





CHAPTER ONE
1.0 INTRODUCTION
1.1 Water

Water is an inorganic compound with the chemical formula H2O. It is a transparent, tasteless, odorless and nearly colorless chemical substance, and it is the main constituent of Earth's hydrosphere and the fluids of all known living organisms (in which it acts as a solvent (U.S Department 2019). It is vital for all known forms of life, despite not providing food, energy or organic micronutrients. Its chemical formula, H2O, indicates that each of its molecules contains one oxygen and two hydrogen atoms, connected by covalent bonds. The hydrogen atoms are attached to the oxygen atom at an angle of 104.45°.[2] "Water" is also the name of the liquid state of H2O at standard temperature and pressure. Because Earth's environment is relatively close to water's triple point, water exists on earth as a solid, liquid, and gas.(Butler,John 2023) It forms precipitation in the form of rain and aerosols in the form of fog. Clouds consist of suspended droplets of water and ice, its solid state. When finely divided, crystalline ice may precipitate in the form of snow. The gaseous state of water is steam or water vapor.
Water covers about 71% of the Earth's surface, with seas and oceans making up most of the water volume on earth (about 96.5%).(U S A. 2019) Small portions of water occur as groundwater (1.7%), in the glaciers and the ice caps of Antarctica and Greenland (1.7%), and in the air as vapour, clouds (consisting of ice and liquid water suspended in air), and precipitation (0.001%).[Gleick, P.H.,end(1993)][6] Water moves continually through the water cycle of evaporation, transpiration (evapotranspiration), condensation, precipitation, and runoff, usually reaching the sea.
Water plays an important role in the world economy. Approximately 70% of the freshwater used by humans goes to agriculture.(Baroni et al.,2007) Fishing in salt and fresh water bodies has been, and continues to be, a major source of food for many parts of the world, providing 6.5% of global protein.(Troll et al., 2014) Much of the long-distance trade of commodities (such as oil, natural gas, and manufactured products) is transported by boats through seas, rivers, lakes, and canals. Large quantities of water, ice, and steam are used for cooling and heating, in industry and homes. Water is an excellent solvent for a wide variety of substances both mineral and organic; as such it is widely used in industrial processes, and in cooking and washing. Water, ice and snow are also central to many sports and other forms of entertainment, such as swimming, pleasure boating, boat racing, surfing, sport fishing, diving, ice skating and skiing.

1.2 Waste Water

Wastewater is water whose physical, chemical or biological properties have been changed as a result of the introduction of certain substances which render it unsafe for some purposes such as drinking. The day to day activities of man is mainly water dependent and therefore discharge ‘waste’ into water.  Some of the substances include body wastes  (faeces and urine), hair shampoo, hair, food scraps, fat, laundry  powder, fabric conditioners, toilet paper, chemicals,  detergent, household cleaners, dirt, micro-organisms (germs) which can  make people  ill  and  damage  the  environment.  It  is  known  that  much  of  water  supplied  ends  up  as wastewater which makes its treatment very important. Wastewater treatment is the process and technology that is  used  to remove  most  of the contaminants that are found in wastewater to  ensure a  sound environment and good public health. Wastewater Management therefore means handling wastewater to protect the environment to ensure public health, economic, social and political soundness (Metcalf and Eddy, 1991). 

