999) As, Pb and Hg top the priority list of
hazardous substances. The first two are major metals irsgtdtlide @posits, where they
occur as minerals mainly in arsenopyrite (FeAsS) and galena (PbS), respectively. Under
natural conditions, they are relatively stable. However, once mining has taken place, the
minerals are broken down due to exposure to oxygen and(Watadaet al., 1997).Mercury
as a pollutant in artisan mining is due mainly to gold processing, when mercury is used to
amalgamate gold. Cadmium, which is another common toxic metal, occupying position seven
in the priority list of hazardous substancé3 $§DR, 1999), generally occurs as an isometric
trace element in sphalerite. Cadmium levels are likely to be quite low. The main problem for
identification of heavy metal poisoning is that typical symptoms of poisoning are often
masked by microbial and paitic infections, malnutrition and poor living condit®rand

medical care (Harada, 1997
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2.4  Heavy Metals and their Sources

Heavy metals are conventionally defined as elements with metallic properties and an
atomic number >2ATSDR, 199). The most common heavy metal contaminants are Cd, Cr,
Cu, Hg, Pb, Zn and As. Metals are natural components in soil (Lasat, 2000). Some of these
metals are micronutrients necessary for plant growth, such as Zn, Cu, Mn, Ni, and Co, while
others have unlown biological function, such as Cd, Pb, and Hg (Gsiwal, 2004). Metal
pollution has harmful effect on biologit systems and are ndmodegradableToxic heavy
metals such as Pb, Co, Cd can be differentiated from other pollutants, since they cannot be
biodegraded but can be accumulated in living organisms, thus causing various diseases and
disorders even in relatively lower concentratioPsl{livanet al., 2009).

2.4.1 Cadmium

Cadmium is widely distributed in the Eartho
0.1mg/kg and is commonly found in association with zinc (Ceteal, 1999). The
atmospheric falbut of cadmium to fresh and marine waters also represents a majpoinpu
cadmium at the global level (Nriagu and Pacyna, 1988). Cadmium is produced as a byproduct
of zinc and lead refining. Cadmium has chemical similarity to zinc, an essential micronutrient
for plants, animals and humans. Cadmium is-gaosistent but hasew toxicological
properties and once absorbed by an organism, remains resident for many yeaet &Cole
1999). The significant use of cadmium is in nickel/cadmium batteries, as rechargeable or
secondary power sources exhibiting high output, long ld& maintenance and high
tolerance to physical and electrical str&d.is known to be toxic even at low concentrations

and is also regarded as a probable carcinogen. Severe exposure to Cd may result in
pulmonary effects such as bronchiolitis, emphyseamal, alveolitis (Kabata, 2011). Cd can

also result in bone fracture, kidney dysfunction, hypertension and even cancegt(&lao
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2010). Arthritis, diabetes, anaemia, cardiovascular disease, cirrhosis, reduced fertility,
headaches and strokes are somesafdd long term effects.

2.4.2 Chromium

Chromium occurs ubiquitously in nature with natural levels in uncontaminated waters
ranging from fractions of microgram to a few 1 micrograms per little. Sea water contain less
t h a g/l oichromium (USEPA, 2(®), but the exact chemical forms in which chromium is
present in the oceans and surface water is unclear. Theoretically, chromium cannpérsis
hexavalent state Cr (Yin water with low organic matter content. In the trivalent form Cr
(), chromiumwill form insoluble compounds at the natural pH of water, unless protected
by complex formation. Regulations are currently being implemented worldwide to decrease
the use of antifouling treatments to prevent the leakage of various metals into the marine
environment (Mancet al, 1984) Chromium often accumulates in aquatic life, adding to the
danger of eating fish that may have been exposed to high levels of chrddnaathing high

levels of chromium (VI) may cause asthma and shortness of breath. ltongXgosure may
cause damage to the liver and kidneys (Ogwuegbu, 208b6¢eet al (1984) reviewed data

on the toxicity of chromium to saltwater organisms. The authors reported acute toxicity to be
variable. Fish appeared to be considerably less seniaveinvertebrates, although the data

on fish larvae indicated that these forms were sensitive to chromium contamination.

2.4.3 Lead

Lead occurs as galena and is associated with gold mineralization, thus during ore crushing
and panning lead is released into #mvironment. It eventually finds its way into the
sediments and surface and underground water. Lead does not dissolve, but water, air and
sunlight change its minerals and compounds (KabBtndics 2011). It sticks to soll
particles and enters undergraluwater or drinking water only if the water is acidic or soft.

Exposure to Pb takes place mostly through drinking water, breathing polluted air or dust, and
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eating contaminated food, for example, food grown on soil with high Pb content éKabn
2013).Pb is regarded as a human mutageth probable carcinogen (Ogwuegl2005). It
induces renal tumours, and also disturbs the normal functioning of kidneys, joints,
reproductive systems (Khaat al, 2013). Lead is toxic even at very low levels of exposure.
Even the lowest doses can impair the nervous system and affect foetus, infants and young
children, resulting in lowering ofQ (UN, 1993. It may also cause cancer and, thus is
classified as a possible human carcinogen. Low level Pb exposure leadspbaénmathy,
inschaemic heart disease, abnormalities in children, testicular atrophy, anaemia and
interstitial nephritis (UNJ1993. In the US, the Environmental®ection Agency (USEPA,

2003 requires that Pb in air should not exceed 1.5igmd the amont in drinking water is

limited to 15ugl'* (ATSDR, 1993).

2.4.4 Mercury

Mercury exists in both inorganic and organic compounds. Methylation of inorganic
mercury into organic mercury occurs in migganisms under anaerobic conditions, for
example, in underwater sediments. Organic mercury is highly poisonous and is easily
absorbed by the gastric and intestinal organs, and it is carried by blood into the brain, liver,
kidney and even foetus (Cast al, 2010). For centuries, mercury has been used in the
amalgamation of gold (Au). It is estimated that about 1.32 kg of Hg is lost for every 1kg of
Au produced (Harada, 1997). About 40% of this loss occurs during the initial concentration
and amalgamationtage of Au. The lost Hg is released directly into the soil, streams and
rivers, initially as inorganic Hg, which later converts into organic Hg. This is then taken up
into the food chain, mainly by fish and other aquatic life (€aal, 2010). The remaing
60% Hg is released directly into the air when the Mg amalgam is heated during the

purification process and is often inhaled. Mercury is a very volatile element, thus dangerous
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levels are readily obtained in air. Safety standards require that Hgrvalpould not exceed

0.1mgm?in air (KabataPendics, 2011).

Mercury, once taken in, is accumulated into the human body and attacks the central nervous
system, resulting in numbness and unsteadiness in the legs and hands, awkward movements,
tiredness, rinopg in the ears, narrowing of the field of vision, loss of hearing, slurred speech,
loss of sense of smell and taste and forgetfulness (Podsiki, 2008). Mercury poisoning may
lead to a disease known as Minamata. (UN, 1993). It was caused by eating |atges|wd

fish or shellfish, contaminated by industrial discharges of mgrmampounds into Minamata

Bay. Harada (1997) noted that 200 mglof Hg in blood and 50 mdgin hair are the
provisionally established standards and anyone with higher coneamgrest considered to be

at risk of poisoning. The allowable level of metimyércury in fish is 0.3 mgkd. The acute
ingestion of inorganic Hg potentially causes gastrointestinal disorders, diarrhoea, and
haemorrhage (Podsiki, 2008). Repeated and protbrey@osure may seriously affect the

kidneys, liver and skin.

2.45 Zinc

Water is polluted with zinc, due to the presence of large quantities present in wastewater of
industrial plants. Zinc may also increase the acidity of waters. Some fish can accumulate zinc
in their bodies, when they live in zkwontaminated waterways. When zinc enters the bodies

of these fish it is able to bio magnify up the food chain. Wsbdrble zinc compounds that

are in soils can contaminate groundwater (Bowen, 1979). Excessive oftdk and Cu may
cause noitarcinogenic effects on human health, even though they are essential to human life

(Nolan, 2003). Zn may cause impairment of growth and reproduction (Wtrede 2010).

2.5 Indicators for Heavy Metal Pollution in Aquatic Environment
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The pollution of coastal or estuarine areas by trace metals can be studied by the analysis of
trace metals in water, food crops, sediments and organism in the aquatic environment
(Adeyeye 1993; Ipinmoroti and Oshodi, 1993).

2.5.1 Fish

Fish assimilate metals fronfood and the surrounding water. The uptake of metals
from solution may occur across the body surface particularly the gills or across the gastro
intestinal wall after drinkingpinmoroti and Oshodi, 1993Fishes are considerablytigorial
and are therefore representative of the environnmewhich they are sampledish has been
used as an indicator organism for heavy metal pollution especially Pb and their possible
unfitness for human consumption frora toxicological point of www (Adeyeye,
1993Wildianarkoet al, 2000; Rashed, 200¥an der Ooset al, 2003.

Histopatholoigcal changes in animals tissues are powerful indicators of prior exposure
to environment stressors and are net result of adverse biochemical and physiological changes
in an organisnfMalik et al, 2012). For filed assessment behavioral styudiissopathology is
often the easiest method of assessing both short and long term toxic effects. Histopatholoigcal
biomarkers can be indicators of the effects on organisms of various anthropogenic pollutants
and are a reflection of the overall health bé tentire population in the ecosystem. Well
documented lesions based on experimental data in liver, kidney, gill, ovary, skeleton system
and skin have been used as biomarkers (Retdy, 201Q Butchiram et al., 2013Akpolih,
2013).Therefore, histopatlogy is the gold standard when defining toxicological effects and
its evaluation remains an important part of the assessment of the adverse effects of

xenobiotics on the whole organism.

2.5.2 Water
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Several workers have reported the use of water asdarator for metal pollution of oceans,
coastal areg estuaries, rivers, and lakes (Chan@l, 2009; Garbat al, 2010; Olaoyeet
al., 2009)The values or concentrations attributed to water quality parameters can be used to
describe the pollution dias of the source, its biotic status or to predict the likelihood or
otherwise of particular organisms being present (SAWQG, 1996; Aiyesetnati 2006).
The menace of watdrorne digases and epidemics still looms large on the horizon of
developingcountries as a result of lack of accessibility to good qualyer (Packham,
1996; WHO, 2002 Polluted water has been the cause of all such cases, in which the major
sources of pollution are domestic and municipal wastes tndran and industrial actives
and runoff from farmlandApina, 1999; Baiget al,, 201Q.
2.5.3 Sediments

Sediments are significant in the assessment of the quality of aquatic systems. This is
due to the fact that natural fresh water lakes have been the centers of impolttaal c
developments since the earliest days of civilizations. Sediments act both as historical records
of mands effects on the marine environment,
chemical activity the sedimemtater interface and as a alth of mineral resources. Sediment
is extremely important in the aquatic environment sincethayca ct as tr ace el ¢
(Guerozoinet al., 1990) and have thus been used in assessing metal pollution in aquatic
environments by many reseansbrkers(Kakulu and Osibanjo, 1988; Guerozenal.,1990;
Asaoluet al.,1997; Nwajei and Gagophen, 2000).
2.5.4 Food aops

Heavy metals are found naturally in the earth, and become concentrated as a result of

human activities such as industrial productimining, agriculture and transportation (Noor
ul et al, 2015; Bassegt al, 2014). These metals have positive and negative roles on human

life (Noor- et al, 2015, Colaket al, 2005; Oktemet al, 2005). For instance heavy metal
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such as copper, chroam, cobalt and zinc are essential micronutrients for higher animals and
for plant growth (Manoharset al, 2014) Studies have revealed that fruits and leafy
vegetables are vulnerable to heavy metal contamination from soil, waste water and air
pollution (Manoharaet al, 2014). Heavy metals such as Cd, Cu, Pb, Cr, Zn, Ni, As, Co and
Hg cannot be degraded or destroyed and can be accumulated in living tissue through the food
chain, causing various diseases and disorders (Manehata 2014). Fruitsyegetables and

other foods are among pathways by which heavy metals enter the human tissues leading to

deterioration of healthNoor-ul et al, 2015.

2.6  Chemical Fractionation & Metals in Sediment

Metals exist in several different forrasd areassociated with a rangd components
in soil and sediments. To assess the environmental impact of polluted sediments, information
on total metal concentrations alone is not sufficient for an understanding of the environmental
behavior of heavy metals pesg in different chemical form in sediments (Stecko and
Bendell i Young, 2000; Bendell Young et al, 2002). Studies on the distribution and
separation of heavy metals in sediments can provide not only information on the degree of
pollution, but especiallyhe actual environmental impact of metal bioavaiiybas well as
their origin (Rauretet al, 1988; LopezGonzaleset al, 2006) The most labile are metals
associated with water soluble ions, exchangeable and carbonate that can be easily
remobilized by banges in environmental conditions such as pHnisaletc. (Perezt al,
1991). Metals in reducible fraction can be released in the system only with a pH decrease,
and also if sediments change fronxio to anoxic conditions. This may change depending
upon the surrounding physical and geochemical conditions (Testsar 1979;Wonget al,
2007).Metals associated with residual fractions usually form part of the crystalline structure

of minerals, remain relatively stable and inert, and they are ndy eslsised into the mobile
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and bioavailable phases (Tessatral, 1979; Lopez Gonzalest al., 2005; Wonget al.,

2007).

Therefore, an understanding of the mobility, transport rates, paths and sinks of sedimentary
particles and associated contaminastaacessary for predicting both the fate of substances

that have been introduced into the rivers and any risk associated with their presence.
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CHAPTER THREE
3.0 MATERIALS AND METHODS
All the chemicals and reagents used wafranalytical grade (AR). Distilled deionized water
was used throughout the research work.
3.1  Description of the Sampling Area
Zamfara State is located in the North Western ZonNigéria between Latitude Y% OEx
and Longitudes 702 5 g aR altiutleof 420m. The state inherited three major dams from
the former Sokoto State in the quest to provide potablervi@téhe teeming population. The
dams are located in Gus&aGA (Gusau dam), MaradubGA (Bakolori dam), and Maru
LGA (Dangulbi dam)The dams i considered for investigation as a result of lead poisoning
epidemic that struck the State sometimes around year 2010. These dams became very
necessary to investigate because mining activities are still going on across the State in which
water from the dms are used in the mining processes and more so because livestock are seen
drinking from the dams and plants are sited growing around the vicinity of the mining areas
(Plate 3.1).Three rivers were selected for investigation following the recommendation of
joint team of US Center for Diseaase control and prevention (CDC), World Health
Organization (WHO) and Medecins Sans Frontieres (MSF). The recommendations are:

I That a thorough contamination assessment be carried out on all the source of
water in the lgal government areas where lead poisoning was reported since their
investigations was limited to remediation of home compounds, wells and ponds
directly used for the mining activities.

i. That food pathways be investigated since livestock were sighted rdyifilam
contaminated ponds and rivers used for mining activities. Also food crops grown

around the vicinity of the mining areas (MSF, 2010).
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Plate 3.1: Mining activities around Farmland
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The choice of the selected rivers inlklanwas based on the m@mpby MSF that villages such
as Abare, Sunke and Bagega are contaminated withpl@adningcoming from extensive
gold mining in those villages.

Figures 3.7 3.4 shows the map of the sampling dams and rivers.

3.2Sampling and Sample Preservation
A two-liter polythene bottleused for thecollection of water samplevas thoroughly

washed with detergent solution, rinsed with distilled water and then leached with 10% HNO
and 1:1 HCI for 48 hours. The bottle was then rinsed with distilled water and allowed to drain
to dryness.

3.2.1 Water
The water samplesere collected for dry and wet season in the month ofugey and July

respectively by dipping a two litre polythe bottlebelow the water surface at a depth néo
meter The sample water was collected at three different points, five meters away from each
other to form a composite samplet each sampling locations, treamplingbottles were
rinsed thredimes withthe water before collection of the sample. The samples wesenved
by acidifying with 2 mlof concentrated HN®in order to achieve a pH of 2 and prevent
metal adsorption onto the inner surface of the contghfA, 2003. All the samples were
returnedto the laboratory andnalysis was carried out immediately.
3.2.2 Sediment

The sedimensamplesvere collected for dry and wet season in the month ofu2e
and July respectivelydbout 1 kg of the sedimentamples was collected at three different
points in a location, five meters away from each other to form a composite s&agiment
samples were colided using a plastic spodyy sooping the top layer sediments and then
stored ina precleaned 1000ml polyethylene containdasbelled and transpied to the
laboratory for storage in freezeawaiting analysis. énples wee air dried in the laboratory
andcrumbs found
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in the sediment were removeSlediments were alsieved through a 2 mm sieve to remove

coarse patrticles.

3.2.3 Food crops

Two healthyplants samplesach of(tomatoes and cassava) weamdomly collected
from three different points, five meters away from each otherthenfarmlandsin the
sampling locations to form composite sample. At each of the sampling locations, dgput 2
each ofcassava and tomatoes (fresh weight) samples weeztmaland thoroughly washed
with distilled water to remove surface sand. In the laboratory, the cuticles of the cassava were
removed with a stainless steel knife and the edible paotsex)were cut into pieceand put
into aprecleanedpolyethylene cotainer for refrigerationThe samples were then oven dried
at 85 + 2C to constant weight. The dried samples were grounded into powdery form and

labeled.

3.24 Fish

Twelve piecesof Tilapia(Orechromismossambicysfish samples of 28 cm average
length andb2 g average weight, thréem eachof the sixsamplindocatiors was collected
by a local fishermaihe fish samplewere rinsed with distilled water immediately to remove
any adhering contaminants amgere stored in a frozempre-cleanedpolythene bagsThe
fishes were immediately transported to kboratory wherethey are dissected and parts

removed for histopthalogical analysis and digestion for heavy metal determination.

3.3  Laboratory Analysis

Metals in water, sediment, fish and crop sampleee amlyzed byAtomic absorption

Spectrometry (HG AAS, ICE 3000AA01122804v1.30 Series).
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3.3.1 Water

A well mixedacid preservewater sample of aboutlQO ml), was transferred into
beaker(250 ml) Concentrated HNg§5 ml) was added and heated asvhporated on a hot
plate until the volume reduced to abo2® ml. Heating and addition of concentrated HNO
continued until digestion was completed as indicated by a light colour, clear s@iridA,

2005). The content was then transferred pie-cleanel plastic bottle 100m), cooled and
diluted to mark with distiéd water. A blank water sample (distilled-idaized water) was
digested as detailed above. Portions of this solution were used for heavy metals

determination.

3.3.2 Physicochemical properties

Temperature was measured with the aid of a digital thermometer. Measurements of
both the water temperature and the ambient temperature were measurediesdecdrded
in degrees Celsius

3.3.3 pH, TDS and EC

The pH and total dissolved solids (TD&)d electrical conductivity (EC) of the water
samples were measured with HANNA HI 9810-pBS meter. The meter was standardized
with a buffer solution (i.e. buffer 7 and 9). The buffer tablet was distilled in WAO&mM) in
a beaker (250 ml). The probef the meter washen placed in the solution and adjusted to
read 000 to standardize it. The electrode response was checked by measuring the pH of the
test sample, first with distilled water and then with the sample. The system was allowed to

stabilize befoe the final reading was made.
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3.3.4 Total suspended solids (Gravimetric gthod)

A known amount of the water sample was filtered through a pre weighed filter paper. The
filter paperwas t hen dr i ed b e(ARHAE995)TISwadetarmined dy0 5 e C
using the following formula:

Calculation

-B x103
Total Suspended Solids (TSS) rngﬁ% 3.1

Where A=weight of filter plus solids (g); B=weight of filter (g);
C=volume of sampléltered (m)

3.3.5 Turbidity Nephelometric method

Procedure
The watersample was gently agitated until air bubbles dissped from the water sample.
About 100 mbf the agitated sample was transferred into a cell and the turbidity was
measured directly from the meter display. The turbidity m@gt&CH 2100P) was initially
calibrated with a turbidity standard reagent before any sample reading was taken. Turbidity
was measured in the field with a portable Hach Turbidity Meter (APHA, 1995).

3.3.6 Dissolved oxygen
Reagent:
I, Manganese sulphate solution: MnS®l,0 (500 g) was weighed into a beaker

(1000 ml) and dissolved using distilled water. The solution was transferred
guantitatively into a volumeic flask and made up to 1000 mhrk

i. Alkaline- iodide solution: NaOH500 g) was weighedand dissolved in a beaker
with of distilled water(500 ml). This solution was cooled and transferred to a

plastic bottle and allowed to stand for a few days.(k80g) was dissolved with
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distilled water in a beaker and the supernatant of the alkalideaanted and
mixed with the iodie solution and made up to 100imbk volumetric flask.

Iil. Starch indicator: 8luble starch(2g) was mixed with boiling distilled water in
another beaker. The mixture was boiled for a few minutes, then cooled and then

decaned into a reagent bot{lBPHA, 1995).
Procedure

A glass stopped bottlé300 ml) was filled with sample and stoppered without
trapped air. MnS@solution .0 ml) and alkaline iodide solution (1.0 ml) weréded and the
bottle stoppered caitdly to exclude air bubbles. The bottle was inversedgeral times to mix
content. he formed precipitatewas allowed to settle and,SO, (sp. gr. 1.841.5 m) was
added, restoppered and mixeldy inverting several timed. Aaliquot (25 ml) was titrated
with NaS,03.5H,0 solution to a colorless end point using starch indicator.

DO was calculated using the expression:

DO (mgL) =T cnt x 100 3.2
Volume (ml) of aliquot

Where T =volume of titrant used.

3.3.7 Biochemical oxygen demand (BOD)
Procedure
A glass stopered bottle (300 ml) was filled with the sample (25 ml) distilled water(25

ml) andwas stoppered without trapped GPHA, 2005) The bottle was incubated at°20
for five days. DO was thedeterminedas in section 3.8 above BOD was calculated using

the expression,
D; D
BOD5(mg/L):% 3.3
Where Q = DO of diluted sample before incubation;=DDO of diluted sample after 5 days

of incubation; P= Fraction of sample used
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3.3.8 Chemical oxygen @mand
Reagent:
I. Standard Poatassium Dichromate reagent (Digestion soluke@)>0; (4.913 g)

was added té1gSQ, (33.3 g ) and condd,SO; (sp. gr. 1.84, 167 ml) into a 1000
ml volumetric flask and when it was cooled to room temperature, water was added
to make up to mark.

ii. Sulphuric acid reagent: AgS@.5g) was added to 1000 ml volumertric flask and
conc.H,SO, (500 ml) was carefully addeand dlowed to stand for 24 hours.

li. Standard Ferrous Ammonium Sulphate Solutiberrous ammonium sulphate
crystals (39.2 gyvas dissolved i1000ml volumetric flask and made up to mark
with distilled water

Procedure

An aliquot (2.5 mipf the sample was pked in a reflux flask and potassium
dichromate reagent (1.5 ml) wadded.Thereafter, concentratesilphuric acid reager{8.5
ml) was carefully added tthe solution mixture tdorm anacid layer The flask was capped
and inverted seeral timesin orderto mix the solution completely. Mvasthenplaced on a
heating mantle and gently refluxed at 460for 2 hous and was then cooled to room
temperature. Thereafter, the solution mixture was titrated against ferrous ammonium sulphate
solution using 3 to 4 drops of ferroin indicator. The titration became complete when the
colour changed from bluish green to reddisbwn (APHA, 2005).Blank solution was also
prepared. COD was calculated using the expression,

COD(mg/L) =_(A1 B) XM X 8 X 1000
Sample volume ml 3.4

WhereA= vol. of ferrous ammonium sulphate solution for blank
B= vol. of ferrous ammonium sulphate solution for sample

M= molar conc. (mol/l) of ferrous ammonium sulphate solution
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3.3.9 Total alkalinity (Titration m ethod)
Procedure
Total alkalinity of water, usually due to the bicarbonate, carbonate and hydroxide

components was determined by titrating aliquot of theewaample against standard
H.S0y(0.02 mol/l )using a mixed indicator, bromocresol greaathyl red(APHA, 1995).

An alliquot (100m) of the water sample was measured into volumetric {@sSkm) after
which few drops of themixed indicator wasdded.The solution in the volumetric flask was
then titrated against solution of sulphuric acid (0.02 malikjl the colour change from blue
to red. A blank titration was carried out using distillecater A00m). Total alkalinity (as
mg/L CaCQ) was calculated using the average liter value.

Total Alkalinity (as mg CaCelL) = Titre (ml) x Molarity X 50.00 3.5
Volume titrated (ml) X 1

3.3.10 Total water hardness

Accurate titrations were made without the bulk and fragility of conventional burette. The
titration body is constructed of precisiomoulded, heawduty, chemical and impacesstant
acetic plastic. Accuracy is rated al% for a titration of more than 100 digits. Titrating
solutions were packaged in disposable polyethylene plastic containers with Teflon covered
neoprene seals and polyethylene releasable closures to coverttitgeaEach cartridge
contains approximately 13ml of titrating solution, sufficient fofi 500 average titrations.
About (100m) of the water sample was pipette and transferred into a &km). Buffer
solution (1.0 ml) was added and the flask was swirled for thorough mixirhe content of
one manvehardness indicator powder pillow was added to the solution in the flask and swirl
for mixing. The solution wa titrated with EDTA which showedolour change from red to
blue. Total hardness was calculated as:

Total hardness =  =Titre x A x 1000 3.6

Volume of sample
Where A = mg CaCe@equivalent to 1.00ml of EDTA titrant.
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3.3.11 Chloride
Determination of chloride was performed usingthe titrimetric method of

APHA/AWWA/WPCF (1995). A pinch of pure CaG@as added to the solution obtained at

the end of methyl orange alkalinity determination, so that the rqan&rcolour vanishes.
K2COy(1.5 ml) indicator solution wasdded and titrated again&gNOs(0.02 mol/luntil a
permanent pink tinge persisted in the white precipitate. The whole process was repeated for
five times to meet concordant readings. The volume of burette was recorded as V ml.
Strength of the chloride ion was calculated using:

Strength of Clions (mg/L) = 0.02 x V x 35.5 x 1000 3.7

100
3.3.12Sulphate
Sulphate in water samples was done using Turbidimetric methedvatersample(100 ml)

was measured arndansfered quantitatively into BEenmeyer flasi250 ml). Aconditioning
reagent(5 ml) was then added and the mixture was thoroughly mixed using a magnetic
stirrer. The absorbance was measured and the corresponding@®@entration determined

by extrgolation from the calibration curg@&demoroti, 1996)

3.3.13 Phosphate

The excessive colour in the sample was removed by shéiign) portion with of
activated carbox0.2g in an Erlenmeyer flask for 5 minuteshd solution was then filtered.
The H of the sample was between 4 and 10, hence there was no need of pH adjustment.
100ml of sample was measured and transferred into conical(#&kn). The sample was
acidified with H,SO, to methyl orange (pH 3.0 4.4), then boiled gently for 90 minutes and
cooled. The soliwnn was then neutralized witkaOH (6 mol/l) until phenolphthalein colour
in the sdution became faint pink tinge.hE solution(20 ml) was then pipetted inta
volumdric flask (50ml) and vanadatenolybdate reagentlOml) added and diluted to mark

with distilled water. A blank (distilled water) of the same volume with the sample was
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substituted for the sample solution. After 10misutbe vanadatenolybdate reager{ttOml)
was added, the absorbance of the sample was then determined against the blank at

470nn{Ademoraoti, 1996)

Calculation

Mg/l PQ;*= Reading from curve x 1000 x D
Sample (ml) 3.8
Where D = dilution factar

3.4. Bacteriological Analysisof water
3.41 Total bacterial count
The pour plate method was used for the enumeration of total bacterial count of the

water samples. Followingigorous agitation from the water in the bottles,-t&ld dilutions
(10%, 107 and 10) of the samples were made and volumes of 1ml of the appropriate dilutions
were introduced into each of the labeled sterile petri dishes. Subsequent to this was the
addion of 20ml melted nutrient agar at%5 The Plates while kept flat on the bench were
swirled to allow proper mixing of the sample and distribution of bacterial colonies. The plates
were then left undisturbed until the agar has set and incubated@t8724 hours in an
inverted position. Plates having between 30 and 300 colonies were selected for counting and
the total plate count was obtained by multiplying the number of colonies counted by the
dilution factor. It was recorded in colony forming uniterpml (cfu/ml) of the original
sample. Bacteriological counts were done in duplicates.
3.4.2 MPN Determination

The standard multiple tube or most probable number (MPNhiged as suggested
by APHA (1988 and modified by Olutiolt al. (2000) was used. The watgample(100m)
was transferred to presumptive media by using a sterile transfer device. At this point the tubes
were incubated inspection for positive reaction followed at 24 and 48 hours. A Durham tube

was ugd to collect gas. fie presencef coliforms in the gas positive tube was confirmed by

35



using brilliant green lactose bile broth. An extent of the confirmed coliform number in 200ml
of original sample wasedermined using Mccrady table.

3.5 Sediment

Approximately (5.0 g) bdried and sievedsediment sample was weighed into a
beaker {00 ml). Nitric/perchloric acid(10 ml) in the(2:1) was added to the sample. This
sample was then digested at 105 + 1°C. This was followed by the addition of HCI and
distilled water (1:1) to th digested sample and the mixture waansferred to the digester
again for 30 min. The digestate was then removed from the digester and allowed to cool to
room temperature. The content was filtered using Whatman filter paperd2lcthen
transferred intalO0 ml plastic bottles and diluted to mark. Blank solution was handled as
detailed for the samples. Portions of this solution were used for heavy metals

determinatiofAdelakanet al, 2011).

3.5.1 Chemical Fractionation of Metalsn Sediments

Selected adiments samples were analyzed for chemical partitioning using a five step
sequential extraction method described by Tesdiat (1979) and Let al (1995). The same
guality control scheme was adopted in the sequential extraction. The concentraoms of
Cr, Cd, and Pb were determined in tharféractions. The sequentiaktractionwas carried

out using(1.0g) of powder sample weighed intogéass centrifug€60 ml) and the following
fractions were obtained. The heavy metals in the soluble fracteye determined in the

saturatbn extract of the soil samples.

3.5.1.1 Water soluble fractions
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Approximately (1.0 g) of air dried sediment sample was weighed into a polythene
container (60 ml); water (10 ml) was added and shaken for 1 hour. The slolid® was
then centrifuged a Baird and TatLock authobench centrifuging machine at 4000 rpm for 20

min.

The supernatant was decanted and filtered through Whatman No.42 filter paper into a

volumetric flask (50 ml), then made up to the mark with water.

3.5.1.2 Exchangeable fraction

To the residual soil sample from F1, (10 ml)M§Cl,(1.0 mol/llat pH 7 for one

hour with continuous agitation using magnetic stirrer.

3.5.1.3 Carbonatei bound fraction

To the residu@btained above. An aliquot (8)rsodium acetat€lOmol/l) (pH = 5,
adjusted with acetic acid) was added. Continuous agitation was maintained for 5

hours.

