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ABSTRACT
This study assesses the occurrence of heavy metals in some vegetables irrigated with polluted untreated effluent water at the Kwakwachi irrigation site in Fagge Local Government Area of Kano State. Samples of cabbage, lettuce and carrot were analyzed for five different heavy metals, Viz: Chromium (Cr), Cobalt (Co), Copper (Cu), Lead (Pb) and Nickel (Ni) presence in Waste water samples were also analyzed for the same metals. To the end, 30 samples of the vegetables from the study site and the waste water used for irrigation were collected and analyzed for the metals using the Atomic Absorptions Spectrometer (AAS). The results obtained from the laboratory analysis for both the waste water used for irrigating the vegetables at the site and vegetables cultivated in the study area  is given as follows: Mean Concentration of the waste water collected; Cobalt(Co) 78.95mg/kg, Chromium(Cr)18.76mg/kg, Copper(Cu)62.50mg/kg, Nickel(Ni)21.46mg/kg and Lead(Pb)18.84mg/kg. Mean Concentration of the vegetables collected; Cobalt(Co)30.88mg/kg, Chromium(Cr)5.32mg/kg Copper(Cu)15.5mg/kg, Nickel(Ni)9.87mg/kg and lastly Lead(Pb)2.48mg/kg. The results were compared with the safe limits recommended by various agencies. Statistical analysis is limited to the mean, standard deviation and coefficient of variation. The results indicated that heavy metals were present in the waste water and the vegetables. It was found that the mean concentration of chromium, copper, nickel and lead in the waste water exceeded acceptable limits of the African Forum for Utility Regulations and Nigeria Industrial Standards (NIS) 5542:2007 of Standard Organization of Nigeria (SON) 2007.While that of Cobalt was compared with the World Health Organization (WHO) and the Food and Agriculture Organization (FAO) because cobalt was not available on the SON regulation, and it was found to be above the safe limits. Also the mean concentration in the vegetables were found to exceed acceptable limits in chromium (Cr),copper(cu) and lead(Pb), but at concentrations below the World Health Organization (WHO) and Food and Agriculture Organization (FAO)  limits for both cobalt(Co) and nickel(Ni), were found to be below the safe limits recommended. The results also show that the concentrations in the waste water are higher than those in the vegetables, indicating that the water used for irrigation is the source of the concentration in the vegetables. Thus consumption of such vegetables by the urban population can bring about health risks in the near future. 

CHAPTER ONE
INTRODUCTION
1.1 BACKGROUND OF THE STUDY  
The term “heavy metals” refers to any metallic chemical element that has a relatively high density and is toxic or poisonous at low concentrations but becomes concentrated as a result of human caused activities. Common sources are from mining and industrial wastes; vehicle emissions; Lead-acid batteries; Fertilizers; Paints; treated wood etc.  The growing problem of water scarcity has significant negative influence on economic development, human livelihoods, and environmental quality throughout the world. Rapid urbanization and industrialization releases enormous volumes of waste water, which is increasingly utilized as a valuable resource for irrigation in urban and peri urban agriculture (Marshall et al., 2007). Waste water may contain various heavy metals including Zn, Cu, Pb, Mn, Ni, Cr, Cd  depending upon the type of activities it is associated with. Continuous irrigation of agricultural land with sewage and industrial waste water may cause heavy metal accumulation in the soil and vegetables (Singh et al., 2004; Sharma et al.,2007;Marshall et al.,2007). Heavy metals enter plant, animal and human tissues via air inhalation, food, drinking water and manual handling, and can bind to, and interfere with the functioning of vital cellular components. As trace elements, some heavy metals (e.g. Copper, Selenium, Zinc) are essential to maintain the metabolism of the human body. However, at higher concentrations, they can lead to poisoning. Toxic heavy metals can bind to vital cellular components, such as proteins, enzymes, and nucleic acids, and interfere with their functioning. Symptoms and effects can vary according to the metal or metal compound, and the dose involved. Broadly, long-term exposure to toxic heavy metals can have carcinogenic, central and peripheral nervous system and circulatory effects. Heavy metals are natural components of the earth crust. 
They cannot be degraded or destroyed. They are non-biodegradable and persistent environmental contaminates which may be deposited on the surface and then absorbed into the tissues of vegetables. Heavy metals are dangerous because they tend to bio-accumulate. Bioaccumulation means an increase in the concentration of a chemical in a biological organism over time, compared to the chemical concentration in the environment. Compounds accumulate in living things any time they are taken up and stored faster than they are broken down (metabolized) or excreted. 
Irrigation is a key factor in securing food in many countries. Of the world’s total arable lands, 17 percent is irrigated and produces 34 percent of the crops (Pescod, 1992). Three- quarters of the irrigated area (192 million hectares) is located in developing countries (United Nations 2003), and as a consequence, there is a high dependence on water for food production. Frequently in these countries, waste water is used to irrigate land because of high demand for water (70 percent of total use), the availability of waste water irrigation can be very important locally. Waste water is used to irrigate in many forms. It can be used as treated (reclaimed water) or non-treated (raw waste water) and can be applied directly to crops after discharge. The use of waste water for irrigation has been recorded in Germany and United Kingdom (UK) since the 16th  to 18th centuries respectively (Vigneswaran and Sundaravadivel, 2004). Irrigation with waste water also has a long history in China and India (Vigneswaran and Sundaravadivel, 2004).                                                                                                                                                                  
The increasing population of developing countries including Nigeria coupled with the challenges facing agricultural food production such as drought, desertification and domestic changes in sub-Saharan Africa have necessitated the intensification of agricultural activities which include the introduction of irrigation with the aim of accelerating food production for the growing population. Municipal waste water is the water discharged from the metropolis households as a result of daily activities. Waste water can be a supplementary source to existing water sources especially in arid and semi-arid climate regions. In any developing areas, the non developed urban lands, especially those lying along the courses of urban drainage systems are sometimes seen as locations for the production of some vegetable that are in high demand by urban dwellers (Mohammed and Abdullahi, 2010). The waste water used for the vegetable production harbour heavy metals like Fe, Mn, Cu, Zn, Pb, Cr, Ni, Cd, and Co at high concentrations in receiving soils (Mohammad et al., 2008). The accumulation of heavy metals in edible parts of vegetables represents a direct pathway for their incorporation into the human food chain, because vegetables absorb heavy metals from soil, air and water.
In Kano, sewage water is discharged untreated, yet it is used to irrigate vegetable crops. Most of these crops are consumed without cooking (raw). Most urban farmers use sewage water because it is free and abundant even during droughts. The utilization of municipal waste water for the irrigation of crops is associated with a number of risks, which includes crops contamination with pathogens.
Vegetables are important part of human diets, in addition to this; It also serves as a source of components protein, vitamins, iron, and calcium which have marked health effects. Most of the vegetable leaves are used in the preparation of several delicacies in Northern Nigeria, which in most cases are consumed raw, and these vegetables are irrigated with waste water from urban drainages contaminated through processes such as defecations, urination, bath, washing, agro-chemicals and industrial effluents (Mansur and Jazuli, 2007).       
Urban agriculture comprises production, processing and distribution of a diversity of foods, including vegetables and animal products within urban areas.  The diversity of activities that have been described as urban agriculture over time has evolved with changing social realities and contemporary efforts to integrate the act of growing food into the urban environment (Wooley, 2007; Salkin, 2008).  Nevertheless, rapid and unorganized urban industrial developments together with improper waste management have contributed to the elevated levels of heavy metals in the urban environment of developing countries, especially in soils and surface waters (Wong et al., 2003), which happen to be the major water source for irrigation.  The urban soils and waters receive large pollution loads of trace metals from different anthropogenic sources especially municipal wastes, industrial effluents, garages and automobile emissions (Yusuf et al., 2003).  Water used for irrigation is normally obtained from urban streams, wells and rivers which have often been reported to be polluted by heavy metals that can as well be the source of heavy metals accumulations in agriculture products (Othman, 2001; Bilos et al., 2001; Islami et al., 2007).  