1.1 History of Wastewater Treatment
 Wastewater treatment is a fairly new practice although drainage systems  were built long before the nineteenth century. Before this time, “night soil” was placed in buckets along streets and workers emptied them into “honeywagon” tanks. This was sent to rural areas and disposed off over agricultural lands.  In the nineteenth century, flush toilets led to an increase in the volume of waste for these agricultural lands.  Due to this transporting challenge, cities began to use drainage and storm sewers to convey wastewater into water bodies against the recommendation of Edwin  Chadwick in 1842 that “rain to the river and sewage  to the soil”. The discharge of waste into water courses led to gross pollution and health problems for downstream users. In 1842, an English engineer named Lindley built the first “modern” sewerage system for wastewater carriage in Hamburg, Germany.  The improvement of the Lindley system is basically in improved materials and the inclusion of manholes and sewer appurtenances— the Lindley principles are still upheld today. Treatment of wastewater became apparent only after the assimilative capacity of the water bodies was exceeded and health problems became intolerable. Between the late 1800s and early 1900s, various options were tried until in 1920, the processes we have today were tried. Its design was however empirical until midcentury. Centralized wastewater systems were designed and encouraged. The cost of wastewater treatment is borne by communities discharging into the plant. Today there have been great advances to make portable water from wastewater. In recent times, regardless of the capacity of the receiving stream, a minimum treatment level is required before discharge permits are granted (Peavy, et al; 1985). Also  presently,  the focus  is shifting  from  centralized  systems  to  more sustainable decentralized  wastewater treatment (DEWATS)  especially  for developing  countries like Ghana where wastewater  infrastructure  is poor  and conventional methods are difficult  to manage (Adu-Ahyia and Anku, 2010).

  1.3 Types of wastewater 
Wastewater can be described as in the figure below. Wastewater Storm water  Runoff Industrial  Domestic Grey water  Black water Bathroom Laundry  Kitchen Urine Faeces

1.4 The cause of waste of water

Wastewater comes from ordinary living processes: bathing, toilet flushing, laundry, dishwashing, etc. It comes from residential and domestic sources. Commercial wastewater comes from non-domestic sources, such as beauty salon, taxidermy, furniture refinishing, musical instrument cleaning, or auto body repair shops. Industries and industrial sites across the world are a major contributor to water pollution. Many industrial sites produce waste in the form of toxic chemicals and pollutants, and though regulated, some still do not have proper waste management systems in place. In those rare cases, industrial waste is dumped into nearby freshwater systems. When industrial waste is not treated properly (or worse, not treated at all), it can very easily pollute the freshwater systems that it comes into contact with. 

Industrial waste from agricultural sites, mines and manufacturing plants can make its way into rivers, streams and other bodies of water that lead directly to the sea. The toxic chemicals in the waste produced by these industries not only have the potential to make water unsafe for human consumption, they can also cause the temperature in freshwater systems to change, making them dangerous for many water dwelling organisms.

1.5 Pollution

Pollution is the introduction of contaminants into the natural environment that cause adverse change.(Merriam. 2010) Pollution can take the form of any substance (solid, liquid, or gas) or energy (such as radioactivity, heat, sound, or light). Pollutants, the components of pollution, can be either foreign substances/energies or naturally occurring contaminants.

Although environmental pollution can be caused by natural events, the word pollution generally implies that the contaminants have an anthropogenic source – that is, a source created by human activities, such as manufacturing, extractive industries, poor waste management, transportation or agriculture. Pollution is often classed as point source (coming from a highly concentrated specific site, such as a factory or mine) or nonpoint source pollution (coming from a widespread distributed source, such as micro plastics or agricultural runoff).

Many sources of pollution were unregulated parts of industrialization during the 19th and 20th centuries until the emergence of environmental regulation and pollution policy in the later half of the 20th century. Sites where historically polluting industries released persistent pollutants may have legacy pollution long after the source of the pollution is stopped. Major forms of pollution include air pollution, light pollution, litter, noise pollution, plastic pollution, soil contamination, radioactive contamination, thermal pollution, visual pollution, and water pollution.

Pollution has widespread consequence on human and environmental health, having systematic impact on social and economic systems. In 2015, pollution killed nine million people worldwide (one in six deaths).(Beil,Laura 2017) (Harrington,Damian 2017) Air pollution accounted for 3⁄4 of these earlier deaths.(Dickie,Gloria 2022) (Fuller,Richard et al., 2022) A 2022 literature survey found that levels of anthropogenic chemical pollution have exceeded planetary boundaries and now threaten entire ecosystems around the world.(Persson,Linn;2022) (Harrington,Damian 2022) Pollutants frequently have outsized impacts on vulnerable populations, such as children and the elderly, and marginalized communities, because polluting industries and toxic waste sites tend to be collocated with populations with less economic and political power.[University of Michigan News 2022] This outsized impact is a core reason for the formation of the environmental justice movement,(Schlosberg,David 2007) (Sclosberg,David 2007) and continues to be a core element of environmental conflicts, particularly in the Global South.

