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ABSTRACT
An important dimension of environmental management that has not received much attention is the link between mining effluent pollution and disruption of farmer’s livelihoods. Most studies on mining in Zambia focus on the impact of mining on environment, human health, cultural issues, ecosystem, land and water.  This study analyses the impact of mining effluent pollution on smallholder farmer’s livelihood in Chambishi mining town whose objectives were to; investigate the effects of mining effluent on smallholder farmers, to determine crop production between polluted and non polluted smallholder farms in Musakashi and Lukoshi farming block and assess the possible coping strategies to smallholder farmers in the study area. The significance of this study lies in its ability to contribute towards sustainable management of mining effluents and support of smallholder farmer’s livelihood in the mining towns of Zambia. The study used both qualitative and quantitative methods of data collection. Simple random sampling was used to select 95 polluted and non-polluted farms from the District Agriculture Register in Musakashi and Lukoshi farming block. The selected 95 smallholder farmers were interviewed using scheduled structured interview. Interview guides were also developed for four key informants. Furthermore, one Focus Group Discussions in each farming block were used to get information on the impact of mining effluent on smallholder farmers livelihood. Availability and purposive sampling was also used to select the participants in the Focus Group Discussion. In terms of data analysis, collected data were edited and coded and then themes developed and analysed using descriptive statistics. Microsoft Excel and SPSS version 18.0 were used to generate graphical representation for quantitative data. T- test was also used to analyse the variation in yields between polluted and non polluted farms in each farm block. Qualitative data was analysed using content and livelihood framework. Results show that 80 percent of the smallholder farmers were involved in farming activities. The crops grown included: sweet potatoes, green beans, bananas, maize, tomato, groundnuts, onion, cabbage, egg plants, cassava, sorghum and rape. Results indicate that there has been a significance difference in crop yields between polluted and non polluted farms. Mining effluent pollution resulted in drying of riparian trees and contamination of soil in the arable land. A total of 60 percent of smallholder farmers in Musakashi and Lukoshi farming block ranked the impact of mining effluent pollution on their wellbeing as high. Smallholder farmers were trying to cope with the impact of mining effluent by relocating their farms and gardens away from the river and drilling boreholes in the upland. The results further indicated that 33.6 percent of smallholder farmers rely on assistance from relatives and well-wishers because of the disruption of their source of livelihood. The study concludes that mining effluent pollution was responsible for food insecurity and vulnerability in the area.
 Key words: Livelihood, Sustainable Mining, Mining Effluent, Smallholder Farmer,   
                     Environmental Sustainability.
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[bookmark: _Toc467873982][bookmark: _Toc524770119]                                                              CHAPTER ONE
[bookmark: _Toc524770120]INTRODUCTION
[bookmark: _Toc467873983][bookmark: _Toc524770121]1.1   Background to the Study
 An important dimension of environmental management that has not received much attention is the link between mining effluent pollution and disruption of farmer’s livelihood. Mining effluent which is discharged in the rivers and streams by mining companies is associated with the destruction of smallholder farmer’s livelihood. This is because most of the communities in mining areas depend on water in the rivers and streams for agricultural purposes. Mining effluent also enters agricultural land through illegal means such as seepage of the tailing dams and broken tailing pipes. Mining effluent is defined as water or any other liquid which has been used for mining industrial purpose as a result of such turbidity, PH value, Total Suspended Solids, Chemical Oxygen Demand and Biochemical Oxygen Demand is high than the recommended value of Zambia Environmental Management Agency and World Health Organisation (SI 161,1985; WHO 2001). Mining effluent causes strains on the livelihoods of the people in mining areas as mining companies do not provide enough jobs to carter for everyone in the area where they are operating from. Mining effluent pollution poses serious challenges due to its impact on water, human health and the soil (Ross, 2008).
 The United Nations Environmental Programme (UNEP) (1998) has noted that the mining industry has had mammoth challenges in harmonising economic gains with environmental integrity and social concerns in Zambia. The Environmental Council of Zambia (2000) noted that waste water discharge from the mines has resulted in accumulation of copper in river sediments of the Kafue River over the years. This has had social and economic effects on water users such as loss of water quality, contamination of food chain and high cost of water treatment. Moreover, Vonder and New (2003) revealed that the concentration of copper in Kafue river sediments is between 11028- 12855 µg/g dry mass. This exceeded the ambient copper discharge limit of 1.5mg/l for the Zambian environment. The net result is the ecological repercussions on communities living along the riverine and its tributaries. Other impacts include reduced fish stock, destruction of riparian ecosystems, increased river sedimentation, high toxicity, water pollution, land degradation, loss of soil fertility, community disintegration and habitat loss (Vonder and New, 2003).
Although Zambia has made significant progress in developing policy frameworks, such as National Policy on Environment (NPE) 2007, Environmental Management Act No 12 of 2011 and Statutory Instrument No 72 of 1993 that addresses mine effluent disposal, little has been achieved in as far as safety of communities living adjacent to mining areas are concerned. The institutional fragmentation and lack of capacity hinders Zambia Environmental Management Agency (Environmental Regulator) and the Ministry of Mines and Mineral Development, (Mines Regulator) to effectively supervise mining operations in Zambia. Bosson and Varon (1997) have argued that multinationals operating in developing countries are driven by the desire to maximise profits and due to the power they possess, can influence directly or indirectly the policies and actions of developing countries. Consequently, very little attention is paid on the impacts their actions have on the local people.