3.5.1.4 Residual fraction

The residue from above step was digested with a 5:1 mixture of hydrofluoric and per chloric
acids. Thesediment was first digested in a platinum crucible with a solution of concentrated
HCIO,4 (2ml) and HF (10ml) to near dryness; subsequently a second addition of HGH)

and HF (10ml) was made and again the mixture was evaporated to near dryness. Finally
HCIO, (1ml) alone was added and the sample was evaporated until the appearance of white
fumes. The residue was dissolved KHCI (12 mol/l) and diluted to 25ml. The resulting
solution was then analyzed by flame atomic absorption spectrophotometry fdrusiata

standard addition technique.

3.6 Food Crops
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About (1g) of grounded tomatoes and cassava sample was weighed into beaker (100

ml). Concentrated HN¢X5 ml) and perchloric acid (2 ml) was added and heated in a fume
cupboard to almost dmgss. Then, distilled water (10 ml) was added and the solution was
properly stirred and filtered with whatman filter paper No. 42. The filtrate of each digestate
was then transferred into bottles (50 ml) and made up to mark with distilled (A&tEiA,
2005. Blank samples were prepared in the same procedure with distilled water.
3.7 Fish

Dry weight fish samplé€5 g) was put into a beakdb60 ml) with HNOs(5 ml) and
H,SOy(5 ml). When the fish stopped reacting with HNé@nd HSQ, the beakemwas then
placed on a hot plate and heated at 60°C for 30 min. After ialjpthe beaker to cool,
HNO;(10 ml) was added and returned to the hot plate to be heated slowly to 120°C. The
temperature was increased to 150°C, and the beaker was removed franlage when the
samples turned black. The sample was then allowed to cool before ad@s@®ml) until
the sample was clear. The content of the beaker was transferred into a volumeti(isOflask
ml) and diluted to the mark with distilled waf€uzen,2003).All the steps were performed
in the fume cupboard
3.8 Proximate Composition

3.8.1 Moisture content

The moisture content of the fish was determined using an air oven as described by
AOAC (1990). A known weight of the fish sample was weighedyasto a dry petri dish
and transferred into oven at a temperature of@@6r 6 hours. The petri dish was removed
just from the oven and placed in a desiccator. After cooling, it was weighed, abew
heating, cooling and weighing were repeated untdoastant weight was obtained. The
percentage moisture content was calculated as

%Moisture content =(W,1 W) x 100 3.9
W,
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3.8.2 Ash content
The ash content was determined by ustegrson (1976) method.alght of the fish

sample wasveighed, as Winto a dry, clean crucible (¥ and transferred into a muffle
furnace. The temperature of the furnace was increased gradually until it reachedaB&0
maintained at 53C. The ashing was completed when there was no black speck in the
sampe. The percentage ash content was calculated as

%Ash Content = (W21 W) x 100 3.10
Wy

3.8.3 Crude fat content

The fat content was determined using Soxhlet apparatus as described in AOAC
(1990). A known weight (\W of the fishsample was put into thimble, (the thimble was
weighed). The thimble with sample (WWwas inserted into the Soxhlet apparatus and
extraction under reflux was carried out with petroleum ethes6(Q) for 5 hours. At the
end of extraction, the thimble witks content was dried in an oven for about 30 minutes at
60°C to evaporate the solvent. The thimble was rapidly transferred and was cooled in a
desiccator, the weight of the thimble with its content was determined gs TWhe fat
extracted from a givenugntity of the sample was then calculated as:

Fat (%) w/w = (W21 W3) x 100 3.11

W, - W,
3.8.4 Protein content

The crude protein was determined by using microkjeldahl method as described by
Pearson (1976). A known weight of the fish sanyésweighed into a long neekl Kjedahl
flask along withconcentrated nitrogen free sulphuric a¢idd ml). The flask was gently
swirled and clamped in an inclined position and heated on a Bunsen burner. The heating
continued strongly until a clear solutievas obtained. The digesti lasted between 3 to 5

hours. The clear hot solution obtained was allowed to cool after which the solution was
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diluted with distilled watenn a standard flask100 ml) The distillation of the resulting
solution was carried out

Then 2% borc acid (25 ml) was pipette into @nical flask(100 ml) 2 drops of
mixed indicator (screened methyl red) was added and placed at receiving end of the
distillation flask. The conical flask was placed in such a way that the delivery tube jus
touched the boric acid level inside the flask (Pearson, 1976). 40% NaOH solution was used to
liberated ammonia outof the digest during the distillation. The liberated ammonia was
trapped in the boric acid solution. A blank sample was prepared as désabbee. The
distillate was trated with a standardizedC1 solution(0.10 mol/l} The Colour changed
from blue to golden yellow. The bank solution was titrated as well.

Titre Value x M x 0.0014 3.12
Weight of Sample

% Nitrogen

% Crude protein
3.85 Fibre content

% Nitrogen x 6.25

The crude fibre content was determined as described by Pearson (1976). A known weight
(W») of the ish sample was extracted with petroleum ether, after which the extracted sample
was air dried and transfed to a dry conical flask. About (200 ml) &f,S0Oy(0.127
mol/l)was added and brought to boiling point. Boiling was carried out for further 30 sijinute
maintaining a constant volume and rotating the flask every few minutes in order to mix the
content and remove patrticles from the sides. At the end of the 30 minutes boiling period, the
acid mixture was allowed to stand for about 1 minute and immegjadekred into a Buchner
funnel. The suction was adjusted so tliagé filtration of the bulk (200 mljvas completed

within 10 minutes. The insoluble matter was washed with boiling water until it was free from
acid. The insoluble matter was now boileith (200 ml) of NaOH (0.313 mol/l) this was

boiled for 30 minutes, after the alkali digestion, the solution was allowed to stand for 1

minute and then filtered immediately through a filter paper.The insoluble material was
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transferred into the filter paper byeans of boiling distilled water then with 1% HC1
solution and finally with boiling distilled water until it was free from acid. It was then washed
with alcohols two times and three times with ether. The insoluble matter was transferred to a
dried, weighedmined (W) and % fibre was calculated as.

Fibre content % = (W21 W) x 100 3.13
W,

3.8.6 Carbohydrate content by dfference
Carbohydrate contentl0071 (% moisture + ash + % crude protein + % crude fat + % crude

fiber). Addition of all of moisture, crude protein, crude fat and crude fiber subtracted from
100% gives the carbohydrate by difference.

3.9 Histopathological Aalysis

The gils, skinard liver tissuesvith a diameter o6 mmof six fishes, one from each location
were fixed in sera (60% ethanol +30% formalin + 10% acetic acigbfout3-4 hours The

fixed tissues werelehydrated at room temperatusmbedded in paraffin, sectioned at™

mm by usinga microtome (MICROM GmbH, Walldorf, Germany) and stained with
haematoxylin and eosin (Bernettal, 1999). The stained samples were then examined under
a light microscope (Vickers Ltd, England) and photographed by using the Moticam 1000
canera (Mdic, China).

3.10 Preparation of Working Solutions for AAS

Stock solutions for the determination of heavy metals were prepared from high purity
standard solutions and appropriate volsmeere diluted to obtaisolution used to plothe
calibration curvegAppendix LXX 7 LXXIII) . Calibration standard for each of the metals
were prepared to give concentration within the linear range of the metal. Dilution formula
C1lV1 = C2V2 was used to calibrate the required calibration standardntaima. Where

C1 and C2 are concentrations of the stock and calibration standards respectively. V1 and V2
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are the volume of stock standard required to make the desired concentration C2 of given

volume (V2) of the calibration standard. Theparations we as follows:

3.10.1 Lead =lution

The working standards were prepared by dilgid.2, 0.4, 0.6, 0.8, and 1.0afhktock
solution with distilled water in avolumetric flask100 ml) to give 2.0, 4.0, 6.0, 8.0 and

10.0mg/l respectively.

3.10.2 Cadmium solution

The working standards werprepared by first diluting 1 ndf the stock solugn
appropriately to givesolution of cadmiun(10 mg/ml) From this solubn 0.2, 4.0, 0.6, 0.8
and 1.0 miwere taken in to differemblumetric flasks(100 ml) and dilutel to mark with

distilled water to give @2, 0.04, 0.06, 0.08, 0.1 mgblutions of cadmium respectively.

3.10.3 Chromium solution

The working standards were prepared by d@ii0.2, 0.4, 0.6, 0.8 and 1.0 wi the
stock solutions involumetric flaskg(100 ml) and made to mark with distilled water to give

2.0, 4.0, 6.0, 8.0 and 10.0 mg/l of Cr respectively.

3.10.4 Zinc solution

Working standards of 0.2, 0.4, 0.6, 0.8, 1.0 and 1.2mg/l were prepared by dil&ing

0.4, 0.6, 0.8 1.0 and 1.2 ml invalumertic flask (100 ml)respectively.

3.10.5 Mercury solution:
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Aliquort 10 ml of the stock solution weadiluted with 90 ml of distilled waten a

volumetric flask to give 100mg/L. the working standards were prepared by diluting 0.5, 1.0,

1.5, 2.0 and 2.5ml involumetric flask {00 ml) to give 0.5, 1.0, 1.5, 2.0 and 2rBg/I|

respectively.

3.10.6 Preparation of stock solution

Cadmium solution: was prepared by dissolving Cd®tH,O (0.274g) in
concentrated HNE5 ml). The Solution was made up to 1 litre with distilled
deionized water in a volumetric flask giving 1000 mg/L

Lead solution: This was prepared by dissolving Ph{N®1.5985 g) in distilled
deionized water and making up to 1 litre giving 1000mg/L

Zinc soluion: This was prepared by dissolving ZnO (1.2444g ) in water (5 ml) adding
concentrated HN®(25 ml) and making up to 1 litre with distilled deionized water
giving 1000mg/L

Mercury solution: It was prepared by dissolving Hg@.068g) in concentrated
HNO3(5 ml). The solution was made up to 500 ml with distilled deionized water in a
volumetric flask giving 100mg/L

Chromium solution: This was prepared by dissolvirgCKO; (2.8289) in distilled

deionized water and making up to 1 litre giving 1000mg/L

3.11 Validation of Analytical Method

Determination of a certified reference material is a common means of establishing

accuracy of a routine analytical method. This followed quality control procedures established

by Glier (1996).A gquadruple set of cfigd reference standard solution of each metal to be

analyzed was run. A certified reference standard was purchased as follows:
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PLO1050100: Lead (Il) nitrate in nitric acid(250 ml) with concentration of 5.0
mol/L

MEO01110500: Mercury (llI) nitrate monohydeain nitric acid (250 ml) with
concentration of 5.0 mol/L

Z101260500: Zinc nitrate in nitric acid (250 ml) with concentration of 5.0 mol/l
CR02220500: Chromium (Il) nitrate in nitric acid (250ml) with concentration of
5.0 mol/L

CA00410500: Cadmium (Il) irate in nitric acid(250 ml) with concentration of

5.0 mol/L

Preparations:

Solution of lead (4.0 ml) was pipetted from the 250 ml standard reference stock
into a volumetric flask (50 ml) and made up to the mark with distilled water to
prepare 0.4 mol/dad stand solution.

Solution of zinc (4.0 ml) was pipetted from the 250 ml standard reference stock
into a volumetric flask (50 ml) and made up to the mark with distilled water to
prepare 0.4 mol/l zinc standard solution

Solution of cadmium (6.0 ml) wasipetted from the 250 ml standard reference
stock into a volumetric flask (50 ml) and made up to the mark with distilled water
to prepare 0.6 mol/L cadmium standard solution

A solution of chromium (6.0 ml) was pipetted from the 250 ml standard reference
stock into a volumetric flask (50 ml) and made up to the mark with distilled water

to prepare 0.6 mol/l chromium standard solution
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V. Solution of mecurry (40 ml) was pipetted from the 250 ml standard reference
stock into a volumetric flask (50 ml) and made aphe mark with distilled water
to prepare 4.0 mol/l mercury standard solutions.

3.12 Methodsfor Estimating Pollutant Impact

A numkber of geochemical parametédrave been put forward for quantifying the degree of

metal enrichment in sedimerdad watebodies Ridgway and Shimmield, 2002). Various

authors (Salomons and Foérstner 1984; Hakanson 1980) have proposed pollution impact scales
(or ranges) to convert the calculated numerical results into broad descriptive bands of

pollution ranging fom low to hgh intensity. The proposed pollution impact scales are

discussed below:

3.12.1 Contamination factor (CF)

The Contamination factorGF) is the ratio obtained by dividing the concentration of

each metal in the sediment, water and fish sampleélseblgackground level.

CF= Concentration of metal in sample 3.14
Concentration of metal in background

In this study, the WHO (2004) guidelines values for drinking water quality were selected as
background level for the calculation dntamination factors of the water samgl@ppendix

LXIX). For soil/sediment samples, however, the world shale value (Bhupainder2011)

was used as background metal levels.The contamination levels may be classified based on
their intensities on a ate ranging from 1 to 6 (0= none, 1= none to medium, 2= moderate, 3=
moderately to strong, 4= strongly polluted, 5=strémgery strong, 6=very strong) (Bhuiyan

et al, 2010 and Harikumar and Jish2010). The CF value of 6 indicates that the metal
concetration is 100 times greater than what would be expected in the world average shale as

reported by Wedepohl (1995).
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3.12.2 Pollution Load Index (PLI)

The pollution load index (PLI) was proposed by Tomlinsinal (1980) for detecting
pollution which pemits a comparison of pollution levels between sites and at different
times. The PLI was obtained as a concentration factor of each heavy metal with respect to
the background value in the samples. According to Angula (1996) the PLI is able to give an

estimde of the metal contamination status and the necessary action that should be taken.

PLI= Y(CFyxCF, xCFsxCFy...xCF, 3.15

Where Ck to CF, indicate the contamination factors calculated for the first sample to the
n" one. A PLI valueclose to one indicates heavy metal loads near the background level,

while values above one indicate sampddiution (Bhupandeet al, 2011; Angula, 1996).
3.13Statistical Analysis

Descriptive statistics (such agean and standard deviation) wpesformed on all the
data. A two way ANOVA was used to compare means of the different parameters measured
for two seasons (wet and dry) and for two years (2014 and 2015). Duncan multiple Range
Test was used to separate means where significant. Meanscareiglered significantly
different at P< 0.05Correlation analysis was also conducted on the data at confidence level
of 0.01 and 0.05Pear sonds <correction was wused to det
concentrations of different heavy metals meedun water bodies at different locations in the

state. Relationships were considered significant at P<0.01.
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Table 3.1: The Operating Conditions for AAS Analysis for Heavy metals

Element

Cd
Cr
Hg
Zn

Pb

Lamp
current
(mA)

8

10

10

(nm)

228.8

357.9

213.9

283.3

Wavelength Slit

width

(mm)

1

0.5

2

0.5
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Gas Mixture

(2300°C)

Nitrous-acetylene
Nitrous-acetylene
Nitrous-acetylene
Nitrous-acetylene

Nitrous-acetylene

Flow

rate(L/min)

1.8
2.1
2.6
2.0

2.4

Burner

height(mm)



CHAPTER FOUR

40 RESULTS

4.1  Validation of Methodology

The percentage recoveries obtained for the metals under investigation (Zn, Cr, Cd, Pb and
Hg) varied between 76.81 and 103.54%. Thitepa of recovery efficiency wasund to

be following the decreasing order: Cr > Pb > Cd >Zn > Hg. (Table 4.1)

4.2  Water Quality Parameters
421 pH

The result for the estimation of pH is given in Table 4.2. The pH of Gusau dam was
between 7.67 £ 0.03 and 7.68 £ 0.03 duringwiet season of 2014 and 2015 respectively.
Bakolori dam recorded pH of 7.86 + 0.03 and 7.98 + 0.03 during the wet season of 2014 and
2015 respectively and this was also the highest pH recorded across all the locations. Abare
River showed the lowest pH valug 7.53 + 0.03 and 7.45 = 0.03 in 2014 and 2015

respectively.

During the dry season (Table 4.3), Bakolori dam showed a mean pH of 7.95 + 0.21
and 7.90 £ 0.08 in 2014 and 2015 respectively. Again this is also the highest pH recorded
across all the locatics. The pH values in 2014 dry season were generally higher than those of
2015. Also, the pH values recorded for Bagega, Sunke and Abare Rivers in this research
work are lower than those of Gusau, Bakolori and Danglubi Dams. The combined mean pH
of all the water locations in year 2014 was significantly higher than those of 2015 (Appendix

VI 1X).
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Table 4.1

Metal

Validation of Experimental Protocols

Actual

Concentration

Number of

Run

Observed

Concentration

% Recovery

Pb

0.4

A W DN P

0.4409
0.3991
0.3731
0.3982
0.4028 + 0.0120

100.71

Zn

0.4

A W DN P

0.3847
0.3658
0.3460
0.3466
0.3608 + 0.1320

90.19

Cd

0.6

A W N P

0.5532
0.5445
0.5440
0.5413
0.5458 + 0.1410

90.96

Cr

0.6

A W DN PP

0.6399
0.6356
0.6047
0.6947
0.6212 + 0.0131

103.54

Hg

4.0

A W DN P
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3.4616
3.1713
2.4220
3.234
3.0722 + 0.2140

76.81



Table 4.2: The Mean and Standard Deviation of Location and Year of the Physicochemical Parameters of Water Bodies in the Wet

Season

Location
Gusau

dam

Bakolori
dam
Dangulbi
dam
Bagega
river
Sunke
river
Abare
river
Nigeria
range
WHO

range

n = 3; mearx S.D.

Year
2014

2015
2014
2015
2014
2015
2014
2015
2014
2015
2014
2015

pH
7.67+ 0.03

7.68 +0.02
7.86 +0.01
7.98 +0.58
7.73+0.04
7.74 +0.35
7.60 +0.03
7.54 +0.03
7.52 +0.03
7.54 +0.03
7.53 +0.03
7.45 +0.03
6.51 8.5

6.57 7.5

Temp°C
26.53 + 0.06

26.50 +0.00
26.60 + 0.00
26.50 +0.00
26.50 +0.00
26.57 +0.58
26.73 +0.58
26.77 £ 0.06
26.70 £ 0.00
26.77 £ 0.68
26.80+ 0.00
26.87 £ 0.08
35-40

35-37

ECes/ ¢
125.00 + 0.00

123.33 £ 2.89
200.00 = 0.00
211.67 +2.87
220.00 = 0.00
206.67 = 0.00
231.67 £ 2.89
250.00 + 0.00
260.00 + 0.00
253.33 +2.89
328.33 £ 2.89
330.00 + 0.00
1000

500

TDS mg/L
196.67 £ 5.77

180.00 + 0.00
300.00 + 0.00
293.3 +1.55
350.00 + 0.00
326.67 +5.77

TSS mg/L

102.33+1.15

66.53 +4.31
1.64.67 +0.58
148.33 £ 2.89
186.00 £ 1.73
170.67 £ 0.58

360.00 + 0.00 3.85.33 £1.15

346.67 +£5.73

400.00 £ 0.00

396.67 £ 5.77

500.00 + 0.00

516.67 +5.77
500

1000

406.67 + 2.52
430.00 £ 0.00
420.00 £ 0.00
573.33 +2.89
573.33 +2.89

Cl mg/L
15.93+0.12

15.20 +0.20
19.40 +0.17
18.00 +0.00
20.07 +£0.11
21.33+0.40
26.70 £ 0.17
27.67 +£0.29
33.07 +£0.11
36.00 +0.34
36.60 + 0.00
25.29 +0.35
250

250

Alk. mg/L
16.70 £ 0.46

15.33+0.40
18.27 +0.12
16.06 +0.75
17.30 +£0.00
19.47 +0.06
20.04 +0.05
21.93+0.40
23.47 +0.12
20.67 +0.12
23.54 +0.22
22.33 +0.06

200

KEY: E.C = Electronic Conductivity; T.D.S = Total Dissolved Solids; Cl = Chlorine;zAKlkalinity; Tur = Turbidity
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Tur. NTU
6.67 + 0.58

4.67 +£0.58

7.00 +0.00

7.67 +0.58

10.00 +0.00
11.67 +0.58
72.67 +1.35
73.33 +1.57
76.67 +0.35
74.33 +1.77
80.33 +1.77
77.67 +1.35

5.0-25



Table 4.3: Mean Standard Deviation of Location and Year of th&hysicochemical Parameters of Water Bodies in the Dry Season

Location

Gusaudam

Bakolori dam

Dangulbi dam

Bagega river

Sunke river

Abare river

KEY: E.C = Electronic Conductivity; T.D.S = Total Dissolved Solids; Cl = Chlorine; Alk = Alkalinity;

Year

2014

2015

2014

2015

2014

2015

2014

2015

2014

2015

2014

2015

pH
7.85+0.03
7.80+0.47
7.95+0.21
7.90 £ 0.08
7.85+£0.01
7.75 +£0.02
7.50 £0.01
7.40 £0.01
7.55+£0.01
7.52+£0.01
7.50 +£0.01

7.40 £ 0.03

Temp.°C

26.80 = 0.00
26.67 + 0.58
26.70 £ 0.00
26.57 + 0.06
26.73 + 0.58
27.00 £0.00
27.00 £ 0.00
27.17 £0.15
27.00 £ 0.00
27.01+£0.01
27.20 £0.00

26.73 £0.06

E C
186.67 + 0.09
156.67 £ 0.77
200.00 = 0.00
250,00 = 0.00
230.00 = 0.00
233.3 +0.87
260.00 + 0.00
270.00 + 0.00
280.00 + 0.00
300.00 + 0.00
350.00 + 0.00

330.00 = 0.00

51

€ s TDS mg/L

75.53 +0.74

71.80+1.11

246.67 £ 0.34

300.00 +0.00

360.00 + 0.00

370.00 = 0.00

400.00 + 0.00

426.67 + 057

430.00 £ 0.00

420.00 £ 0.00

510.00 £ 0.00

520.00 £ 0.00

TSS mg/L

123.00 £ 1.73

92.00 +1.73

119.00 £ 0.24

119.00 £ 0.74

184.66 + 0.58

182.00 + 0.00

431.33+0.58

447.33+1.15

470.00 £ 0.00

450.00 £ 0.00

560.00 + 0.00

545.00 £ 0.00

Cl mg/L
16.330 £ 0.26
15.70 £ 0.26
17.30+1.84
18.73+£0.12
21.47 £0.58
20.70 £ 1.00
27.67 £0.33
27.27 £0.42
33.67 £0.12
37.97 £0.21
36.37 £ 0.58

32.67 +0.12

Alk mg/L

18.73+£0.29
16.77 £ 0.15
18.40 £ 0.05
17.53+£0.12
19.23 £ 0.06
18.70 £0.10
21.82 +0.36
21.90+0.61
24.47 £0.12
23.40+0.01
22.80 £0.01

21.50+0.01



4.22 Temperature

The temperature (Table 4.2) recorded for Abare River varied between 26.80 + 0.00
and 26.87 N 0.08 during the wet season of
highest mean temperature measured across all the locations while SunkeeBivded the
least mean temperature which ranged between 26.70 = 0.00 and 26.77 = 0.68 during the wet
season of 2014 and 2015 respectively. Generally, the temperature recorded for Bagega,
Sunke and Abare Rivers are slightly higher than those of the diamnmg wet season of 2014
and 2015. In the dry season (Table 4.3), Bakolori dam showed the lowest mean temperature
of 26.70+0.08 and 26.57+0.06 in 2014 and 2015 respectively while Bagega recorded the
highest mean temperature of 27.00+0.00 and 27.17+0.261i and 2015 respectively.The
mean temperature of the water bodies for Gusau and Dangulbi dams were significantly the
lowest (p < 0.05), while that of Abare River was significantly the highest. Also the combined
mean temparature of all the water locasiom 2014 were higher than those of 2015

(Appendix X- XIII).
4.23 Electrical conductivity

The result of EC is presented in Table 4.2. Bakolori Dam showed the least EC, it
varied between 125.00 N 0.00 and 123y.33 N
Abare River recorded the highest EC which varied between 328.57 + 2.89 and 330 = 0.00

es/ cm during the wet season of 2014 and 2015

During the dry season (Table 4.3), the EC value for Gusau dam varied between
186.67 N 0.09 and 156.67 N 0.77 es/cm during
This represent the lowest EC recorded across all the locations while the EC valuar®r Ab

Ri ver varied between 328.33 N 2.89 and 330

This equally represents the highest EC recorded across all the locations. Generally, the EC
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values of dry seasons are higher than those of the wet seasons, vggebktsa seasonal
variation. Also the EC values from Bagega to Abare Rivers are higher than those of Gusau to

Dangulbi dams.

The mean EC value for both years (2014 and 2015) for Gusau dam was significantly the
| owest amongst t he t AbareRiverdeconded thechghest mean EGd  wh |
value. The mean EC value for both wet and dry seasons across all the location is higher in

2015 than in 2014 (Appendix XIV/ XVII).

4.24 Total dissolved solids

Total dissolved solids (TDS) for the water sampleirduthe wet and dry season is
presented in Table 4.2. Gusau Dam recorded the lowest TDS, it varied between 196.67 +
5.77 and 180 + 0.00 mg/l during wet season of 2014 and 2015 respectively. The highest TDS
value was obtained in Sunke River which varietiveen 500 + 0.00 and 516.67 £ 5.77 mg/I
in the wet season of 2014 to 2015 respectively. There was a general decrease in the value of
TDS from year 2014 to 2015.Abare River recorded the highest TDS (Table 4.3), which
varied between 510 + 0.00 and 520 + 0r@@/l during the dry season of 2014 and 2015
respectively. The values of TDS recorded during the dry season are higher than those of the

wet season. This suggests a seasonal variation.

The mean TDS concentration for both year 2014 and 2015 for all the aiaans
Bagega rivers, were significantly the lowest (P < 0.05). While that of Sunke and Abare Rivers
are significantly the highest (P < 0.09he mean TDS of all the water bodies across all the
six location in 2015 are higher than those of 2014 (AppendilIXiVXXI).

4.2.5 Total suspended solids

Theresult obtained for Total Suspeati Solid(TSS) for all the locations isresented

in Table 4.2. Abare River recordede highest TSS value which varied between 57333
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2.89 and 573.33t 2.89 mg/l during tle wet seasonf 2014 and 2015 respectively while
Gusau Dam recorded the lowest TSS value which varied bethe83+ 1.15and 66.53¢
4.31mg/l. A gradual increase in the TSS value widiserved from Gusau to Dangulbi dam

during the west season of yearlZ0and 2015.

During dry season (Table 4.3), Gusau Dam recordedthe lowest TSS level which
varied between 1238 1.73and 92+ 1.73 mg/l for 2014 and 2015 respectively, while, Abare
River recordedhe hghest value of TSS which varidzetween 56G: 0.00and %5 + 0.00
mg/l for 2014 and 2015 respectively.Genérathe values of TSS record@dthe wet seson
are lower tharthe dry season, which also indicate tiffea of seasonal variation. It was also
observed that th€SS levels for rivers are higher thar the damsThe mean TSS of all the
water bodies acroghe six locations under study in 2014 were significantly higher (p < 0.05)

than that of 2015 ppendix XXII - XXV).

4.2.6 Chloride

The result for chloride (Cl) is as shown in Table 4.2. Gusaureaorded the lowest
value which varied between 15.93 + 0.12 and 15.20 = 0.20 mg/l in 2014 and 2015
respectively. Sunke River recorded the highest value 33.07 £ 0.11 and 36.00 £ 0.00 mg/l in
the wet season of 2014 and 2015 respectively. During the dryns€@able 4.3), the
concentration Cl in Gusau dam varied between 16.3 + 0.26 and 15.7 + 0.26 mg/lfor 2014 and
2015 respectively.this is also the lowest value recorded across all locations. Sunke River also
recorded the highest Cl concentration which vabetiveen 33.67 + 0.12 and 37.97 £ 0.21
mg/lduring the dry season of 2014 and 2015 respectively. Generally, the concentration of
chlorine in Bagega, Sunke and Abare Rivers are higher than those of Gusau, Bakolori and
Dangulbi dams during the wet and dry seesof 2014 and 2015. The mean concentration of
all the water bodies in 2014 was significantly higher than those of 2015(Appendix XXVI

XXIX).
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4.2.7 Alkalinity

The result obtained for alkalinity in all the locations is presented in Table 4.2. The
valuesrecorded at Gusau dam for 2014 and 2015 wet season varied between 16.07 + 0.12 and
15.20 £ 0.20 mg/l respectively which is also the lowest across all the locations. Abare River
has values between 23.54 + 0.01 and 22.33 £ 0.22 mg/l for 2014 and 2015ivelspect
While in the dry season (Table 4.3), Gusau dam has values which varied between 18.73 *
0.03 and 16.77 + 0.15 mg/l for 2014 and 2015 respectively which is also the lowest recorded
across all locations. Sunke River recorded values between 24.47 an@d.@B.40 + 0.01 mg/I
as the highest across all the locations for 2014 and 2015 respectively. Generally, the dry
season recorded higher alkalinity levels than the wet season. Hence seasonal variation is
established. The alkalinity levels recorded for tivers are slightly higher than those of the
dams during wet and dry season of 2014 and 2015 period. The mean alkalinity concentrations
of all the water bodies in 2014 were significantly higher than that of 2015 (AppendixiXXX

XXXII).

4.2.8 Turbidity

Results for turbidity of water samples collected from all the locations is presented in
Table 4.2. The turbidity values for Gusau dam varied between 6.67 + 0.58 and 4.6 + 0.58
NTUduring wet season of 2014 and 2015 respectively. This is alsowstl across all six
locations. While the turbidity level of Abare River varied between 80.33 + 1.77 and 77.67 +
1.35 NTU during the wet season of 2014 and 2015 respectively. This is also the highest
across all six locations.While in the dry season (T4k#g, the turbidity values recorded for
Gusau dam varied between 8.00 + 0.00 and 7.33 + 0.58 NTU, while Sunke River has value
between 81.00 + 0.00 and 80 = 0.00 NTU for 2014 and 2015 respectively. Generally, the

rivers recorded an increase in turbidityjueathan those of the dams. There is also general
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increase in the values recorded for turbidity during the dry season than the wet season which
also indicate seasonal variation. The mean turbidity of all the water bodies in 2014 was

significantly higher tan that of 2015(Appendix XXX\ XXXVII).

4.2.9 Sulphate

At Gusau dam (Table 4.4), sulphate level varied between 9.56 + 0.06 and 9.21 + 0.19
mg/l during the wet season of 2014 and 2015 respectively. There is a slight decrease in the
sulphate leviefrom 2014 to 2015. A similar variation pattern was observed across all the
other locations. The sulphate levels recorded for Bagega, Sunke and Abare Rivers are slightly
higher than that of Gusau, Bakolori and Dangulbi Dams during the wet season. Winige du

the dry season, there is also a slight decrease in the sulphate level from 2014 to 2015.

During the dry season, the pattern of variation that was observed in the wet was also
observed across all the other locations during the dry season (TableGebgrally, the
sulphate levels recorded in the wet season are less than those observed in the dry season, a
situation which suggests influence of seasonal variation. Statistics showed that the mean
sulphate concentration of all the water bodies from ithéosations in 2014 was significantly

higher than that of 2015 (appendix XXXVIlIXLI).