Because of the impacts of these chemicals, local, country and international policy have increasingly sought to regulate pollutants, resulting in increasing air and water quality standards, alongside regulation of specific waste streams. Regional and national policy is typically supervised by environmental agencies or ministries, while international efforts are coordinated by the UN Environmental Program and other treaty bodies. Pollution mitigation is an important part of all of the Sustainable Development Goals.[U.N.2020]

1.6 Water pollution

Water pollution is the contamination of water sources by substances which make the water unusable for drinking, cooking, cleaning, swimming, and other activities. Pollutants include chemicals, trash, bacteria, and parasites. All forms of pollution eventually make their way to water. Air pollution settles onto lakes and oceans. Land pollution can seep into an underground stream, then to a river, and finally to the ocean. Thus, waste dumped in a vacant lot can eventually pollute a water supply.

1.7 Environmental pollution
Environmental pollution is increasing gradually and causing a serious impact on living organisms including humans. It can be reduced by microorganisms or plants that have biosynthetic pathways for the degradation or accumulation of environmental pollutants from soil and water. Lack of genetic components in natural microorganisms or plants lessens their ability to degrade or accumulate pollutants and hence is currently released at high rates. Recent advances in CRISPR-Cas9 technology have been used to edit the genome of microorganisms or plants in order to improve the degradation and accumulation efficiency to a higher rate for controlling environmental pollutants. We discuss recent developments in CRISPR-Cas9 based microorganisms and plant genome editing for bioremediation of environmental pollution in order to clean our environment for healthy animal life on earth.

1.8 Industrial pollution

Industrial pollution has continued to be a major factor causing degradation of the environment around us, affecting the water we use, the air we breathe, and the soil we live on. The exponential increase in industrialization not only consumes large areas of agricultural lands but also simultaneously causes serious environmental degradation of soil. Water originating from various industries finds its place in agriculture. The challenge is to properly incorporate the disposal of the wastes in a controlled management program so that the applied industrial solid wastes do not contribute pollution to soil, soil microbes, or the environment. To stop pollution and prevent metal toxicity, there is a clear need for an overall waste treatment strategy with the goal of eliminating priority pollutants at their source. This can be achieved by indigenous microorganisms found in various industrial effluents that can be used as an indicator of pollution and to resist, process, metabolize, and detoxify chromate-polluted wastewater.

1.9 HEAVY METALS 
"An excellent man, like precious metal, is in every way invariable; A villain, like the beams of a balance, is always varying, upwards and down wards."   John Locke. Metals attend in a large part of the periodic table and are commonly good conductors of electricity or heat. They form cations and ionic bonds with non-metals. Metals cannot be produced or destroyed, but can alter form, which changes their biological availability and toxicity. Heavy metals are commonly related to as those metals which have a specific density of more than 5 g/cm3 and some of them negatively change the environment and living organisms (Jarup, 2003).Some of these metals are nutritionally important or essential to preserve different physiological functions and biochemical in living organisms when in low concentrations, the toxicity of these metals comes from either nutritional deficiency or excess exposure. As widespread of heavy metal is increasing in the all side of the life. So their toxicity is a serious problem for ecological, evolutionary, nutritional and environmental reasons and this toxicity need a lot of increasing importance as an environmental contaminants (Jaishankar et al., 2013) (Nagajyoti et al., 2010).   Essential nutrients are reported these metals such as Cobalt (Co), Copper (Cu), Chromium (Cr), Iron (Fe), Magnesium (Mg), Manganese (Mn), Molybdenum (Mo), Nickel (Ni), Selenium (Se) and Zinc (Zn). Less quantity for supply of these micro-nutrients results in a variety of deficiency diseases or syndromes (Levander & Whanger, 1996).The heavy metals classified as essential heavy metals exert fundamental biological functions inliving organisms, their oxidation-reduction properties and chemical coordination sometimes have given them additional benefit so that they can escape control mechanisms such as homeostasis, transport and binding to required cell constituents such as cell membrane, mitochondrial, lysosome, endoplasmic reticulum, nuclei, and some enzymes used in metabolism, detoxification, and damage repair. Preceding study has confirmed that oxidative stress of biological macromolecules is mainly due to binding of heavy metals to the DNA and nuclear proteins (Flora et al., 2008).