Chambishi mining town like any other mining towns in Zambia has recorded serious environmental impact as a result of mining effluent pollution. Studies in the study area have been made to estimate various impacts of mining on; human health, water and environment. However, the impact of mining effluent pollution on farmer’s livelihoods needs to be cautiously examined, given the efforts and contribution of smallholder farmers have on food security in Zambia. Thus, the study sought to analyse the impact of mining effluent pollution on smallholder farmer’s livelihoods in Chambishi mining town on the Copperbelt province of Zambia. 
1.2 Statement of the Problem 
Since the liberalisation policy in 1991, Zambia sets out to attract Foreign Direct Investment (FDI) in the mining sector. This resulted in privatisation of mining companies from government owned companies to private owned that took up both the mining assets and liabilities. Most mining liabilities included tailing dams and polluted lands as well as obsolete mining infrastructure within and outside mining licensed areas. Chambishi mining area has not been spared from the effects of mining effluent pollution on surrounding communities. Mining regulators are often afraid to strictly regulate large scale investors, despite rigorous and prohibitive environmental regulations that stipulates strong sanctions. The government often see mining companies as an economic engine and the source of employment for communities living in mining towns. The local communities who are mostly farmers are affected by large mining conglomerates who often indiscriminately discharge effluents and other hazardous pollutants in the water bodies that leads to unsustainable livelihoods (Darimani, 2005). Mining effluent pollution contributes to forest loss, environmental degradation, water pollution and disruption of ecosystem services that support farming activities. The effluents coming from mining operations are not only a danger to aquatic species but also have debilitating effect on soils around the river banks, thereby affecting the alluvial deposit and risking the quality of crops and food obtained from agricultural production. Irrespective of how one tries to conceptualise the extent and magnitude of the impact of mining effluent pollution, farmer’s livelihood cannot be ignored. Smallholder farmer’s in Musakashi and Lukoshi farming blocks of Chambishi mining town have had several times been affected by the mining effluent that floods their farms and destroy their crops. Thus, the study sought to establish the impact of mining effluent on smallholder farmer’s livelihood in Chambishi mining town.
1.3 Aim
[bookmark: _Toc467873984][bookmark: _Toc524770122] This study aim was to establish the impact of mining effluent pollution on the livelihoods of smallholder farmers in Musakashi and Lukoshi farming blocks in Chambishi mining town.
1.3.1 Objectives  
The specific objectives of the study were as follows:
i. [bookmark: _Toc467873985]To investigate the effects of mining effluent on smallholder farmer’s livelihoods in the study area.
ii. To determine crop production between polluted and non polluted smallholder farms in Musakashi and Lukoshi farming blocks.
iii.       To assess the possible coping strategies of smallholder farmers in the study area.
[bookmark: _Toc467873986]  1.3.2 Research Questions
   The study answered the following research questions:
i. What are the effects of mining effluent on smallholder farmer’s livelihoods in the study area?
ii. What is crop production between polluted and non polluted smallholder farms in Musakashi and Lukoshi farming blocks
iii.    What are the possible coping strategies against mining effluent pollution by smallholder   
     farmers in the study area? 
[bookmark: _Toc524770123]1.4 Significance of the Study
This study is dedicated to studying the negative impact of mining effluent pollution on smallholder farmer’s livelihoods. This study is important as it examines the link between mining effluents to loss of livelihood for smallholder farmers.  It is envisaged that the results of this study will guide policy makers and mining industry in implementing mining policy effectively. The report also provides a significant guideline for future research into the negative impact of mining effluent pollution on smallholder farmer’s livelihoods. Finally, findings of the study would serve as a data source to address the challenges that confront smallholder farmers living in mining areas.
1.5 Analytical Framework 
The study used the livelihood analytical framework to link mining effluent to the disruption of smallholder farmer’s livelihoods. Chambers and Conway (1992) have argued that "a livelihood comprises the capabilities, assets and activities required for a means of living. A livelihood is sustainable when it can cope with and recover from stresses and shocks and maintain or enhance its capabilities and assets both now and in the future, while not undermining the natural resource base.’’ On the other hand, Ellis (2000) has also stated that ‘‘livelihood comprises the assets (natural, physical, human, financial and social capital), the activities, and the access to these (mediated by institutions and social relations) that together determine the living gained by the individual or household." Livelihoods include production of crops, rearing livestock, making handcrafts, seasonal and permanent wage labour, as well as remittances. Scholars argue that, “a better understanding of the impact of mining effluent pollution on farmer’s livelihoods, can be gained through the Livelihood Analytical Framework (DFID, 2000).
 Livelihoods can be considered sustainable when the outcome of the processing industry adequately supports the wellbeing and viability of local people in terms of protecting people and the environment against shocks and stresses. It is emphasized that, livelihoods do not only depend on access to capital but also on how these capitals are framed in social, economic, political and cultural contexts (DFID,2000). In this way, livelihoods are increasingly becoming diverse, as individuals and households pursue multiple occupations in livelihoods strategies. The combination of assets and activities in this regard enables or hinders households from developing various livelihood strategies and each strategy will have different outcome (see Figure 1.1). A livelihood strategy refers to plans or techniques for securing means for living and is influenced by a given cultural context (Burry,2005). It is notable that the livelihood framework is a tool that defines the scope of and provides the analytical basis for livelihoods analysis, by identifying the main factors affecting livelihoods. Generally, the culture of the people living in Lukoshi and Musakashi farming blocks are shaped by farming. Twigg (2001) has further argued that livelihoods approaches are a way of thinking about the objectives, scope and priorities for development. They place people and their priorities at the centre of development. Livelihood approaches focus on poverty reduction interventions, supporting their access to assets, and developing an enabling policy and institutional environment. 