4.2.10 Phosphate

The levels of phosphate obtained for all the locations are presented in Table 4.4. The
levels of phosphate recorded at Gusau dam vaeedeen 2.19 + 0.15 and 2.01 + 0.01 mg/I
during the wet season of 2014 and 2015 respectively. While at Abare river phosphate level
varied between 8.29 + 0.12 and 8.06 + 0.05 mg/l for 2014 and 2015 respectively. Again the
highest level of phosphate was resded at Abare River. Also, it was observed that the

variation
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Table 4.4The Mean and Standard Deviation of Location and Year of the Physicochemical Parameters of Water Bodies in the Wet

Season.

Location

Gusaudam

Bakolori dam

Dangulbi dam

Bagega river

Sunke river

Abare river

Nigeria standard

WHO standard

Tur = Turbidity; SO, = Sulphate ; P@= Phosphate; COD = Chemical Oxygen Demand; BOD = Biological Oxygen Demand; TSS = Total

Year

2014

2015

2014

2015

2014

2015

2014

2015

2014

2015

2014

2015

COD (mg/l)
198.00 + 1.73
195.33 £ 1.15
182.33 £ 1.15
178.00 + 1.73
169.07 + 0.58
164.33 + 1.15
241.33 +1.31
240.00 + 0.00
256.67 + 1.15
260.33 + 0.58
266.33 + 0.82

272.00 £ 0.46

Suspended Solid; DO = Dissolved @en

BOD (mg/l)

10.67 £ 1.10
09.67 +0.81
14.40 £ 0.10
12.50 £ 0.17
11.37 £0.23
10.63 +0.29
33.31+0.34
35.59 +£0.70
25.57 10.64
33.47£0.12
33.13+0.23

34.53 +0.23

DO (mg/l)

7.67 £ 0.06
7.40 £0.17
7.47 £ 0.06
7.37 £ 0.06
8.00 + 0.00
7.80 £0.17
4.03 + 0.06
2.37+0.23
3.563+0.12
2.60 £0.17
2.60 £0.17

2.73+0.12
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Hardness (mg/l)
80.00 = 0.00
88.00 = 0.00
84.67+ 1.15
81.00£1.73
90.67 £ 0.58
88.33+1.15
92.33+£0.58
92.67 £1.15
92.33+£0.58
92.67 £1.15
89.17 £ 1.35

89.78 +1.01

SO, mg/!
9.56 + 0.06
9.21+0.19
9.47 £0.12
9.19 + 0.07
9.52 +0.03
9.30 +0.02
14.11 +0.18
14.20 +0.17
15.04 + 0.06
16.68 + 0.64
17.56 + 0.07
12.54 +0.29

100

200

PO, mg/l

2.19+£0.15
2.01+£0.01
1.82+0.12
1.54 +0.12
2.78 £0.04
2.59 +0.06
6.17 £0.12
6.06 + 0.04
7.73x0.75
7.25 +0.05
8.29 £ 0.12

8.06 +0.05
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Table 4.5: The Mean and Standard Deviation of Location and Year of the Physicochemical Parameters of Water bodies in the Dry

Season.

Location

Gusaudam

Bakolori dam

Dangulbi dam

Bagega river

Sunke river

Abare river

Year

2014

2015

2014

2015

2014

2015

2014

2015

2014

2015

2014

2015

n = 3; mearx S.D.

COD mg/L
199.67 + 0.58
182.33+0.15
194.53 + 0.61
171.33+0.21
170.43+£0.15
165.87 £ 0.06
243.00 + 0.00
244.50 £ 0.97
270.00 + 0.00
256.33 + 0.58
290.00 £ 0.50

280.33+£0.58

BOD mg/L

8.33+0.21
9.03+0.26
11.10 £ 0.88
11.47 £0.10
8.13 + 0.06
11.70 £ 0.15
26.33£0.10
22.37 £0.10
34.43+0.11
26.33+£0.10
37.34+ 0.06

33.60+ 0.15

DO mg/L

7.70£0.73
7.30£0.10
7.67 £0.21
7.53 £ 0.06
8.50 £ 0.10
7.90 £ 0.01
6.67 + 0.06
6.57 £0.15
2.83 £ 0.06
3.87 £ 0.06
2.76 £ 0.06

290+0.01

Hardness mg/L

80.33 +£0.58

90.67 +0.58

81.33+0.52

82.67 £0.58

86.67 + 0.57

91.58 +0.58

90.00 £ 0.00

94.00 £ 0.09

93.67 £ 0.58

94.00 £ 0.58

92.33+0.54

97.33+0.15

Tur NTU

8.00 +0.00

7.33 +0.58

8.00 +0.00

7.67 +0.58

12.00 £ 0.01

11.00 £ 0.01

81.00 +£1.00

79.66 + 0.58

81.00 £ 0.00

80.00 + 0.00

88.67 +0.58

85.33 £ 0.58

SO, mg/L

10.43 0.02

10.41 £0.12

10.50 +0.02

10.12 +0.02

11.03 +0.03

10.96 +0.03

24.49 +£0.02

25.76 +£2.89

27.01 +0.17

27.16 +0.15

29.81 +0.01

29.13+0.11

PO, mg/L

2.42 £0.02
2.14 £0.02
2.20+0.38
1.48 £ 0.17
2.87 +£0.06
2.59 £ 0.02
5.60 + 0.05
6.20 £ 0.01
7.51+£0.02
7.40 £ 0.01
8.76 £ 0.05

8.28 + 0.06

KEY: Tur = Turbidity; SO, = Sulphate ; P©= Phosphate; COD = Chemical Oxygen Demand; BOD = Biological Oxygen Demand; DO =
Dissolved Oxygen;
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patternin Bagega, Sunke and Abare rivers are similar in such way that there was slight

decrease in their level from year 2014 to 2015.

During the dry season (Table 4.5), the phosphate level at Bakolori Dam in 2014 and 2015
varied between 2.20 + 0.38 and 1.48.10mg/I respectively, whileat Abare River it varied
between 8.76 + 0.05 and 8.28 + 0.06 mg/l in 2014 and 2015 respectively. A similar variation
pattern exist between Gusau, Bakolori and Dangulbi dams which showed that there was a
consistent decrease inet phosphate level from year 2014 to 2015. Statistics showed that the
mean phosphate concentration of all the water bodies from the six locations in 2014 was

significantly higher than that of 2015 (Appendix XLIXLV).

Generally, the levels of phosphatcorded in dry season are higher than those of the wet

season, a situation which suggest seasonal variation.

4.2.11 Chemical oxygen demand

The results obtained for Chemical Oxygen Demand (COD) for all the locations are
presented in Table 4.Zhe levelof COD for Dangulbi dam varied between 169.07 + 1.15
and 164.33 + 1.73 mg/l for 2014 and 2015 wet saeson respectively. This is also the lowest
value recorded across all locations. It was observed that there was a consistent decrease in
COD level from Gusadwo Dangulbi dams. The COD level for Abare River varied between
266.3 £ 0.82 and 272 + 0.46 mg/lduring the wet season of 2014 and 2015 respectively. While
during the dry season (Table 4.5), the COD level for Dangulbi River varied between 170.43 +
0.15 and165.87 + 0.06 mg/l for 2014 and 2015 respectively, while at Abare River the COD
varied between 290 = 0.00 and 280 + 0.58 mg/l during the dry season of 2014 and 2015
respectivelyThe mean COD of all water bodies for 2014 was significantly higher (P < 0.05)

than that of 2015 (Appendix XL 1 IXL). It was generally observed that the COD levels for
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the rivers are much higher than the levels for the dams. This suggests an influence of seasonal

variation on the chemical oxygen demand.

4.2.12 Biological oxygen denand

The result obtained for biological oxygen demand (BODs) for all the locations are
presented in Table 4.4. The BOD of Gusau dam varied between 10.67 £ 0.64 and 9.67 = 0.70
mg/lduring the wet season of 2014 and 2015 respectively which is also th¢ feemsied
across all the locations. While at Bagega River, the BOD level varied between 33.31 + 0.34
and 35.59 + 0.70 mg/l during the wet season of 2014 and 2015 respedihelsnean BOD
of all the water bodies from Gusau dam to Abare river are significdifferent (Appendix L
- LIIT). During the dry season (Table 4.5), there is a significant increase in the level of BOD

from Gusau dam 8.33 + 0.21 mg/l to Abare River 37.34 £ 0.06 mg/I.

4.2.13 Dissolved oxygen

The result obtained for dissolved oxyg@m0) for all locations are presented in Table
4.4. Dangulbi dam recorded the highest DO values which vary between 8.00 = 0.00 and 7.80
+ 0.17 mg/l which is also the highest level recorded across all the locations. While at Abare
River, the level furthereduced from 2.60 + 0.17 to 2.73 £ 0.12 mg/l during the wet season of

the year 2014 and 2015 respectively.

While during the dry season (Table 4.5), Dangulbi dam recorded the highest level of
DO which varied between 8.50 + 0.10 and 7.90 + 0.01 mg/| for 20842015 respectively,
while at Abare River, the level of DO varied between 2.76 + 0.06 and 2.90 = 0.01 mg/I for
2014 and 2015 respectively. It was generally observed that the dams for both wet and dry

seasons have higher DO values than those of thesri8easonal variation is observed in DO
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concentration, with higher values in the wet seasons, this could be due to increased aeration

and continuous recharge of the water bodies as a result of rainfall(AppendixUMW).

4.214 Water hardness

The levelof hardness at Gusau dam (Table 4.4) varied between 80 + 0.00 and 88 +
0.00 mg/Iduring the wet season of 2014 and 2015 respectively which is also the lowest across
all the locations. There is a consistent increase in the level of hardness from Gusau dam to
Sunke River whose level of hardness varied between 92.33 + 0.58 and 92.67 + 1.15 mg/I
respectively. While during the dry season (Table 4.5), the hardness level for Gusau dam
varied between 80.33 + 0.58 and 90.67 + 0.58 mg/| for 2014 and 2015 respeétivebare
River the hardness level varied between 92.33 + 0.54 and 97.33 £ 0.15 mg/| for year 2014
and 2015 respectively. There was a gradual increase in the hardness level from year 2014 to
2015. It was also generally observed that the levels of haréméss dams both in wet and
dry seasons are lower than the levels in the rivers. Also the levels of hardness in the dry
season are higher than in the wet season, an indication of seasonal variation effect. Statistical
analysis of variance showed that thean hardness of all six locations of the water bodies in

2014 was significantly higher (p < 0.05) than that of 2015 (Appendix LMIXI).

4.2.15 Correlation matrix for pH and other physicochemical parameters for two wet

and dry Seasons

The result of correlation matrix (Table 4.6) conducted on pH and other
physicochemical parameters revealed that, a negative significant correlation (P < 0.05) exist
between pH and other examined parameters like TDS, TSS, Alkalinity Sulphate, Turbidity
and chloride. Whé positive significant correlations exist between alkalinity and TSS, TDS,
also between turbidity, and sulphate, Alk, TSS, and TDS,while a significant negative

correlation exist between alkalinity and pH.
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Table 4.6: Correlation Matrix for pH a nd other Physicochemical Parameters for Two Wet and Dry &sons

Correlations

pH EC TDS
pH 1
EC 281 1
TDS -.686 -.068 1
TSS -.805 -.167 797
Alk -.761 -.188 757
SO, -.627" -.114 528"
Tur -.894" -.202 774
Cl -.765 -.165 798"
N 24 24 24

** Correlation is significant at the 0.01 levettgled).

TSS
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*x

.850
.592

.854"

*%

.833

24

Alk. SOy Tur. Cl
1
476 1
.900 637 1
894" 600 907" 1
24 24 24 24

*Correlation is significant at the 0.05 levett@led).



4.3 Heavy Metals n Water Samples

The results obtained for metals in water samples collected from the different locations

of the Dam and Rivers for both wet and dry season are presented in Table 4.7 and 4.8.

The concentration of Zn in Gusau dam varied between 0.002 + 0.0001 and 0.004 +
0.0001 mg/l in the wet season of 2014 and 2015 respectively. This represents the lowest
concentration recorded across all the six location. Bagega River recorded the highest
concentration across all the six locations which varied between 0.0246 + 0.0020252| +
0.0020 mg/l for 2014 and 2015 respectively. While during the dry season, the lowest Zn
concentration was recorded for Bakolori dam which varied between 0.0068 + 0.0001 and
0.0266 = 0.0010 for 2014 and 2015 respectively. Bagega River also ré¢bedrighest Zn
concentration which varied between 0.0328 + 0.0020 mg/l and 0.0362 + 0.0020 mg/I for 2014
and 2015 respectively. It was generally observed that the concentration of Zn in all the six
locations were higher during the dry season when compaith the wet season for both

years. This is a reflection of seasonal variation.

The concentration of Cd in Sunke River varied between 0.0006 + 0.003 and 0.0044 +
0.0002 mg/l in the wet season of 2014 and 2015 respectively. This also represkemtsshe
contration of Cd recorded across all the locations. The highest concentration was recorded at
Bakolori dam which varied between 0.0064 + 0.0030 and 0.0024 £ 0.0002 mg/l for 2014 and
2015 respectively. During the dry season, Dangulbi dam recordddwhkst concentration
which varied between 0.0550 + 0.0010 and 0.0140 £ 0.0050 for 2014 and 2015 respectively
while Sunke River recorded the highest value which varied between 0.1022 + 0.0030 and
0.0680 + 0.0020 for 2014 and 2015 respectively.Generakycomcentrations of Cd in the
dry seasons were higher than in the wet season, a situation which suggests seasonal variation

effect.
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Table 4.7: Heavy MetalConcentrations (ng/l) of Water Samples for Two Wet Seasons

location year

Zn

Cd Cr

Pb Hg

ND: not detected

L1 Gusau dam L4
L2 Bakolori dam L5
L3 Dangulbi dam L6

64

L1 2014  0.0020 +0.0001 0.0040+0.0001 0.021@0.0003 0.09180.0004 0.26380.0000

2015 0.0024 +0.0001 0.0036+0.0002 0.0262:0.0040 0.00220.0001 1.5532:0.0030
L2 2014 0.0060+ 0.0001 0.0064+0.0003 0.00780.0003 0.04760.0020 ND

2015 0.0066+ 0.0001 0.0024+0.0002 0.0044:0.0003 0.00680.0001 0.500%0.0030
L3 2014 0.0042+ 0.0002 0.0024+0.0001 0.0014:0.0004 0.0126:0.0002 ND

2015 0.0049+0.0003 0.0066:0.0005 0.0042:0.0002 0.048@0.0020 0.53080.0030
L4 2014  0.0246 +0.0020 0.0024+0.001 0.021@0.003 0.098@0.004 ND

2015 0.0252 +0.0002 0.0110+0.002 0.0236:0.004 0.0126:0.001 1.19020.003
L5 2014 0.0066+ 0.0001 0.0006+0.003 0.02480.003 0.050@0.002 0.0282%0.000

2015 0.0068+ 0.0001 0.0044+0.002 0.02880.003 0.121@0.001 1.795%0.003
L6 2014 0.0140+ 0.0002 0.0058+0.001 0.01180.004 0.0166:0.002 ND

2015 0.0144+0.003 0.0044:0.005 0.01440.002 0.02920.002 0.9904:0.003

Key

Bagega river
Sunke river

Abare river



Table 4.8:Heavy Metals Concentrations fng/l) of Water Samples for Two Dy Seasons

location year Zn Cd Cr Pb Hg
L1 2014 0.0244 +0.0002 0.0904+0.0001 0.0682:0.0030 0.1376:0.0040 ND

2015 0.0112+0.0020 0.2044+0.0020 0.0694:0.0040 0.0062:0.0001 1.557@0.0030
L2 2014 0.0068+ 0.0001 0.0740+0.0003 0.0034:0.0003 0.0876:0.0020 ND

2015 0.0266+ 0.0010 0.0744+0.0020 0.0304:0.0030 0.1314-0.0010 0.55730.0030
L3 2014 0.0076% 0.0002 0.0550+0.0010 0.109@0.0040 0.0334:0.002 ND

2015 0.0118+0.0030 0.014@30.0050 0.10980.0020 0.0668-0.0020 0.8506:0.0030
L4 2014 0.0328 +0.0020 0.0668+0.0010 0.19820.0030 0.17920.0040 ND

2015 0.0362+0.0020 0.0862+0.0020 0.197@0.0040 0.0584:0.0010 1.19820.0030
L5 2014 0.0104+ 0.0010 0.1022+0.0030 0.0962:0.0030 0.1396:0.0020 ND

2015 0.0128+ 0.0010 0.0680+0.0020 0.09920.0030 0.2104:0.0010 1.88180.0030
L6 2014 0.0158+ 0.0020 0.0708+0.0010 0.0806:0.0040 0.1688:0.0020 ND

2015 0.0148+0.003 0.07080.00% 0.0826:0.00D 0.07920.002 1.7084:0.030

Key

ND: not detected

L1 Gusau dam L4
L2 Bakolori dam L5
L3 Dangulbi dam L6
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The lowest concentration of Cr was recorded at Dangulbi dam which varied between 0.0014
+ 0.0004 and 0.0042 + 0.0002 mg/l during the wet season of 2014 and 2015 respectively.
While at Sunke River, the concentration of Cr was high across all the locativaseid
between 0.0248 + 0.0030 and 0.0288 + 0.0030 mg/l for 2014 and 2015 respectively. During
the dry season, Bakolori dam recorded the lowest Cr concentration which varied between
0.0034 + 0.0003 and 0.0304 + 0.0003 mg/l for 2014 and 2015 respectileyhighest
concentration of Cr was recorded at Bagega River which varied between 0.1982 + 0.0030 and
0.1970 £ 0.0040 mg/l for 2014 and 2015 respectively. Generally, the concentrations of Cr in
the dry seasons were higher than in the wet season, aositudtich suggests seasonal

variation effect.

The lowest concentration of Pb was recorded at Bakolori dam which varied between
0.0476 + 0.0020 and 0.0068 + 0.0001 mg/l during the wet season of 2014 and 2015
respectively. While at Bagega River, the concatiin of Pb recorded was highest across all
the locations it varied between 0.0980 + 0.0040 and 0.0126 + 0.0010 mg/l for 2014 and 2015
respectively. During the dry season, Dangulbi dam recorded the lowest Pb concentration
which varied between 0.0334 +0020 and 0.0668 + 0.0020 mg/l for 2014 and 2015
respectively. The highest concentration of Pb was recorded at Abare River which varied

between 0.1688 + 0.0020 and 0.0792 + 0.0020 mg/l for 2014 and 2015 respectively.

It was generally observed that, the cemictation of Pb in 2014 and 2015 dry seasons were
higher than their corresponding wet season. This is also an indication of seasonal variation.
The lowest concentration of Hg was recorded at Bakolori dam which varied between below
detection and 0.5005 +@30 mg/l for 2014 and 2015 respectively. Sunke River recorded
the highest value which varied between 0.0289 + 0.0000 and 1.7955 + 0.003 mg/l during the

wet season of 2014 and 2015 respectively.
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During the dry season, Bakolori dam recorded the lowestadigentration which varied
between below detection and 0.5573 + 0.0030 mg/l for 2014 and 2015 respectively. The
highest concentration of Hg was recorded at Sunke River which varied between below

detection and 1.8818 + 0.0030 mg/l for 2014 and 2015 respBcti

It was generally observed that the three rivers recorded higher Hg concentration than the
dams and that the concentration was higher in the dry seasons than their corresponding wet
seasons. It was also generally observed that, the concentratiog wfasl mostly below

detection limit in 2014 and recorded very pronounced concentration in year 2015.

4.3.1 Correlation matrix of heavy metals concentrations (mgjlin water samples for

two wet and dry seasons

Correlation analysis showed a significant gaditive relationship for Cd and Zn and
Hg and Cr during the wet season arglgnificant positive at the (x05) relationship for Cr
and Zn in the dry season. This may explain the consistent variation of these metals in all the

locations across all theasongTable 4.9)

4.3.2 Assessment of heavyatal pollution in water samples

The calculated heavy metals contaminatfantors (CKF and their pollution load
indices for water samples at different locations are preseémt€dble 410. It was revealed
that allthe water samples analyzédd contamination factor less than one, with exception of
Pb, particularly of Bagega (CF = 1.060) and Sunke rivglCF = 1.7100) during the wet
seasonHg recorded a fahigher contamination factoiICE>>>>6) across all six location
studied during the wet season. The entire water sample analyzedlfrtra six locations

revealed very high contaminatidactor (CF>>6) for Cd with exception of Zmwvhich
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Table 4.9: Correlation Matrix of Heavy Metals Concentrations (mg/) in Water Samples for Two Wet and Two Dry &asons

Correlations For wet Correlations For dry
Zn Cd Cr Pb Hg Zn Cd Cr Pb Hg
Zn 1 1
Cd 394 1 -.023 1
Cr -.130 -.074 1 565 -.247 1
Pb -.021 -.128 -.102 1 243 -.306 .056 1
Hg -.023 .280 365 .034 1 -.017 233 .025 -.189 1
36 36 36 36 36 36 36 36 36 36

*.Correlation is significant at the 0.05 level (2-tailed).**. Correlation is significant at the 0.01 level (2-tailed).

68



Table 4.10 Heavy Metal Contamination Factors (CH and Pollution Load Index (PLI)
in Water for Wet and Dry Seasons

Location/Wet

Gusau dam

Bakolori dam

Dangulbi dam

Bagega river

Sunke river

Abare river

Dry

Gusau dam

Bakolori dam

Dangulbi dam

Bagega river

Sunkeriver

Abare river

Zn

0.0004

0.0013

0.0009

0.0050

0.0015

0.0028

0.0035

0.0033

0.0019

0.0395

0.0023

0.0031

Cd

0.3800

0.4400

0.4500

0.6700

0.2500

0.5100

14.7400

7.4200

3.4500

7.6500

8.5100

7.4400

Cr

0.2360

0.0610

0.0280

0.2230

0.2680

0.1310

0.6880

0.1690

1.0940

1.9760

1.9540

0.8160

Pb

0.9470

0.5440

0.6060

1.1060

1.7100

0.4580

1.4380

2.1900

1.0020

2.3760

3.5000

2.4800

Hg

90.8500

50.0500

53.0800

190.9000

91.2200

990.4000

155.700

557.300

850.600

1198.200

1881.800

1708.400

PLI

0.3206

0.2486

0.2053

0.6911

0.4356

0.6106

1.5188

1.3858

1.4423

4.4263

3.0269

2.3944
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followed this trend:Gusau Dam(14.7400%>Sunke (8.5100)> Bagega (7.6500pAbare
(7.4400)>Dangudi Dam (7.4200). Also it was revealed that ¢Hrecorded a far higher

contaminatiorfactor (CE>>6) across all the six location during the dry season.

The calculated pollution load indicéBLI) for all the locations were less than 1 during the
wet season and higher than 1 during the dry season yharyc for Bagega
(4.4263)>SunkE3.0269 > Abare (2.3944). This might be attributed to the fact that these

villages houses higher number of active mining processes.

4.4  Heavy metalsin sediment amples

The results obtained for metals in sediment collected from all six locations of the

dams and rivers are presented in Table 4.11 and 4.12.

The lowest concentration of Zn was recorded at Bakolori dam which varied between 0.058 *
0.0010 and 0.044 £ 0.0010 fkg during the wet season of 2014 and 2015 respectively.While

at Abare River, the concentration of Zn recorded was highest across all the locations, it varied
between 0.299 + 0.0020 and 0.289 = 0.0030 mg/kg for 2014 and 2015 respectively.During
the dry seson, Dangulbi dam recorded the lowest Zn concentration which varied between
0.123 £+ 0.0020 and 0.080 £ 0.0030 mg/l for 2014 and 2015 respectively. The highest
concentration of Zn was recorded at Gusau dam which varied between 0.571 + 0.0020 and
0.432 + 0.020 mg/kg for 2014 and 2015 respectively. Generally, the concentrations of Zn in
the dry seasons were higher than in the wet season, a situation which suggests seasonal

variation effect.

The concentration of Cd in Bakolori dam varied between 0.022 + 0.803®.004 + 0.002
mg/kg in the wet season of 2014 and 2015 respectively. This also represents the lowest

concentration of Cd recorded across all the locations.
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Table 4.1 Heavy Metals Concentrations (mg/kg) of Sediment Samples for Two wet

Seasons

Locaiton year Zn Cd Cr Pb Hg

Gusau dam 2014 0.258 +0.002 0.034+0.001 0.209:0.003 0.469:0.004 ND
Bakolori 2015 0.238+0.002 0.029+0.002 0.3790.004 1.063:0.001 1.850:0.003
dam

Dangulbi 2014 0.058+ 0.001 0.022+0.003 0.183:0.003 0.396+0.002 ND

dam

Bagega 2015 0.044+0.001 0.004+0.002 0.144:0.003 0.2610.001 1.8010.003
river

Sunke river 2014 0.054+ 0.002 0.027+0.001 0.0720.004 0.896+0.002 ND

Abare river 2015 0.059+0.003 0.01#0.005 0.288:0.002 0.52+0.002 0.723:0.003
Wet

Gusau dam 2014 0.227 +0.002 0.035+0.001 0.248:0.003 0.156+0.004 ND
Bakolori 2015 0.217 +0.002 0.032+0.002 0.268:0.004 1.316:0.001 0.915+0.003
dam

Dangulbi 2014 0.124+0.001 0.021+0.003 0.033:0.003 0.5210.002 ND

dam

Bagega 2015 0.121+0.001 0.023+0.002 0.15%0.003 0.115:0.001 3.834:0.003
river

Sunke river 2014 0.299+ 0.002 0.086+0.001 0.340(:0.004 1.1050.002 ND

Abare river 2015 0.289+0.003 0.999:0.005 0.454+0.002 0.998:0.002 3.090:0.003

ND: below detection
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Table 4.12 Heavy Metals Concentrations (mg/kg) of SedimenSamples for Two dry

Seasons

Location year Zn Cd Cr Pb Hg
Gusau 2014 0.571 +0.002 0.256+0.001 1.9330.003  2.4710.004 ND

dam

Bakolori 2015 0.432+0.002  0.688+0.002 1.903:0.004  1.96(:0.001  3.22°#0.003
dam

Dangulbi 2014 0.165+0.001 0.944+0.003 0.5450.003  0.453:0.002 ND

dam

Bagega 2015 0.111+0.001 0.511+0.002 0.54%0.003  0.3650.001  0.896:0.003
river

Sunke 2014 0.123+0.002 0.472+0.001 0.690:0.004  1.1350.002 ND

river

Abare 2015 0.080+0.003  0.275:0.005  0.694t0.002  0.584t0.002  2.563:0.003
river

Dry

Gusau 2014 0.337 £0.002 0.609+0.001 1.4380.003 2.83%0.004 ND

dam

Bakolori 2015 0.211+0.002  0.845+0.002 1.43@t0.004  2.5320.001  1.1320.003
dam

Dangulbi 2014 0.268+0.001 0.236+0.003 0.2350.003  0.56%0.002 ND

dam

Bagega 2015 0.109+0.001 0.688+0.002 0.2150.003  0.22%0.001  3.8130.003
river

Sunke 2014 0.433+£0.002 0.315+0.001 0.39%0.004  2.033t0.002 ND

river

Abare 2015 0.363+0.003 1.315:0.005  1.41#0.002  1.4130.002  3.43(:0.003
river

Key

ND: not detected
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The highestoncentration was recorded at Abare River which varied between 0.086 + 0.0010
and 0.999 + 0.0050 mg/kg for 2014 and 2015 respectively. During the dry season, Dangulbi
dam recorded the lowest concentration which varied between 0.472 + 0.0010 and 0.275 *
0.0050 mg/kg for 2014 and 2015 respectively while Abare River recorded the highest value
of Cd which varied between 0.315 + 0.0010 and 1.315 + 0.0050 mg/kg for 2014 and 2015
respectively.Generally, the concentrations of Cd in the dry seasons were highgr tinan

wet season, a situation which suggests seasonal variation effect. The concentration of Cr in
Dangulbi Dam varied between 0.072 + 0.0040 and 0.288 + 0.002 mg/kg in the wet season of
2014 and 2015 respectively. This also represents the lowest caticentf Cr recorded
across all the locations. The highest concentration was recorded at Abare River which varied

between 0.340 = 0.0040 and 0.454 + 0.0020 mg/kg for 2014 and 2015 respectively.

During the dry season, Sunke river recorded the lowest caoatentwhich varied
between 0.235 + 0.0030 and 0.215 + 0.0030 mg/kg for 2014 and 2015 respectively while
Gusau dam recorded the highest value of Cr which varied between 1.933 + 0.0030 and 1.903
+ 0.0040 mg/kg for 2014 and 2015 respectively.Generally,aheantrations of Cr in the dry
seasons were higher than in the wet season, a situation which suggests seasonal variation
effect. The concentration of Pb in Bakolori Dam varied between 0.396 + 0.0020 and 0.261 +
0.001 mg/kg in the wet season of 2014 ands2@Epectively. This also represents the lowest
concentration of Pb recorded across all the locations. The highest concentration was recorded
at Abare River which varied between 1.105 + 0.0020 and 0.998 + 0.0020 mg/kg for 2014 and
2015 respectively. Duringhe dry season, Bakolori dam recorded the lowest concentration
which varied between 0.450 + 0.0020 and 0.365 = 0.0010 mg/kg for 2014 and 2015
respectively while Bagega River recorded the highest value of Pb which varied between
2.831 £ 0.0040 and 2.532 @0010 mg/kg for 2014 and 2015 respectively.Generally, the

concentrations of Pb in the dry seasons were higher than in the wet season, a situation which
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suggests seasonal variation effect. The concentration of Hg in Dangulbi Dam varied between
below deteabn limit and 0.720 £ 0.0030 mg/kg in the wet season of 2014 and 2015

respectively. This also represents the lowest concentration of Hg recorded across all the
locations. The highest concentration was recorded at Sunke River which varied between

below detetion limit and 3.834 + 0.0030 mg/kg for 2014 and 2015 respectively.

During the dry season, Dangulbi dam recorded the lowest concentration which varied
between below detection and 2.563 + 0.0030 mg/kg for 2014 and 2015 respectively while
Sunke River recated the highest value of Hg which varied between below detection and
3.813 £ 0.0030 mg/kg for 2014 and 2015 respectively. It was generally observed that Hg
concentrations are higher in the dry seasons than their corresponding wet seasons. It was also
geneally observed that, the concentration of Hg was mostly below detection limit in 2014

and recorded very pronounced concentration in year 2015.

4.4.1 Correlation matrix of h eavy metals concentrations (mgjlin sediment samples

for two Wet and dry seasons

Correlation analysis (Table 4.13) revealedignificant positve relationshipfor Cr
and Zn, Cr and Cd, Pb and Cd, Hg and Cd and Hg and Cr respectively during the wet seasons
of year 2014 and 2015. While during the dry season it also showed a significaivepos
relationship for Cr and Zn, Pb and Zmy &nd Cr and lastly Hg and Cahis may explain the

consistent variation of these metals in all the locations across all the seasons.