Occurrence of Lead

The discovery of lead Lead is an abundant heavy metal in the Earth, about 14 parts per million by weight or 1 part per million by moles. It rarely occurs in pure form in nature.  Lead is usually found in ores, mostly with copper, zinc and silver. The most common lead mineral is galena, which is lead sulfide  (PbS).  Other minerals include lead carbonate (PbCO3)  and  lead  sulfate  (PbSO4) (Holleman et al;  1985).

Uses of Lead

        The low melting point makes casting of leads easy and therefore small arms ammunition and shotguns pellets can be cast with minimal technical equipment. It is also inexpensive and denser than other common metals (Rooney,2007)

Because of its high density and resistance from corrosion, lead is used for the ballst keel of sail boats.
It is also the traditional base metal of organ pipes, mixed with various amounts of tin to control the tone of the pipe (Audesley, 1988)

Health effects of lead

Lead is known to cause a range of health effects, from behavioural problems and learning disabilities, to seizures and death. Children six years old and under are most at risk from exposure lead-based paint because they crawl on the floor and they put their hands and other items which can have lead-based paint dust on them into their mouths. Because their bodies are still growing, children tend to absorb more lead than adult. (US EPA, 2012)

Occurrence of Chromium

Chromium is a relatively abundant element in Earth’s crust; the free metal is never found in nature. Most ores consist of the mineral Chromite, the ideal formula of which is FeCr2O4. It is widely dispersed in natural deposits, which are usually contaminated with oxygen, magnesium, Aluminum, and silica; their chromium content varies from 42 to 56 percent.(Britannica, 2013)

Uses of chromium

 Chromium added to iron and nickel in the form of Ferro Chromium to produce alloys specially characterized by their high resistance of corrosion and oxidation used in small amounts chromium hardens steel. Chromium alloys are used to fabricate such products as oil tubing, automobile trim and cutlery. Chromites are used as a refractory and as a raw material for the production of chromium chemicals (Chandramita, 2011).

Health effects of chromium 

 For most people eating food that contains chromium (III) is the main route of chromium uptake, as chromium (III) occurs naturally in many vegetables, fruits, meats, yeasts and grains. Various ways of food preparation and storage may alter the chromium contents of food. When food in stores in steel tanks or cans chromium concentrations may rise.

Chromium (III) is an essential nutrient for humans and shortages may cause heart conditions, disruptions of metabolisms and diabetes. But the uptake of too much chromium (III) can cause health effects as well, for instance skin rashes (Lentecch, 1998)

Occurrence of Cobalt

Cobalt, though widely dispersed, makes up only 0.001 percent of Earth’s crust. It is found in small quantities in terrestrial and meteoritic native nickel-iron, in the Sun and stellar atmospheres, and in combination with other elements in natural waters, in ferromanganese crusts deep in the oceans, in soils, in plants and animals, and in minerals such as cobaltite, linarite, Skutterudite, Smaltite, Heterogenite, and Erythrite. In animals, cobalt is a trace element essential in the nutrition of ruminants (cattle, sheep) and in the maturation of human red blood cells in the form of vitamin B12, the only vitamin known to contain such a heavy element.(Britannica, 2013) 

Uses of Cobalt

Gamma radiation from cobalt-60 has been used in place of X-rays or alpha rays from radium in the inspection of industrial materials to reveal internal structure, flaws, or foreign objects. It has also been used in cancer therapy, in sterilization studies, and in biology and industry as a radioactive tracer. Most of the cobalt produced is used for special alloys. A relatively large percentage of the world’s production goes into magnetic alloys such as the Alnicos for permanent magnets.