[image: http://practicalaction.org/images/sl-framework-colour.gif]
[bookmark: _Toc467873988]Figure 1.1. Sustainable Livelihoods Framework, Source: DFID 2000

[bookmark: _Toc467873990]1.6 Structure of the Dissertation
The dissertation is divided into six sections which have been described as chapter one to six. The first chapter introduces the research topic by giving the brief background to the study, statement of the problem, objectives and the research questions. The significance of the study and livelihood analytical framework is also part to this chapter. The second chapter reviews relevant literature related to the study. It contains among other things case studies from different selected countries on the impact of mining effluent pollution. The section also gives a historical perspective of copper mining in Zambia and the mining reforms that the country has undergone. The study area is described in chapter three and chapter four outlines the research design, methods and techniques for data collection and analysis. The sampling techniques used are also discussed in this chapter and it concludes by highlighting the limitations to the study. The fifth chapter presents the results of the impact of mining effluent on farmer’s livelihood in the study area. The chapter includes the presentation of livelihood activities, loss of crop production and farmers copying strategies and lastly chapter six provides for the conclusion and the recommendations for further actions as part of lessons learned. 
[bookmark: _Toc524770124][bookmark: _Toc467873991]                                                          CHAPTER TWO
[bookmark: _Toc524770125]LITERATURE REVIEW 
[bookmark: _Toc467873992][bookmark: _Toc524770126]2.1 Introduction
Mining is an important factor in the economic development of any country. Industrialized countries such as United States, Sweden, United Kingdom and Canada depend on mining products to foster their development. It is anticipated that; mineral revenues would ultimately provide a base for economic development in Zambia. In practice however, this has not been the case as the country still wallows in poverty (Auty, 2001; PRSP, 2007). Despite attracting huge Foreign Direct Investment in Zambia’s mining sector, there is little change that enables the translation of mineral wealth into the productive capacity of the Zambian economy (Fraser, 2006). However, mining if not properly managed impacts heavily on the environment, and affects livelihoods of communities adjacent to mining communities. This chapter presents the analysis of various literatures on the impact of mining effluent pollution on livelihood of smallholder farmers in selected countries.