4.4.2 Assessment of Heavy Metal Pollution in Sediments Samples

The heavy metal contamination factor (CF) and pollution load indices (PLI) calculated
for the sediment samples are presented in table 4.14. The result revealed that Pb and Hg

recorded very high contamination factors in this trend:
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Table 4.13: Correlation Matrix of Heavy Metals Concentrations (mg/) in Sediment Samples for Two Wet and two dnseasons

Zn
Cd
Cr
Pb

Hg

Zn

319

*k

.636

.189

125

36

Correlations For wet

Cd

*k

.624

*k

.504

*%

499

36

Cr

231

.389°

36

Pb Hg
1

-.177 1
36 36

Correlations For dry

Zn Cd Cr Pb Hg
1
-.273 1
422 251 1
332 073 797" 1
.066 4497 130 -.194 1
36 36 36 36 36

** Correlation is significant at the 0.01 level (2-tailed).

*.Correlation is significant at the 0.05 level (2-tailed).
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Table 4.14 Heavy Metal Contamination Factors (CH and Pollution Load Index (PLI)

in Sedimentfor Wet and Dry Seasons

Location/Wet

Gusau dam

Bakolori dam

Dangulbi dam

Bagega river

Sunke river

Abare river

Dry

Gusaudam

Bakolori dam

Dangulbi dam

Bagega river

Sunke river

Abare river

Zn

0.0005

0.0009

0.0011

0.0009

0.0019

0.0025

0.0007

0.0010

0.0016

0.0012

0.0028

0.0071

Cd

1.4500

1.5500

1.2000

2.5500

1.8000

2.4500

34.4000

27.5000

51.1000

57.0000

41.3500

37.3500

Cr

3.9650

1.3650

0.8650

0.8800

0.6850

1.6150

7.3300

3.1900

11.575

1.4900

1.2100

3.2400

Pb

29.7500

118.2500

39.1000

20.3500

19.8000

37.6000

30.7500

78.7000

62.9500

37.4000

51.6000

55.6500

Hg

1151

1183

0523

1002

1103

0896

4363

2527

1343

1362

1188

1293

PLI

2.5333

3.0417

1.8709

2.1125

2.1945

3.2007

7.4314

7.0383

9.6111

5.5342

6.1159

9.0908
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Pb: Bakolori (118.25) >> Dangulbi (39.100) > Abare (37.600) > Gusau (29.7500) > Bagega
(20.3500) > Sunke (19.800).

Hg: Bakolori (1183) > Gusau (1151) > Sunke (1103) Bag@g®?2) > Abare (896) >
Dangulbi Dam > (523) during the wet season. While during the dry season all the locations
under study revealed very high contamination factor (CF>>>6) for all the heavy metal with
exception of Zn. The calculated pollution load indi€BLI) for all the metals analyzed across

all the six locations had values greater than 1 for both season.

4.4.3 Chemicalfractionation of metalsin sediments

The chemical partitioning of Zn, Cr, Cd, Pb and Hg in the sediments from akthe d
and rivers under investigation in Zamfara state are presented in percentage starck graph in
Fig. 417 4.5. The three chemical fractions that constitute the-rasiual fraction
considered in this work are operationally defined as water soluble gkdhangeable (F2)

and carbonate bound (F3) while the residual fraction is defined as F4.

The percentages of Zn in different chemical fractions across all the six locations under study
are presented as stack gragh in Fig. 4.1 and Appendix |. The perceioi@ggglable fractions

(F1 + F2 +F3) of Zn for Gusau, Bakolori Dangulbi dams, Bagega, Sunke and Abare rivers
were 41.586%, 45.316%, 66.664%, 45.944%, 31.312% and 53.422% respectively. The
highest percentage bioavailable Zn was recorded in the exchanfreahten (53.359%) of
Dangulbi dam. It was generally observed that the residual fraction recorded the highest
percentage of Zn in Abare River. The percentage of Cd in different chemical fractions across
all the six locations study are presented as bargmphig. 4.2 and Appendix Il.The
percentage bioavailable fractions (F1 + F2 +F3) of Cd for Gusau, Bakolori Dangulbi dams,
Bagega, Sunke and Abare rivers were 98.655%, 97.615%, 95.797%, 98.881%, 98.641% and

94.609% respectively.
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Fig 4.1 Percentage of Zn in different chenical fractions across alllocations

Gusau dam L2 Bakolori dam
Dangulbi dam L4 Bagegaver
Sunke river L6 Abare river
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Fig 4.2 Percentage of Cd in different chemical fractions across all locations

Key:

L1 Gusau dam L2 Bakolori dam
L3 Dangulbi dam L4 Bagega River
L5 Sunke river L6 Abare River
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Fig 4.3 Percentage of Cr in different chemical fractions across all locations

Key:

L1 Gusau dam L2 Bakolori dam
L3 Dangulbi dam L4 Bagega River
L5 Sunke river L6 Abare River
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Fig 4.4: Percentage of Pb in different chemical fractions across all locations

Key:

L1 Gusau dam L2 Bakolori dam
L3 Dangulbi dam L4 Bagega River
L5 Sunke river L6 Abare River
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Fig 4.5 Percentage of Hg in different chemical fractions across all locations

Key:

L1 Gusau dam L2 Bakolori dam
L3 Dangulbi dam L4 Bagega River
L5 Sunke river L6 Abare River
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It was generally observed that the carbonate bound fraction (F3) recorded the highest
percentagesf Cd across all the six locations with exception of location L5 and L6 which
recorded their highest percentage Cd in water soluble fraction. The residual fraction generally
recorded low percentage Cd across all the locations. The percentage of Creiantliff
chemical fractions across all the six locations study are presented as bargraph in Fig. 4.3 and
Appendix Ill.The percentage bioavailable fractions (F1 + F2 +F3) of Cr for Gusau, Bakolori
Dangulbi dams, Bagega, Sunke and Abare rivers were 86.925%0198. 52.145%,

74.062%, 57.416% and 53.128% respectively.

It was generally observed that the carbonate bound fraction (F3) recorded high Cr
percentages across all the location with exception of location L3, which recorded its highest
percentage Cr in theesidual fraction. The water soluble fraction F1 consistently recorded
very low (below 1.5%) percentage fraction of Cr across all the six locations studied. The
percentage of Pb in different chemical fractions across all the six locations study are
presengd as bargraph in Fig. 4.4 and Appendix 1V.The percentage bioavailable fractions (F1
+ F2 +F3) of Pb for Gusau, Bakolori Dangulbi dams, Bagega, Sunke and Abare rivers were
40.417%, 42.704%, 13.986%, 72.755%, 71.147% and 72.203% respectively. It wadygeneral
observed that the carbonate bound fraction (F3) recorded high Pb percentages in Bagega
River (55.025%), Sunke River (42.207%) and Abare River (65.332%), while Dangulbi dam
recorded the least percentage Pb (8.66%) in the exchangeable fraction. TheagercéHg
in different chemical fractions across all the six locations study are presented as bargraph in
Fig. 4.5 and Appendix V.The percentage bioavailable fractions (F1 + F2 +F3) of Hg for
Gusau, Bakolori Dangulbi dams, Bagega, Sunke and Abare rixazes 10.490%, 12.421%,
15.754%, 22.431%, 79.786% and 78.730% respectively. It was generally observed that
predominant percentage Hg was recorded in the residual fraction across all the location with

exception of Sunke (51.316%) and Abare rivers (49.145%) migh percentage Hg in the
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carbonate bound fraction. Water soluble fraction generally recorded very low percentage Hg

across all the locations.

4.5 Heavy Metals in Tomatoes Samples

The results obtained for metals in tomatoes samples collected frolmcatlons
around the dams and rivers in study area are presented in Table 4.15 and 4.16.The lowest
concentration of Zn was recorded at Gusau dam which varied between 0.029 + 0.0020 and
0.024 + 0.0020 mg/kg during the wet season of 2014 and 2015 respedfirele at Abare
River, the concentration of Zn recorded was the highest across all the locations, it varied
between 0.128 + 0.0020 and 0.124 + 0.0030 mg/kg for 2014 and 2015 respectively. During
the dry season, Gusau dam recorded the lowest Zn cort@antehich varied between 0.036
+ 0.0020 and 0.031 + 0.0020 mg/kg for 2014 and 2015 respectively. The highest
concentration of Zn was recorded at Abare River which varied between 0.420 + 0.0020 and
0.297 + 0.0030 mg/kg for 2014 and 2015 respectively. dhedt concentration of Zn was
recorded at Gusau dam which varied between 0.029 + 0.0020 and 0.024 + 0.0020 mg/kg

during the wet season of 2014 and 2015 respectively.

At Abare River, the concentration of Zn recorded was the highest across all the
locations it varied between 0.128 + 0.0020 and 0.124 + 0.0030 mg/kg for 2014 and 2015
respectively. During the dry season, Gusau dam recorded the lowest Zn concentration which
varied between 0.036 + 0.0020 and 0.031 + 0.0020 mg/kg for 2014 and 2015 respectively.
The highest concentration of Zn was recorded at Abare River which varied between 0.420 *
0.0020 and 0.297 + 0.0030 mg/kg for 2014 and 2015 respectively. The concentration of Cd in
Gusau dam varied between 0.019 = 0.0010 and 0.010 + 0.002 mg/kg in theag@h ©f

2014 and 2015 respectively. This also represents the lowest concentration of Cd recorded
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Table 4.15 Heavy Metals Concentrations (mg/kg) of Tomatoes Samples for Two wet

Seasons
location year Zn Cd Cr Pb Hg
L1 2014 0.029 +0.002 0.019+0.001 0.183:0.003 0.26%0.004 0.556:0.002
2015 0.024+0.002 0.010+0.002 0.01G:0.004 0.334t0.001 1.746:0.003
L2 2014 0.039+0.001 0.019+0.003 0.261#0.003 0.125:0.002 0.163:0.000
2015 0.049+0.001 0.012+0.002 0.012:0.003 0.396t0.001 2.202+0.003
L3 2014 0.052+0.002 0.014+0.001 0.15A0.004 0.2710.002 0.446t0.000
2015 0.056+0.003 0.016:0.005 0.016:0.002 0.51#0.002 0.60Q:0.003
L4 2014 0.044 +0.002 0.032+0.001 0.15A0.003 0.02%0.004 0.953:0.000
2015 0.048+0.002 0.019+0.002 0.019-0.004 0.386:0.001 1.05G:0.003
L5 2014 0.092+0.001 0.017+0.003 0.118:0.003 0.208:0.002 ND
2015 0.097 +0.001 0.019+0.002 0.019-0.003 0.188:0.001 1.103t0.003
L6 2014 0.128+0.002 0.027+0.001 0.30®0.004 0.356:0.002 ND
2015 0.124+0.003 0.0220.005 0.0220.002 0.396:0.002 0.896:0.003
Key

ND: not detected
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Table 4.16 Heavy Metals Concentrations (mg/kg) of Tomatoes Samples for Two dry

ND: Below detection

86

Seasons
location year Zn Cd Cr Pb Hg
Gusau 2014 0.036 +0.002 0.432+0.001 0.364:0.003 0.25@0.004 ND
2015 0.031+0.002 0.256+0.002 0.36%0.004 0.365:0.001 4.363t0.003
Bakolori 2014 0.058+0.001 0.216+0.003 0.324:0.003 1.074:0.002 ND
2015 0.041+0.001 0.334+0.002 0.314t0.003 0.500:0.001 2.52#0.003
Dangulbi 2014 0.093+0.002 0.668+0.001 1.165:0.004 0.6150.002 ND
2015 0.071+0.003 0.354t0.005 1.15Gt0.002 0.644+0.002 1.343:0.003
Bagega 2014 0.059 +0.002 0.668+0.001 0.19%0.003 0.354t0.004 ND
2015 0.061+0.002 0.472+0.002 0.099:0.004 0.394:0.001 1.362-0.003
Sunke 2014 0.166+0.001 0.729+0.003 0.126:0.003 0.5110.002 ND
2015 0.113 +0.001 0.098+0.002 0.116:0.003 0.5210.001 1.188+0.003
Abare 2014 0.420+0.002 0.256+0.001 0.314+0.004 0.394:0.002 ND
2015 0.293+0.003 0.491%0.005 0.334:0.002 0.7190.002 1.293:0.003
Key



acrossall the locations. The highest concentration was recorded at Bagega River which

varied between 0.032 + 0.0010 and 0.019 + 0.0020 mg/kg for 2014 and 2015 respectively.

During the dry season, Bakolori dam recorded the lowest concentration which variedrbetwe
0.216 £ 0.0030 and 0.334 £+ 0.0020 mg/kg for 2014 and 2015 respectively. At Bagega River
the highest value of Cd was recorded which varied between 0.668 + 0.0010 and 0.472 *
0.0020 mg/kg for 2014 and 2015 respectively.Generally, the concentrationsiroti@ddry
seasons were higher than in the wet season, a situation which suggests seasonal variation
effect. The concentration of Cr in Gusau Dam varied between 0.183 *+ 0.0030 and 0.010 *
0.0040 mg/kg in the wet season of 2014 and 2015 respectively. [Bbigepresents the
lowest concentration of Cr recorded across all the locations. The highest concentration was
recorded at Abare River which varied between 0.301 + 0.0040 and 0.022 + 0.0020 mg/kg for
2014 and 2015 respectively. During the dry season, Siiker recorded the lowest
concentration which varied between 0.126 + 0.0030 and 0.116 + 0.0030 mg/kg for 2014 and
2015 respectively while Dangulbi dam recorded the highest value of Cr which varied
between 1.165 + 0.0040 and 1.150 + 0.0020 mg/kg for 26d£2@15 respectively.Generally,

the concentrations of Cr in the dry seasons were higher than in the wet season, a situation

which suggests seasonal variation effect.

The concentration of Pb in Bagega River varied between 0.021 + 0.0040 and 0.386 + 0.0010
mg/kg in the wet season of 2014 and 2015 respectively. This also represents the lowest
concentration of Pb recorded across all the locations. The highest concentration was recorded
at Abare River which varied between 0.356 + 0.0020 and 0.396 + 0.0020 fog2@L4 and

2015 respectively. During the dry season, Gusau dam recorded the lowest concentration
which varied between 0.250 + 0.0040 and 0.365 = 0.0010 mg/kg for 2014 and 2015
respectively while Bakolori dam recorded the highest value of Pb which Viaeieedeen

1.074 + 0.0020 and 0.500 + 0.0010 mg/kg for 2014 and 2015 respectively.Generally, the
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concentrations of Pb in the dry seasons were higher than in the wet season, a situation which

suggests seasonal variation effect.

The concentration of Hg in Danlipa Dam varied between 0.466 + 0.0000 and 0.600 + 0.0030
mg/kg in the wet season of 2014 and 2015 respectively. This also represents the lowest
concentration of Hg recorded across all the locations. The highest concentration was recorded
at Bakolori dam wich varied between 0.163 + 0.0000 and 2.202 + 0.0030 mg/kg for 2014
and 2015 respectively. During the dry season, Sunke River recorded the lowest concentration
which varied between below detection and 1.188 + 0.0030 mg/kg for 2014 and 2015
respectively wHe Gusau dam recorded the highest value of Hg which varied between below
detection and 4.363 + 0.0030 mg/kg for 2014 and 2015 respectively. It was generally
observed that Hg concentrations are higher in the dry seasons than their corresponding wet
seasonslt was also generally observed that, the concentration of Hg was mostly below

detection limit in 2014 and recorded very pronounced concentration in year 2015.

4.5.1 Correlation matrix of m eavy metals concentrations (mg/kyjin tomatoes samples

for two wet and dry Seasons

Correlation analysigTable 4.17¢onductedn the datdo examine whether there is a
relationship between the heavy metal concentrations in the tomatoes for two wet and dry
seasons revealed a significant positive relationship for Cr an€&€dnd Zn, Hg and Pb in
the wet season. A significant positive relationship for Cr andadd, Pb and Cr for dry
seasonthis may explain the consistent variation of these metals in all the locations across the

four seasons.
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Table 4.17: Correlation matrix of Heavy Metals Concentrations (mg/kg in Tomatoes Samples for Two Wet and Two Dry &sons

Correlations For wet Correlations For dry
Zn Cd Cr Pb Hg Zn Cd Cr Pb Hg
Zn 1 1
Cd 416 1 416 1
Cr 128 4717 1 128 4717 1
Pb .166 -350°  -.429" 1 .166 -350°  -.429" 1
Hg -.375 -414°  -709” 277 1 -.375 414" -7097 277 1
36 36 36 36 36 36 36 36 36 36

*.Correlation is significant at the 0.05 level (2-tailed).

** Correlation is significant at the 0.01 level (2-tailed).

*.Correlation is significant at the 0.05 level (2tailed).

** Correlation is significant at the 0.01 level (2tailed)
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4.5.2 Assessment of Heavy Metal Pollution in Tomatoes Samples

Contamination factor calculates for heavy metal concentration tomatoes are presented
in Table 4.18. It revealed that only Hg had contamination factor (CF>>6) higdne6tacross
all the location for both wet and dry seasons. The pollution load indices (PLI) for all the

locations have values less than one (1) for both wet and dry season.

4.5.3 Heavy Metals n CassavaSamples

The results obtained for metals in cassava samples collected from different locations

around the dams and rivers in Zamfara State are presented in Table 4.19 and 4.20.

The lowest concentration of Zn was recorded at Dangulbi dam which variedere0.074 +
0.0020 and 0.084 £ 0.0020 mg/kg during the wet season of 2014 and 2015 respectively.
While at Gusau dam, the concentration of Zn recorded was the highest across all the
locations, it varied between 0.177 + 0.0020 and 0.197 = 0.0020 mg/k@Idr &hd 2015
respectively. During the dry season, Dangulbi dam recorded the lowest Zn concentration
which varied between 0.166 + 0.0020 and 0.087 = 0.0030 mg/kg for 2014 and 2015
respectively. The highest concentration of Zn was recorded at Abare Rinen wdried

between 0.380 + 0.0020 and 0.207 + 0.0030 mg/kg for 2014 and 2015 respectively.

The concentration of Cd in Dangulbi dam varied between 0.009 + 0.0010 and 0.005 +
0.002 mg/kg in the wet season of 2014 and 2015 respectively. This also repiresdnisgest
concentration of Cd recorded across all the locations. The highest concentration was recorded
at Abare River which varied between 0.026 + 0.0010 and 0.027 + 0.0050 mg/kg for 2014 and

2015 respectively.
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Table 4.18 Heavy Metal Contamination Factors (CF) and Pollution Load Index (PLI)

in Tomatoesfor Wet and Dry Seasons

Location/Wet Zn Cd Cr Pb Hg PLI
Gusau 0.0026 0.1050 0.0029 0.0383 6.1667 0.0453
Bakolori 0.0005 0.0443 0.0016 0.0164 6.0033 0.0206
Dangulbi 0.0006 0.0653 0.0018 0.0354 2.4000 0.0225
Bagega 0.0024 0.1117 0.0026 0.0368 3.0500 0.0378
Sunke 0.0013 0.0733 0.0010 0.0159 12.7800  0.0283
Abare 0.0017 1.8083 0.0057 0.0526 10.3000  0.0992
Dry

Gusau 0.0053 1.5733 0.0132 0.1108 10.7567 0.1671
Bakolori 0.0015 2.4250 0.0054 0.0204 2.9867 0.0662
Dangulbi 0.0011 1.2450 0.0069 0.0430 8.5833 0.0915
Bagega 0.0029 2.4233 0.0143 0.1341 3.7967 0.1384
Sunke 0.0019 1.5400 0.0023 0.0199 12.7100 0.0705
Abare 4.1895 2.7166 0.0091 0.0862 11.4330 0.6328
Key

ND: Below detection
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Table 4.19 Heavy Metals Concentrations (mg/kg) ofCassava Samples for Two &t

ND: Below detection
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Seasons
location year Zn Cd Cr Pb Hg
Gusau 2014 0.177 £+0.002 0.026+0.001 0.11%#0.003 0.3650.004 ND
2015 0.197+0.002 0.01940.002 0.275:0.004 0.155-0.001 0.673t0.003
Bakolori 2014 0.148+0.001 0.013+0.003 0.1720.003 0.18%0.002 ND
2015 0.158 +£0.001 0.009+0.002 0.19Gt0.003 0.858-0.001 1.1950.003
Dangulbi 2014 0.074+0.002 0.009+0.001 0.19Gt0.004 0.2190.002 ND
2015 0.084+0.003 0.005:0.005 0.157#0.002 0.462+0.002 1.05%0.003
Bagega 2014 0.128 +0.002 0.055+0.001 0.183t0.003 0.396t0.004 ND
2015 0.122+0.002 0.005+0.002 0.183:0.004 0.2810.001 1.1120.003
Sunke 2014 0.130+0.001 0.026+0.003 0.248:0.003 0.2710.002 ND
2015 0.136+0.001 0.029+0.002 0.216:0.003 0.466:0.001 1.103:0.003
Abare 2014 0.171+0.002 0.026+0.001 0.196:0.004 0.563:0.002 0.154+0.000
2015 0.174+0.003 0.02A#0.005 0.268+0.002 0.7720.002 1.934+0.003
Key



Table 4.20 Heavy Metals Concentrations (mgkg) of Cassava Samplefor Two Dry

ND: Below detection
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Seasons
location year Zn Cd Cr Pb Hg
Gusau 2014 0.373+0.002 0.963+0.001 1.008:0.003 0.851%*0.004 ND
2015 0.183+0.002 0.806+0.002 1.018:0.004 0.744:0.001 0.874t0.003
Bakolori 2014 0.249+0.001 0.256+0.003 0.52%0.003 0.188:0.002 ND
2015 0.240 £0.001 0.197+0.002 0.548:0.003 1.636:0.001 1.90Q:0.003
Dangulbi 2014 0.166+0.002 0.629+0.001 0.85%0.004 0.97%#0.002 ND
2015 0.087+0.003 0.74#0.005 0.867#0.002 1.012+0.002 1.902:0.003
Bagega 2014 0.292 +0.002 0.924+0.001 0.97Gt0.003 2.545:t0.004 ND
2015 0.086+0.002 0.826+0.002 0.9830.004 2.33(3:0.001 1.232-0.003
Sunke 2014 0.293+0.001 1.081+0.003 0.7110.003 1.6690.002 ND
2015 0.134 +0.001 0.806+0.002 0.7450.003 0.81A#0.001 1.9710.003
Abare 2014 0.380+0.002 0.767+0.001 1.415%0.004 2.488:0.002 ND
2015 0.207+0.003 0.806:0.005 1.405%0.002 2.6120.002 2.839:0.003
Key



During the dry season, Bakolori dam recorded the lowest concentration which varied between
0.256 + 0.0030 and 0.197 + 0.0020 mg/kg406d.4 and 2015 respectively while Sunke River
recorded the highest value of Cd which varied between 1.081 + 0.0030 and 0.806 + 0.0020
mg/kg for 2014 and 2015 respectively.Generally, the concentrations of Cd in the dry seasons
were higher than in the wet sem, a situation which suggests seasonal variation effect. The
concentration of Cr in Dangulbi Dam varied between 0.190 + 0.0030 and 0.0157 = 0.0020
mg/kg in the wet season of 2014 and 2015 respectively. This also represents the lowest
concentration of Crecorded across all the locations. The highest concentration was recorded
at Abare River which varied between 0.196 + 0.0040 and 0.268 + 0.0020 mg/kg for 2014 and

2015 respectively.

During the dry season, Bakolori dam recorded the lowest concentvatich varied
between 0.529 + 0.0030 and 0.548 + 0.0030 mg/kg for 2014 and 2015 respectively while
Abare river dam recorded the highest value of Cr which varied between 1.415 + 0.0040 and
1.405 + 0.0020 mg/kg for 2014 and 2015 respectively.Generally, tieeotyations of Cr in
the dry seasons were higher than in the wet season, a situation which suggests seasonal
variation effect. The concentration of Pb in Bagega River varied between 0.396 + 0.0040 and
0.281 £ 0.0010 mg/kg in the wet season of 2014 an® 2€dpectively. This also represents
the lowest concentration of Pb recorded across all the locations. The highest concentration
was recorded at Abare River which varied between 0.563 + 0.0020 and 0.772 = 0.0020 mg/kg
for 2014 and 2015 respectively. Duringe dry season, Gusau dam recorded the lowest
concentration which varied between 0.851 + 0.0040 and 0.744 + 0.0010 mg/kg for 2014 and
2015 respectively while Abare River recorded the highest value of Pb which varied between
2.488 £+ 0.0020 and 2.612 = 02 mg/kg for 2014 and 2015 respectively.Generally, the
concentrations of Pb in the dry seasons were higher than in the wet season, a situation which

suggests seasonal variation effect.

94



The concentration of Hg in Gusau Dam varied between below detecti@nald
0.673 = 0.0030 mg/kg in the wet season of 2014 and 2015 respectively. This also represents
the lowest concentration of Hg recorded across all the locations. The highest concentration
was recorded at Abare River which varied between 0.154 + 0.0@00.834 + 0.0030 mg/kg
for 2014 and 2015 respectively. During the dry season, Gusau dam recorded the lowest
concentration which varied between below detection and 0.874 + 0.0030 mg/kg for 2014 and
2015 respectively while Abare River recorded the highaktevof Hg which varied between
below detection and 2.839 + 0.0030 mg/kg for 2014 and 2015 respectively.lt was generally
observed that Hg concentration are higher in the dry seasons than their corresponding wet
seasons. It was also generally observed fttiet, concentration of Hg was mostly below
detection limit in 2014 and recorded very pronounced concentration in year 2015.
Summarily, the concentration of Hg was higher in the dry season than in wet season, also
concentration of Zn, Cd, Cr and Pb with epeen of Hg in year 2014 were higher than

2015.

4.5.4 Correlation matrix of h eavy metals concentrations (mg/kjyin cassava samples

for two wet and dry seasons

Correlation analysigTable4.21)conductedn the datdo examine whether there is a
relationshp between the heavy metal concentrationghim cassavdor two wet and dry
seasons revealed a significant positive relationship for Cr and Cd, Cd ahtdy amd Pb in
the wet season whilagnificant positive relationship for Cr and Cd, and Pb and Crdfgr
seasoIThis explains the consistent variation of these metals in all the locations across the

seasons
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Table 4.21: Correlation matrix of Heavy Metals Concentrations (mg/kg in Cassava Samples for Two Wet and Two Dry é&asons

Correlations For wet Correlations For dry

Zn Cd Cr Pb Hg Zn Cd Cr Pb Hg
Zn 1 1
Cd 357 1 165 1
Cr 278 138 1 173 495" 1
Pb 277 .080 .052 1 .086 328 619 1
Hg 121 -.262 .320 646" 1 -.173 -.157 .095 .169 1

36 36 36 36 36 36 36 36 36 36

*.Correlation is significant at the 0.05 level (2-tailed). ** Correlation is significant at the 0.01 level (2tailed).

** Correlation is significant at the 0.01 level (2-tailed).
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45.5 Assessment of Heavy Metal Pollution in Cassava Samples

The calculated contamination factor (CF) for cassava samples are presented in Table
4.22. It revealed that all cassava sample analyzed had wvghy dointamination factor
(CF>>>>6) for Pb and Hg across the six locations. The contamination factor of Hg is
particularly for higher than the maximum permissible limits during the dry season. Durig the
dry season, the calculated contaminated factor are higly (CF>>>6) across all the
locations with exception of Zn.The calculated pollution load (PLI) had values greater than
one across all location for both wet and dry seasons. The pollution load indices during the dry
season of all locations from Bakolomith with PL1 value 10.0682 to Abare river with PL1 of

20.05742 are very high.

4.6 Heavy Metalsm Fish Sample

The results obtained for metals in Tilapia fisdréchromismosammbicug samples
collected from all locations of the Dams and Riversmesented in Table (4.234.24) for
wet and dry respectively.The lowest concentration of Zn was recorded at Bakolori dam which
varied between 0.010 + 0.0010 and 0.010 + 0.0040 mg/kg during the wet season of 2014 and
2015 respectively. While at Abare Riyeghe concentration of Zn recorded was the highest
across all the locations, it varied between 0.313 + 0.0020 and 0.334 + 0.0030 mg/kg for 2014
and 2015 respectively. During the dry season, Bakolori dam recorded the lowest Zn
concentration which varied be¢en 0.024 + 0.0010 and 0.019 £ 0.0010 mg/kg for 2014 and
2015 respectively. The highest concentration of Zn was recorded at Abare River which varied
between 0.802 + 0.0020 and 0.447 + 0.0030 mg/kg for 2014 and 2015 respectively.
Generally,the concentrations of Zn in the dry seasons were higher than in the wet season, a

situation which suggests seasonal variation effect.
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Table 4.22 Heavy Metal Contamination Factors (CF and Pollution Load Index (PLI)in
Cassavafor Wet and Dry Seasons

Locdion/Wet Zn Cd Cr Pb Hg PLI
Gusau 0.0037 2.2500 1.9300 26.000 0673 3.0954
Bakolori 0.0031 1.1000 1.8450 52.3500 1195 3.2930
Dangulbi 0.0016 0.7000 1.7350 34.0500 1059 2.3335
Bagega 0.0029 3.000 1.8300 33.8500 1112 3.5876
Sunke 0.0029 2.7500 2.3200 36.8500 1103 3.7553
Abare 0.0037 2.6500 2.3200 66.7500 1044 4.3535
Dry

Gusau 0.0056 88.4500 10.6300 79.7500 0874 12.9512
Bakolori 0.0049 22.6500 5.3850 91.2000 1902 10.0682
Dangulbi 0.0025 68.8000 8.6550 99.4500 1902 12.3297
Bagega 0.0038 87.5000 9.8300 243.7500 1232 15.7730
Sunke 0.0043 94.3500 7.4600 248.6000 1971 17.1246
Abare 0.0059 78.6500 11.0300 255.0000 2839 20.05742
Key

ND: below detection
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Table 4.23 Heavy Metals Concentrations (mg/kg) of Fish Samples for Two wet Seasons

ND: below detection
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location year Zn Cd Cr Pb Hg
Gusau 2014 0.055 +0.002 0.024+0.001 0.098:0.003 0.24@0.004 ND

2015 0.057+0.002 0.198+0.002 0.26%0.004 0.198:0.001 0.88%0.003
Bakolori 2014 0.010 +0.001 0.014+0.003 0.092:t0.003 0.17#0.002 ND

2015 0.040 +0.001 0.438+0.002 0.235:0.003 0.4380.001 0.796:0.003
Dangulbi 2014 0.021+0.002 0.028+0.001 0.05%0.004 0.17#0.002 ND

2015 0.028+0.003 0.448:0.005 0.0720.002 0.448-0.002 0.476:0.003
Bagega 2014 0.011+0.002 0.021+0.002 0.13A#0.002 0.1880.002 ND

2015 0.019+0.002 0.188:0.001 0.216:t0.003 0.1780.002 0.56%0.003
Sunke 2014 0.045+0.001 0.024:0.003 0.196:0.003 0.3020.001 ND

2015 0.049+0.002 0.17A#0.002 0.10%0.002 0.17A#0.001 0.71#0.001
Abare 2014 0.313+0.002 0.018:0.002 0.1420.002 0.354:t0.003 ND

2015 0.334+0.003 0.25@:0.005 0.163:0.003 0.25(G:0.003 0.90G-0.005

Key



Table 4.24 Heavy Metals Concentrations (mg/kg) of Fish Samples for Two dry Seasons

ND: not detected
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location year Zn Cd Cr Pb Hg
Gusau 2014 0.077 £+0.002 0.845+0.001 0.81G:0.003 0.90#0.004 ND

2015 0.075+0.002 0.201+0.002 0.85G0.004 0.472:0.001 1.176t0.003
Bakolori 2014 0.024+0.001 0.904+0.003 0.43Gt0.003 0.292:0.002 ND

2015 0.019 £0.001 0.538+0.002 0.4330.003 0.677A0.001 0.8710.003
Dangulbi 2014 0.026+ 0.002 0.826+0.001 0.682:0.004 0.18#0.002 ND

2015 0.036+0.003 0.6020.005 0.69%0.002 0.477A0.002 0.8710.003
Bagega 2014 0.048 +0.002 0.432+0.001 0.694t0.003 0.605t0.004 0.219+0.002

2015 0.017+0.002 0.275+0.002 0.68%0.004 0.792+0.001 0.5810.003
Sunke 2014 0.088+0.001 0.550+0.003 0.39G-0.003 0.6150.002 0.876:0.003

2015 0.066+0.001 0.511+0.002 0.3940.003 0.828:0.001 0.839:0.003
Abare 2014 0.802+0.002 0.963+0.001 1.30G-0.004 0.386:t0.002 ND

2015 0.447+0.003 0.256:0.005 1.3150.002 0.27#A0.002 1.349:0.003

Key



The concentration of Cd in Bakolori dam varied between 0.014 + 0.0030 and 0.438 + 0.002
mg/kg in the wet season of 2014 and 2015 respectively. This also represents the lowest
concentration of Cd recorded across allldwations. The highest concentration was recorded

at Dangulbi dam which varied between 0.028 + 0.0010 and 0.448 + 0.0050 mg/kg for 2014
and 2015 respectively. During the dry season, Bagega River recorded the lowest
concentration which varied between 0.430.0010 and 0.275 + 0.0050 mg/kg for 2014 and
2015 respectively while Abare River recorded the highest value of Cd which varied between
0.963 £ 0.001 and 0.256 + 0.005 mg/kg for 2014 and 2015 respectively.The concentration of
Cr in Dangulbi Dam was theweest it varied between 0.059 + 0.004 and 0.072 + 0.002 mg/kg

in the wet season of 2014 and 2015 respectively. The highest concentration was recorded at
Abare River which varied between 0.142 + 0.002 and 0.163 + 0.003 mg/kg for 2014 and

2015 respectively.