1.2	STATEMENT OF THE RESEARCH PROBLEM
Kano state has emerged as the most irrigated state in the country with more than 3 million hectares of cultivable land under the supervision of Hadejia  Jama’are River Basin Development Authority. However, this development has given rise to sparsely distributed irrigation centres in the state that are operating without any form of regulation from any quarters. Some of the centres that operate unregulated are those located along the bank of River Jakara, carrying water throughout the year from the city to Wasai dam  in Minjibir  local government area of the state.  Irrigation farmers along the Jakara  river have been applying and using this municipal waste water for the purpose of irrigating their crops. It so happens that the Jakara river gets some of its water supply from urban Kano’s industrial and domestic sewages in addition to seasonal rainfall.     
Most of the irrigation farmers that farms carrot, cabbage and lettuce along the Jakara river bank at kwakwaci irrigation site situated in Fagge local government of the state metropolitan, are of the opinion that, the water they use in their farms has an irritating odour that they said made them believe it is coming from the tanneries (Daily Trust, 2014). For many years, most of these farmers have never been visited by any environmentalist or health official on any issue regarding their activities as farmers. These farmers are using the water that is mostly odorous due to its sources which is the tanneries and abattoir to cultivate most of the vegetables that are consumed raw. These farmers sell these vegetables directly to hawkers, especially the carrot, cabbage and lettuce which in most cases are consumed raw without being cooked. Nutritionists are of the opinion that, the use of waste water (filthy water) for irrigating vegetables in which it is an age long activity in the area could lead to the possibility of contaminating the vegetables which can be very dangerous to health. Direct consumption of produce such as lettuce, carrot and cabbage gotten from such irrigation site that uses waste water is very dangerous. This could be one of the major contributory factor in the spread of or outbreak of cholera, malaria parasites and there is possibility of the spread of guinea worm. Vegetables such as amaranth, lettuce, carrots etc. have been found to take up and accumulate high amount of heavy metals in their tissue (Singh et al., 2010;Yang et al., 2007), resulting in various diseases and disorders when consumed (Lacatusu and Lacatusu, 2008).  The production of vegetables using wastewater for irrigation raises concern about the safety of such vegetables with respect to their heavy metal content.  Heavy metals are kept under environmental pollutant category due to their toxic effect to plant, animals and human beings (Sharma et al., 2006).  
Rapid and unorganized industrialization has contributed to the elevated levels of heavy metals in the urban environment in developing countries. Heavy metals are non-biodegradable and persistent environmental contaminants which may be deposited on the surfaces and then absorbed into the tissues of the vegetables. Plants take up heavy metals by absorbing them from deposits on the parts of the plants exposed to the air from polluted environment as well as from contaminated soils. Waste water often contains high concentrations of heavy metals, including Cadmium (Cd), Copper (Cu), and Lead (Pb).
 Many urban farmers use sewage water because it is free and abundant even during droughts. The utilization of municipal waste water for the irrigation of crops is associated with a number of risks, which includes crops contamination with pathogens. The quality of domestic waste water is therefore a function of the constituent of human body waste and sludge. These substances are made up of organic and inorganic. The inorganic components are mainly mineral salts and metals, while the organic contains carbohydrates, protein and fats which are the major food items of bacteria found in them.
A lot has been done on waste water and heavy metals and on their implication on human health in different parts of the world , but very little of such work is done about the presence of these heavy metals in the vegetables that are consumed raw mainly as salads from the kwakwaci irrigation site. It is in view of this that prompted the researcher to investigate the presence of these heavy metals (Pb, Co, Cr, Ni, and Cu) in the waste water used for irrigating the vegetables at the site and also to assess the potential risks involved when such vegetables are consumed within the area and within Kano metropolis generally.  
The questions the research seeks to answer are:
a) Is the waste water used for irrigation in the study area the source of the presence of these heavy metals? (lead, chromium, copper, Nickel and Cobalt). 
b) Are these heavy metals present in the vegetable samples?
c) Is there any health implication on humans if the vegetables are consumed? 
d) What are the possible problems that can be observed from the findings and what are the remedies to adopt.
1.3	AIM AND OBJECTIVES
The primary aim of this research is to assess the occurrence of heavy metals in some vegetables and in the waste water used in irrigating these vegetables that are popular and mostly consumed raw by the urban populace at the Kwakwachi irrigation site in Fagge Local Government Area of Kano State. The objectives to achieve the primary aim are;
1. To determine the concentration of the selected heavy metals in irrigation waste water.
2. To determine their concentrations in the vegetable samples.
3. To explain the implications of the level of occurrence in the vegetables and waste water.
4. To make suggestion in line with the findings of the study.

1.4	IMPORTANCE OF THE STUDY
Consumers’ demand for better quality vegetables is increasing. The perception of what is regarded as “better quality” are however subjective.  Some consumers consider undamaged dark green and big leaves as characteristics of good quality leafy vegetables.  However the external morphology of vegetables cannot guarantee safety from contamination.  Heavy metals rank high amongst the chief contaminants of leafy vegetables (Mapanda et al., 2005). Rapid industrialization and urbanization with insufficient environmental monitoring planning often results in discharging of the industrial and sewage waste into rivers and lakes which lead to gradual pollution of our water resources. Many times such waste water is drained to the agricultural lands where this polluted water is used for irrigating crops including vegetables. This polluted effluent water is found to be rich not only in organic matter and nutrient but also in heavy metals like lead, chromium, cadmium, nickel, cobalt etc. that finally reach the soil of agricultural area and leads to food chain contamination as crops and vegetables absorbs them from the soil. Heavy metals are not easily biodegradable and it leads to their accumulation in human vital organs causing varying degree of illness on acute and chronic exposure (Ward et al., 1995). Research findings show that at least 20 million hectares of land in North and South Africa, South America, Middle East, Southern Europe, South west America, Mexico and a significant part of Central and East Asia is irrigated with un treated sewage chiefly for cultivating vegetables (Carr, 2005; Dayle, 1998). In India such studies have been done in Delhi where levels and sources of heavy metals contamination along with their impact on local lively hoods have been studied by Marshall et al., (2003) (Executive summary of technical reports).   
Vegetables act as neutralizing agents for acidic substances formed during digestion. As human activities increases, especially with the application of modern technologies, pollution and contamination of the human food chain has become inevitable. The uptake of heavy metals by plants grown in polluted soils has been studied, to a considerable extent, in India for instance, such studies have been done in Delhi where levels and source of heavy metals contamination along with their impact on local livelihoods have been studied by Marshal et al., (2003). Accumulation of toxic heavy metals in vegetables irrigated with waste water was studied (Cheraghi et al., 2009) and it was found that, metal concentration was many fold higher than vegetables grown in controlled area. Consumption of waste water irrigated agricultural products puts consumers to health risks (Karanja et al., 2010). Heavy metal contamination in vegetables cannot be underestimated as these food stuffs are important components of human diet. Heavy metal contamination of the food items is one of the most important aspects of food quality assurance. International and national regulations on food quality have lowered the maximum permissible levels of toxic metals in food items due to an increased awareness of the risk, these metals pose to food chain contamination.

1.5	SCOPE AND LIMITATION 
         The scope of this study limits itself to the assessment of the occurrence of heavy metals in some vegetables and waste water used for the irrigation of some vegetables cultivated along the Jakara river valley at Kwakwaci irrigation site situated in Fagge Local Government Area of Kano State. Also the work is restricted to the assessment of these five(5) heavy metals; Lead, Cobalt, Chromium, Nickel and Copper as they are found to be amongst the most risky elements in vegetables cultivated with waste water contaminated with heavy metals.

1.6	STUDY AREA
1.6.1	LOCATION OF THE STUDY AREA 
	Kwakwaci irrigation site is situated in Fagge Local Government Area of Kano state and the area lies within latitude 12005’16.28” North of the Equator and longitude 080 32’11.13” East of the prime meridian. The area is cultivated during both dry and rainy seasons. Crops grown in the area include; Tomatoes, pepper, spinach, carrot, cabbage, onions, garden egg, lettuce, beetroot, etc. Most of the farmers use basins during both dry and rainy season farming. These farmers use the waste water from the Jakara river valley to irrigate their crops which is mainly vegetables.   The Jakara River takes its source from the old Kano city. This stream flow is collected at the main dam which flows through Katsina road.   
The Jakara River lies within latitude 12000’22” and 12008’34” North of the Equator and longitude 8031’18” and 8041’55” East of the Prime Meridian. The climate in the study area is the tropical continental type with marked distinct wet and dry seasons. The drainage is largely influenced by the relief pattern and the parent materials (Olofin, 1987). River Jakara flows in a north east direction almost across Kano metropolis and is serving as the main drain for the present built-up area. A dam has been constructed down stream of the main water source. The Jakara catchment is also in an area of high rural population densities associated both with the proximity of kano metropolitan and with irrigation agriculture of much of the Jakara valley. See Figure 2.1 and Plate 2.2.
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Source: Min. of Land Survey, Kano State.
Figure 2.1: Map of Kwakwaci Irrigation Site Showing the Study Area 


1.6.2	GEOLOGY AND LAND FORMS
 	The Pre-cambrian rock of the basement complex which comprises of gneisses, amphibolites, marbles and the older granites which underlie large part of Nigeria including  80% of the kano region (Wright,1985). The geology of the study area is underlain by crystalline basement complex of pre-cambrian origin which losses its identity by disappearing into the Chad formation. The basement complex consists of granite rocks extending up to Yadai towards the North and Gabasawa towards the East. The granites are generally Gneissic and commonly developed in a mixture of pegmatite of schist granite, Gneiss and irregular mass of pegmatite. The Aeolian sand derived from wind deposits, cover most part of the area with thickness of about 5metres in the land and 10metres along the lowland plains (Olofin,1987). The geological structure influences the relief as well as land forms which are relatively flat, with some undulation especially around up stream. The highlands occupy more than 50% of the surface area of the Kano region and lies on the elevation ranging between 450metres to 650metres. The high plains consists of areas of low relief, usually less than 20metres and areas of grouped hills may rise higher than 100metres above the plains. The plains are developed on rocks of the basement complex.  