2.2 Natural Resources Abundance and Economic Development 
 There has been an extensive body of theoretical and empirical literature on the contribution of mineral resources to economic development. The schools of thought are divided between those who argue that mineral resources are a menace, and those who consider mineral resources as a gift, which has the potential to drive growth and reduce poverty in developing countries (Auty, 2001). This is arguably due to potential political resonance that these terms bring about and how political system interprets the terms respectively. Thus, while some scholars call a menace as “the well-documented ‘resource curse’. Collier and Hoeffler (2004) argued that the evidence for the curse is largely an artefact of indicator choice.  Therefore, scholars seek to reframe the debate in terms of the “resource endowment” rather than “curse”.

There appears to have been convergence among the views of critics and boosters on the impact of mining related activities. Rosser (2006:114) says that “mining is potentially a great source of wealth which could generate tremendous economic benefits for the poor countries”. Meanwhile a World Bank publication suggests that, “the countries with substantial incomes from mining usually perform less well than countries with less income from mining” (Poteete, 2009). The critics of the resource curse hypothesis, now conclude that perhaps mining ought not to be promoted everywhere in the same way, and specific contexts should be taken into consideration (Davis, 1995). However, the World Bank Group has continued to support programmes that reform mining investment and standards, ease profit repatriation, reduce and fix tax and royalty rates, and support basic geological surveying to generate more data, on which companies can make decisions (Bury, 2005). Although Zambia is endowed with a wealth of minerals such as; manganese, copper, cobalt, diamonds and emeralds, little has been realised from the minerals to benefit the local people and country at large. The main objective of the mining policy in Zambia is to alleviate poverty in the country by creating gainful employment in the mineral sector and provide alternative sources of income. However, this has not been realised through the current mining investments (GRZ, 2013).
[bookmark: _Toc467873993][bookmark: _Toc524770127]
2.3 Mining Activities and the Livelihoods of Local Communities
Studies done by McMahon and Remy (2001) in Latin America confirmed that sustainable mining activities are closely related to the local participation of the neighbouring communities, especially in the decisions affecting them. The sustainable mining activities, through increased participation of the local communities were present in Canada and less evolved in Latin American. Most developing countries, have been formulating their mineral development policies, without reference to or consultation with the communities that are likely to be affected. Company practice has been to assume that striking a deal with government is more than enough (Akabzaa, 2000). It is critical that the community, mining companies and government form the three main stakeholders that should have direct communication in good faith with each other. Mining can be sustainable and unsustainable by contributing negatively or positively to the communities in which they are operating as it can be seen from the selected countries, under review. 

2.3.1 Case of Mining in Canada
Uranium mining and Diavik diamond mining in the northern Canada provides environmental sustainability that has not been noticed anywhere in the world. The Canadian, model of trilateral relationship between communities, mining companies and government has proved to be key to the attainment of environmental sustainability in the mining sector. United Nations Human Rights Committee (2013) reviewed “that the overall Canadian experience presents strong evidence mining can do to promote socio-economic wellbeing of communities and be environmental friendly. The committee further acknowledges that mining can lead to the development of cluster centered activities capable of creating mining towns with a strong manufacturing sector. Hillson (2012) also acknowledges that employment quotas, special training programs targets for local procurement, support for local business development, support for women’s employment and a supportive work environment by mining companies has contributed to good relations with the adjacent communities. Hillson (2012) argues that local communities in Canada have evolved from ‘paternalism’ to ‘partnership’ with the mining companies. This has been made possible by their government. Mining companies and government have been instrumental in laying the foundation of environmental sustainability in many mining communities in Canada. There has been a strong culture of compliance to environmental regulations and better environmental performance, particularly on mine closure, rehabilitation and mining effluent disposal. Thus, the Canadian case sets an example that mining companies can contribute to the socio-economic welfare of the local communities (Hillson, 2012).