During the dry season, Sunke River recorded the lowest concentration which varied
between 0.390 £ 0.003 and 0.397 + 0.003 mg/kg for 2014 and 2015 respectively while Abare
River recorded the highest value of Cr which varied between 1.300 = 0.004 and 1.314 *
0.002 mg/kg for 2014 and 2015 respectively.Generally, the concentrations of Cr in the dry
seasons were higher than in the wet season, a situation which suggests seasonal variation
effect The concentration of Pb in Bagega River was the lowest it varizdeba 0.188 +
0.002 and 0.188 + 0.002 mg/kg in the wet season of 2014 and 2015 respectively. The highest
concentration was recorded at Abare River which varied between 0.354 + 0.003 and 0.250 *

0.003 mg/kg for 2014 and 2015 respectively.

During the dry sason, Dangulbi dam recorded the lowest concentration which varied
between 0.187 + 0.002 and 0.477 £ 0.002 mg/kg for 2014 and 2015 respectively while Gusau

dam recorded the highest value of Pb which varied between 0.907 + 0.004 and 0.479 + 0.001
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mg/kg for 214 and 2015 respectively.Generally, the concentrations of Pb in the dry seasons

were higher than in the wet season, a situation which suggests seasonal variation effect.

The concentration of Hg in Dangulbi Dam varied between below detection limit and

0.476 £ 0.0030 mg/kg in the wet season of 2014 and 2015 respectively. This also represents
the lowest concentration of Hg recorded across all the locations. The highest concentration
was recorded at Abare River which varied between below detection lich@.880 + 0.0050

mg/kg for 2014 and 2015 respectively. During the dry season, Dangulbi dam recorded the
lowest concentration which varied between below detection and 0.585 + 0.0030 mg/kg for
2014 and 2015 respectively while Abare River recorded the higaks of Hg which varied
between below detection and 1.349 + 0.0030 mg/kg for 2014 and 2015 respectively.lt was
generally observed that Hg concentration are higher in the dry seasons than their
corresponding wet seasons. It was also observed that, tbhentmation of Hg was mostly

below detection limit in 2014 and recorded very pronounced concentration in year 2015.

4.6.1 Correlation matrix of heavy metals concentrations (mg/kyyin fish samples for

two wet and dry asons

Correlation analysigTable 4.25)xonductedn the datdo examine whether there is a
relationship between the heavy metal concentrations in the fish sample for two wet and dry
seasons. The result revealed a significant positive relationship for Pb and Cd, Hg and Cd and
Hg and Cr respeatély for wet seasonBhis explairs the consistent variation of these metals
in the locations in a particular season. While during the dry seasons, a significant negative
relationship was established for Pb and Zn, Pb and Cr and Hg and Cd then a sicamificant
positive relationship for Cr and Zn respechyveThis explains the different sources of these

metals in the environmental samples.
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Table 4.25: Correlation matrix of Heavy Metals Concentrations (mg/kg in Fish Samples for Two Wet and two dryseasons

Correlations For wet Correlations For dry

Zn Cd Cr Pb Hg Zn Cd Cr Pb Hg
Zn 1 1
Cd -.083 1 .228 1
Cr .055 266 1 823" -.023 1
Pb 162 6337 111 1 -.334° -206  -.371 1
Hg 118 7637 530" 137 1 -.040 -.8287  .025 .082 1

36 36 36 36 36 36 36 36 36 36

" Correlation is significant at the 0.01 level (2-tailed). ** Correlation is significant at the 0.01 level (2tailed).

*.Correlation is significant at the 0.05 level (2tailed)
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4.6.2 Assessment of Heavy Metal Pollution in Fish Samples

The calculated contamination factor (CF) for fish samples are presented in Table 4.26.
It revealed that all the fish samples analyzed had very high contamination factor (CF>>>6)
for Cd, Pb and Hg across all the location during the wet season. While during the dry season,

the contamination factor (CF) were very high (CF>>>6) for all the metittisexception Zn.

The pollution load indices (PLI) for all the location had value far greater than 1. This

indicates a serious overall pollution load on the fish sample in both wet and dry seasons.

4.7  Proximate Composition (%) of Fish Samples

The resultof proximate composition (%) of fish samples collected from dams and rivers in
Zamfara State for wet and two seasons of 2014 and 2015 respectively are presented in Table

42771 4.28.

4.7.1 Moisture content

Bagega River recorded the lowest ash acrdsthalsix locations, it varied between
71.05 and 69.85% for wet and the same was also recorded in dry season for 2014 and 2015
respectively, while at Dangulbi dam, the moisture content of the fish varied between 77.71
and 77.11%, 74.18 and 74.01% for thetvand dry seasons of 2014 and 2015respectively.
This also represents the highest moisture content across all the six locations investigated.
Generally, the moisture content of the fish sample where generally high in the wet season

than in the dry seasomhis suggests seasonal variation effect.

4.7.2 Ash content

The percentage ash content of the fish at Bakolori dam, recorded the lowest percentage ash
content which varied between 7.02 and 6.06%, 5.94 and 4.94 % for wet and dry seasons of

2014 and 2015 resgptively.
104



Table 4.26 Heavy Metal Contamination Factors (CF) and Pollution Load Index (PLI)

in Fish for Wet and Dry Seasons

Location/Wet Zn Cd Cr Pb Hg PLI
Gusau 0.0011 11.0000 1.7950 21.9000 887 3.3621
Bakolori 0.0005 22.6000 1.6350 30.7500 796 3.4103
Dangulbi 0.0005 23.8000 0.6550 31.2500 476 2.5769
Bagega 0.0003 10.4500 1.7650 18.8000 567 2.2602
Sunke 0.0009 10.0500 1.5050 23.9500 717 2.9768
Abare 0.0065 13.4000 1.5250 30.2000 900 5.1417
Dry

Gusau 0.0015 52.3000 8.3000 69.300 1176 8.8331
Bakolori 0.0004 72.1000 4.3150 48.4500 871 5.6278
Dangulbi 0.0006 71.7500 6.8750 33.200 585 5.6886
Bagega 0.0007 35.3500 6.8750 69.8800 400 5.3575
Sunke 0.0015 53.0500 3.9350 72.1500 857.5 7.2398
Abare 0.0124 60 13.0750 33.1500 1349 13.4801
Key

ND: below detection
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Table 4.27: Proximate Composition%) of the Fish Samples from Dams and Rivers in Zamfara State ihoth Wet and Dry Seasons of 2014

Location of Water Body

PC

Fa

Fi

oM

Gusau

Wet

Dry

76.48 +3.03 7417 +2.90

7.32+1.09

65.49 83.30

10.28 +1.82

10.30 +0.83

6.61 +4.04

92.68 £ 1.10

7.77£0.30

65.84 + 3.98

10.74 + 2.86

10.15+1.56

5.50 £ 4.77

92.23£0.30

Bakolori
Wet Dry
75.69 + 2.36  72.85 + 3.52
7.02+331 594+208
63.35 4.41  63.48:10.73
8.59+328 10.53+6.48
9.51+217 8.95+3.70
8.79+242 10.17 + 4.69
92.98+3.31 94.06 + 2.09

Dangulbi

Wet

77.71+1.08

6.30+£2.71

61.74 +5.95

11.67 + 0.65

11.22 + 1.47

9.39 + 3.52

93.70 £ 2.71

Dry
74.18 + 4.37
6.43 £2.97

60.41 +7.25

13.53+4.21
10.44 + 2,55
8.93 +3.90

93.30 £ 2.52

Bagega

Wet

71.05+6.01

10.20 +0.20

60.78 + 8.16

11.34+£4.11

10.18 +2.29

7.48 +3.12

89.80 £ 0.20

Dry
69.85 + 4.60
8.76 £ 1.39

59.51 + 3.45

10.9CGt 2.73
9.72 +2.99
10.20 + 3.26

91.25+1.40

Sunke
Wet Dry
7251+£520 68.07 +2.83
6.64£250  6.77 £ 2.68
62.23+1.48 62.01+7.79
10.30+1.91 12.31+5.35
10.64 £ 1.45  10.49 £ 2.37
10.51+2.08 8.43+2.95
93.36+250 93.23+2.68

Abare

Wet

73.56+6.14

7.94 £ 0.86

60.12 + 1.36

11.00 £ 0.51

9.31+0.31

11.29 + 2.28

91.73 6©.32

Dry
72.89 + 6.69
7.35+0.99

61.09 + 3.47

10.95+0.79
9.54 +0.53
10.74 + 4.26

92.32+0.73

n=3; mears.D

KEY: PC = Proximate composition; M= Moisture; A = Ash; P = Protein; Fa = Fat; Fi = Fibre; C = Carbohydrate; OM = Organic Matter
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Table 4.28: Proximate Composition%) of the Fish Samples from Dams and Rers in Zamfara State in both Wet and Dry Sasons of 2015

Location of Water Body

PC

Fa

Fi

oM

Gusau
Wet Dry
76.45+3.03  76.14 2.90
6.32+1.09 677%0.30
65.483.30 65.81+ 3.98
1128+ 1.82 1174 +2.86
10.3%:0.83  10.19- 1.56
6.45+4.04 5.0 +4.77
9368+ 1.10 9323 +0.30

Bakolori
Wet Dry
7467236 7185 3.52
6.063.31 494 +2.08
63.35:4.41  63.48:10.73
8.5943.28  10.53 % 6.48
1051 +2.17 9.95+ 3.70
8.79+242 10.17 + 4.69
9398 +3.31 9506 * 2.09

Dangulbi

Wet Dry
77.1+1.08 74.01 4.37
6.33 271  6.632.97
61.70:5.95 5941+ 7.25
11.60: 0.65 13.51 4.21
10.2 +1.47 10.21 2.55
9.39+352 8.93+3.90
93.64r2.71  93.21 2.52

Bagega

Wet

71.05+6.01

11.21+0.20

60.78 + 8.16

11.34+4.11

10.18 + 2.29

7.48 +3.12

88.81+ 0.20

Dry
69.85 + 4.60
9.74+ 1.39

59.51 + 3.45

10.90 + 2.73
9.72 +2.99
10.20 + 3.26

90.22+ 1.40

Sunke
Wet Dry
7251520 68.07 +2.83
6.64 250  6.77 £ 2.68
62.23+1.48 62.01+7.79
10.30+1.91 12.31£5.35
10.94+ 1.45  10.78 2.37
10.21+2.08  8.43+2.95
93.36+2.50 91.8%2.68

Abare

Wet

7156+6.14

7.94 £ 0.86

62.12 + 1.36

11.00 + 0.51

9.31+0.31

11.2G 2.28

91.73 £ 0.32

Dry
7089 + 6.69
7.35+0.99

6309 + 3.47

10.95+0.79
9.54 +0.53
10.2G+ 4.26

92.32+0.73

n=3; mears.D

KEY: PC = Proximate composition; M= Moisture; A = Ash; P = Protein; Fa = Fat; Fi = Fibre; C = Carbohydrate; OM = Organic Matter
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At Bagega river recorded the highest ash content which varied between 10.20 and 11.21%,
8.76 and 9.74 % for wet and dry seasons respectively. Generally, the ash content of the fish
sample from all the location are high in the dry season than the wet sehsoals® suggests

seasonal variation.

4.7.3 Protein content

The percentage protein of the fish samples at Gusau dam varied between 65.49 and
65.84 for wet and dry of 2014, while it varied between 65.48 and 65.82 for wet and dry of
year 2015. lialso represent the highest protein content measured across all the six locations.
Dangulbi dam recorded the lowest protein content which varied between 60.78 and 60.51 %,
for wet and dry seasons of 2014 while in 2015 it varied between 60.70 and 59.41v¢ét fo
and dry seasons respectively. Generally, the % protein content for all the fish from all six

locations are slightly higher in the wet seasons than in the dry seasons.

4.74 Fat content

The percentage fat content at Bakolori dam variedéden 8.59 and 10.53 % for the
wet and dry seasons of 2014 and varied between 8.59 and 10.52 % for wet and dry of 2015. It
also represents the lowest recorded across all the six locations studied. At Dangulbi dam, the
fat content varied between 11.67 and5B3% for wet and dry season of 2014 while in 2015 it
varied between 11.60 and 13.51 % for wet and dry respectively. This also represents the

highest fat content of all the fish in all locations under study.

4.7.5Percentage Fibre

The percentag fibre content of fish in Bakolori dam recorded the lowest percentage
which varied between 9.51 and 10.51 for wet and dry in year 2014, while varied between
8.95 and 9.95 for wet and dry seasons of 2015 respectively, while at Dangulbi dam the

percentageilbre content varied between 11.22 and 10.72 for wet and dry of 2014, while it
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varied between 10.44 and 10.21 for wet and dry seasons of 2015 respectively. This equally

represent the highest recorded across all the six locations.

4.7.6 Carbohydrate

The percentage carbohydrate content of At Gusau dam, varied between 6.61 and 5.50
for wet and dry season of 2014 and varied between 6.45 and 5.40 for 2015 respectively. This
represents the lowest carbohydrate content of all the locations under stuityy.atVAbare
River, percentage carbohydrates varied between 11.29 and 10.74 for wet and dry seasons of
2014, while in 2015 it varied between 11.20 and 10.20 for wet and dry respectively. Again
this represents the highest percentage carbohydrate contess adl the locations under

study.

4.7.7 Organic Matter

Bakolori dam recorded the highest percentage organic matter content which varied
between 92.98 and 93.98 for wet and dry of 2014, while in 2015 it varied between 94.06 and
95.06 for wet and dry season of 2015 respectively, while at Bagegath&grercentage
organic matter content varied between 89.80 and 88.81 for wet and dry of 2014, while in
2015 it varied between 91.25 and 90.22 % for wet and dry season of 2015 respectively. This

represents the lowest percentage carbohydrate content dttbessi locations.

A two way ANOVA analysis of variance (P < 0.05) conducted on the fish showed that
there is no significant difference from one location to another and on the seasons (Appendix

LXII T LXVII).
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4.8  Microbiological Analysis of the Water Samples

The total bacteria counts of the water samples from all the six locations are shown in Table
4.29 for both dry and wet seasons. The total Baterial count for Gusau dam to Dangulbi dam
ranged between 2.4 x A 6.4 x 10 cful/ml and that of Bagemriver to Abare river ranged
between 6.4 x 0to 7.9 x 16cful/ml during the dry seasons while in the wet seasons it
ranged between 3.6 x 1 7.4 x 16cful/ml and 7.8 x1Bto 8.87 x 18 cful/ml for the dams

and rivers respectively.

The most probableumber (MPN) determination were shown in Table 4.30 for both dry and
wet seasons for water samples from all the six locations (dams and rivers) in Zamfara State.
The probable number in the dry seasons for Gusau dam to Dangulbi dam ranged between 20
T 50 Col-form per 100 ml, while for Bagega river to Abare river it ranged between633
coli-form per 100 ml. The result further revealed that during the wet season the probable
number for the dams ranged betweenr635coli-form per 100 ml, while for the riveri

ranged between 4389 Coli-form per 100 ml. The most probable number (MPN) values for

the rivers are higher than that of the dams. The most probable number (MPN) for Dangulbi
dam was highest amongst dams which ranged betweer6®@ol-form per 100ml. This
suggests that the dam has more dead material and runoffs in them. Generally, The MPN

values for the wet seasons were higher than for the dry seasons

4.9 HistopathologyObservation of the Tilapia Fish QrechromisMosammbicug from

all the Locations

Histopatholoigcal changes in the fish samiidsuesvere examined and results are as

presented below.
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Table 4.29 Total Bacterial Count Cful/ml of Water Samples For Dry and Wet Season

Name Year Dry x 10° Wet x10
Gusau dam 2014 2.4 3.6
2015 3.2 4.5
Bakolori dam 2014 4.8 5.7
2015 4.1 4.5
Dangulbi dam 2014 6.4 7.4
2015 5.2 6.2
Bagega river 2014 6.4 7.8
2015 7.4 7.9
Sunke river 2014 7.4 8.5
2015 7.8 8.3
Abare river 2014 7.9 8.6
2015 7.8 8.9
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Table 4.30: MPN Determination Using Multiple Tube for Dry and Wet Water Sample

MPN/100ml
Name Year Season
Wet Dry

Gusau dam 2014 35 25

2015 42 31
Bakolori dam 2014 41 20

2015 39 28
Dangulbi dam 2014 60 47

2015 67 50
Bagega river 2014 45 35

2015 43 33
Sunke river 2014 67 50

2015 80 63
Abare river 2014 75 53

2015 89 67

112



4.9.1 Histopathological dosevation of the gills

The qills of a fish comprisef multifunctional organs (respiration, ion regulation, acid
base balance and nitrogenous waste regulation, excretion), which constitute over 50 percent
of the total surface area of the fish that make it sensitive to chemicals in water. The fish gills
play an important role in maintaining ionic homeostasis in both freshwater and marine
environment. Consequently, injury to gill epithelium is a common response observed in fish
exposed to a variety of contamingiMehamed, 2009)

The results of histopatholagl studies are presented in Plate 44.6.The slide for
Gusau dam was damaged during the processing time and could not be reckhweeed.
observed that all thash gills from Gusau dam to Abare River wamgired. The severity of
damage to the gillslepends on the concentration of the toxicants available in the different
dams andivers. The gills of Bakolori dam, Bagega to Abare River wexae danaged
when compared with other location of this studies. It was also observed that the sample gills
of Bakolori dam and Dangulbi damhen compared with the contr@®late 4.)the lamellar
epithelial cells were lifted away fro the basement membrane du@énetration of fluid, this
is the most common lesion, which could give rise to reduwespiratory gas>ehange by
increasing diffusion distance and decreasmgrlamellar distance.df the gills of Bagega,
Sunke and Abare Riveusion of neighboring lamellae and epithelial rupture are obseived
was also observed dhthere was a swelling of thearosis for altthe locations except for
Gusau dam, situation which would increase diffusion of ions and water.

4.9.2 Histopathology changes oivier

In general, liver isa target organ due to its larg®od supplthat causes noticeable toxicant
expasure and acauulation and also its clearandenction and its ppnounced metabolic
capacity(Mohamed, 2009)The slides of fish liver for all the locations including the control

are presented in Plates 4.4.13
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PLATE 4.1:Histopathology of Control fish gills (H&E; x40)
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Plate 4.2: Histopathology of Bakolori dam fish gills (H & Ex40)Report: Photomicrograph

of section from gill showing thin and curling secondary lamellae (arrow head); desquamation

and necrosisfaill epithelium (greercircle)
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Plate 4.3Histopathology of Dangulbi dam fish gill§H&E; x40). Report: Photomicrograph
of section & gill showing disappearance sécondary lamellae, disintegration and degton

of gill epithelium (greertircles).
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Plate 4.4Histopathology of Bagega river fish gillH&E; x40) Report: Photomicrograph of

section & gill showing disappearance sécondary lamellae, disintegration and destruction of
gill epithelium (black circles). Desquamation and necrosis of primary gill eitheglls

(black arrow)
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Plate 4.5Histopathology of Sunke riverfish gills (H&E; x40). Report: Photomicrograph

of section from gill showing thin and curling secondary lamellae (arrow head); desquamation
and necrosis of gill epithelium (ams & bars); complete disintegration of primary gill and

epithelium (black circle).
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Plate 4.6: Histopathology of Abare river fish gillsH&E; x40).Report: Thinning and

curling of secondary lamellae (arrow & bar); desquamation and necrosis epifiklial
cells (cross double head arrows); oedematous changes (long arrow) and haenfarrbage

heads)

119



Plate 4.7Histopathology of Control Liver (H&E; x250).Report: Photomicrograph of

section from liver ofT. masonbisshowing the normactellular pattern of the liver histo

architecture.Normal cv (central vein), hepatocytes (arrow heads)
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Plate 4.8: Histopathology of fish Liver from Gusau damf&E x250) Report:
Photomicrograph of section from liver showing a distorted cellulatepa of the liver.
Hepatocellular microvesicular fatty changes seen (double black arrow); necrosis of

hepatocytes pyknotic nucle{long red arrow) and mononucleacells infiltration (green

arrow) was observed.
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Plate 4.9Histopathology of fish Liver from Bakolori dam( H&E x250) Report:

Photomicrograph of section from liver showing a distorted cellular pattern of the liver.
Hepatocellular microvesiculdatty changes seen (double yellasow head$; necrosis of
hepatocytes yknotic nuclei (long arrow); and much reduced central nervous system (black

circle) was observed.
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Plate 4.10Histopathology of fish Liver from Dangulbi dam(H&E x250). Report

photomicrograph of section of liver showing distorted cellular pattern of the liver with
evidence of hepatocellular microvesicular fatty change in hepatocytes; necrosis of
hepatocytes (pyknotic nuclblack circles; karyolitic nucleblack arrows) and a very reduce

central nervous system (green circle).
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Plate 4.11: Histopathology 6 fish Liver from Bagega river(H&E x250) Report:

photomicrograph of section of liver showing distorted cellular pattern of the liver with
evidence of hepatocellular microvesicular fatty change in hepatocytes; necrosis of

hepatocytes (pyknotic nuctblackcircles; karyolitic nucleblack arrows)
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Plate 4.12: Histopathology of fish Liver from Sunke riverH&E x250) Report:
Photomicrograph of fish liver section showing distortion in the cellular pattern of the liver.
Hepatocellular microvesiculafatty change seen in hepatocytesnfle and double black

arrows); necrosis of hepatocytes (pyknotic nublack circles and karyhexic nuclbrown

arrow); mononuclear immunologic cells infiltration (black rectangle).
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Plate 4.13: Histopathology of fish Liver from Abare river(H&E x250) Report:
Photomicrograph of section from liver showing a distorted cellular pattern of the liver.
Hepatocellular microvesicular fatty changes seen (double black arrow); necrosis of

hepatocytes pyknotiouclet (long arrow); karyolitic nuclei (arrow head) and mononuclear

cells infiltration (double brown arrow) was seen.
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The liver of fish samples in all the six locations show sign of abnormaditiels @ irregular
shaped hepatocytegytoplasmic vacudation and nucleus in a latergosition in the
siluriform Corydoras paleatuss if they have been exposeddmanophosphate pesticides.
The liver of fish sample collected in Bagega, Sunke and Abare rivers shows signs of
degeneration (cytoplasmic amdicleardegeneration and nuclear vacuolation) and thefocal
necrosis in the liver parenchyma
4.9.3 Histopathology Changes of Skin

The slides of fish skin for all the locations including the control are presented in Plate
4.14- 4.19 The slide for Gusadam was damaged during the processing time and could not
be recoveredt wasobserved from the histologicaéctionsof all the fish skin from Bakolori
dam, Dangulbi dam, Bagega, Sunke and Abare ritleas the infected epithelium showed
epthelial hypeplasia. The epithelialadls must have been locally irritated by the suction of
the contaminants from the studied dams and rivers thus causing epaeklir growth ad
excess of mucus production on the skin. From the histological sections it wasbaérved
for Bagega, Sunke and Abare rivers that contaminast® found more onthe skin. The
severity of these contaminants may have caugady like haemorrhage, necrotic skivere

increased and seen in dongentral anl caudal regions of the fishes.
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Plate 4.14Histopathology of Control skin (H&E stain; x250).Report: section from
Tilapia(Orechromis mosambicusg)owing the normal histarchitecture of the skin and its

layers. A (epidermis), B (dermis), (@ypodermis): dbasal cells; 2alarm cells; 3epithelial

cells.
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Plate 4.15: Histopathology of fiskkin from Bakolori dam (H&E; x250).Report:
photomicrograph from section of skirOfechromis masambicus There was massive
necrosis of the epidermis dlaaterized bypyknosis of epithelial cells (black circles
karyolysis of nuclei of alarm cells (black arrow heads); hyperplasiauzuscells (yellow

arrow); area of complete necrosis of ce(Black Squarg decreased melanin secretion

(yellow arrow).
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Plate 4.16: Histopathology of fiskkin from Dangulbi dam (H&E; x250).Report:
Photomicrograph of section from skin ddrechromis mosambicsBowing massive
destruction of the epidermis with necrosis of epithelial cells (pyknotic audik arrows);
necrais of alarm cells (pyknotic nuckerown arrow heads); hypertrophy of basal cells (blue
arrows); hypertrophy and hgpplasia of fatells (black T); pyknosis of cells of dermis (black

arrow heads); condensation & darkening of melanin (green double arrow).
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Plate 4.17: Histopathology of fiskkin from Bagega river (H&E; x250).Report:
photomicrograph from section of skirOiechromis. mosambicus There was massive
necrosis of the epidermis characterized fgoyknosis of epithelial cellsb{ack arows);
karyolysis of nuclei of alarm cells (black arrow heads); hyperplasimauzfuscells (brown

circle); area of complete necrosis of cells (black circle); decreased melanin secretion (green

arrow) and pyknosis of cells in dermis (double head arrow).
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Plate 4.18:Histopathology of fiskskin from Sunke river (H&E; x250).Report: micrograph
section fromOrechromis mosambicakowing destruction of the epidermis and dermis of the
skin. Necrosis of epithelial cells (pyknosis of epithetiall-double head arrow); massive
vacoulation and hypertrophy of fat cells (black arrow head); hypertrophy of basal cells (triple
head blak arrow). Necrosis of dermix)( and darkening/condensation of melanin (green

arrow).
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Plate 4.19: Histopathology of fiskkin from Abare river (H&E; x250).Report:
photomicrograph section of skin fro@rechromis mosambicu$here is massive necrosis of

epithelial cells of the epidermis; massive vacoulation and hypertrophy of fat cells (green
arrows); complete necrosis of alarm cells(pyknotic basal cell) and hypertrophy of basal cells

(black T). Darkened/condensed melanin (xX) and necrosis of derfBisndnonuclaear cells

sited (black arrow head).
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CHAPTER FIVE

5.0 DISCUSSION

5.1  PhysicaChemical Properties of Water Samples

The dams considered in this research work provide a unique productive environment
that support diversity of fishes and farm irrigations which contributes to the economy of the
state and the nation by extensidthysical water quality parameters varied seasonally, and

amongst locations.
5.1.1 pH

The pH of all the water bodies of the six locations for the two years (2014 and 2015)
tends to be alkaline; this is because it ranged between 7.57 and 7.96. Stansiigsis of
variance conducted on the data revealed that there was no significant difference between the

interaction of locations and year.

The pH of aquatic environment can be upset by added acid or alkali from waste water. The
maximum pH value recordeid this study is lower than 8.22, and 8.1 reported in similar
water bodies in Nigeria (Arimorcgt al, 2008; and Daviest al, 2006). However, values
recorded in this study which ranged between 7.57 and 7.96 are comparable to the work of
Adeyeye and Abuide (2005) with a pH range between 5.90 and 7.60 when studying the
assessment of some surface ground water resourceslfe, INigeria. The pH of all the

locations was within the 6.0 and 9.5 WHO and USEPA standard limits for dringing water.

It is a weltknown fact that pH has profound effects on water quality. It affects metals
solubility (at low pH), the alkalinity and hardness of water according to Fakayode, (2005).
Aquatic organisms are also affected by pH because most of their metabolic actigties ar
dependent on pH (Faet al, 2002)The lower values recorded during the wet season as

against the dry season might be due to deposition of some organic mattdreint@ter
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bodies from ruroff. Partial deomposition of this organic matter by bacteria dnngi has

been recognized to produce various organic acids that are capable of lowering the pH of
agueous solutidrakayode, (2005) ower wet season pH values for dam water were found to

be consistent with repts from similar studies (Adefendt al, 2007). Although pH usually

has no direct impact on consumers, it is one of the most important operational water quality
parameters. Extremes of pthn affect the palatability ofater but the corrosive effect on
distribution systms is a more urgent problef&PA, 2010) No healthbased guideline value

has been proposed for pH, however, an acceptable range for drinkergpidais from 6.5 to

9.5 (EPA, 2010; USEPA, 2002 orrosion effects may become significant below pH 6.5, and

the frequency of incrustaticand scaling problems may be increased above pH 8.5.
5.1.2 Temparature

The relatively high temperature reded in the dry seasas in response to time and
period of sample collection. Similar observation was reportesbfoe dams and surface
waters withn the same geographic region with the damd riverunder investigation
(Aiyesanmiet al, 2006; Adefemet al, 2007) Cool water is generally more palatable than
warm water, and temperature will impact on the acceptability of a number of other inorganic
constituens and chemical caaminants that may affect taste. High water temperature
enhances the growth of microorganisms and may increase taste, odimwr,acml corrosion
problems (WHO, 2008)The effect of temperaturand especially changes in teendure, on
living organisms can be critical. Temperature controls the solubility of gases in watérgand
reaction rate of chemicals atke bxicity of ammonia. Temperature is the most impot
physical variable affecting the metabolic rate of fish asdherefore one of the most
important water qualt attributes in aquaculture (WHO, 2008Yhe highest mean
temperature value (27.20°C) recorded in this wietkwithin the optimal water temperatures

(Target Guidelines) of 28°C 30°C, within which maximlagrowth rate, efficient food
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corversion, best condition of fish, resistance to disease and tolerance of toxiabdlites

and pollutants) are enhanced by South African water quality guidelines (SAWQG, 1996)
5.1.3 Electrical conductivity

It is known that electrical conductivity of water is an important parameter of water
quality conductivity. Values from this study revealed that Bagega, Sunke and Abare rivers
contained some appreciable amounts of dissolved ions than the dams. The caluksirig
this study was however | ower dtal@0o08)ahWarr38 ¢ s
coastal riversWater conductivity values measured for the dry sema@me higher than for
the wet seas@n This may beattributable to excessive evaporatiof water from the dam
during the dry season, which might have consequently increased the concentration of
dissolved saltsalso when compared to the work of Fakayode (2005) who studied Alaro River

in Ibadan, values obtained in this study were lower.