1.6.3	CLIMATE
The present climate of the Kano region is the tropical wet and dry type coded as Aw according to Koppen’s classification, although climatic changes are believed to have occurred in the past. The climate characteristics in Kano as a whole are typical of West African Savannah. Temperature in the region is generally high through out the year. In Kano, there are seasonal changes indicating a gradual increase from January to April where maximum values reaches as high as 430 C (Ibrahim, 2011). There are three main seasons based on temperature element:
1. A cool and dry season : It lasts from November to February. During which the mean monthly temperature  is between 210C and 230C with diurnal range of 120C -140C. The hamattan  wind  prevail at this period. 
2. The hot and dry season: This lasts from March to mid May. The mean monthly temperature during this period is in excess of 300 C and the daily range is up to 200C. 
3. The warm  wet season : The lasts from May to mid September with a mean monthly temperature of about 260 C and a diurnal range of about 100C, rising to 130C in September (Olofin, 2008). 
The mean annual rainfall is about 800mm around Kano metropolitan. Great temporal variation occurs in the amount of rainfall received and no two consecutive years record the same amount. The amount received varies between Kano metropolis and its southern and northern extremes based on the latitude and continentality factors. The annual amount of rainfall may reach about 1000mm in the southern Kano (part of Doguwa and Tudunwada local government areas). While in the northern extreme, the annual value received is lower than 800mm especially towards the vicinity of the desert. The climate of the area is strongly influenced by the tropical maritime air mass and the tropical continental air mass like in most part of West Africa. These two air masses control the climate of the Kano region making it the wet and dry type which is more dry than wet in the sudan and sahel regions of Nigeria (Yakubu, 2010). Kano city is typically very hot throughout the year, though December through February, the city is noticeably cooler. Night time temperatures are cool during the months of December, January and February with average low temperatures ranging from 110 C to 140C (Yakubu, 2010).
Relative humidity is high in August up to 80% and lowest in January, November and December with 23%. The rainy season has a moderate effect on temperature which falls to the lowest in August with a mean monthly value of 24.50C. The monthly  evaporation rate for Kano varied from 55% in March and April at the beginning of the wet season up to 78%  in September during the end of the rainy season.
1.6.4	DRAINAGE AND HYDROLOGY
Domestic and industrial water after use is disposed off through plumbing drains in homes via streets, gutters into major drains, (both lined and unlined). Finally, the water drains into one of the two natural drainage systems in Kano metropolitan area. The Jakara and the Salanta. The Jakara  drainage system receives about two third of all waste water discharged in the Kano area.
The Kano region is divided into two hydrological zones. To the west of the divide is the zone of high surface water discharge and retention which coincides with the zone of basement complex structure. To the east and north east of the divide is the zone of large accumulation of ground water which is part of the upper aquifer of Chad basin. Retention and flow of water on the surface are very limited in this zone. The climate of the region controls the amount of water that is available both on the surface and at sub-surface at any given time within a water year ((Olofin,1984). The construction of dams which started about the year 1969 marked the beginning of the modification of drainage and hydrology in Kano region.                 

1.6.5	SOIL AND VEGETATION 
Matured soils generally occupy the plains and the immature ones are found on hill slopes, foot slopes and valley-bottoms. The influence of topography and wind-drift materials from the desert is what shapes the aggregate of the soil structure in Kano region although; the matured soils are latosols of ferruginous type (Olofin, 1987). The lower course contains more of loamy sand than heavy or light loamy soils. The clayey soils are inadequately developed even in the lower terrace where alluvial soils predominate, except on some patches of land and  on the flood plain where vertisols are the main soil type. The clayey soils are dark in color, cracked in dry season to give polygonal pattern but are massive and jointed in structure when wetted.
The natural vegetation is a mixture of sudan, savannah and sahel. Thorn shrubs species, sparsely distributed over the entire area, with variation in density from place to place due to human imprints. The sudan  savannah trees are composed of variety of species hardly taller than 20metres ranging from baobab to different types of acacias. For example, Acacia Albida spp, Acacia  Nitotica spp, and Acacia Senegal spp. Most of these trees species adapt to drought conditions through long tap roots, leathery leaves and tiny leaves. With the exception of Acacia Albida which retain the green leaves throughout the year, the other tree species shed their leaves during the dry season. Vegetation of the region was originally defined as undisturbed sudan savannah and guinea savannah . The normal vegetation has always been the dry guinea in the southern fringe and the sudan in the larger part of the region (Olofin, 2008). The vegetation has now been subjected to destruction through fuel wood extraction, urban encroachment and population pressure (Dakata and Yelwa, 2012). There are thorny shrubs and small tree species which normally cover the forested area of the basin and abandoned areas of irrigation cultivation. Peculiar among the thorny shrubs are Isoberhnia, Acanthospermum hispidum and Guiera senegalenses to mention but a few. Grasses are the main species of vegetation that dominate both cultivable and uncultivated lands.   

1.6.6	LAND USE AND ECONOMIC ACTIVITIES
Kano region is one of Nigeria’s most important agricultural region and currently produces food and cash crops such as sorghum, rice, millet, groundnut, wheat, cowpeas and vegetables under both rain fed and irrigated farming. The practice, coupled with high population density presents a negative scenario on the surface water system in the region. During the past two decades, there has been increasing recognition of the impacts of agricultural activities on water quality. There has been rise in agricultural land use intensity, with expanded area of irrigated land.  Irrigation practices along the water sheds may increase run-offs and drainage patterns which can result in surface water variation.  More over, irrigated  areas often associated with increased  agricultural inputs, such as fertilizers and pesticides which can affect water quality in receiving bodies due to excess nutrients and pesticides. These pollutants find their way to water resources in the form of dissolved fractions (Mustapha and Nebegu, 2011).
The major agricultural practices in Kano region are crop production (Farming systems), animal husbandry (Live stock rearing), Forestry and Fisheries (Lynch et al.,2000). Two major system of crop production have been seen to be practiced within the region. These are rain fed agriculture and irrigation farming. Rain fed agriculture is entirely depended on rain fall which is only available during the rainy season. This system is mainly in the hands of the small holder peasant farmers who constitutes about 90% of the farmers. Different types of crops are cultivated under this system which includes millet, guinea corn, cassava, sweet potatoes, cocoyam, groundnuts, cotton, soya beans, okra, vegetables among other things (Olofin and Tanko, 2003).    


1.6.7	IRRIGATION FARMING
Irrigation farming has been defined as the artificial application of water for crop production. Irrigation activities can either be from surface or underground water. Kano region  is the largest city in the whole of northern Nigeria and one of the most populous state in the  country with an average rainfall of less than 700mm for most of the years with consequent long dry season from late September to late May, has for long being associated with farming along the river valleys and depressions. Irrigation is therefore the practice of applying water to the soil to supplement the natural rainfall and provide growth of crops (Olofin and Tanko, 2003). Irrigation farming in Kano region can be divided in to two: Fadama irrigation and urban and peri-urban agricultural irrigation. Smith et al.,(1996) defined urban and peri-urban agriculture as farming which occurs within the surrounding boundaries of cities throughout the World and may include livestock production, fisheries and forestry, as well as ecological services. Farming is done in the city core areas, wedge areas and corridors out of the city and on periphery. Urban and peri- urban  irrigation provides the populace with vegetables and fruits within the urban environment for households consumption as well as  for sale to the rapidly growing population. Different range of crops and fruits are produced which includes; maize, beans, tomatoes, pumpkins, melon, pepper, cabbage, lettuce, carrots and onions etc.   