Health effects of Cobalt

Cobalt may cause an asthma-like allergy. Future exposure can cause asthma attacks with shortness of breath, wheezing, cough, and/or chest tightness. * Cobalt may affect the heart, thyroid, liver and kidneys. * Repeated exposure to Cobalt dust can cause scarring of the lungs (fibrosis) even if no symptoms are noticed.

Occurrence of Cadmium

 A rare element (about 0.2 gram per ton in Earth’s crust), cadmium occurs in a few minerals and in small quantities in other ores; especially zinc ores, from which it is produced as a by-product. The chief zinc ore, zinc blended, or sphalerite, consists mainly of zinc sulphide, containing from 0.1 to 0.3 percent cadmium from 0.1 to 0.3 percent cadmium (Britannica, 2013)

Uses of Cadmium 

Cadmium has many common industrial uses as it is a key component in battery production, is present in cadmium pigment (Buxbaum and Pfaff, 2005).

It is commonly used in electroplating (Scoullouset al., 2001)

Health effects of Cadmium

The most dangerous form of occupational exposure to cadmium is inhalation of fine dust and fumes or ingestion of highly soluble cadmium (Morrow, 2010)

Inhalation of cadmium - containing fumes can result initially in metal fumes fever but may progress to chemical pneumonitis, pulmonary edema and death (Hayes, 2007).

Literature Review
(Keith et al, 1976), stated clearly that the in his work "Heavy metals in waste water and potential risk for human health" that ingestion of water containing heavy metals is one of the main ways in which heavy elements enter the human body. The study was aimed to investigate the concentrations of cobalt , chromium, cadmium, and lead in the most frequently established by the global effluent guidelines. After the wastewater samples were collected, the heavy metal contents were determined by atomic absorption spectrometer. All sample waste water present average concentrations of Cd and Fe lower than the permissible level limits established by the global effluent guidelines. Cr, Cd, Cu, and Co exceeds the limits setup by global effluent guidelines. And regarding the consumption habit of the population in Challawa Industrial Area Kano State, the daily ingestion of heavy metals were above the oral dose of reference, therefore, consumption of these water can be considered unsafe and risky to human health.
Aims And Objectives Of The Research
Aim: The aim of the research are:
· To investigate the concentration of some heavy metals in Challawa Industrial

Area in Kano state Nigeria
Objectives
· To determine some heavy metals from waste water sample in Challawa Industrial Area in Kano StState 
·  To compare the resultant concentration with the corresponding concentration value given by the global effluent guidelines.                                                    





 CHAPTER TWO

2.0 EXPERIMENTAL

2.1 APPARATUS AND REAGENTS

2.2 APPARATUS

· Volumetric flask (100ml)

· Sample bottles

· Glass funnel

· Evaporating dish

· Glass rod
· Filter paper

· Bucket
· Ground glass granule

· Thermometer
· Burette
· Retort stand

· Beaker (250cm3)

· Measuring cylinder (1000cm3)

· Steam bath

· Sand bath glass wares

· Atomic absorption spectrometer

· Technical auto analyzer (ii)
2.3 Reagents 
          Concentrated Nitric acid (70%, mw: 63.01g/mol)

· Potassium dichromate (99% mw: 294.18g/mol)

· Lead (ii) Nitrate (99% mw: 331.21g/mol)

· Zinc sulphate (99/ mw: 287.54g/mol)

· Cadmium chloride (99% mw:228.34g/mol)

· Ferrous chloride (99% mw: 198.81g/mol)
· Distilled water

2.4 Sampling of Waste Water
Sample collection is one of the most important steps in analytical work; the sample must be a true representative of the whole mass of the material whole composition is to determined (Standard examination of water and waste water, 14th edition in 1975 APHA-AWWA-WPCF).