Gererally, Abare River recorded the highest conductivity value which could be as a result of
the mining activities and other mineral exploitation done using the river water since it is close
to mining sites. However, the result of this study showed thataheye bel ow t he 50

1000es/ cm WHO and Nigeria recommended tolera
5.1.4 Total dissolved solid

Gusau dam recorded the lowest mean TDS amongst the dams while Abare river

recorded the highest mean TDS value amongst the rivers.

TDS is most important to water quality when it concerns designated uses and has been listed
by the EPA as a secondary ground water and drinking water contaminants (@kpbn
2007). The secondary contaminant causes aesthetic, technical, and coseetisc Afater
high in total dissolved solids may have an unpleasant taste, odour, colour and may have a

laxative effect beyond the tolerance level (EPA, 2010). The TDS recorded in the dry season
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is higher than the wet season; this may be due to evaporationg dhe dry season which
caused some dehydration of aquatic animals (Marini and Piccolo, 2004). Excessive TDS can
reduce water clarity, hinder photosynthesis, and lead to increased water temperatures
(USEPA, 1999). However, the TDS levels recorded iis thork were below the WHO
guideline of 1000 mg/L for the protection of fisheries and aquatic life and for domestic water
supply.
5.1.5 Total suspended solid

Gusau dam recorded the lowest mean TSS value amongst the Dams, while Abare
River has the highest rae TSS value. Total suspended solids also affect water clarity.
Suspended solids absorb heat from sunlight which increases water temperature and
subsequently decreases levels of dissolved oxygen. Suspended solids may Kkill fish and other
aguatic fauna by esing abrasive injuries, by clogging the gills and respiratory passages, by
blanketing the stream bottom, by destroying the spawning beds and by screening out light
necessary for the photosynthetic activity of aquatic plg@bkapman, 1999) Settling
susp@ded particles may trap bacteria and bring them to the bottom of the lake or river. With
excessive concentration of organic wastes, bacterial action may lead to anaerobic
decomposition and anoxic condition in water. Similarly when the rate of phobesgnis
low, then oxygen concentration become low and €ahcentration become higher (Akpain
al., 2007). From the results of this study, the levels of TSS in the entire sampling locations
exceeded the WHO guidelines of 50 mg/l for the protection of fieheand aquatic life
(Chapman, 1999) Higher TSS concentrations in this work may be attributed to discharges
from use of the river/dam for mining, agricultural and domestic purposesgPalr(1998);

Peck and Zinke, 2006).
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5.1.6 Chloride

Gusau dam rexded the lowest mean chloride concentration amongst the dams while
the highest mean chloride concentration was recorded at Abare River amongst the rivers. The
mean chloride concentration of Sunke, Bagega and Abare River were consistently higher than
thoseof the dams, indicating possible pollution state of the riveng consistently higher
values recorded during the dry season over the wet season could be as a result of
concentration of thisraon from excessive water evaption from the danmand riveras
earlier pointed oubyArimoro et al (2008). Excess chlorides in water are usually taken as
index of pollution. The mining, sewage water and industrial effluents are rich in chloride and
hence the discharge of these wastes result in high chloride letel iivers (Gaballabt al.,
2005). Chloride is a ubiquitous aqueous anion in all natural waters, the concentrations
varying very widely and reaching a maximum in sea water. Natural levels in rivers and other
fresh waters are usuglin the range 15 35 mg/L CI similar towhat was recorded in this
work, and much below the permissible drinking grastandard of < 250 mg/l (EPA, 2010;
USEPA, 2002; WHO, 2003)

5.1.7 Alkalinity

Alkalinity serves as a pH reservoir for inorganic carbon. High valueslkafinity
could indicate greater ability of the river to support algal growth and other aquatic life. Gusau
dam recorded the lowest mean alkaline concentration while Abare River recorded the highest
mean alkalinity concentration. The mean alkalinity caoniaion of all the water bodies in
2014 was significantly higher than that of 2015. Low concentrations were obtained for
alkalinity across all the locations when compared with 880 mg/Ireported by Fakayode (2005)
from Alaro River in Ibadan. Alkalinity is me of the best measures of the sensitivity of
river/dam to acid inputs (Gaballagt al.,2006). The concentrations of alkalinity recorded in

this work across all the locations fall below the maximum acceptable standard (WHO, 2003).
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5.1.8 Turbidity

Turbidity is a measure of the ability of water to receive light and is caused by small
particles in the various locations where turbidity exist. The turbidity value of all the three
damsdé Gusau, Bakolori and Dangul bi reedrawarss st ud
(Bagega, Sunke and Abare rivers). Gusau dam recorded the lowest turbidity value while
Abare River recorded the highest mean turbidity level. Result revealed that the rivers were
quite turbid when compared to the value of 16.7 NTU reported bydka et al (2008) in
Warri river. Mean turbidity values measuredtbe dans and rivewater samples this work
were higher than the guideline value 00 NTU for drinking water (WHO, 2008; EPA,

2010). The remarkable high turbidity in this work may rm# unconnected with the
restrictions placed upon mining, agriculture and other human anthropogenic activities around

the river and dam.
5.1.9 Sulphate

Low sulphateoncentrations which ranged between 1G.28.81 mg/iwere recorded
in the damand riverwater compared to 250 mg/L guideline \alfior drinking water (EPA,
2010; USEPA, 2002). Sulphates or sulphuric acid products are used in the manufacture of
numerous chemicals, dyes glass, paper, soaps, textile, fungicides, insecticides, astringents,
and aso used in mining, pulping, metal and plating industries (Wetdd.,2010)Sources of
sulphate in the water could be associateth wsoil mineralogy and contribution from
antlropogenic activities. Sulphates exist in nearly all natural waters, the d¢oatemrs
varying according to the hare of the terrain thnragh which they flow. No healtbased
guideline is proposed for sulphate, but its presence in drinkatgr can cause noticeable
taste, and very high levels might cause a laxative effect espewidh the presence of
magnesium and sodiunSulphate concentrations obtained in this investigation revealed

seasonal variation effect since concentration recorded in the dry season is higher than those of
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the wet season. Generally, the result obtainathigistudy for all locations were lower than

the 100mg/l and 200mg/I of Nigeria and WHO (2003) tolerance limits respectively.
5.1.10 Phosphate

The mean value of phosphate in the dry season is higher than its corresponding
phosphate level in the wet seasdihis shows a seasonal variation effects on the water
bodies. Bakolori dam recorded the lowest mean phosphate level while Abare River
consistently recorded the highest level of phosphate concentration.This may be supported by
the mining and agriculturalcéivities that are being done using the dams and river water in
the process. Phosphate concentrations in the water bodies are very high as compared to
0.1mg/l standard guidelines (USPH). The maximum values obtained from the rivers were
higher than 5.0mg/phosphate concentration in the South Africa guidelines for drinking
waterPhosphorus from where phosphate is derived occurs widely in nature in plants, in
micro- organisms, in animal waste and large quantities of péuhate are applied as
fertilizers in ariculture for which runoff from this area Ivioften contains elevated
corcentrations of phosphatS8AWQG, 1996; EPA, 2010). Typical phosphate aantrations
in surface waters range from 0.001 mg/L in unpolluted water to 0.30 mg/L or marerignt
enriched waters. The significance of phosphorus in water is principally in regard to the
phenomenon of eutrophitan of lakes along with nitgen as nitrate. Naturalissolved
phosphates are cesidered to be largely amtoxic, although certain mamade
organophosphates dwave toxic effects. It is, hosver, likely that high @ncentrations of
dissolved phsphate may lead to osmotic stress, as is the casdigiimitrate concentrations

(SAWQG, 1996)

5.1.11 Chemical oxygen demand
The mean COD valgefor wet season are significantly lower than the mean COD

value for dry season. This situation indicates the effect of seasonal variation on the water
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bodies. Dangulbi dam recorded the lowest COD values amongst the other dams, while Sunke
and Abare Rivenlso showed very high COD level in this study. The COD values obtained
for this work were higher than the one in the report of Baina, (2007) for Lome
with COD of 110mg/ICOD levels varied significantly in all locations, especially at thersv
(244.501 290 mg/l), which suggest that a discharge of Quantum amount of waste into the
rivers. The activities around the rivers such as mining, agricultural and domestic uses may
account for the high values obtained for the rivers.The COD levelsvellser this present

study are in consistence with the findings of earlier researchers (Cattmah 2001),
(Ahipaty and Puttaiah, 2006) who also reported many fold increase of COD in downstream
which ranged between 662 and 366 mg/L than upstream in syrantedecreased to 74 and

180 mg/L in rainy season in Vrishabhavathy River, Batore. Chemical Oxygen Demand
(COD) is the amount of oxygen consumed to completely chemically oxidize the organic
water constituents to inorganic end products. COD is anrirapty rapidly measured variable

for the approximate determination of the organic matter content of water samples. Some
water samples may contain substances that are difficult to oxidize. The least value detected at
Bakolori dam (171.33 mg/l) did not exakthe WHO limit of 200 mg/L. The increasing trend

in COD concentration in the six sampling locations when compared to the WHO standard
limit is an indication of wastewater discharges from settlements along the River courses
particularly from abattoirs, hoes and mining waste into the dams and rivers, and also from
surface and ground flows that carry chemicals directly from agricultural field into the dams
(Keith and Plowes 1997).

5.1.12 Biological oxygen demand

Gusau dam recorded the highest mean concemtratf BOD while Abare river
recorded the lowest. The mean BOD concentration for the dry seasons is higher than that of

wet seasons, an indication of seasonal variation effect on the water bodies. The BOD values
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obtained in this work werlwer than thateported by Ahmed and Tanko (2000 f or L o me 6
Lagoon with BOD of 40 mg/l. The variations in the levels of BOD between the six sampling
locations might be due the naif from agricultural and mining activities within the area of
study. Biochemical Oxygen Deand is a measure of the quantity of oxygen consumed by
microorganisms during the decomposition of organic matter. Natural sources of organic
matter include plant decay and leaf fall. However, plant growth and decay may be unnaturally
accelerated when nignts and sunlight are overly abundant due to human influence. If there

is a large quantity of organic waste in the water supply, there will also be a lot of bacteria
present working to decompose this waste. Oxygen consumed in the decomposition process
robs other aquatic organisms of the oxygen they need to live. In this case, the demand for
oxygen will be high (due to all the bacteria) so the BOD level will be high. As the waste is
consumed or dispersed through the water, BOD levels will begin to de@hen BOD

levels are high, dissolved oxygen (DO) levels decrease because the bacteria are consuming
the oxygen that is available in the water. Since less dissolved oxygen is available in the water,
fish and other aquatic organisms may not survive. Geneth#yBOD levels recorded in the

entire sampling locations were higher than the EU guidelines of 3.0 to 6.0 mg/L (BOD) for
the protection of fisheries and aquatic life and for detinevater supply (Chapman, 1999),

(EPA, 20L0).

5.1.13 Dissolved oxygen

Dissolved Oxygen (DO) is very crucial for the survival of aquatic organisms and is
also used to evaluate the degree of freshness of a river or dam. Seasonal variation is observed
in DO concentration, with higher values in the wet seasons, this could ke th@eased
aeration and continuous recharge of the water bodies as a result of rainfall, a situation which
was also observed by Ayodedt al (2006) who reported that DO concentration of Asejire

Lake attained its peak at the height of rainy season. Henwéhe lower DO in this study
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especially for the rivers compared to 4.6.0mg/l standard limits (USEPA) implies that the
river are more polluted, since it is very common to find mining, domestic, agricultural, and
waste discharge into the river, thisiynbe the main reason for the high pollution of the water.
Also, low DO could be as a result of high TSS, which in a broad sense reflects the pollutant
burden in the aquatic system. In addition, according to Arinedbral (2008), high level of

DO and suspnded solids in river systems increased the BOD and COD which deplete the
dissolved oxygen and this is in accord with the results obtained in thisSewstal factors
determine the DO levels in water including water temperature, which has inverse sélation
with DO, photosynthesis by green algae, salinity and pollution resulting from both natural
and anthropogenic activities (Igba&t al, 2004; EPA, 2010)Nutrient input often leads to
excessive algal growth; when the algae die, the organic mattecasngesed by bacteria, a
process which consumes a great deal of oxygahdould lead to oxygen sag (Aiyesarehi

al., 2006) A high DO level in a community water supplygeod because it makes dring

water taste better. However, high DO levels speedoumsion in water jpes.In comparison

with the present findings, Dag al (2003) reported low DO 3.8 and 2.1 mg/L in upstream
and downstream within the rainy season, which decreased to 1.7 mg/L in upstream and 1.2
mg/L in downstream within summer in Ke&jodi River at Cuttack City. Singét al (2005)
reported that the average DO concentration of Gomti River in its Pipraghat region ranged
from 0.00 to 5.4 mg/L, due to the flow of urban drains into the river, whereas Chang (2005)
reported that the average DO concentrations were more than da@uble, 23 mg/L in
upstream, than the downstream 2 1.5 mg/L of Han River in Seoul, Korea. The ranged of
DO in the six sampling locations were above the (USEPA, 1999; WHO, 2002) permissible
limit of 4 mg/L and 5 mg/L. Therefore, the parameter does giuse for concern within this

portion of dams and rivers.
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5.1.14 Water hardness

Gusau dam recorded the lowest mean hardness concentration amongst dams, while
Abare River recorded the highest mean hardness concentrations amongst all the rivers
studied.Hardness in water comprises the determination of calcium and magnesium as the
main constituents and their daspread abundance in rock f@tions often leads to very
considerable hardness levels in surface waters. @reeweral arbitrary classifit@ans of
waters by hardness include: Soft up to 50 mg/L CaQWbderately Soft 51- 100 mg/L
CaCQ; Slightly Hard 101- 150 mg/L CaC®@ Moderately Hard 15t 250 mg/L CaCQ
Hard 251- 350 mg/L CaC@ Excessivef Hard over 350 mg/L CaGQ(EPA, 2010)The
values recaded from this workwere within the moderately soft classification. Although
hardness may have significant aesthetic effects, a maximum acceptable level has not been
established because public acceptance of hardness may vary considerably according to the
local conditions. Water supplies with hardness greater than 200Ga@Q; are considered
poor but have been tolerated by consumers; thosexéese of 500 mg/l CaCQare
unacceptabldor most domestic purposes (WHO, 2008has been suggested thdtaachess
level of 80 to 100 mg/{as CaC@) provides amcceptable balance between corrosion and
incrustation (WHO, 2008). Also, a number of legical and analytical epidemiological
investigations have suggested that there is an inverse statistical camrb&tiseen drinking
water hardness and certain typ# cardiovascular disease (WHO, 2008; Tuekal.,2006)

More thanl5 mg CaCQ@L hardness as readed in this study is suitable for fish growth,
while less than this value causes slow growth of fish saglire liming for high fish
production (Igbakt al, 2004; Aliet al, 2005)Calcium and magnesium ions measured in the
dam lake ranged from 13.4720.26 mg/L and 5.9411.74 mg/L respectively, with calcium

contributing more to the hanéss.
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5.2 Heavy Metal Content n Water

The abnormal high contamination factor (CF) level of Hg was expected across all the
locations and more for Bagega, Sunke and Abare rivers since gold processing is very active
in these villages. The higher contamination factar dll the heavy metals during the dry
season might be due to seasonal rainfall which dilutes some concentration of the metal
concentration during the wet season. The pollution index value of the water samples across
all the six location indicated that tieeis need for immediate intervention to ameliorate
pollution particularly in the dry seas@enerally, the natural sources of heavy metals in
rivers and dams, Marine and Coastal water are through land, heavy fresh water inflow,
agricultural waste, aquacdute discharge and river rtoffs and the mechanical and chemical
weathering of rocks (Ashokkumat al, 2009). Correlation analysis showed a significant and
positive relationship for Cd and Zn and Hg and Cr during the wet seasaa sigdificant
positive at the (p>0.05)elationship for Cr and Zn in the dry season. Similar observation was
reported on the study of heavy metals in Ureje dam in-Bkiti by Adefemiet al. (2007
and in Kanji dam (Amoeet al, 2005) and other studies surface water (Chapmal999
Asaolu et al, 1997; Karadede and Unl2000). In this work, the concentration of the

analysed heavy metals in mg/l was in the order of Hg> Pb >Cd > Cr > Zn.

5.2.1 Zinc

The concentration of Zn in the water samples was significantly higher agBatyer
in both wet and dry seasons, while Bakolori dam recorded the least value. Zn plays a
biochemical role in the life processes of all aquatic plants and animals; therefore, they are
essential in the aquatic environment in trace amounts. Zinc isinsedumber of alloys
including brass and bronze, batteries, fungicides and pigments. Zinc is an essential growth

element for plants and animals but at elevated levels it is toxic to some species of aquatic life
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(WHO, 2004). In addition, Zn is involved anvariety of enzyme systems which contribute to
energy metabolism, transcription and translation. Zinc is also potentially hazardous and
excessive concentrations in soil lead to phytotoxicity as it is a weed killer (ABgdiwn et

al., 1995; Abbasket al, 1998). Zinc is used in galvanizing steel and iron products. Zinc
carbonates are used as pesticides (Argtown et al, 1995). The concentrations of Zn in

this water bodies was observed to be lower than the permissible limitw@i5n water set

by (CPCB, 2010USEPA, 2002).

5.2.2 Cadmium

Cd levels in the water samples were highest at Bagega river, while Bakolori dam
recorded the least level. Higher concentration of cadmium is extremely toxic to fish
population. Its effects on the growth rate haeen observed even for concentrations between
0.005 and 0.01 mg/L (Greeat al,, 1986).The highest levels of Cd obtained in water samples
relative to the amount in sediment in this area of study might be due to agricultural runoff,
where fertilizers, pegstides and other agrchemical are used in addition to possible release
of sediment bound metal. Apart from natural sources, other probable sources of this metal in
surface water include leaching from-d based batteries (Hutt@t al, 1999) runoff from
agricultural soils where phosphate fertilizers are used (Stoeppler, 1991) and other metal
wastes. The levels of cadmium in the water samples from the six sampling locations were

above the (WHO, 2004) standard values of 0.01 mg/L for the survival of aqugéicism

5.2.3 Chromium

Cr levels in the water samples were highest at Bagega River, while Bakolori dam
recorded the leastlevel. In aquatic environment, Cr is one of thehbimically active
transition metals. Weathering of the earth crust is the primary and natural souree of th

chromium in the surface water. Though an essential trace nutrient and a vital component for
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the glucose tolerance factor, chromium toxicity damages the liver, lungs and causes organ
hemorrhages (Flaherty, 1995). Chromium compounds are used as pigmemtsnts)and

dyes in the textiles and as the tanning agent in leather. Anthropogenic sources of emission of
Cr in the surface waters are from municipal wastes, laundry chemicals, paints, leather, road
run off due to tire wear, corrosion of bushings, brakessy radiators (Amoet al, 2005).
Agricultural runoff is the main anthropogenic source of these toxic heavy metals in this
portion of Lake Chad. The concentrations of Cr in water samples from the locations was
found to be higher than the permissibleiisof 0.1 mg/L set by (WHO, 2004).

5.2.4 Lead and mercury

The highest level of lead was recorded in Sunke River when compared with others,
while Gusau dam recorded the least value. Hence, likely source of Pb in these water bodies is
from mineral exploitdon, soil ero®on and runoff water (Winde and Stoch, 2D18tudies
done elsewhere in Kenya indicate higher Pb concemtraéivels for example Ashreif al
(2011 found mean Pb levels ranging from 0i26.99 mg/l in Lake Victoria. AlsdAshrakt
al. (2011) recorded lower and higher mean Pb levels at different sites (@47 mg/l) in
surface water of Athi river tributaries. The concentration of Pb and Hg in the water samples
from this water bodies exceeded the permissible limit of 0.05 and 0.001 rsgécteely set
by (WHO, 2004; USEPA, 2002). The three rivers considered studied in this work are among
the polluted sites in the report of medical expect from Ministry of Health and Medecins San
Frontieres (MSF) in 2010, which reported that more than #@fren from seven villages in
Zamfara State died from lead (Pb) poisoning within just six (6) months in 2010. They
describe the affected children to show dev.
upsets, skin rashes, changes in mood; some wergdethaome partially paralyzed, some
had become blind and deaf. The worst affected were coming into the small Ministry of Health

Clinic with seizures that could last for hours and would sometimes lead to coma and then
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often to deat ho. s Ppimarilymssocetednwitim minenalhekpdoitation,
consumption in water and food and-based inhalation, have so far affected 3,600 children,

with further expectations that 180 villages covering around 30,000 people may be affected

5.3  Microbiological Analysisof the Water Samples

5.3.1 Bacterial count

The total bacterial count is a reflection of the general purity of the water samples
analysed. In all the dams, the total plate count obtained during the wet season were generally
higher than those obtained in the dry seasattgbutable to influx throughrunoff of
microorganisms origirtang from vegetation decay, micipal sewage, garbage, domestic and
faecalwaste (GCDWQ, 2006).While those obtained from the rivers were generally higher
than those of dams. This situation suggests that the rivers arepoituted. Otunoleet al.

(1994) in their study on the bacteriological assessment of some selected streams reported that
the total viable plate counts of twelve different samples of Mogaji streams in llorin, Kwara
State ranged between 6.4 x°102.38 x 10cful/ml.This implied that the total viable counts

were consistently high at all the sites sampled for the siitttgymicrobial values recorded in

the dam and rivers water body represent high bacteria load compared to the recommended
standarddor drinking water (WHO, 2008; EPA, 2010; USEPA, 2002; GCDWQ, 200®)s
condition constitutes a threat to end users, thus suggesting adequate disinfection process

before distributiondr domestic and industrial uses.
5.3.2 MPN Determination

The result of mosprobable number (MPN) revealed that during the wet season the
probable number for the dams ranged betwee®736oliform per 100ml, while for the
rivers it ranged between 4389 Coliform per 100ml. The most probable number (MPN)

values for the river ar@igher than for the dams. The most probable number (MPN) for
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Dangulbi dam was highest amongst the dams which ranged fre®7&@®l-form per 100ml.

This suggests that the dam has more dead material and runoffs in them. The MPN values for
the wet seasonwere higher than for the dry seasons; this may be due toffsindead
material in water and the more favourable low temperature during the Wet season. This is
also in agreement with the work of Ellis and Yu (1995) which reported that faecal bacteria
could enter natural water from variety of sources. Ademoroti (1996) also explained that
animal slurry or sewage sludge to land with subsequenbffumould also increase bacteria

counts in water.

Most aquatic bacteria are fréiging and perform beneficial fuctions such as the
decomposition of organic matter. A few species are opportunistic pathogens and cause
diseases in fish, particularly under conditions of stress and immune deficiency. Symptoms of
most bacterial diseases include fish not feeding wellsarichming erratically. Low levels of
dissolved oxygen, thermal stress, and high concentrations of nitrogenous metabolites are the
principal causes which render fish sudddp to bacterial diseases (SAWQG, 1996)
However, there is dearth of information icientific literatures to show that E.coli affects the
growth, reproduction, health or swal of fish. In India, for ingance fish are cultureth
sewage ponds, with no detental effects, but fishgrown in wastewater harbour
microorganisms, some of whicare pathogenic and magféct consumers and handlers

(SAWQG, 1996)

5.4  Heavy Metal Content in Sediment

The pollution load indices (PLI) calculated for all the metals analyzed have values far
greater than 1. This indicates that there is serious oveedll ¢f heavy metal contamination
in the entire sediment sampling site even though lead and mercury showed very high

contamination factors.
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Concentration of heavy metals in sediment showed spatial and temporal variation at all the
locations during the studperiod. The relative abundance of different metals at the six
locations during the study period varied with location and with season. All the metals
examined except Zn were measured in relatively high concentration across all the locations
during the pend of investigation. The concentration of heavy metal particularly Cd, Pb and
Hg recorded very high level in Dangulbi dam, Bagega, Sunke and Abare rivers. Although
Bagega, Sunke and Abare rivers are locations with high risk of heavy metal contamination as
established from the report bfedecins San Frontieres (MSF) in 20Z0significant positive
relationship was established for Cr and Zn, Cr and Cd, Pb and Cd, Hg and Cd and Hg and Cr
respectively during the wet seasons of year 2014 and 2015. While doeirryt season it
showed a significant and positive relationship for Cr and Zn, Pb and Zn, Pb and Cr and lastly

Hg and Cd.
5.4.1 Zinc

The comrentration of Zn in the sedimesamples was sigficantly higher at Gusau
dam in thewet andAbare River in thedry seasons, whil®akolori dam recordethe least
levelThe levels of Zn were generally low and the values were lower than the mean
(0.73mg/kg) reported by Adet al (2012) and much lower than 7-830mg/kg reported by
Ajao et al (1991) and 12808mg/kg reprted by Ong and Kamaruzzaman, 2009) and 76
1200mg/kg in surface sediment across Stockholm (Sebastien, Z00)is an essential
growth element for plants and animals but at elevated levels it is toxic to some species of
aquatic life (WHO, 2004). In addbn, zinc is also potentially hazardous and excessive
concentrations in soil lead to phytotoxicity as it is a weed killer (Ar8fiown et al., 1995;
Abbasi et al., 1998)The concentrations of Zn in the sediment of this water bodies was
observed to beipher than the permissible limit of 123 ¢e€g9g/ g ;SUSEPAby ( CP

2002).
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5.4.2 Cadmium

The comrentration of Cd in the sedimesamples was sigficantly higher at Abare
River in both wet andiry seasons, whilBakolori dam showed the least lev€admium is
widely distributed in the Earthos crust at
commonly found in association with Zinc. The concentrations found in marine sediment
ranged from 0.02 to 1.0mg/kg (Korte, 1983).The concentration redomd all the six

locations ranged from (0.0041.315mg/kg) were higher than the mean (1.15mg/kg) reported

in Aderinolaet al (2009) and (0.1 0.9mg/kg) reported in Ajaet al, (1999). 't 6s

lower than the values (0.99 4.97mg/kg) reported for the southeast Coast of India
(Ashokkumaret al, 2009)The levels of cadmium in éhsediment samples from the six

sampling locations in this work were above the (WHO, 280#)andar d val ue of

5.4.3 Chromium

The corentration ofCr in the sedimensamples was sigficantly higher at Abare
river in both wet and dry, Gusau dam in tlig seasonswhile Sunke river showed the least
level. The mean value (0.62mg/kg) of Cr reported by Aderiab& (2009) is lower than the
mean vales recorded for Cr in all locations but higher than the mean value recorded in
Bakolori dam andSunke river. Ajaat al (1991) reported higher values (2.9.13.3 mg/kg)
for Cr in sediments taken from the lagoon in 1986 andi 277 mg/kg was found in
Stockholm surface sediment in Sweden (Sabastein, 2007). The level of Cr in all locations in
this work is relatively high except for Bakolori dam and Sunke river where the concentration
is relatively low during the period of study. The acute toxicity of chromiansaltwater

organisms is extremely variable Maneteal (1984). Aderinoleet al (2009) reported a mean
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value of 0.66mg/kg which is lower than the mean obtained for most of the
locationsAccording to WHO guideline value for sediment, the concentratiah 5fg/gg Cr
is acceptable (Radojevet al, 1999) The Cr concentrations in sediment samples did exceed

this limit, indicating pollution of this water bodies in the state.

5.4.4 Lead

The comrentration of Pb in the sedimesamples was sigficantly higher at Abare
River in both wet and dry, and Gusau dam indheseasonsvhile Bagega River showele
leastevel. The concentration recorded for Pb in all the location was between 0.229
2.831mg/kg. The mean for some locations were higher than the a\{@d§mg/kg) reported
by Aderinolaet al (2009) for the ljora section of the lago®dhe levels of lead in the analyzed
sedi ment samples showed that the | imiting v
The level of Pb in the sediment samples from Wasger bodies might be attributed to heavy
agricultural ruroff which contains fertilizers, mining activities, agrochemicals and pdsts

(Basseyet al, 2014)

5.4.5 Mercury

The comrentration of Hg in the sedimesamples was sigficantly higher at Suke
river in both wet andlry seasonswhile Gusau dam showed the least level. The burning of
fossil fuels is a source of mercury. The wood pulping industry, also releases significant
amount of mercury to the environment. Although the use of mercury igataaeg, high
concentrations are stills present in sediments associated with the mineral exploitations of
Gold. Some mercury compound are been used in agriculture, principally as fungicides WHO
(1989). Dissolved mercury has a strictly affinity for organiatter and suspended sediment
and so can be expected to be bound to these patrticles in the water column and subsequently to

accumulate in sediments. Once deposited in sediments, mercury can undergo methylation to
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produce methymercury (Cambelet al, 198§. This form of mercury is bioavailable and
generally more toxic to aquatic organisms than the organic forms (WHO, 1989).A recent
survey of contamination from historic metal mining in the swale catchment, northern England
(Cambellet al, 1986) showed thahore than 55 percent of the flood plains covering an area
of nearly 30kr and used for agriculture, is likely to be contaminated by metals significantly

above background concentrations.