2.3.2 Case of Mining in Spain
The Almaden mercury mine in Spain has been in operation for over 2000 years. This mine has been the largest and richest mercury deposit known to exist (Rosser, 2006). It contained over 30 percent of the World’s known reserves of mercury and its grade has been six times the global average of mercury mines. The mine has operated as a state run enterprise and was used as a treasure chest of the Spanish Crown. In trying to ascertain the impact of mining companies in Spain and Canada, Hilson (2012) revealed that little attention has been paid to developing the area or diversifying the local economies where the mercury mine was operating from. The community also never participated in the decisions that most affected them. The mines main concern has always been to maximize production and profitability. Hilson (2012) was quick to conclude that there has been conflict between the Almaden mine and the local communities because the mine have taken agricultural land and does not provide adequate employment. The proceeds from the mining company are not ploughed back in the community as a result most of the people in the community live in poverty. Thus, most men and youths have gone to other areas where they can find alternative sources of livelihoods.

2.3.3 Case of Mining in India
Studies conducted by Blot and Fraumeni (1975) in the district of Orisa in India revealed that average mortality-rates from lung cancer for region with copper smelting industries was high. Furthermore, exposure to copper has been associated with non-malignant respiratory disease thereby increasing mortality rates in men (Ravi, 2015).  However, there are some districts where good relations between the local communities and the mining companies have been observed. Ravi (2015) argued that the trend which was observed in India in 1975 as regard to the impact of mining has remained the same. Districts like Jharkhand and Orissa which depend on mineral resources demonstrate low per capita incomes compared to districts like Tamil Nadu which do not depend on mineral wealth (Ravi, 2015).  Nevertheless, some of the other impacts of mining in India which have been noticed include change of social dynamics of a community, water pollution and displacement. The mineral dependent districts also have higher levels of poverty, lower growth rates and high levels of malnutrition (Christmann and Stolojan, 2002).

Suffice to say, India is not the only country where mining is linked with poverty and poor development outcomes. In most nations of the world, a high level of mineral dependence is associated with retarded economic performance. The impacts are exacerbated even more, when local people are not given information about a planned mine (Maliganya et al, 2013).

2.3.4 Case of Gold Mining in Ghana 
Ghana is the ninth largest world producer of gold. Ghana’s gold output increased by 2.1 percent of Gross Domestic Product but its share in total gold output remained constant at 3 percent. In 2013 Ghana’s mineral reserves were significant to the country’s mineral endowment potential and the mineral reserves are well known internationally and documented (Awudi, 2002). Furthermore, since the inception of Ghana’s economic policy changes in 1983, mining sector witnessed a considerable investment boom and increased production. However, despite this boom, there is a growing unease with regard to the actual benefits accruing to the adjacent local communities and to the country in general (Eggert, 2001). Communities in mining areas have not been involved in developing mining policy and other discussions related to mineral development. Thus, they have been considered as being at the receiving end of mineral development. As a result, negotiations have been primarily between governments and mining companies (Darimani and Akabzaa, 2005). This situation over time has resulted in unacceptably high incidences of poverty among community members adjoining mineral resources.  Local communities living around the mining areas get exposed to air, water, soil and noise pollution and these directly or indirectly impacts on their health and wellbeing (Eggert, 2001). 