  




CHAPTER TWO
2.0	LITERATURE REVIEW
The growing problem of water scarcity has significant negative influence on economic development, human livelihoods, and environmental quality throughout the world.  Rapid urbanization and industrialization releases enormous volumes of waste water which is increasingly utilized as a valuable resource for irrigation in urban and peri-urban agriculture.  It drives significant economic activity, supports countries livelihoods particularly those of poor farmers, and substantially changes the water quality of natural water bodies (Marshall et al., 2007). Irrigation with waste water is known to contribute significantly to the heavy metal contents of soils and may contain various heavy metals including Zn, Cu, Pb, Mn, Ni, Cr, Cd, depending upon the type of activities it is associated with.  Continuous irrigation of agricultural land with sewage and industrial wastewater may cause heavy metal accumulation in the soil and vegetables (Singh et al., 2004; Sharma et al., 2007; Marshall et al., 2007).
	Heavy metals are generally not removed even after the treatment of wastewater at sewage treatment plants, and thus cause risk of heavy metal contamination of soil and subsequently to the food chain (Fytianos et al., 2001).  Intake of heavy metals through the food chain by human populations has been widely reported throughout the world (Muchuweti et al., 2006).  Due to the non-biodegradable and persistent nature, heavy metals are accumulated in vital organs in the human body such as the kidneys and liver and are associated with numerous serious health disorders (Duruibe et al., 2007).  Individual metals exhibit specific signs of their toxicity Lead,  As, Hg, Zn, Cu and Al poisoning have been implicated with gastrointestinal (Gi) disorders,  diarrhea, stomatitis, tremor, hemoglobinuria causing a  rust-red colour to stool, ataxia, paralysis, vomiting and convulsion depression and pneumonia (McCluggage, 1991).  The nature of effects can be toxic (acute, chronic or sub-chronic), neurotoxic, carcinogenic, mutagenic or teratogenic (European Union, 2002).  Heavy metals or trace metals are those with relative atomic masses above 100. Lead (Pb), mercury (Hg), cadmium (Cd), and chromium (Cr) belongs to the heavy metal group. They accumulate in living organisms reaching concentrations which inhibit enzyme activities (Madubuike, 1980).
2.1 EFFECTS OF HEAVY METALS ON HUMANS
i. Lead: Lead is a micro element naturally present in trace amounts in all biological materials i.e. in soil, water, plants and animals. It has no physiological function in the organisms (Smirjakova et al., 2005). According to Cibulka,(1991) the main sources of lead contamination  are smelting works, application of waste water slugs to soil, transportation, rain, snow, and others. Approximately 98% of lead in the atmosphere originates from human activities. Pouls (1999) has extended the sources of lead pollution to include; paints lead wastes, cell batteries, lead solders and forms. The toxicity of lead is widely acknowledged, with greatest risk for harm, even with only minute or short term exposure to infants, young children and pregnant women (P0uls, 1999). Lead poisoning causes abdominal pain, irritability, slurred speech, mental retardation and anemia (Smirjakova et al., 2007). It is toxic to man and may accumulate in the body. It concentrates initially in the liver and kidney. Symptoms of lead poisoning caused by the absorption of lead from the internal tract, through the lung or skin, are anemia associated with nausea, vomiting and abdominal pain. It can cause brain damage in children and adults, and deformity in the unborn child.
External consequence of lead poisoning ranges from low intelligent quotient (IQ) in children and high blood pressure in adults. Excess lead intake can result in abortion and decrease in fertility level of or when 5mg/lcm3 is exceeded. It causes anemia, paralysis and even death. Jan Buller et al., reported that, chronic lead exposure leads to developing heart diseases, gastric and duodenal ulcer (Madubuke, 1986). 
ii. Chromium (Cr): Trace quantities of heavy metals such as chromium is an essential micronutrient for higher animals and plant growth. Chromium exists in four oxidation states which are; Cr(II), Cr(III), Cr(V), and Cr(VI). The most toxic is the Cr(VI) (hexavalent state ion). It can cause cancer of the lungs and dermatitis. Chromates acts on irritants to eyes, nose and throat. High exposure to chromium for a long period of time may lead to liver and kidney damage.
Chromium and its compounds are known to cause cancer of the lungs, nasal cavity and para nasal sinus and are suspected to cause cancer of the stomach and larynx (Shinggu, Ogubuaja, Barminas and Tomas, 2007). An oral dose of potassium dichromate (0.5-1g) is fatal for man and absorption through the skin can be dangerous resulting in diarrhea, bleeding in the stomach and the intestine, serious liver and kidney damage and perforated nose walls. Ulcer can develop and the sense of smell can be lost (Gauglhofer and Bianchi, 1991). Eczema caused by contact with cement are due to allergic reactions against Cr (VI) impurities in the cement (Kieffer, 1991).
iii. Copper: Copper is a naturally occurring metallic element that occurs in the soil at an average concentration of about 50 parts per million (ppm). It is present in all animals and plants and it is an essential nutrient for humans and animals in small amounts. This enters streams and rivers in drainage, water from copper mines and in the liquid effluent from copper plating works. It is a very toxic metal. Fresh water plants and fishes are killed by less than 1ppm of copper. Fishes absorbs it through their gills. Acute poisoning from ingestion of excessive copper can cause temporary gastro intestinal distress with symptoms such as nausea, vomiting and abdominal pain. High levels of exposure to copper can cause destruction of red blood cells, possibly resulting in anemia (Casaret and Doull’s Toxicology, 1995).
iv. Cobalt: There are many ores which contains cobalt. The commercially important ones are; cobaltite, smaltite and linnacite. These are always found together with nickel ores. Cobalt is obtained as a by-product from the extraction of the other metals.  
Cobalt is an essential constituent of particles soil and is present in some enzymes and in vitamin B12. The artificial isotope 60Co, is radioactive, and undergoes β-decay (half-life 5.2years) at the same time it gives out intense high energy γ radiation, which is used in hospitals for radiotherapy of cancerous tumors (Lee, 1996).
v. Nickel: Nickel is the twenty-second most abundant element by weight in the, earth. Commercially important nickel ores include sulphides, which is usually mixed with Fe or Cu sulphides, and alluvial deposits of silicates and oxides/hydroxides. Important alluvial deposits include garnierite magnesium nickel silicate of variable composition. SiO10 (OH)8 and nickeliferous limonite (Fe,Ni) .  Nickel silicate ores such garnierite are mixed with gypsum (CaSO4) and smelted with coke. The silicates form CaSiO3 slag, and the nickel form a sulphide (Lee, 1996).


2.2	EFFECTS OF HEAVY METALS IN WASTE WATER AND VEGETABLES
Contamination of the environment with toxic heavy metals has become one of the major causes of concern for human kind. Waste water can be a supplementary source to existing water sources especially in arid/semi-arid climate regions. The soil is considered as the dynamic medium for the growth of plants on which man depends for his food and fiber supply (Donahue, et al, 1990). In his quest for survival, man put the soil to different uses, the most important being farming both irrigated and rain fed.  Ingestion of vegetables containing heavy metals is one of the main ways in which these elements enter the human body.  Once entered heavy metals are deposited in bone and tissues, overlapping noble minerals.  Slowly into the body, heavy metals can cause an array of diseases.  Water quality is a major factor in determining success and safety of irrigation agriculture. In a situation whereby contaminated water is used for irrigation, there is the tendency for the people and the soil to be at risk. Contaminated water is synonymous to polluted water, and according to Faruruwa (2001), when polluted water is used for irrigation, there is the tendency for the soil to be contaminated also with heavy metals, especially if the water is polluted by the two major sources of water pollution, domestic sewage and industrial effluence. The tendency for soils to be polluted with heavy metals is well-known and appreciated phenomenon internationally. Many cities of the world, now keenly monitor accumulation of such toxic substances in the soil as heavy metals, and safely disposes or detoxifies such soil through various processes e.g. bio- mining.
Long term irrigation may lead to the accumulation of heavy metals in agricultural soils and plants. Vegetables accumulate heavy metals in their edible and non-edible parts (Vosta et al., 1996).Toxic effects of trace heavy metals such as Cd, Pb and Hg etc to man, other animals and organisms are well known. This category of metals is not required by man even in the smallest amounts (Cui et al.,2004 and Borgmann, 1993). Although some of the heavy metals such as Zn, Mn, Ni and Cu acts as micro nutrients at lower concentrations, they become toxic at higher concentrations. Many metals act as biological poisons even at parts of per billion (ppb) levels (Dara 1993).
Intake of vegetables is an important path of heavy metal toxicity to human being. Crops and vegetables grown in soils contaminated with heavy metals have greater accumulation of heavy metals depending upon the nature of the vegetables and some of them have a greater potential to accumulate higher concentrations of heavy metals than others. Dietary intake of heavy metals through contaminated vegetables may lead to various chronic diseases. Consumption of vegetables have increased in recent years due to the awareness that vegetables contain nutritionally important compounds  necessary for human survival and are often called protective food due to their functions of preventing disease of human body (Badaway et al., 2000 and Aualita et al., 1987). Vegetable uptake of metals is one of the major pathways which soil-metals enter into food chain and is subsequently bio-accumulated to high concentrations causing serious risk to human health when plant based food stuffs are consumed (Cui et al., 2004).    
In addition to substances such as sulphates, sodium chloride, carbonates and bicarbonates found in waste water effluent, Duron (1988), has shown that trace elements and heavy metals are common in municipal wastewaters viz: Arsenic, Boron, cadmium copper, chromium, iron lead manganese, mercury amongst others.