55 Chemical Fractionation o Metals in Sediment
55.1 Zinc

The distribution of Znin the four fractions obtained by the sequential extraction of
sediment across all the six locatiostsowed that Zn was mostly concentrated in the water
soluble (FI) withthe highest percentage 8% in Bakolori damandthe least aDangulbi
dam (10.765%). The highest percentage concentration of Zn in the exchangeable was
recorded in Dangulbi dam while Bakolori dam recorded the lowest level. The predominant
percentage of Zn was mostly recorded in the residual fractiois. suggestshat the greater
percentage of Zn in the sediments is4available. High percentage of total Zn have been
found associated with the reducible fraction in other studipslbited sediments, whickas
not determined in this present work (Fernande971di et al, 1995 Fanet al, 2002;
Korfali and Davies 2004¥n absorption onto these oxides has higher stability casstiaan
onto carbonateRacet al.,1990. Several other workers have also found Zn to be associated
with exchangeable and #é¢n oxides (Kuoet al, 1983; Ramost al, 1994) which is

consistent with the result of this wok.
5.5.2 Cadmium

The predominant percentages of Cd were recorded in the carbonate bound fraction of

Gusau dam 45.424%, Bakolori dam 40.820%, Dangulbi dam 38.44@608Bagega river
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40.512%. The residual fraction generally recorded low Cd concentration across all the
locations.This further suggests that a high concentration of Cd in this sediment might be
easily available and can easily enter the food chain. Thisagrieement with the report of
Ahumadaet al, 1999; Narwalet al., 1999 who reportedhat Cd is distributed more as
carbonate, redugle and as residual fractiokligh concentrations of Cd in carbonate bound
fractions have also beereported in sedimentsRécet al, 199Q Korfali and Davies
2004).These resuliobtained in this workwere in accordance with previsuwstudies that
highlighted thatthe potential risks caused by Cd were extremely associated witkcithe

soluble fractions (Adelakah al, 2011)

5.5.3 Chromium

Cr recorded the highest percentage level in the carbonate bound fraction across all the
locations with exception of Dangulbi dam. The lowest percentage was generally recorded in
the water soluble fraction across all the six locatiorsis suggest that Cr wasmostly
concentrated in thearbonate bounftaction (72.234%)muchmore than its concentration in
exchangeabléraction (1.828%.) The residual fraction has concenatof 171.2 mg/kg i.e.
about 25937% while water soluble has the &avalue. This is consistent with reports of other
researchers where large proportion of Cr was found in the carbonate bound fraction and the
least fraction located in the water soluble fracti&orfali and Davies 2004Naimo et al,
2005).Chromium may ridbe easily mobilized, this is because of the small fraction found in
the exchangeable phase (F2), and hence a more severe condition might be required for their
released This result was also in aggrementith previous report that the potential risks
cause by Cr were extremely associated with acisbluble fractionsAdelakanet al,2011).
However, the potential ecological risks still exist and cannot be ignored even with the low
percentage degree of association with the mobile fraction since envirohroentition

could modify this scenaricA@delakaret al., 201).
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55.4 Lead

The exchangeable fraction recorded some appreciable amount of Pb across all the
locations with the highest being (16.714%) at Bagega river. The percentageisfrPotion
is in order: F3>F2>>F1. This is consistent with the results obtained by several authors (Jones
and Turki, 1997; Liet al, 1995 Fanet al, 2002;Adelakaet al, 2011 andwong et al,

2007)

5.5.5 Mercury

All three dams considered in this work and Bagega Rieeprded their highest
percentage Hg concentration in the residual fraction while Sunke and Abare River recorded
their highest percentage fractions in the carbonate bound fraction. The exchangeable also had
some appreciable percentage Hg concentrationsacath the six locations. Water soluble
fraction consistently had the lowest percentage Hg concentration across all the lotai®ns.
suggests that themercury metal fractions were associated with the alurngilacate
mineralsKorfali and Davieset al, 2004; Naimoet al, 2005) The relative metal
concentration imonresidual fraction can be used as a measirthe contribution from
natural as well as anthropogesiagurces, and higher percentage¢hese fractions indicates a
high level in pollutionof sedimats fromthe sampling regions (Caa al, 2014). Comparing
the way the metals were bound to the different phases in the sed@adamnsd, Pbappeared to
be the most realg solubilized, thus making tlse elemens the most potentially bioavailable
This may present a real threat as Cd is transferred into the food chain from soil contaminated
by this metallt is alsoclear that from the results and discussion so far that the metals in the

sediments are bound to differeradtions with different sength(Duanet al,, 2014).
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5.6 Heavy Metals Content in Food Crops (Tomatoesral Cassava)

Correlation analysis conducted to examine whether there is a relationship between the
heavy metal concentrations in the tomatoes and cassava tubers for two wey aedsons
revealed a significant positive relationship for Cr and Cd, Cd and Zn, Hg and Pb in the wet
season and a significant and positive relationship for Cr and Cd, and Pb and Cr for dry
seasonThis may explain the consistent vaigat of these metalin all the locationgcross
the seasoaConcentrations of heavy metal in tomatoes and cassava in this work revealed
spatial variation at all locations during the study periods. The relative abundance of different
metals at the six locations during thetveand dry seasons varied with locations and with

season in the tomatoes and cassava samples.

5.6.1 Zinc

All the metals investigated except Zn were measured in relatively high amount especially
during the dry seasons across all the locatidigs situation is expected in view of the
reduction in the pollution in the wet season arising from increased dilution and water flow.
Heavy metals are found naturally in the Earth, and become concentrated as a result of human
activities such as industrial proction, mining, agriculture and transportation (Noibet al.,

2015; Basseet al, 2014). These metals have positive and negative roles in human life
(Noor-ul et al, 2015, Colalet al, 2005; Oktenet al, 2005). For instance, heavy metal such

as copperchromium, cobalt and zinc are essential micronutrients for higher animals and for
plant growth (Manoharat al, 2014). Studies have revealed that fruits and leafy vegetables
are vulnerable to heavy metal contamination from soil, waste water and aitiquoll
(Manoharaet al, 2014).Zn is the least toxic among all heavy metals, and is an essential
element in the human diet as it is required to maintain the proper functioning of the immune
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system, normal brain activity and is fundamental in the growth dewtlopment of the
foetus. Excessive Zn in the diet e.g. proledigdaily intake of Zn ranging frorh50-450

mg/day is also detrimental to human health (Johretaad., 2007). This was also similar to
the report by Kirmanet al, 2011 and Bosiacki and Tyikski, 2009, on the levels of Zn in

onions, carrot, cabbage, and tomatoes above permissible levels by FAO/WHO.

5.6.2 Cadmium

Heavy metals such as Cd, Cu, Pb, Cr, Zn, Ni, As, Co and Hg cannot be degraded or
destroyed and can be accumulated in living tigsmeugh the food chain, causing various
diseases and disorders (Manohara et al., 2014). Fruits, vegetables and other foods are among
pathways by which heavy metals enter the human tissues leading to deterioration of health
(Manohara et al., 2014The presence and accumulation of the analyzeavigemetals in the
cassavand tomatesplants could be traced to their presence in the wastes luseet al.,
20050pined that the soil type, root stock, mulching, irrigation, fertilization, and other cultural
prectices influence the water and nutrient supply to plant and affect the composition and
quality attributes of the harvested parts. Although, Fe, Cu and Zn are normal nutrients
required for the normal growth of plants though not required in large quatitgies their
presence in the fruits could be justifidebr instance heavy metal such as copper, chromium,
cobalt and zinc are essential micronutrients for higher animals and for plant growth

(Manohareet al., 2014).

5.6.3 Chromium

Studies bySharmaet al, (2007) indicated high Cr concentration in cassava, (1.39g/g
dw). Muchuwetiet al,(2009 also reported studies in n@olluted areas and recorded Cr
(0. 0*@swg/ g n c as s adwiin abbagesvithdesmegive goncentrations in soil

of cauliffower s ( 0-d@)l 6 agdg cab b ag)eHeallf &fect 4f tengumigg
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Cr contaminated vegetables include kidney and liver damage, skin rashes, stomach upset and
ulcer, respiratory problem and lungs cancer and alteration of genetic matdialesilt of

this study agreed with the data reported by kiual, (2005). Also report from some
researchers (Muchuwett al, 2006; Sharmat al, 2007) demonstrated that the plants grown

on wastewaterrrigated soils are contaminated with heavy metals aygk @ major health
concernThe accumulation of these heavy metals in tbenatoes and cassawsas a
manifestation of the presence of the metals in the soil due to theitiongeth waste water.

5.6.4 Lead and Mercury

The concentrationof Pb in this styiwas supported by the submissionLad et al,
2005who opined that the extractable Pb in both cultivated and uncultivated soils increased by
increasing Pb addition to the sa8harmaet al (2007)showed that the concentrations of
exhaustible metalszfi, Cd, Pb) in the soil increased with iease in sludge application rate
This was supported by the submissafrSharmaet al. (2007)who find a highly significant
correlation between the chemical composition of irrigation water usgdhansoil chemical
properties.The concentration of the heavy metal reported in the present study are lower than
the one reported by Kakulu (1985) for Niger Delta, Okoye (1989) for Lagoon and that which
was reported by Asaolu (1998) for Ondo State Coasts.Average Pb level for this study
are higher than the average value of O0.50¢g9g/
hi ghways of Benue State Nigeria (Adebayo and
in cassava tubers recorded by Nlohaet al (2012) in an oil field in Bayelsa State. These
values are unusually high and it is reflective of the anthropogenic activities around the
locations (dams and rivers). Consumption of vegetables and tubers with high concentration
would certainly reglt in health problems such as cognitive dysfunction, neurobehavioral
disorders, hypertension and renal impairment (Petk al., 2006). The calculated

contamination factor (CF) revealed that only Hg had CF values greater 6, which indicates a
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serious contamation of tomatoes harvested from all the location. The pollution load index
(PLI) across all the locations had PLI values less than 1. This indicates that there is no serious
overall pollution load on the tomatoes samples. While in cassava sample,ldhated
contamination factor (CF) for all the heavy metals with exception of Zn is very high, this
showed the level of contamination of the samples. While the pollution load index (PLI) for all

the location showed serious overall load of pollution orstmaple.

5.7 Heavy Metal Content n Fish

Fish is widely acceptable for consumption because of its high palatability, low
choleserol and tender flesh (Adet al., 2012 and also a cheap source of protein. The
demand for fresh water fishes cstill be impioved on, if infomation dissemination othe
valuable nutritional comsition of fishes reaches the grass route. Besides this, there is the
need to raise consumer awareness to ensure that contaminated fishes are avoided. This will
relieve the body of theusden ofthese toxic chemicals.higsicochemical propées of the
water bodies across all locatiofassour production of fishes which conforms torgtard for
aquaculture (Damaet al, 2008.However the high concentration of nessential havy
metals insome of the fistkevaluated Qrechromis. mossambicuis) a source of concerithe
fish sample in all the dams and rivédréchromis mossambicusvas analyzed for heavy
metals for the period of two years (2014 and 2015) for both wet and dry seasons. The high
level of heavy metals in the fish sampéesild probably be due to the prior exposure of these
fishes to toxicants from polluted water body before swimming down to the reservoir since
they are pkagic fishes. MedHt al, (2019 linked the accumulation dhe toxicants in the
fish to the possibilities of the fish to accumulate metals and thus could serve as indicators of
pollution.

5.7.1 Zinc

159



Zinc is known to be involved in most metabolic patays in humans and zinc
deficiency can lead to loss of appetite, growth retardation, skin changes and immunological
abnormalities (Malakootiaat al, 2011). Fish takes up Zn directly from water, esphciaa
mucous and gills. The concentration of Zn in fish in this work, fall below the maximum zinc
level permitted for fish (50 mg/kg) according to Food Codex and WHO, 2004. The values
recorded for this work are lower compared to Zn values reported denviiater fishes in
China (Duet al, 2012). United States environmental protection agency and the European
Commission (USEPA and EC) have not considered any standards or limits for the zinc

concentrations in fish (WHO, 2008).

5.7.2 Cadmium

Cadmium is oa of the most toxic elements with reported carcinogenic effects in
humans (Goeringt al 1994). High concentrations of Cd have been found to lead to chronic
kidney dysfunction. Cd can biaccumulate at all levels of aquatic and terrestrial food chains
(Sprague, 1986). The concentration of Cd was generally high across all the six locations
especially in the dry seasonhe highest mean concentrationis0.963 mg/kg in this work
were recorded a#bare iver. Gusau and Bakolori damalso showd very high Cd
concentration of 0.845 mg/kg and 0.904 mg/kg respectively. This may have come from
natural sources, ruoff fromagricultural soils around the dams and rivers where phosphate
fertilizers are in useand more so, during the dry season whenvtiieme of wate of ponds
and wells has reduced, miners relocate the mining processing toder damsand rivers
where there is large volume of watéhnis was also in agreement to the report of (Stoeppler,
1991; Dimariet al, 2008).The concentrations recorded iis thiork are above the 0.01 mg/kg
maximum permissible level for fish consumption (WHO, 2003).

5.7.3 Chromium
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Chromium concentrations in normal and tolerant plants, fishes are {ipgkdi 0.5
and 10.07 100.0 respectivelf{FAO, 2007. The concentration of Cr was generally high
across all the six locations especially in the dry season. The highest mean concentrations of
1.313 mg/kg in this work were recorded at Abare river. Gusau and Dangulbi dams also
revealed high Cr concentrationf®.850 mg/kg and 0.697 mg/kg respectively. This may have
come from natural sources, roiff from agricultural soils around the dams and rivers where
phosphate fertilizers are in use, and more so, during the dry season when the volume of water
of ponds andvells has reduced, miners relocate the mining processing closer to the dams and
rivers where there is large volume of water, this was also in agreement to the report of
(Stoeppler, 1991; Dimast al, 2008). High concentrations of chromium in plants Hasen
associated with several chlorosis, necrosis and a host of other abnormalities and anatomical
disorders. Chromium is necessary for the proper utilization of sugars and other carbohydrates
by optimizing the production and effects of insulin. It is viydéistributed in the body. The
RDA is 0.05 to 2mg. sources include liver, meat, cheese, whole grain, yeast and wine. The
effects of excess chromium are not known. Deficit causes impaired insulin function, hence
increased insulin secretion and the riskadiilt onset diabetes mellitus (Csuros and Csuros,
2002).

5.7.4 Lead

Lead is noressential element that constitutes body burden and a great threat to life if
present in substantial quantity. It is toxic even at low concentrations and has no known
function n biochemical processes (Burdenal, 1998). The standard level Pb was reported
to be0.5 mg/kg dry weight (FAO, 2007Similar to PbCadmium was also high valire the
fishes and highest ilocation L6 (0.963 mg/kg)The standard permissible level a8 to 5.5
mg/kg fish dry weighwas reported for Cd (FAO, 1983The concentrations of lead across

all the locations are generally high when compared with the 0.01 mg/kg maximum
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permissible level (NIS 554, 2007; WHO, 2003). This high concentration ofnéglat have
come from sewage and agricultural and mining wastes discharged into the dams and rivers

(EI-Naggeret al, 2009).

5.7.5 Mercury

Mercury concentrations are high across all locations particularly Gusau dam (1.176 +
0.003 mg/kg) and Abare river (1.349 + 0.003 mg/kg) are alarming. The observed heavy metal
concentrations in this fish are above the 0.001 mg/kg recommended limit for human
consumption (Davieet al 2006; Olowuet al, 2010; WHO, 2003). The public health
implication of this work seems to show possibility of acute toxicity of the heavy metal of
edible fishes consumed at these locations (Oshisanja and Oshisanya, 2009)mbhne $&
because levels of Cd, Cr, Pb and Hg were above normal range in minimum allowable in the

diet of man.

Correlation analysis was conducted to examine whether there is a relationship
between the heavy metal concentrations in the fish sample for tivangedry seasons. The
result revealed a significant positive relationship for Pb and Cd, Hg and Cd and Hg and Cr
respectively for wet seasombis may explain the consistent vaitet of these metals in the
locationsin a particular seasonVhile during he dry seasons, a significant and negative
relationship was established for Pb and Zn, Pb and Cr and Hg and Cd then a significant and
positive relationship for Cr and Zn respectively. Teigplains the different sources of these
metals in the environmentaamples Generally, the concentrations of heavy metals (Zn, Cd,

Cr, Pb and Hg) determined were higher in the dry seasons than in the wet 3édsons.
situation is expected in view of the reduction in the pollution in the wet season arising from

increased iution and water flow This is also the trend observed for water and sediment
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samples. This observation is also reported in a similar work by Asaolu and Olafe (2004) for
fishes and crayfish from coastal water of Ondo State. The concentrations of thenrtietal
fish samples are lower than the one reported by Kakulu (1985) for Niger Delta, Okoye (1989)

for Lagos lagoon and Asaolu (1998) for Ondo State Coastal area.

5.8 Proximate Composition of the Fish Samples

5.8.1 Moisture

The moisture content of the fish samples from all the locations ranged betweei 71.05
77.71% for the wet and in the dry season it ranged between 68.07 to 76.17% for year 2014
and 2015. The result showed that the percentage moisture contbetwret seasons were
higher than that of the dry season. This further suggests a seasonal variation trend on the fish
sample.Body composition is a good indicator for the physiological condition of fish. The
percentage of water is a good indicator of itatiree content of energy, proteins and lipids.

The lower the percentage of water, the greater the lipid and protein contents, and the higher
the energy density of the fish (Demps&tral, 2004; Aliet al, 2005).The increased value of
moisture content ding the wet season may be due to increase rainfall which eventually
increases the volume of water on the body of the fish samples. This was also in close
agreement with Davies and Davies (2009) who peg fish to be made upi 846 water.

The high moistte content of the fish sample would increase the deterioration level of the fish
when kept for long time. This is because the mimmganisms would be highly active with

high moisture content. This is also in agreement with the observation reported y@bol
and Abdullahi (2003); Otitologboret al (1997); Balogun and Adebayo (1996Also,
moisture content range of 65.88 to 78.62 (Mazumeeral, 2008), 77.93 to 82.7%
(Ravichandraret al, 2011) and 68.6 to 77.1% (Aberoumand and Pourshafi, 2010) were
repated for fishes.

163



5.8.2 Ash

The value of the ash content for both seasons were relatively similar except Bakolori
dam which recorded the lowest ash content during the dry season, while Bagega river during
the wet season recorded the highest ash contditt. 2%. This result was also in agreement
with Johnson, (2010) which reported that fresh water fish recorded the lowest ash and crude
fibre content. The result is also comparable to the observation of Abolude and Abdullahi
(2003, 2005), who studied the pmmate analysis and mineral contents in components of

Clarias Gariepinus.
5.8.3 Crude Protein

The crude protein values for both seasons are relatively high, although those of Gusau
dam to Dangulbi dam are higher than those of Bagega River to Abare Rhisris an
indication that the fish sample is a good source of protein. This is also an expected outcome
since fish is a good source of protein (Tidwell, 2001). The higher crude protein content in fish
is important from a dietary point of view since; theality of fish protein is very high
because of its essential amino acid composition. This very studies indicate that the crude
protein content of the fish from Bagega river to Abare river are relatively lower when
compared to that of the dams and otherditures. This may be due to activities done using
the rivers which include but no limited to mineral exploitations, gold mining, farming and so
on, which releases a lot of toxic metals into the river and may lead to eventual death of
fish.Protein and fatire the major nutrient in fish and their level help to define the nutritional
status of a particular organism (Aberoumad and Pourshafi, 2010). The chemical composition
of fish varies from one individual to another depending on age, sex, environment sowl sea
with protein level ranging from 16 to 21%, lipid from 0.1 to 25 %, ash 0.4 to 1.5%, moisture

content of 60 to 80 % with extreme of 96% mavbeen reported (Muchuwetial, 200).
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Furthermore, reports also indicate that fish muscle is more digestidte other animal

protein due to lower level of connective tissues (Muchwetveti, 200).

5.8.4 Crude Fat

The values of the crude fat content ranged between 8.59 to 11.67% for the wet season
while it ranged between 10.53 to 13.53% for dry seasoncegply. The result here revealed
that the values are relatively similar with the exception of Dangulbi dam which recorded the
highest crude fat both in wet and dry season. The fat content value is also in close agreement
with the one reported by AboludeagAbdullahi (2005) in Clarias Gariepinus fish sample and
also that of Olafeet al (1998) for grasshoppeFat is the major source of energy supply in
foods. The concentration of the proximate components in the fish samples are within the
reference valuefd-AO/WHO (1991) for Humans. The values we obtained for the proximate

composition where within the reported ranges with higher percentage in the case of ash.

In view of the importance of fish in human diet, it is necessary that biological
monitoring ofthe fish meant for consumption should be carried out aelyulb ensure safety.
WHO (1999 reported that heavy metals must be controlled in food sourceden to assure

public safety.

5.9 Histopathology of the Fish(Orechromis mosambicu}

In the conta&t of pollution, aquatic systems are highly at risk because of their trend for
accumulation of relatively high concentrations of chemicals entering from surrounding
terrestrial systems, thus, regardless of their source of entry to the environment, \deggr bo
are frequently stores for a large variety of stressor chemicals (Reddy, 2012).Most biomarkers

are narrow in their expression whereas histopathology is broad in its evaluation é¥aldja
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2017). Well documented lesions based on experimental dataan kidney, gilks, ovary,
skeleton system and skin have been used as biomarkers to date éRaldd3010; Akpolih,
2013) Therefore, histopathology is the gold standard when defining toxicological effects,
biomarkers with a known histological distribution may fill the need of localizing toxic injury

to distinct organs or tissues.

5.9.1 Histopathological observation of the dls

The gills of a fish comprises of multifunctional organs (respiration, ion regulation,
acid-base balance and nitrogenous waste regulation, excretion), which constitute over 50
percent of the total surface area of the fish that make it sensitive to cheimieater. The
fish gills play an important role in maintaining ionic homeostasis in both freshwater and
marine environment. Consequently, injury to gill epithelium is a common response observed
in fish exposed to a variety of contaminartsvas observethat all the fish gills fronGusau
dam to Abare rivare injured. The severity of damage to the gills depends on the
concentration of the toxicants available in the different dams and rivers. The dib&aibri
dam Bagega, Sunke and Abare river arerendamaged when compared with those of Gusau
and Dangulbi damdlt was also observed for gills of Bakolori and Dangulbi dams when
compared with the contrahat the lamellar epithelial cells were lifted away from the
basement membrane due to a penetradibfiuid, this is the most common lesion, which
could give rise to reduce respiratory gas exchange by increasing diffusion distance and
decreasing interlamellar distance. While tbe gills of Bagega, Sunke and Abare rivers,
fusion of neighboring lamekaand epithelial rupture are observed which are the direct results
of pavement cell lifting and represent more severe gill damage. This was also in agreement
with report of (Reddyet al, 2010; Au, 2004). Lamellar fusion, hyperplasia, necrosis of
different lamellar is another most commonly reported responses, but is more common for

metals than for organics or other pollutants, possibly since metals directly interact with ion
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transport proteins and inhibit their activity (Redelyal, 2010; Butchiranet al, 2013) It

was also observed that there was a swelling of the Necrosis for all the locationsGusapt

dam Hypertrophy of the pavement cells is possibly an event associated with necrosis cell
swelling. These alterations are more commonly associaitdchronic exposures to metal
contaminants than acutely lethal exposures (ReRetyriguezet al, 2002)These are the

gills lesions in response to a wide range of contaminants, inclug@tghleum compounds,
organophosphates, carbonates, herbicides lheavy metals with a greater reported
occurrence (Au, 2004)rhe same changes have also been reported in the gills of the fishes
exposed to organic toxicantsand metals and industrial effl(RosetyRodriguezet al,

2002)

5.9.2 Histopathological changef liver

In general, liver isa target organ due to its larg®od supplythat causes noticeable
toxicant exposure and acowlation and also its clearandanction and its ponounced
metabolic capacity (Mohamed, 200®8)umerous categories afér pathology argresentas

reliable biomarkers of toxic damage (Redd\al, 2012; Deorest al,, 2012).

The liver of fish samples in all the six locations showed sign of abnormalitess
irregular shaped hepatocyteytoplasmic vaculation andnucleus in a laterglosition in the
siluriform Corydoras paleatuss if they have been exposedamanophosphate pesticides.

This was similar to the report offta et al, (2003Wwho reported such abnormalities in the

liver of fish. The liver of fish sanip collected in the rivers (Bagega, Sunke and Abare) also
showed more signs of degeneration (cytoplasmic and nudiegeneration and nuclear
vacuolation) and thefocal necrosis in the liver parenchyrhg was also in close agreement

with the report of Redy et al, (2010and Reddy and Bagl@Dl12who observed signs
ofdegeneration (cytoplasmic and nucleardegeneration and nuclear vacuolation) and thefocal

necrosis in the liver parenchyma of fishesexposed to the industrial effluent. Thesealterations
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have bee reported as more severechanges, which are more commonly associatedwith the
exposure of the fishes to contaminatlmnvarious metals (Hyalij, 2012; Medét al, 2012;
Golemiet al, 2013).Lesions inclding hepatocellular cytoplasmi@cuolization,leuamcytes
infiltrations, bloodcongestion necrasand fatty infiltrations weréund in the live of catfish
Clarias gariepinudreated withfenvalerate (Saket al, 2001).The same changegere

reported byTehet al(2005)in the liver of Zday-old larvae of the fish SarcamenSplittail.

5.9.3 Histopathological observation of kin

Samples of the examined Tilapia fis@réchromis mosambicuskinhave shown
changes only at the level of the epidermis, without major changes in the dermis and
hypoderms. Picnotic nuclei in the matrix layer of the epidermis were the most severe lesion
wasrecorded. A common feature was erosion with desquamation of epithelium, and rupture
(excoriation) of parts of epidermiThe major skin change revealed was a hypermplasihe
epidermal cells including hyperplast@d mucous cells. Thenucous cellsof the fishes of
Gusau and Bakolori danvere emptied, whereas other samples revealed a lack of this cell
type, indicating an overproduction of mucous that hasexhausted thetgayf the epidermis
to divide and differentiate into mucous cells. In addition, a leucocytes infiltratidhein
epidermis was found in Bagega riveticating a possible inflammatory reaction, especially
in parts with excoriated epidermis where lack /ancerosion of the epidermis induced a
defense mechanisngkin changes recorded in thigesent study were restricted to the
epidermis, and there wenmo deeper changes in the derrmaisd hypodermisThe same
changes havalso been reported in the skin$ the fishes exposed to organic toxicants
metals and industrial effluenfRosetyRodriguez et al, 2002) The severity of these
contaminants causasjury like haemorrhag&his was similar to the report offta et al,
(2003) and (Peck and Zinke, 2006)owever, the fistsample in this work showed response

to the directeffects of the pollutants hisinformation veifies that histopathology studiese
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valuable biomarkers for fieldeluation, especially in tropiegions thatare naturally affected

by varety ofenvironmental variations.

CHAPTER SIX

6.0 SUMMARY, CONCLUSION AND RECOMMENDATION
6.1 Summary

The physicochemical parameters of the dams and the rivers water samples revealed a
fresh water environment with low chemical pollutants burden. Hewehigh turbidity and
low dissolved oxygen of the river values compared with drinking water standards were
recorded. Seasonal variation in most of the measured water quality parameters and heavy
metal in sediment, food cropadifish samples were signiéiat. Microbial burden of the dam
and river water was high compared to the recommended standards by WHO and USEPA for
drinking water, thus constituting a serious hazard to public health, as their presence is
indicative of a possible presence of micn@ansm associated with wat&orne diseases,
suggesting the need for adequate disinfection process before distribution for domestic and

industrial uses.

The distribution pattern of heavy metddvels in the water, sediment, tomatoes and
cassavacrops and fiei samples suggestontribution from anthropogenic influences which
include but not limited to mining activities through runoff into the water botheslevels of
the metals in the water bodies particularly Cd, Pb, and Hg were generally higégxaggbtion
of Zn metal which should cause trepidation to both the aquatic lives and human health, hence
calling for urgent regular monitoring of the dam and control of anthropogenic input into the

water bodiegparticularly the rivers situated in the Village
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The speciation of heavy metals with selective extracting agents gives additional information
about the fundamental reactions governing the behaviour of the metals in sediments.
Comparing the way the metals were bound to the different phases in thesdimis clear

that the metals in the sediments are bound to different fractions with different strength.
Anthropogenic input of Cd and Cr was primarily in the carbonate bound fraction while Inputs
of Zn and Hg appear mainly in the residual form. Inpeftd?b were found in carbonate,
exchangeable and water soluble fractions. The distribution of the five studied metals in the

various fractions confirms their differences in mobility.

Of the five elements studied, Cd and Pb appeared to be the most seddldyfized, thus
making these elements the most potentially bioavailable. This may present a real threat as Cd

and Pb are transferred into the food chain from soil contaminated by these metals.

The pollution level of all the water bodied and other sammlas accessed using the
contamination factor (CF) and pollution load index (PLI), which revealed that all the

locations under study have suffered from metal pollution particularly of Pb, Cd and Hg.

The histopathological analysis of the fish gills, Ihard skin sample in this study showed
responses to the direct effects of the pollutants. This information verifies that histopathology
studies are valuable biomarkers for field evaluation, especially in &lomggions that are

naturally affected by varigtof environmental variations.

6.2Conclusion

i.  The physicochemical parameters reveaved high turbidity and low dissolved
oxygen particularly of the river values when compared with drinking water

standards by WHO,USEPA
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ii.  The research also revealed a highrobial burden ofthe dam and river water
when compared to the recommended standards by WHO and USEPA for
drinking water, thus constitutingsrious hazard to public health.

li.  Concentratiorof the metals in the water bodies particularly Cd, Pb, and Hg
were genally high with exception of Zn metal which couldause trepidation
to both the aquatic lives and human health, hence calling for urgent regular
monitoring

iv.  From thefive elements stdied, Cd and Pb wettbe most readily solubilized,
making these elementha most potentially bioavailable. This may present a
real threat as Cd and Pb are transferred into the food chain from soil
contaminated by these metals

v. Theinformationprovided by this researaferifies that histopathology studies
are valuable biomarkefer field evaluation, especially in tro@itregions that

are naturally affected by variety of environmental variations.

6.3 Recommendationdor further studies

It is recommended that

1. Blood specimen be collected from persons around the vicinity oflahes and
rivers where mining is taking place to monitor heavy metal levels in them.

2. Heavy metal content of the dust particles above ground level should also be
monitored around the state particularly the mining vicinities.

3. There is need to introduce plardad develop new ones (genetically) that can
increase phytoremediation potentials so as to offer a viable remediation solution
for the polluted water and farmland instead of the soil excavation that is been done

to remediate polluted soils in the state.
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APPENDIX |

Sequential Extraction of Heavy Metals in the Soil at the Mining Site around the Dams and Rivers
Fractions (mg/kg) Zn

Carbonate

Locations Water Soluble Exchangeable Bound Residual Total
Gusau dam

239D 14.724 125680 7.731 31.08 19.131 94.900 58.414 162.4®
Bakolori dam

47.68 28.310 10.800 6.413 17.849 10.593 92.100 54.685 168.42D
Dangulbi dam

56.10 10.765 278.1® 53.359 13.249 2.540 173.80 33.337 521.30
Bagegaiver

28.420 15533 34.58 18,900 21.0®0 11.51: 98.900 54.056 182.9®
Sunke river

43939 20.333 11.1D 5.147 12.800 5.832 148.400 68.688 216.09D
Abare river

4580 25.408 19.00 10.547 31.00 17.467 84.000 46.579 180.30

Values in Bold form are the percentage (%) fraction.