2.6 Sample Digestion (Procedure ) 
100cm3 of each sample will be taken into a 250cm3 beaker, 5cm3 of conc. Nitric acid will added to each sample and covered

The sample will be heated for about 45 minutes, then cooled and further heated to 15 minutes and evaporated down to about 20ml; after adding additional amount of 5cm3 of concentrate nitric acid. The digest was then filtered using a glass funnel and a filter paper into a 100cm3 volumetric flask mark. And then will be transferred into a plastic bottle and taken it for atomic absorption spectrometer (AAS) analysis

2.7 Preparation  Of Reagents 
In the preparation of reagent, chemical of analytical grade purity and distilled water used. All glass were cleaned by immersion 10% nitric acid overnight and washed with detergent before rinsing with distilled water.

10% Nitric acid

100cm3 concentrated nitric acid (S. G 1.42; 70% w/v) was accurately transferred into 100cm3 volumetric flask and made to mark with distilled water.

Nitric Acid

12.5cm3 of concentrated nitric acid (SG = 1.42g/cm3, 70% w/v) was accurately transferred into a 100cm3 volumetric flask

2.8 Preparation Of Standard Solution For Calibration Curves 
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The masses of the salt dissolved to obtain the standard solution were obtained by using the relation. 

Weight of substance =  

100mg/dm3 Cadmium solution (stock solution)

2.03/g of cadmium chloride (CdCl2. H2O) was weighed and dissolved in a beaker containing 10cm3 of 10% nitric acid.

The solution was transferred into a 100cm3 volumetric flask and made to mark with distilled water.

100mg/dm3 Cadmium solution (intermediate stock solution) 10cm3of 100mg/dm3 Cadmium solution was pipette into a 100cm3 volumetric flask. The volume was made to mark with distilled water.

Working standard Concentration of Cadmium
1, 2, 4, 6, 8 and 10mg/dm3 Cadmium solution were prepared by dilution of 1, 2, 4, 6, 8 and 10cm3 of 100mg/dm3 solution in separate 100cm3 volumetric flask. A blank was also prepared (John, 2003).

100mg/dm3 iron solution (stock solution)

3.559g of ferrous chloride (FeCl2. 4H2O) was weight and dissolved in a beaker containing 10cm3 PH 10% nitric acid.

The solution was transferred into 100cm3 volumetric flask and made to mark with distilled water

100mg/dm3 iron solution (Intermediate stock solution)

10cm3 of 100mg/dm3 iron solution was pipette into a 100cm3 solution in separate 100cm3 volumetric flask. A blank was also prepared (John, 2003).

1000mg/dm3 Lead solution (stock solution)

1.598g of lead nitrate (PbCrO2) was weighed and dissolved in a beaker containing 10cm3 volumetric flasks and made to mark with distilled water.

100mg/dm3 Lead solution (Intermediate stock solution)

10cm3 of 100mg/dm3 was pipette into a 100cm3 volumetric flask. The volume was made to mark with distilled water. 

Working standard concentration of lead

1, 2, 4, 6, 8 and 10mg/dm3 lead solution were prepared by dilution of 1, 2, 4, 6, 8 and 10mg of 100mg/dm3 solution in separate 100cm3 volumetric flask. A blank was also prepared (John, 2003).

2.9 Sample Analysis

Concentration of some heavy metals in the effluents sample was analyzed using BUK scientific 210 VGP atomic absorption spectrophotometer. The result of each sample was the mean of replicate readings the atomic absorption spectrophotometer and absorption intensity measured at the wavelength absorption of the metal being determined. The absorbance of each set standards was plotted against the concentration of the standard from which calibration curve were obtained. The samples were also aspirated measured at the wavelength of absorption of the metal of interest, from which the absorbance was interpolated on respective calibration graphs to obtain concentrations. The concentration of each element was determined from the calibration curve, by using formulae below;

Concentration from the graph = [image: image2.png]Absorbance
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To obtain concentration of metals of the formulae below was used

Conc. of metals = [image: image4.png]Conc.from graph x Volume ofor analysis
Volume of sample digested
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