2.3	WASTE WATER AND HEAVY METAL CONTAMINATION IN URBAN 	MUNICIPALITY
As a result of urbanization and increasing anthropogenic activities and sources of heavy metals, i.e. pollutions from the activities of humans, have introduced some of these heavy metals into the ecosystem. Heavy metals occur naturally in the ecosystem with large variations in concentrations. The presence of heavy metals in the environment is of great ecological significance due to their toxicity at certain concentrations, translocation through food chains and non-biodegradability which is responsible for their accumulation in the biosphere (Aekola et al., 2008). Sources of heavy metal in city environment include domestic and industrial wastes, traffic emissions, agricultural activities, mining and metal works (Nriagu 1990). 
Urban agriculture comprises production, processing and distribution of a diversity of foods including vegetables and animal products within the urban areas. It has recently gained increasing recognition as a survival strategy for the urban poor to cope with the declining standard of living in the developing countries. The diversity of activities that have been described as urban agriculture over time has evolved with changing social realities and contemporary efforts integrate the act of growing food into the urban environment (Wooley, 2007; Salkin, 2008). Rapid  and unorganized  urban industrial developments together with improper waste management have contributed to the elevated levels of heavy metals in the urban environment of developing countries, especially in soils and surface waters (Wong et al., 2003), which happen to be the major water source for irrigation. Water used for irrigation is normally obtained from urban streams, wells and rivers which have often been reported to be polluted by heavy metals that can as well be the source of heavy metals accumulations in agriculture products (Othman, 2001; Bilos et al., 2001; Islami et al., 2007). Purves (1973) discovered that municipal wastes could contain heavy metals concentrations of 44 to 352 ppm of lead; 25 to 215 ppm of copper; 7 to 21 ppm of nickel and 100 to 655 ppm of zinc. These levels of heavy metals are of concern because of the associated health risks they carry.   

2.4	MUNICIPAL IRRIGATION AND VEGETABLE PRODUCTION.
Municipal farming is a common practice in developing countries, including Nigeria. As demand for fresh water intensifies, the use of municipal or industrial waste water in agricultural sector is frequently being seen as common practice in many parts of the world (Ensink et al., 2002; Sharma et al., 2007). An estimated twenty million hectares in 50 countries worldwide are irrigated with raw or partially treated waste water and this is likely to increase markedly during the next few decades as stress intensifies (Hussein et al., 2001; Scott et al ., 2004; Hamilton et al., 2007).The quality of water used for irrigation is mainly determined by its source. Water after use is disposed off through plumbing drains in homes via street gutters into the major drains (both lined and unlined), finally the water drains into one of the two natural drainage systems in Kano metropolitan Kano. Domestic sewage is the water supply of the community after it has been used (Alka and Pescod, 1988 and Barliet, 1979).  
It has been reported that 45 percent of waste water irrigated areas in China are contaminated with heavy metals at the most serious level (Leiet et al., 2008), Cadmium and lead are the elements most seriously contaminating soils. This problem is not only in China, but in other countries like India, France, Germany, etc. (Ingwersen and Street, 2006; Deret et al., 2006: Singh and Kumar, 2006).The excessive accumulation of heavy metals in agricultural soils through waste water irrigation may not only result in soil contamination, but also lead to elevated heavy metal uptake by crops, and thus affect food quality and safety (Muchweti et al., 2006). Some studies reports that the consumption of heavy metal contaminated food can deplete some essential nutrients in the. body that are further responsible for decreasing imrnuniological defenses, intrauterine growth retardation, impaired psycho-social faculties, disabilities associated with malnutrition and high prevalence of upper gastro intestinal cancer rates (Lyengar and Nair, 2000; Turkdofan et al., 2003).
Heavy metals that are attached with soil water and soil particles will be absorbed by plant roots and accumulated in vegetables (Alizayewa et al., 2006; Arova et al., 2008; Kachento et al., 2004).  Another path way for heavy metals to get into vegetables is via irrigation water which is contaminated by heavy metals.  Kudirat and Funmilayo (2011) did a study to determine the heavy metals level in vegetables from selected markets in Lagos, Nigeria where they had found the presence of cadmium and Zinc but the level complied with FAO/WHO (2007) Standard. The concern of the consumers health were also given priority by the researchers where a number of studies have been conducted to assess health risk of the consumers due to heavy metals contaminated vegetables consumption (Sajjad et al., 2009; Xie, et al., 2008).
A number of studies had been conducted by researchers to identify the levels of heavy metals in vegetables from various sources.  Anita et al., (2010) stated that, waste water irrigation led to the accumulation of heavy metals in soil and consequently into the vegetables.  While Miclean et al., (2000) found out that the metal accumulation in vegetables grown in the vicinity of industrial sites represents a potential risk for public health.  Works by researchers Garcia et al., 1981; Khan et al., 1983; Xiong, 1998 and Cobb et al., 2000 had shown that some common vegetables are capable of accumulating high levels of metals from the soils.  One of them was leafy vegetables where studies conducted by Abida et al., (2010) showed that, a high level soil contamination posed potential danger for the vegetables grown in the vicinity. 



CHAPTER THREE
METHODOLOGY
3.1	INTRODUCTION
	The methodology principally explains how the research was conducted. It involved the pre-field activities which was a sort of preparatory stage. The library was visited likewise the GIS laboratory to obtain benchmark data from secondary sources. The next step was under take a Reconnaissance Survey of the area and this was followed by interviews and discussions with the practicing farmers in the study area. This was done to familiarize myself with the practicing farmers, to know the history of the existing land use system and to know how the samples will be collected.  After which waste water samples and three types of vegetables were gathered for analysis. The detail of how the aforementioned steps were accomplished is described below:-
3.2 	RESEARCH DESIGN
The research design involved the identification of a site where waste water is being used to irrigate vegetables. The vegetables grown and the waste water used were sampled at certain points. i.e., waste water samples were collected in the morning and afternoon at a point adjacent to where the vegetables are cultivated along the Jakara River Valley. 
Three vegetables were selected purposively for the simple reason that, they are usually consumed raw and they are very popular vegetables. These three vegetables include:  A leafy vegetable usually eaten raw represented by Lettuce and cabbage then a root vegetable also usually eaten raw represented by carrot. 
The design also involved the selection of some trace metals usually absorbed by the vegetables. These trace metals are; cobalt, chromium, copper, nickel, and lead.
3.3	SAMPLING TECHNIQUES AND SAMPLE SIZE
The site selected is the Kwakwaci irrigation site situated in Fagge Local Government Area of Kano metropolis were irrigational activities are mostly carried out both during the dry season and rainy season. Ten points were selected within the irrigation site and at each point, samples of the three vegetables (lettuce, cabbage and carrot) were taken, making 30 samples in all. See plates 2 and 3 at each point a sample of the waste water was taken in a plastic bottle (plate 4).
3.4	PRE-FIELD ACTIVITIES
	The pre-field activities involved the study of relevant literature from books, Journals, feasibility reports, maps, Internet and air photos. Published and unpublished literatures on similar or related researches conducted in Nigeria and outside were consulted. Also materials, equipment and research assistants required were assembled. The materials and equipments required during the field investigation included; polythene bags, hand gloves and plastic water bottles, masking tape, pens and biros, respirators etc. Two field assistants were also engaged for assistance on the field.
3.5	FIELD INVESTIGATION 
Field investigation activities included:
3.5.1 Reconnaissance Survey: This was carried out prior to the commencement of detailed field activities that is before the data collection to identify locally grown vegetables, site history and marketing areas.
3.5.2 Detailed Field Investigation and Data Collection: 
a) Vegetable Samples Collections:
The three selected vegetable samples were collected from the Kwakwachi irrigation site. Sample collection was carried out in the dry season of 2014. This is because in Kano, irrigation of vegetable is intensively practiced, during the dry season along major routes which serves as effluents discharge routes for the municipal and industrial waste produced by local industries. Samplings were done during their harvesting period randomly in all the farm lands.  At each sample location, vegetable samples were collected from their respective plots and labeled properly for further analysis. Vegetable samples were divided into leaves and roots.  The vegetable samples include: lettuce (leafy vegetable), carrot (root vegetable) and cabbage (leafy vegetable). See plates 2 and 3. The vegetables were collected in polythene bags to minimize the chances of getting contaminated and were labeled serially. A total of 30 samples of the vegetables were collected.
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Plate 
1
:  Sample of the lettuce plant (leafy vegetable) collected from the study area
)
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Plate 
2
:  Sample of the cabbage plant (
Leafy
 vegetable) collected from the study site
)
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Plate 
3
:  Sample of the 
carrot
 plant (
Root
 Vegetable
) collected from the study site
)

b) Waste water sample Collection
	The irrigation waste water samples were also collected in plastic containers along the drainage canal from adjacent points to the vegetable plots making sure that the water is the one used for irrigation. The waste water samples were taken by inserting a plastic bottle into the waste water stream to fill to a fine marked level and then, four drops of nitric acid was added to prevent the growth of algae. The plastic bottle was then closed firmly and labeled appropriately before taken to the laboratory for subsequent laboratory analysis of the different heavy metal parameters (see plate 4).
Finally, some observations were made in the field and recorded mentally to assist in the explanation of the findings later.
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Plate 4
:  Domestic and industrial waste water effluent being collected at the drainage canal used for irrigation of vegetables at the study site
)