APPENDIX I

Sequential Extraction of Heavy Metals in the Soil at the Mining Site around the Dams and Rivers

Location Fractions (mg/kg) Cd
Water Soluble

Gusau dam 502.5D

Bakoloridam  891.94

Dangulbi dam 1760000

Bagegariver  825.2®
Sunke river 1265.3®
Abare river 2673.28

Exchangeble
14.739 1312.40
19.019 1771.59
22.941 2639.890
27.972 896.78®
39.931 905.3D
33.027 2492.28

Carbonate Bound
38.492 1548.7®
37.776 1914.3D
34.410 2949.4®
30.397 1195.2®
28.569 955.140
30.791 2492.2®

45.424 45.8%
40.820 111.8®
38.446 322.4%)
40.512 33.000
30.141 43.09
30.791 436.30

Residual
1.34476 3409.53
2.38504 4689.6%

Total

4.2031 7671.7D
1.1185¢ 2950.2®

1.35852 3168.89
5.39032 8094.140
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APPENDIX Il

Sequential Extraction of Heavy Metals in the Soil at the Mining Site around the Dams and Rivers

Locations Fractions (mg/kg) Cr
Water Soluble Exchangeble  Carbonate Bound Residual Total
Gusau dam
0O 0.000 4.66 1.406 283.52 85.519 43.35 13.076 331.53
Bakolori dam
1.36 0.214 6.8 1.068 457.1 71.81¢ 171.2 26.899 636.46
Dangulbi dam
0.24 0.109 7.64 3.472 104.86 47.655 105.3 47.855 220.04
Bagega river
0 0.000 13.32 1.828 526.22 72.234 188.95 25.937 728.49
Sunke river
1.76 0.222 30.1 3.801 422.8 53.393 337.2 42583 791.86
Abare river
4.68 0.420 15.32 1.375 5719 51.333 522.2 46.872 1114.1
APPENDIX IV

Sequential Extraction of Heavy Metals in the Solil at the Mining Site around the Dams and Rivers

Site Fractions (mg/kg) Pb
Water Soluble  Exchangeble

Gusau dam 9.72 0.158 314.46 5.122
Bakoloridam 8.24 0.105 892.4 11.363
Dangulbi dam 9.92 0.152 370.4 5672
Bagegariver 157.54 1.016 2591.7 16.714
Sunke river 1454.74 9.832 2827.08 19.108
Abare river 119.46 0.912 780.76 5.959

Carbonate
Bound

2157.16 35.137
2453.18 31.236
1468.46 22.485
8532.28 55.025
6244.72 42.207
8560.28 65.332

Residual
3658 59.583
4500 57.297

4681.95 71.691
4224.75 27.245
4168.75 28.176
3642.3 27.798

Total

6139.34
7853.82
6530.73
15506.27
14795.29
13102.8
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APPENDIXV

Sequential Extraction of Heavy Metals in the Soil at the Mining Site around the Dams and Rivers

Location

Gusau dam
Bakolori dam
Dangulbi dam
Bagega river
Sunke river
Abare river

Water Soluble

0.046 0.014
0.381 0.115
5.151 1.554
5.359 1.028

240.201 8.145
266.663 8.414

Fractions (mg/kg) Hg

Exchangeble

14.833 5.112
14795 4.464
18.362 5.540
29.288 5.618

Carbonate Bound

17.778
25.991
28.702
83.179

5.364
7.842
8.660
15.785

599.397 20.325 1513.340 51.316
670.522 21.167 1556.801 49.145

Residual

296.689 89.516
290.269 87.579
279.222 84.246
404.382 77.569
596.123 20.214
687.406 21.270

Total
329.346
331.436
331.473
522.219
2949.061
3181.392

Values in Boldform are the percentage (%) fraction
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APPENDIX VI
Two Way ANOVA Showing the Effect of Location and Year on the pH of Water Bodies in the Wet Season

Source Sum of Squares Df Mean Square F P1 Value
Location 0.39 5 32.15 32.15 0.00*
Year 0.01 1 4.94 4.94 0.00*
Location * Year 0.01 5 0.58 0.58 0.36
Error 0.59 24

Total 0.42 35

*  Significantly different at P < 0.05

APPENDIX VI
Two Way ANOVA Showing the Effect of Location and Year on the pH of Water Bodies in the Dry Season

Source Sum of Squares Df Mean Square F P1 Value
Location 0.63 5 0.13 5.42 0.00*
Year 0.07 1 0.07 2.99 0.10
Location * Year 0.06 5 0.01 0.49 0.78
Error 0.56 24

Total 0.31 35

*Significantly different at P < 0.05
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APPENDIX VI
Multiple range test of pH for 2014 and 2015 for allocations of water bodiesin the wet and dry season

Location pH Ph
Wet Dry
L1 7.60 + 0.02 7.70 + 0.06'
L2 7.59 + 0.02 7.67 + 0.08
L3 7.60 + 0.02 7.63 + 0.08
L4 7.67 +£0.02 7.92 +0.08
L5 7.89+ 0.02 7.94+ 0.08
L6 7.70 £ 0.02 7.63 +0.08

n=6, mean = S.D; Values with the same Superscripts are not significantly different (P> 0.05)

APPENDIX IX: Combined Mean of pH for all locations of Water Bodies for 2014 and 2015 in the Wet and Dry Season

Year pH pH

Wet Dry
2014 7.69 +£0.01 7.79£0.04
2015 7.66 +£0.01 7.71 £0.04

n=36; mean+ S.D
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APPENDIX X

Two Way ANOVA Showing the Effect of Location and Year on the Temperature of Water Bodies in the Wet Season

Source Sum of Squares Df Mean Square F P1 Value
Location 0.50 5 0.10 60.27 0.00*
Year 0.10 1 0.01 6.0 0.02*
Location * Year 0.13 5 0.00 1.60 0.20
Error 0.40 24 0.00

Total 0.57 35

*  Significantly different at P < 0.05

APPENDIX XI: Two Way ANOVA Showing the Effect of Location and Year on the Temperature of Water Bodies the Dry Season

Source Sum of Squares Df Mean Square F P1 Value
Location 0.93 5 0.19 55.68 0.00*
Year 0.01 1 0.01 4.08 0.06
Location * Year 0.52 5 0.10 1.60 0.00*
Error 0.08 24 0.00

Total 1.54 35

x  Significantly different at P < 0.05
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Multiple range testof Temperature for 2014 and 2015 for allLocations of Water Bodies inthe Wet and Dry Season

APPENDIX XIlI

Location Temperature Temperature
Wet Dry
L1 26.52 + 0.02 26.73 + 0.02
L2 26.60 + 0.02 26.63 + 0.02
L3 26.53 + 0.02 26.87 + 0.0Z
L4 26.73 + 0.0Z 27.03 +0.02
L5 26.75 + 0.0Z 27.08 + 0.02
L6 26.83 + 0.0 26.97 + 0.02

* n=6; mean = S.D; Values with the same Superscripts are not significantly different (P> 0.05)

APPENDIX XIlI: Combined means of Temperature for all locations of Water Bodies for 2014 and 2015 in the Wet and Dry Season

Year Temperature Temperature
Wet Dry

2014 26.64 £ 0.01 26.91 £ 0.01

2015 26.68 + 0.01 26.87 + 0.01

n=2: mean*S.D
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APPENDIX XIV

Two Way ANOVA Showing the Effect of Location and Year on the EC of Water Bodies in the Wet Season

Source Sum of Squares Df Mean Square F P1 Value
Location 136250.00 5 27250.00 4360 0.00*
Year 25.00 1 25.00 4 0.57
Location * Year 1025.00 5 205.00 32.80 0.00*
Error 150.00 24 6.25

Total 2014350.00 35

*  Significantly different at P < 0.05

APPENDIX XV: Two Way ANOVA Showing the Effect of Location and Year on the E.@f Water Bodiesin the Dry Season

Source Sum of Squares Df Mean Square F P1 Value
Location 87213.89 5 17442.78 149.51  0.00*
Year 2.78 1 2.78 0.02 0.88
Location * Year 9613.89 5 1922.78 16.48 0.00¢
Error 2800.00 24 116.67

Total 99630.56 35

*Significantly different at P < 0.05
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Multiple range test of EC for 2014 and 2015 for Different Locations of Water Bodies in the Wet and Dry Season

APPENDIX XVI

Location EC EC

Wet Dry
L1 124.17+ 1.02 171.67 + 4.4
L2 205.83 + 1.02 225.00 + 4.4%F
L3 213.33 +1.02 231.67 + 4.4
L4 240.83 + 1.02 265.00 + 4.4F
L5 256.67 + 1.02 290.00 + 4.471
L6 329.17 + 1.02 325.00 + 4.4F

* n=6; mean = S.D; Values with the same Superscripts are not significantly different (P> 0.05)

APPENDIX XVII: Combined means of EC for all locations of Water Bodiefor 2014 and 2015 in the Wet and Dry Season

Year EC E.C

Wet Dry
2014 227.50 + 0.59 251.11 + 2.55
2015 229.12 + 0.59 251.67 + 2.55

n=36; mean* S.D

196



APPENDIX XVIII
Two Way ANOVA Showing the Effect of Location and Year on the TDS of Water Bodies the Wet Season

Source Sum of Squares Df Mean Square F P1 Value
Location 338922.22 5 67784.44 22595 0.00*
Year 544.44 1 544.44 1.82 0.19
Location * Year 145.57 5 291.11 0.97 0.46
Error 7200.00 24 300.00

Total 348122.22 35

*  Significantly different at P < 0.05

APPENDIX XIX: Two Way ANOVA Showing the Effect of Location and Year on the T.D.S. of Water Bodies in the Dry Season

Source Sum of Squares Df Mean Square F P1 Value
Location 714742.22 5 142948.44 54.84 0.00*
Year 1860.48 1 1860.48 0.71 0.41
Location * Year 3943.76 5 788.75 0.97 0.46
Error 62564.48 24 2606.85

Total 783110.94 35

Significantly different at P < 0.05
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Multiple range test of TDS for 2014 and 2015 forll Locations of Water Bodies in the Wetand Dry Season

APPENDIX XX

Location TDS T.D.S.
Wet Dry

L1 188.33 + 7.04 173.67 + 20.8
L2 296.67 + 7.01 273.33+20.8
L3 338.33 + 7.01 365.33 + 20.8
L4 353.33 + 7.01 413.33 +20.8
L5 398.33 + 7.01 425.00 + 20.8
L6 508.33 + 7.01 515.00 +20.%8

n = 6; mean = S.D; Values with the same Superscripts are not significantly different (P> 0.05)

APPENDIX XXI: Combined means of TDSor all locations of Water Bodies for 2014 and 2015 in the Wet and Dry Season

Year TDS TDS

Wet Dry
2014 227.50 + 4.08 337.03+12.03
2015 229.12 + 4.08 351.41 +12.03

n=36; mean* S.D
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APPENDIX XXII
Two Way ANOVA Showing the Effect of Location and Year on the TSS in Water Bodies in the Wet Season

Source Sum of Squares Df Mean Square F P1 Value
Location 1040644.80 5 208128.96 1011.27 0.00*
Year 1854.74 1 1854.74 9.01 0.01*
Location * Year 3003.22 5 600.64 291 0.03*
Error 4939.44 24 205.81

Total 1050442.2 35

x  Significantly different at P < 0.05

APPENDIX XXIII:  Two Way ANOVA Showing the Effect of Location and Year on the TSS in Water Bodies in the Dry season

Source Sum of Squares Df Mean Square F P - Value
Location 1133450.33 5 226690.07 8285.12 0.00*
Year 373.78 1 373.78 13.66 0.01*
Location * Year 2692.22 5 538.44 19.68 0.00 *
Error 656.67 24 27.36

Total 1137173.00 35

Significantly different at P < 0.05
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APPENDIX XXIV
Multiple range test of TSS for 2014 and 2015 for Different Locations of Water Bodies in the Wet and Dry Season

Location TSS T.S.S.
Wet Dry

L1 84.43 +5.88 107.50 + 2.1%
L2 156.50+ 5.86 126.17 + 2.12
L3 178.33 + 5.86 183.33 + 2.1%
L4 396.00 + 5.86 439.50 + 2.1%
L5 425.00+ 5.86 460.00 + 2.12
L6 558.33+ 5.86 552.50 + 2.14

n = 6; mean 5.D; Values with the same Superscripts are not significantly different (P> 0.05)

APPENDIX XXV: Combined means of TSS for all locations of Water Bodies for 2014 and 2015 in the Wet and Dry Season

Year TSS TSS

Wet Dry
2014 306.94 + 3.38 314.72 +1.23
2015 292.59+ 3.38 308.28 +1.23

n=36; mean* S.D
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APPENDIX XXVI
Two Way ANOVA Showing Effect of Location and Year on the Concentration of Cl in Water Bodies in the Wet Season

Source Sum of Squares Df Mean Square F P - Value
Location 2176.25 5 435.25 9852.87 0.00*
Year 0.83 1 0.83 18.88 0.00*
Location * Year 21.76 5 4.35 98.53 0.00*
Error 1.06 24 0.04

Total 2199.90 35

*  Significantly different at P < 0.05

APPENDIX XXVII: Two Way ANOVA Showing Effect of Location and Year onConcentration of Cl in Water Bodies inDry Season

Source Sum of Squares Df Mean Square F P - Value
Location 2144.14 5 428.83 1341.25 0.00*
Year 0.02 1 0.02 0.06 0.82
Location * Year 52.10 5 10.60 33.15 0.00*
Error 7.67 24 0.32

Total 2204.83 35

*  Significantly different at P < 0.05
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APPENDIX XXVIII

Multiple range testof Cl for 2014 and 2015 for Different Locations of Water Bodies in the Wet and Dry Season

Location Cl Cl
Wet Dry

L1 15.56 + 7.07 16.00 + 0.23
L2 18.70 + 7.077 18.01 + 0.23
L3 20.70 + 7.07 21.08 + 0.25
L4 27.18 + 7.07 27.18 + 0.23
L5 34.54 + 7.0F 35.81 + 0.23
L6 36.00 + 7.07 34.52 + 0.2%

n =6; mean * S.D; Values with the same Superscripts aggmoticantly different (P> 0.05)

APPENDIX XXIX: Combined means of Cl for all locations of Water Bodies for 2014 and 2015 in the Wet and Dry Season

Year Cl Cl

Wet Dry
2014 35.11 +4.08 25.46 £ 0.13
2015 34.33 +4.08 25,51 +0.13

n=36; mean* S.D
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APPENDIX XXX
Two Way ANOVA Showing the Effect of Location and Year on the Alkalinity of Water Bodies in the Wet Season

Source Sum of Squares df Mean Square F P - Value
Location 2176.25 5 435.25 9852.87 0.00*
Year 0.83 1 0.83 18.88 0.00*
Location * Year 21.76 5 4.35 98.53 0.00*
Error 1.06 24 0.04

significantlydifferent at P < 0.05

APPENDIX XXXI: Two Way ANOVA Showing the Effect of Location and Year on the Alkalinity of Water Bodies in the Dry Season

Source Sum of Squares Df Mean Square F P - Value
Location 195.98 5 39.20 518.52  0.00*
Year 7.98 1 7.98 105.58  0.00*
Location * Year 3.62 5 0.73 9.60 0.00*
Error 1.81 24 0.08

Total 209.40 35

x  Significantly different at P < 0.05
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APPENDIX XXXII: Multiple range test of Alkalinity for 2014 and 2015 for all Locations of Water Bodies in the Wet and Dry Season

Location Alkalinity Alkalinity
Wet Dry

L1 15.70 + 0.13 17.75+0.1F
L2 17.70 + 0.13 17.97 +0.17F
L3 18.38 + 0.13 18.97 + 0.17
L4 20.99 + 0.13 21.86 +0.1T
L5 22.06+ 0.13 23.93+0.11
L6 22.93+0.13 22.15+0.1F

n = 6; mean + S.D; Values with the same Superscripts are not significantly different (P> 0.05)

APPENDIX XXXIIl: Combined means of Alkalinity for all locations of Water Bodies for 2014 and 2015 in the Wet and Dry Season

Year Alkalinity Alkalinity
Wet Dry

2014 19.78 + 0.07 20.91 £ 0.07

2015 19.30+ 0.07 19.97 £ 0.07

n=36; mean* S.D

204



APPENDIX XXXIV
Two Way ANOVA Showing the Effect ofLocation and Year on the Turbidity of Water Bodies in the Wet Season

Source Sum of Squares Df Mean Square F P - Value
Location 2176.25 5 435.25 9852.87 0.00*
Year 0.83 1 0.83 18.88 0.00*
Location * Year 21.76 5 4.35 98.53 0.00*
Error 1.06 24 0.04

Significantly different at P < 0.05

APPENDIX XXXV: Two Way ANOVA Showing the Effect of Location and Year on the Turbidity of Water Bodies in the Dry Season

Source Sum of Squares Df Mean Square F P - Value
Location 48998.13 5 9799.43 32070.86 0.00*
Year 14.69 1 14.69 48.09 0.00*
Location * Year 8.47 5 1.69 5.55 0.02*
Error 7.33 24 0.31

Total 49027.64 35

Significantly different at P < 0.05
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APPENDIX XXXVI

Multiple range testof Turbidity for 2014 and 2015 for Different Locationsof Water Bodies in the Wet and Dry Season

Location Turbidity Turbidity
Wet Dry

L1 5.67 + 1.76" 7.67 +0.23
L2 7.33+1.76 7.83+0.23
L3 10.83 + 1.76 11.50 + 0.23
L4 73.00+ 1.76 80.33 £ 0.23
L5 75.50+ 1.76'° 80.50+ 0.23
L6 79.00+ 1.76 87.00+ 0.23

n = 6; mean = S.D; Values with the same Superscripts are not significantly different (P> 0.05)

APPENDIX XXXVII: Combined means of Turbidity for all locations of Water Bodies for 2014 and 2015 in the Wet aridry Season

Year Turbidity Turbidity
Wet Dry

2014 42.22 £1.02 46.44 + 0.13

2015 41.56+ 1.02 45.45+ 0.13

n=36; mean * S.
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APPENDIX XXXVIII
Two Way ANOVA Showing the Effect of Location and Year on the S@Qof Water Bodies in the Wet Season

Source Sum of Squares Df Mean Square F P - Value
Location 2176.25 5 435.25 9852.87 0.00*
Year 0.83 1 0.83 18.88 0.00*
Location * Year 21.76 5 4.35 98.53 0.00*
Error 1.06 24 0.04

*  Significantly different at P < 0.05

APPENDIX XXXIX: Two Way ANOVA Showing the Effect of Location and Year on the S@of Water Bodies in the Dry Season

Source Sum of Squares Df Mean Square F P - Value
Location 2528.71 5 505.74 723.43  0.00*
Year 0.14 1 0.14 0.19 0.66
Location * Year 3.02 5 0.60 0.86 0.00*
Error 16.78 24 0.70

Total 2548.64 35

*  Significantly different at P < 0.05
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APPENDIX XL
Multiple range testof SO, for 2014 and 2015 for Different Locations of Water Bodies in the Wet and Dry Season

Location SOy SO,

Wet Dry
L1 9.38 + 0.07 10.43 + 0.34
L2 9.33 + 0.07 10.53 + 0.34
L3 9.41 + 0.07 10.10 + 0.34
L4 14.15 + 0.07 25.13 + 0.34
L5 15.86+ 0.07 27.08 + 0.34
L6 18.13+ 0.07 29.47 + 0.34

n = 6; mean = S.D; Values with the same Superscripts are not significantly different (P> 0.05)

APPENDIX XLI: Combined means of Turbidity for all locations of Water Bodies for 2014 and 2015 in the Wet and Dry Season

Year SO, SO,

Wet Dry
2014 12.54 +0.04 18.88 + 0.20
2015 12.88+ 0.04 19.01+ 0.20

* n=36; mean*S.D
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APPENDIX XLII

Two Way ANOVA Showing the Effect of Location and Year on the PQof Water Bodies in the Wet Season

Source Sum of Squares df Mean Square F P - Value
Location 2176.25 5 435.25 9852.87 0.00*
Year 0.83 1 0.83 18.88 0.00*
Location * Year 21.76 5 4.35 98.53 0.00*
Error 1.06 24 0.04

Total 257.96 35

*  Significantly different at P < 0.05

APPENDIX XLIII: Two Way ANOVA Showing Effect of Location and Year onthe PO, of Water Bodies in the Dry Season

Significantly different at K 0.05
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Multiple range testof PO, for 2014 and 2015 for Different Locations of Water Bodies in the Wet and Dry Season

APPENDIX XLIV

Location PO, PO,

Wet Dry
L1 2.10 + 0.04 2.29 + 0.47
L2 1.68 + 0.04 1.84 + 0.47
L3 2.68 + 0.04 2.73 +0.47
L4 6.12 + 0.34 6.38 + 0.47"
L5 7.31+ 0.04 7.46 + 0.47F
L6 8.17+ 0.04 8.52 + 0.47

n = 6; mean + S.D; Values with the same Superscripts are not significantly different (P> 0.05)

APPENDIX XLV: Combined means of PQfor all locations of Water Bodies for 2014 and 2015 in the Wet and Dry Season

Year PO, PO,

Wet Dry
2014 4.77 +£0.02 5.05+0.03
2015 4,58+ 0.02 4.68+ 0.03

n=36; mean* S.D
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APPENDIX XLVI
Two Way ANOVA Showing the Effect of Location and Year on the COD of Water Bodies in the Wet Season

Source Sum of Squares df Mean Square F P - Value
Location 2176.25 5 435.25 9852.87 0.00*
Year 0.83 1 0.83 18.88 0.00*
Location * Year 21.76 5 4.35 98.53 0.00*
Error 1.06 24 0.04

*  Significantly differentat P < 0.05

APPENDIX XLVII: Two Way ANOVA Showing the Effect of Location and Year on the COD of Water Bodies in the Dry Season

Source Sum of Squares Df Mean Square F P - Value
Location 71757.48 5 14351.50 2162.00 0.00*
Year 974.48 1 974.48 146.802 0.00*
Location * Year 501.16 5 100.23 15.10 0.00*
Error 159.313 24 6.64

Total 73392.44 35

*Significantly different at P < 0.05
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APPENDIX XLVIII

Multiple range testof COD for 2014 and 2015 fomll Locations of Water Bodies in the Wet and DrySeason

Location COD COD
Wet Dry

L1 196.67 + 2.5% 191.00 + 1.0%
L2 180.17+ 2.54 182.93+ 1.0%
L3 166.70 + 2.54 168.15 + 1.0%
L4 240.67+ 2.54 244 .50 + 1.0
L5 263.00+ 2.54 267.67 + 1.05
L6 269.17+ 2.54 285.17+ 1.0%

n = 6; mean + S.D; Values with the same Superscripts are not significantly different (P> 0.05)

APPENDIX XLIX: Combined means of COD for all locations of Water Bodies for 2014 and 2015 in the Wet and Dry Season

Year COD COD

Wet Dry
2014 220.46 +1.46 220.46 + 1.46
2015 218.33+ 1.46 218.33+ 1.46

n=36; mean*+ S.D
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APPENDIX L
Two Way ANOVA Showing the Effect of Location and Year on the BOD of Water Bodies in the Wet Season

Source Sum of Squares df Mean Square F P - Value
Location 2176.25 5 435.25 9852.87 0.00*
Year 0.83 1 0.83 18.88 0.00*
Location * Year 21.76 5 4.35 98.53 0.00*
Error 1.06 24 0.04

*Significantly different at P < 0.05

APPENDIX LI: Two Way ANOVA Showing the Effect of Location and Year on the BOD of Water Bodies ithe Dry Season

Source Sum of Squares Df Mean Square F P - Value
Location 3641.30 5 728.26 363.47  0.00*
Year 70.00 1 70.00 34.94 0.00*
Location * Year 61.75 5 12.35 6.16 0.01*
Error 48.08 24 2.00

Total 3821.14 35

*Significantly differentat P < 0.05

213



APPENDIX LII
Multiple range testof BOD for 2014 and 2015 forll Locations of Water Bodies in the Wet and Dry Season

Location BOD BOD

Wet Dry
L1 34.67 +0.21 35.47 + 0.58
L2 26.95+ 0.2F 30.37+ 0.58
L3 19.50 + 0.21° 21.57 + 0.58
L4 11.94+ 0.21 12.75 + 0.58
L5 10.51+ 0.27 11.28 + 0.58
L6 7.83+ 0.21° 8.63+ 0.58

n = 6; mean = S.D; Values with the same Superscripts are not significantly different (P> 0.05)

APPENDIX LIIl: Combined means of BOD for alllocations of Water Bodies for 2014 and 2015 in the Wet and Dry Season

Year BOD BOD

Wet Dry
2014 19.74 £+ 0.12 21.41 £ 0.33
2015 17.40+ 0.12 18.62 + 0.33

n=36; mean* S.D
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APPENDIX LIV

Two Way ANOVA Showing the Effect of Location and Year on the DO of Water Bodies in the Wet Season

Source Sum of Squares df Mean Square F P - Value
Location 2176.25 5 435.25 9852.87 0.00*
Year 0.83 1 0.83 18.88 0.00*
Location * Year 21.76 5 4.35 98.53 0.00*
Error 1.06 24 0.04

significantly different at P < 0.05

APPENDIX LV: Two Way ANOVA Showing the Effect of Location and Year on the DO oWater Bodies in the Dry Season

Source Sum of Squares Df Mean Square F P - Value
Location 182.82 5 36.56 3290.82 0.00*
Year 0.22 1 0.22 19.60 0.00*
Location * Year 4.13 5 0.83 74.38 0.00¢
Error 0.27 24 0.01

Total 187.44 35

Significantly different at P < 0.05
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APPENDIX LVI

Multiple range testof DO for 2014 and 2015 for all Locations of Water Bodies in the Wet and Dry Season

Location DO DO

Wet Dry
L1 7.53 + 0.05 7.50 + 0.04
L2 7.42+ 0.05 7.60 + 0.04
L3 7.90 + 0.05° 8.20 + 0.04
L4 4.17+ 0.05 6.62 + 0.04
L5 2.95+ 0.52 3.35 + 0.04
L6 2.17+ 0.52 2.33 +0.04

n = 6; mean + S.D; Values with tkame Superscripts are not significantly different (P> 0.05)

APPENDIX LVII Combined means of DO for all locations of Water Bodies for 2014 and 2015 in the Wet and Dry Season

Year DO DO

Wet Dry
2014 5.19 £ 0.03 5.86 £ 0.03
2015 5.52+0.03 6.01 £ 0.03

* n=36; mean*S.D
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APPENDIX L VIII
Two Way ANOVA Showing the Effect of Location and Year on the Hardness of Water &lies in the Wet Season

Source Sum of Squares df Mean Square F P - Value
Location 2176.25 5 435.25 9852.87 0.00*
Year 0.83 1 0.83 18.88 0.00*
Location * Year 21.76 5 4.35 98.53 0.00*
Error 1.06 24 0.04

APPENDIX LIX: Two Way ANOVA Showing the Effect of Location and Year on the Hardness of Water Bodies in the Dry Season

Source Sum of Squares Df Mean Square F P - Value
Location 763.58 5 152.71 12.11 0.00*
Year 173.36 1 173.36 13.74 0.01*
Location * Year 89.14 5 17.83 1.41 0.26
Error 302.67 24 12.61

Total 1328.75 35

*  Significantly different at P < 0.05
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APPENDIX LX
Multiple range test ANOVAof Hardness for 2014 and 2015 foall Locations of Water Bodies in the Wet and Dry Season

Location Hardness Hardness
Wet Dry

L1 84.00 + 0.38 85.50 + 1.48
L2 82.83+ 0.36" 82.00 + 1.48
L3 89.50+ 0.36 89.17 + 1.48°
L4 92.50+ 0.36' 92.00 + 1.45¢
L5 92.50+ 0.36' 94.00 * 1.4%
L6 95.50+ 0.36 94.83 + 1.4%

n = 6; mean + S.D; Values with the same Superscripts are not significantly different (P> 0.05)

APPENDIX LXI: Combined means of Hardness for all locations diVater Bodies for 2014 and 2015 in the Wet and Dry Season

Year Hardness Hardness
Wet Dry

2014 89.17 +0.21 87.39 + 0.84

2015 89.78+0.21 91.78 + 0.84

n=36; mean*+ S.D
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APPENDIX LXII

Two Way ANOVA Showing the Effect of Location of Water Bodyand Season on Moisture Content of Fish Sample

Source Sum of Df Mean Square F P - Value
Squares

Location 205.232 5 41.05 2.14 0.10"

Season 42.250 1 42.25 2.20 0.15"°

Location * Season 21.189 5 4.24 0.22 0.10"

Error 461.132 24 19.21

Total 729.803 35

n = 3; ns = not significant (P > 0.05)

APPENDIX LXIII

Two Way ANOVA Showing the Effect of Location of Water Body and Season on Ash Content of Fish Sample

Source Sum of Df Mean Square F P - Value
Squares

Location 40.92 5 8.18 1.97 0.12"

Season 1.44 1 1.44 0.35 0.56"

Location * Season 4.29 5 0.86 0.21 0.96"

Error 99.82 24 4.16

Total 146.47 35

n = 3; ns = not significant (P > 0.05)
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APPENDIX LXIV

Two Way ANOVA Showing the Effect of Location of Water Body and Season on Protein Content of Fish Sample

Source Sum of Df Mean Square F P - Value
Squares

Location 128.87 5 25.77 0.77 0.58"°

Season 1.44 1 0.47 0.14 0.91"

Location * Season 4.29 5 1.26 0.04 0.10™

Error 99.82 24 33.46

Total 146.47 35

n = 3; ns = not significant (P > 0.05)
APPENDIX LXV
Two Way ANOVA Showing the Effect of Location of Water Body and Season on Fat Content of Fish Sample

Source Sum of Df Mean Square F P - Value
Squares

Location 29.88 5 5.98 0.51 0.76™

Season 8.35 1 8.35 0.72 0.41™

Location * Season 9.15 5 1.83 0.16 0.98"

Error 279.92 24 11.66

Total 327.30 35

n = 3; ns = not significant (P > 0.05)
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APPENDIX LXVI
Two Way ANOVA Showing the Effect of Location of Water Body and Season on Fibre Content &ish Sample

Source Sum of Df Mean F P - Value
Squares Square

Location 11.88 5 2.38 0.54 0.74%

Season 0.86 1 0.86 0.20 0.66"°

Location * Season 0.96 5 0.19 0.04 0.10®

Error 104.84 24 4.37

Total 118.53 35

n = 3; ns = not significant (P 0.05)

APPENDIX LXVII
Two Way ANOVA Showing the Effect of Different Water Body and Season on Carbohydrate Content of Fish Sample

Source Sum of Df Mean Square F P - Value
Squares

Location 79.27 5 15.85 1.26 0.32°

Season 0.00 1 0.00 0.00 0.99"

Water Body * Season  23.06 5 4.61 0.37 0.87°

Error 302.86 24 12.62

Total 405.20 35

n = 3; ns = not significant (P > 0.05)
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APPENDIX LXVIII

Two Way ANOVA Showing the Effect of Location ofWater Body and Season on Organic Matter Content of Fish Sample

Source Sum of Df Mean Square F P - Value
Squares
Location 40.79 5 8.16 2.11 0.10°
Season 1.15 1 1.15 0.30 0.60'
Water Body * Season 4.85 5 0.97 0.25 0.94®
Error 92.76 24 3.87
Total 139.56 35

n = 3; ns = not significant (P > 0.05)

APPENDIX LXIX
Selected Metal Concentration in Average World Shale and WHO Guidelines Values for Drinking Water Quality

Element Water (mg/l) Sediment (mg/kg)
Zn 5 95

Cd 0.01 0.3

Cr 0.1 100

Pb 0.01 20

Hg 0.001 0.3

(WHO, 2004) (Bhupander et al., 2011)
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Appendix LXX
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