3.6 LABORATORY ANALYSIS
3.6.1 Sample Preparation , Treatment and Laboratory Analysis
(a) Vegetable samples 
The edible portion of the collected vegetable samples were properly separated and washed with distilled water to remove dust particles and to eliminate air borne pollutants and also soil contaminants. The same kinds of vegetables were mixed to give a representative fraction of the vegetables. The lettuce, cabbage and carrot were sliced into small pieces using a knife and air-dried under room temperature for two weeks to eliminate excess moisture.  These samples were then oven dried at a temperature of  for 2weeks until stable weights were obtained. After which the sliced vegetables were then grounded into powder before been subjected to laboratory analysis.
The air dried vegetables were grounded into powder and sieved using 0.4mm sieve. Then 0.5g of the finely ground samples were weighed and oven-dried at a temperature of 600C. The plant materials were then placed into 30ml porcelain crucibles. The Crucibles were then placed in a muffle furnace. The samples were ignited in a muffle furnace and ashed for 6-8 hours at a temperature of 5000C. Grayish white ashes were obtained. The dishes were removed from the furnace and allowed to cool in desiccators and 5ml of 1N HN03 solution was added. Dry ashing is suitable for the determination of Iron (Fe), calcium (Ca), lithium (Li), Magnesium (Mg), Manganese (Mm), Sodium (Na) and Zinc (Zn) in plant tissues and may be applicable to the determination of other elements as well except the volatile elements like As and Se.  They were evaporated to dryness on a hot plate at low heat. Samples were returned to the furnace and heated at 4000C for 10-15 minutes until a perfectly white or grayish ash was obtained. The samples, were cooled and 10ml 1N HCL was added and the solution filtered into a 50ml volumetric flasks. The cubicle and the filter paper were washed with additional 10ml portion of 0.1 NHCL three times and made up to volume with a 0.1NHCL solution.
The following parameters were determined for both the waste water used for irrigation and the vegetables;
i. Lead 
ii. Chromium 
iii. Copper 
iv. Nickel 
v. Cobalt 

b.	Waste Water Samples
Two types of waste water samples used for irrigation of crops at the site were collected at two (2) different periods. This is because urban waste water changes with time. These samples are;
i. Waste water obtained in the morning hours and
ii. Waste water obtained during the afternoon hours.
To the 100cm of water samples in 250cm3 conical flask was added 5.0cm3 of concentrated HNO3 and evaporated to about 20cm3 on a hot plate. A further 5.0cm3 concentrated HNO3 was added and the heating continued until digestion was completed. The content was allowed to cool and then transferred into a 100cm3 standard flasks and diluted to mark with de-ionized water, Ademoroti, (1996) and Gary (2004).
3.6.2     Determination of Heavy Metal Concentration 
The prepared samples were analyzed for heavy metals concentrations  using Atomic Absorption Spectrophotometer (AAS VGB 210 System BUCK Scientific Model) at the BUK, Soil Science Laboratory.  The instrument setting and operational conditions were done in accordance with the manufacturer’s specification. 
A hollow cathode lamp of the element to be determined was used as a high source and placed in the machine and all the parameters were set. A blank and the standard solutions were aspirated successively and their absorbance readings were taken after the instrument zero has been adjusted against the blank. The samples were aspirated and the absorbance readings were recorded (Appendix 8). The procedures were repeated using appropriate lamps and samples. The procedure was carried out for the five (5) elements analyzed. These elements are; Cu, Cr, Co, Ni and Pb. The result of each sample was the mean of three replicate readings.
A calibration curve of absorbance against concentration was plotted from the standards. The concentration of each element under investigation was determined from the calibration curve of its standard by extrapolation.  For analytical quality assurance, after every five samples readings, standards were run to make sure that the margin of error is within 5%.  A 10cm long slot – burner head, a lamp and a standard air – acetylene flame were used.  
3.7	DATA ANALYSIS
	The data obtained from the laboratory was subjected to statistical technique for analysis.  Mean concentrations of heavy metals in the vegetables and waste water were analyzed using statistical programme for Social Sciences (SPSS) and Excel Computer Packages. The standard deviation (SD) and the Coefficient of variations (Cv %) of the heavy metals in the vegetables and waste water were also determined to know the level of concentration of each of the metals.


CHAPTER FOUR
RESULTS AND DISCUSSION
4.1 INTRODUCTION
This chapter presents the results of the analyses of the data collected in the field. The concentration of the heavy metals in the vegetables and the two types of waste water are presented and discussed, starting with the concentrations in the vegetables.

4.2 CONCENTRATION OF HEAVY METAL IN VEGETABLES  
Table 4.2 and figure 4.2 illustrate the concentration in the vegetables. See also appendix 1

Table 4.2:	Mean concentration of Heavy metals in selected vegetables (Mg/Kg) 
	Parameter
	
	
	
	
	      Pb

	Mean
	     30.88
	     5.32
	   15.50
	     9.87
	    2.48


Source:  Laboratory analysis (July, 2014)

Figure 4.3 showing the concentration of Heavy Metals in the Vegetables
 (
Concentration mg/kg 
)
The table and figure shows that there is a variation in the heavy metals. The concentration of cobalt in the vegetable is higher than the other metals. This is a clear indication that the vegetables absorbed more of cobalt into their tissues than the other metals at a higher concentration. The mean concentration of cobalt is 30.88 mg/kg with a standard deviation of 14.61 and Cv% of 47.31%. Chromium has a mean concentration of 5.32 and SD of 2.21 and Cv% of 41.5% while the results for copper are 15.50 and the SD of 4.98 and 32.09% Cv% respectively. For Nickel the results are 9.87 as the mean concentration in mg/kg, SD of 3.55 and Cv% of 35.92% respectively. Lead has the lowest concentration of mean of 2.48, SD of 1.17 and Cv% of 47.31% in terms of mean concentration in mg/kg, SD and Cv% respectively.

4.3: CONCENTRATION OF HEAVY METALS IN WASTE WATER
Table 4.3 illustrates the mean concentration of heavy metals in the two types of waste water used for irrigation in the study area.
Table 4.3: Mean concentration of Heavy metals in waste water used for irrigation (Mg/Kg)
	Parameter
	
	
	
	
	

	Morning collection of waste water 
	73.68
	13.13
	50.00
	17.17
	12.92

	Afternoon collection of Waste water
	84.21
	24.39
	75.00
	25.75
	24.76

	Mean of all waste water 
	78.95
	18.76
	62.50
	21.46
	18.84


Source:  Laboratory analysis (July, 2014).
The table shows that Cobalt has the highest mean concentration just like in the case of the vegetables, but more than doubles the value of the concentration in vegetables at 73.68mg/kg in the morning waste water and 84.21 mg/kg in the afternoon waste water. For chromium, copper, nickel and lead, the means are 13.13 (24.39); 50.00 (75.00) 17.17(25.75) and 12.92 (24.76) respectively. 


4.4 Concentrations in Vegetables compared with concentrations of Waste water
Table 4.4 Comparison of Heavy metal concentration in vegetables and waste water with FAO and WHO standards for irrigation and African Forum for Utility Regulators and Nigerian Industrial Standards 
	S/N
	Elements
	Mean concentration values for vegetables 
	Mean concentration Values for waste water   Irrigation
	WHO Permissible limits for plants 
	 Effluent Discharges,                                            Irrigation and Reuse Standards 

	1.
	Cobalt 
	30.88
	78.95
	50
	*0.05

	2.
	Chromium 
	5.32
	18.76
	1.30
	0.5

	3.
	Copper 
	15.50
	62.50
	10
	0.01

	4.
	Nickel 
	9.88
	21.46
	10
	0.1

	5.
	Lead 
	2.48
	18.84
	2
	0.1


Sources:  Laboratory analysis (July, 2014), WHO/FAO ,2002, WHO (1996) and African Forum for Utility Regulators and Industrial Standards (NIS):5542:2007 of Standard Organization of Nigeria (SON) 2007.
* 	Cobalt was compared with the World Health Organization (WHO) because cobalt was not available on the SON regulation. 













Figure 4.3: Illustrate the relative values of the mean concentrations in vegetables against the concentrations in the 2 (two) types of waste water
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The figure shows that the concentrations in the waste water are more than double those in the vegetables in all the cases. The most alarming concentration is that of cobalt which is 78.95 mg/kg in waste water and 30.88mg/kg in the vegetables. 
4.5: ASSESSMENT OF CONCENTRATIONS OF HEAVY METALS IN VEGETABLES AND WASTE WATER USED FOR IRRIGATION
To assess the status of the concentrations of heavy metals in vegetable and waste water, the mean values are cross tabulated against the WHO and FAO standards for plants and vegetables, while the irrigation waste water was cross tabulated against the NIS standards. Table 4.4 illustrates the status of the results of this study when set against the WHO and FAO standards and the NIS standards. The table shows that the concentrations in the waste water are all above the WHO, FAO and NIS maximum permitted levels while in the vegetables, cobalt and nickel are below values recommended by WHO and FAO but chromium, copper and lead exceeded the permissive levels. Generally the maximum permitted concentration of lead for human consumption is 2 mg/kg whereas the concentration in the vegetables that human consume  is 2.48 mg/kg in this study. This pointed great health hazards for human beings. 
Table 4.5 Recommended limits of heavy metals in waste water for short and long term usage for irrigation.
	Parameter/constituents 
	Recommended limits for Long term use (mg/l) (a1)
	Recommended limits for short term(mg/l) 
(a2)
	Mean concentrations in this study (mg/l)  (b)

	1. Chromium (Cr) 
	0.1
	1.0
	7.9

	2. Cobalt (Co)
	0.05
	5.0
	1.9

	3. Copper (Cu)
	0.2
	5.0
	6.3

	4. Lead (Pb)
	5.0
	10.0
	2.1

	5. Nickel (Ni)
	0.2
	2.0
	1.9


Source: EPA (2004) for (a1) and (a2); Laboratory results for (b).
Several different measurements are used to classify the suitability of water for irrigation, including EPA (Environmental Protection Agency). Some permissible limits recommended for heavy metals in waste water irrigation for both short and long term usage is given in table 4.5. Long term use is the irrigational activities that has been practiced for a long period of time, and has an existing land use pattern. While the short term use is the irrigational activities that have been practiced for a short period compared to the long term practice.
The table 4.5 shows that the concentrations in the waste water used for irrigation in the study area are generally higher than the recommended limit particularly for long-term usage. Specifically, the concentration of chromium is very high (7.9mg/l) compared to both the long term (0.1mg/l) and short-term (1.0mg/c) usage recommended limits for the constituents in waste water for irrigation.
Cobalt shows a mean concentration of 1.9mg/l which is not suitable for long-term use which 0.05mg/l is recommended. However, it is suitable for short term use for which 5.0mg/l is recommended. 
The mean concentration of copper (6.3mg/l) is not suitable for irrigation both for short or long term basis for which 0.2 and 5.0mg/l are commended respectively. 
It is believed that at 0.1 to 1.0mg/l of this metal in nutrient solution could be toxic to plants. This  indicates that the EPA recommended limit are even toxic to plants on the long term but is all right on the short term. This poses great danger for humans when the vegetables cultivated such water for irrigation on a long term are consumed. 
The mean concentration of lead (2.1mg/l) compared with the recommended limits by EPA (5.0 and 10.0mg/l) is suitable for both long and short term irrigation. This implies that though lead is present in the irrigation water, it is not hazardous to the vegetables cultivated and cannot portend health hazards for human beings and animals. 
The mean value for nickel (1.9mg/l) when cross tabulated against the EPA recommended limits (0.2 and 2.0mg/l) high for long term use but quite suitable for short term use. 
4.6: DISCUSSION OF FINDINGS
Results from the study  area indicated that, heavy metal concentrations in the irrigation waste water was more than double that in the vegetables there by exceeding the acceptable limits of WHO, FAO and NIS. The trend revealed that the concentrations in the waste water used for irrigation in the study area are generally higher during the afternoon discharge than the morning discharged water used for irrigation. The implications of heavy metals contamination of vegetable crops are in two folds; Firstly, it implies that the crops which recorded heavy metal contamination can be key in the verification of heavy metal in the cropping systems. Secondly, consumers of heavy metal contaminated vegetable crops are associated with potential health risks.
The results from this study are similar to the findings from other studies in developing countries. Anita et al., (2010) stated that waste water irrigation led to accumulation of heavy metals in soils and consequently in vegetables while Kudirat and Funmilayo (2011) did a study to determine the levels of heavy metals in vegetables from selected markets in Lagos, Nigeria found out that, heavy metals gets into vegetables via irrigation water which is contaminated by heavy metals. The variations of various heavy metal concentrations in the vegetables were observed to be according to plant species which agrees with the report of the work on seasonal variations in heavy metal concentrations in soil and some selected crops at land fill in Nigeria (Oluyemi.et al., 2008).
In summary, the findings indicates that, since vegetables cultivated by such waste water can take in these heavy  metals; and because the irrigation in the area has been on for a long period of  time, it is concluded that the waste water in the area is not suitable for irrigating vegetables. Its continued usage will poise great danger to human health and because the usage period is endless and without limits, normally will lead to excessive accumulation of such heavy metals in the vegetables. Based on the results, it showed that chromium and copper are found to be too high in the irrigation water both for long term use and short term use, while Cobalt and leads are within the recommended limit for short term use.



CHAPTER FIVE
SUMMARY, CONCLUSION AND RECOMMENDATIONS
5.1	SUMMARY OF FINDINGS 
	The findings of this study can be summarized as follows:
1. Untreated waste water is discharged during the morning and afternoon period which is used to irrigate vegetables in the study area. 
2. The concentrations of heavy metals are very high in the afternoon hour’s waste water than the morning waste water. Results revealed that, heavy metals are higher in the waste water used for irrigation than in the vegetables. 
3. Consequently the concentrations of heavy metals are high in the vegetables grown with the waste water. 
4. Set against the WHO, FAO, NIS and X standards for human consumption, the levels of the concentrations of the heavy metals in the waste water has exceeded the permissible levels in the irrigation waste water. Particularly, the levels of copper chromium and lead exceeded the limits and guidelines of WHO/FAO recommended for vegetables thereby poising great health risks for humans and animals when consumed.  
5.2 CONCLUSION 
	This study has shown that, heavy metals are present both in the waste water used for irrigation and in the vegetables cultivated in the area using the waste water. Although the concentration levels of the heavy metals in the waste water is much higher than that of the vegetables thereby exceeding the permissible limits for waste water usage. Chromium, copper and lead in the vegetables equally exceeded the permissible limits while cobalt and nickel fell below the permissible limits.  
	Conclusively, irrigation waste water was a dominant factor in determining the concentrations of the heavy metals in the vegetables from Kwakwachi irrigation site area because, irrigation waste water normally led to the accumulation of heavy metals in vegetables when used to irrigate the vegetables. This could be as a result of higher population density and more intense industrial activities in Kano. 


5.3	RECOMMENDATIONS
Based on the findings the following recommendation can be made:
a. Vegetables tend to uptake heavy metals. The increasing awareness in terms of the importance of vegetable to human diet suggests that the monitoring of heavy metal in food crops should be carried out frequently by the regulating bodies.
b. Since the levels of three (3) most toxic heavy metals are high in the vegetables produced in Kwakwaci irrigation site, farmers at the site should be sensitized by the environmental Protection Agency or other health agencies responsible for such issues in the state on the implication of using waste water irrigation for vegetable cultivation. 
c. Waste water from industries should be treated and stored in large water plants for reuse. Responsible agencies should carry out public health education within Kwakwaci in Kano metropolis to sensitize the general public on the potential effects of indiscriminate disposal of waste and the potential health hazards associated with the consumption of lettuce, cabbage and carrot cultivated with waste water.
d. The factories should not be allowed to dispose their waste water into canals. 
e. Drain channels should be lined to prevent the seepage of waste water. 
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Appendix I
Concentration of Heavy Metals in Each Sample of Vegetables
	S/N0
	Co-mg/Kg
	Cr-mg/Kg
	Cu-mg/Kg
	Ni-mg/kg
	Pb-mg/kg

	1
	31.579
	5.629
	25.000
	10.73
	3.229

	2
	21.053
	7.505
	15.000
	2.146
	1.076

	3
	21.053
	3.752
	20.000
	6.438
	3.229

	4
	63.158
	9.381
	15.000
	17.167
	1.076

	5
	42.105
	5.629
	20.000
	12.876
	2.153

	6
	21.053
	5.629
	10.000
	6.438
	1.076

	7
	42.105
	7.505
	10.000
	6.438
	1.076

	8
	52.632
	7.505
	15.000
	10.73
	4.306

	9
	31.579
	1.876
	20.000
	15.021
	3.229

	10
	21.053
	5.629
	15.000
	8.584
	4.306

	11
	42.105
	7.505
	20.000
	10.73
	2.153

	12
	21.053
	1.876
	25.000
	12.876
	3.229

	13
	31.579
	9.381
	10.000
	8.584
	2.153

	14
	10.526
	3.752
	15.000
	6.438
	2.153

	15
	21.053
	3.752
	15.000
	10.73
	3.229

	16
	52.632
	7.505
	10.000
	15.021
	4.306

	17
	42.105
	5.629
	5.000
	8.584
	5.382

	18
	63.158
	1.876
	20.000
	10.73
	2.153

	19
	42.105
	5.629
	10.000
	15.021
	3.229

	20
	21.053
	1.876
	15.000
	12.876
	2.153

	21
	21.053
	5.629
	20.000
	8.584
	1.076

	22
	10.526
	3.752
	10.000
	6.438
	1.076

	23
	21.053
	5.629
	20.000
	8.584
	1.076

	24
	31.579
	7.505
	10.000
	4.292
	2.153

	25
	42.105
	3.752
	15.000
	6.438
	3.229

	26
	21.053
	1.876
	20.000
	10.73
	3.229

	27
	21.053
	7.505
	15.000
	8.584
	2.153

	28
	31.579
	5.629
	20.000
	8.584
	2.153

	29
	21.053
	5.629
	10.000
	10.73
	1.076

	30
	10.526
	3.752
	15.000
	15.021
	2.153

	MEAN 
	14.610
	2.208
	4.974
	3.546174
	1.171






Appendix II
Absorbance level of the heavy metals analyzed
	S/No,
	Sample Id
	Co(Abs)
	Cr(Abs)
	Cu(Abs)
	Ni(Abs)
	Pb(Abs)

	1
	487
	0.003
	0.003
	0.005
	0.005
	0.003

	2
	488
	0.002
	0.004
	0.003
	0.001
	0.001

	3
	489
	0.002
	0.002
	0.004
	0.003
	0.003

	4
	490
	0.006
	0.005
	0.003
	0.008
	0.001

	5
	491
	0.004
	0.003
	0.004
	0.006
	0.002

	6
	492
	0.002
	0.003
	0.002
	0.003
	0.001

	7
	493
	0.004
	0.004
	0.002
	0.003
	0.001

	8
	494
	0.005
	0.004
	0.003
	0.005
	0.004

	9
	495
	0.003
	0.001
	0.004
	0.007
	0.003

	10
	496
	0.002
	0.003
	0.003
	0.004
	0.004

	11
	497
	0.004
	0.004
	0.004
	0.005
	0.002

	12
	498
	0.002
	0.001
	0.005
	0.006
	0.003

	13
	499
	0.003
	0.005
	0.004
	0.004
	0.002

	14
	500
	0.001
	0.002
	0.005
	0.003
	0.002

	15
	501
	0.002
	0.002
	0.003
	0.005
	0.003

	16
	502
	0.005
	0.004
	0.002
	0.007
	0.004

	17
	503
	0.004
	0.003
	0.001
	0.004
	0.005

	18
	504
	0.006
	0.001
	0.004
	0.005
	0.002

	19
	505
	0.004
	0.003
	0.002
	0.007
	0.003

	20
	506
	0.002
	0.001
	0.003
	0.006
	0.002

	21
	507
	0.002
	0.003
	0.004
	0.004
	0.001

	22
	508
	0.001
	0.002
	0.002
	0.003
	0.001

	23
	509
	0.002
	0.003
	0.004
	0.004
	0.001

	24
	510
	0.003
	0.004
	0.002
	0.002
	0.002

	25
	511
	0.004
	0.002
	0.003
	0.003
	0.003

	26
	512
	0.002
	0.001
	0.004
	0.005
	0.003

	27
	513
	0.002
	0.004
	0.003
	0.004
	0.002

	28
	514
	0.003
	0.003
	0.004
	0.004
	0.002

	29
	515
	0.002
	0.003
	0.002
	0.005
	0.001

	30
	516
	0.001
	0.002
	0.003
	0.007
	0.002

	31
	Morning Waste Water
	0.007
	0.007
	0.01
	0.008
	0.007

	32
	Afternoon Waste Water
	0.008
	0.013
	0.015
	0.012
	0.011






Appendix III
	S/N
	Sample Id
	Co  (Abs)
	Co-mg/Kg
	Cr (Abs)
	Cr-mg/Kg
	Cu(Abs)
	Cu-mg/Kg
	Ni-mg/kg
	Pb-mg/kg

	1
	487
	0.003
	31.579
	0.003
	5.629
	0.005
	25.000
	10.73
	3.229

	2
	488
	0.002
	21.053
	0.004
	7.505
	0.003
	15.000
	2.146
	1.076

	3
	489
	0.002
	21.053
	0.002
	3.752
	0.004
	20.000
	6.438
	3.229

	4
	490
	0.006
	63.158
	0.005
	9.381
	0.003
	15.000
	17.167
	1.076

	5
	491
	0.004
	42.105
	0.003
	5.629
	0.004
	20.000
	12.876
	2.153

	6
	492
	0.002
	21.053
	0.003
	5.629
	0.002
	10.000
	6.438
	1.076

	7
	493
	0.004
	42.105
	0.004
	7.505
	0.002
	10.000
	6.438
	1.076

	8
	494
	0.005
	52.632
	0.004
	7.505
	0.003
	15.000
	10.73
	4.306

	9
	495
	0.003
	31.579
	0.001
	1.876
	0.004
	20.000
	15.021
	3.229

	10
	496
	0.002
	21.053
	0.003
	5.629
	0.003
	15.000
	8.584
	4.306

	11
	497
	0.004
	42.105
	0.004
	7.505
	0.004
	20.000
	10.73
	2.153

	12
	498
	0.002
	21.053
	0.001
	1.876
	0.005
	25.000
	12.876
	3.229

	13
	499
	0.003
	31.579
	0.005
	9.381
	0.002
	10.000
	8.584
	2.153

	14
	500
	0.001
	10.526
	0.002
	3.752
	0.003
	15.000
	6.438
	2.153

	15
	501
	0.002
	21.053
	0.002
	3.752
	0.003
	15.000
	10.73
	3.229

	16
	502
	0.005
	52.632
	0.004
	7.505
	0.002
	10.000
	15.021
	4.306

	17
	503
	0.004
	42.105
	0.003
	5.629
	0.001
	5.000
	8.584
	5.382

	18
	504
	0.006
	63.158
	0.001
	1.876
	0.004
	20.000
	10.73
	2.153

	19
	505
	0.004
	42.105
	0.003
	5.629
	0.002
	10.000
	15.021
	3.229

	20
	506
	0.002
	21.053
	0.001
	1.876
	0.003
	15.000
	12.876
	2.153

	21
	507
	0.002
	21.053
	0.003
	5.629
	0.004
	20.000
	8.584
	1.076

	22
	508
	0.001
	10.526
	0.002
	3.752
	0.002
	10.000
	6.438
	1.076

	23
	509
	0.002
	21.053
	0.003
	5.629
	0.004
	20.000
	8.584
	1.076

	24
	510
	0.003
	31.579
	0.004
	7.505
	0.002
	10.000
	4.292
	2.153

	25
	511
	0.004
	42.105
	0.002
	3.752
	0.003
	15.000
	6.438
	3.229

	26
	512
	0.002
	21.053
	0.001
	1.876
	0.004
	20.000
	10.73
	3.229

	27
	513
	0.002
	21.053
	0.004
	7.505
	0.003
	15.000
	8.584
	2.153

	28
	514
	0.003
	31.579
	0.003
	5.629
	0.004
	20.000
	8.584
	2.153

	29
	515
	0.002
	21.053
	0.003
	5.629
	0.002
	10.000
	10.73
	1.076

	30
	516
	0.001
	10.526
	0.002
	3.752
	0.003
	15.000
	15.021
	2.153

	31
	Morning Waste Water
	0.007
	73.684
	0.007
	13.133
	0.010
	50.000
	17.167
	12.917

	32
	Afternoon Waste Water
	0.008
	84.211
	0.013
	24.390
	0.015
	75.000
	25.741
	24.758






Appendix IV
	Mean concentration of Heavy metals in selected vegetables (Mg/Kg) 
	Parameter
	
	
	
	
	

	Mean
	30.88
	5.32
	15.50
	9.87
	2.48

	Standard Deviation 
	14.61
	2.21
	4.974
	3.55
	1.17

	Coefficient of variation %.
	47.31%
	41.54%
	32.09%
	35.92%
	47.31%


Source:  Laboratory analysis (July, 2014)


Appendix 5 A

Figure 4.1: Mean Concentration of Heavy Metals in Vegetables
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 Figure 4.2: mean concentrations in vegetables compared with concentration in waste water. 





Appendix V
WHO/FAO Permissible Limits for vegetable and waste water Irrigation
Various safe limits of trace metals in vegetables 
	Safe limits 
	Cu 
	Pb
	Zn
	Cd
	Fe 
	Ni 

	FAO/WHO (mg kg-1) Codex ALimentrius Commission (198.4)
	40.00
	5.00
	0.60
	0.36
	-
	-

	0FAO (mgL-1) recommended max. conc. Of trace elements for crop production (1985)
	0.20
	5.00
	2.0
	0.01
	5.00
	0.20

	WHO/ML (Mg Kg-1) Under waste water irrigation 
	73.00
	0.30
	100.0
	010
	425.00
	67.00

	Mean heavy metal content (mg/kg-1) of waste water
	58.45
	21.72
	125.19
	31.68
	1878.68
	63.94

	Samples taken from affected area
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