2.3.5 Case of Gold Mining in Zimbabwe
[bookmark: _Toc467874000]According to Lindback and Murray (1996), chemicals used in gold processing, especially mercury and cyanide were normally discharged into Insizi and Umuzingwane rivers thereby killing fish, and poisoning the drinking water. In Umuzingwane District, mercury makes its way into agricultural areas, enters soil near schools thereby polluting and contamination of agricultural areas in Umuzingwane District. Other studies done by Eagler (2006) revealed that mercury uptake normally occurs in stomata through atmospheric mercury deposition. Soil contaminated with gold mining effluent makes growing any kind of agricultural crops on that soil impossible even local vegetation becomes stunted. The shrimp farmers in Umuzingwane District further said that when water from the rivers enters through the pond gates, shrimps behave abnormally and then die (Boocock, 2002). It is therefore, not an exaggeration to conclude that the mobilization of effluent from mining into the aquatic environment is the main source of pollution. Farmers in the area decided not to use water from the rivers for any other purpose (Eagler, 2006). Whereas some banana and shrimp plantations have been abandoned because of the existing environmental situation, there are some farmers who have constructed large canals to bring safe or less contaminated water from other areas. However, those farmers who have constructed canals have argued that it is expensive to smallholder farmers (Eagler, 2006). This may mean that without further studies, the effects of mining effluent pollution on the social and economic livelihood of the local community in the affected areas can be devastating. It is against such concerns that the analysis of the impact of mining effluent on the livelihood of smallholder farmers in Zambia becomes important.
2.3.6 Case of Petroleum Mining in Nigeria 
 Nigeria discovered Oil in 1956 and was until 1958 when the actual production started. With an estimated output of about 5,100 barrels per day, Nigeria has 31.4 percent of Africa’s oil proven reserves and about 1.97 percent of world reserve (Imevbore, 2001). Indeed, oil industry has attracted enormous financial resources on that country. It was estimated that between 1980 and 1993, about 211.3 billion dollars’ government revenue were generated through oil sales (Tom, 2007). However, the Niger delta petroleum mining in the west of Nigeria had impacted negatively on the rural communities, since oil mining were discovered and exploited. Ibaba (2001:10) states that “the petroleum oil mining was for long time been plagued with operational conflicts which raised concerns such as wide spread of environmental degradation, human displacement and inadequate compensation to the affected many households”. Azaiki (2003) further argues that oil spillage in Niger delta was the major cause of reduction in agricultural productivity. The spillage extended to land and water thereby making tilling the land for agriculture purpose difficult. In cases where water pollution had been reported, the water becomes a threat to human health. “Farming activities that used to be the mainstay of the communities were paralysed, as farmlands had been destroyed by oil prospecting and exploration companies (Tauli-Corpuz and Tamang, 2007). The men, women and youth in the Niger delta region were fleeing the area and joining the military camps as they could not cope up with the effects of oil spillage in the area. The above observation connotes that oil spillages had destroyed the very basis of the economies of the local communities which hosts the oil industry. What happened in the Niger Delta region is a clear demonstration of how disincentive mining can be to the communities’ welfare and their economy (Tolulope, 2004). After many decades of oil exploration in the region, the natives have become poorer and less empowered, contrary to the expectation of many communities. Judging from cases of oil countries like Saudi Arabia and Venezuela, African countries can learn a lot on how to manage oil mining industries.

2.3.7 Case of Gold Mining in Tanzania
The government of Tanzania embarked on economic reforms and restructuring between the mid-1980s and the 1990s in order to attract investors (Imevbore, 2001). These reforms marked a clear shift in favour of private sector development and market oriented economic management. Thus, since 1998 Tanzania has been opening gold mines every year. Currently the country has mining investments worth over 1 billion US dollars and boasts of seven modern gold mines (Keeley and Scoones, 2003). The country’s major gold fields are located in Geita, Musoma, Tarime, Chunya and Mpanda. However, sustainable mining and agriculture is one of the greatest challenges Tanzania has been facing. Sustainability implies that mining and agriculture do not only increase countries economy and secure a sustainable food supply, but also their environmental and socio-economic. Environmentalists from Tanzania have clearly expressed their concern regarding gold mining activities close to Lake Victoria, because the ecological health of the Lake has been severely affected by a combination of degrading processes from mining effluents (Mwalyosi and Hughes, 2004). They have also warned that, there is a high risk of curtailing of farming activities which has been the basis for livelihood of communities living there. Chemicals such as (sodium cyanide) used to extract gold from ore are poisonous and once they enter the rivers they make such water not suitable for any kind of use.
[bookmark: _Toc467873994][bookmark: _Toc524770128]2.4 History of Copper Mining Industry in Zambia
Mining in Zambia had been practiced long before the white settlers came on the scene. Traditional and subsistence nature of mining were confined to surface outcrop deposits. Sikamo (2015) points out that, the natives used to melt and mould copper into ingots which were used as medium of exchange. Mining activities by the natives were wide spread across the copperbelt region and other places in the country. In most cases, mineral deposits discovered by the settlers were found with the assistance of local people who already knew the whereabouts of the mineral deposits.
Sikamo (2015) argued that the presence of copper in Zambia led to the region being put under British indirect rule in 1889 after the partition of Africa. The years following 1889 saw extensive exploration activities in Zambia by western companies and individuals. Exploration activities led to the first commercial copper being produced at Kansanshi, Solwezi, in 1908. Later, prospectors obtained concessions from the British South African Company (BSA) which had obtained mining rights in the area from King Lewanika of the Lozi in 1900. As more copper deposits were discovered, Zambia was put under direct British rule as a protectorate under the Colonial Office in 1924. Post 1924 saw the beginning of massive investments in mining developments, led mainly by American and South African companies. As a result, there was an influx of white settlers into the area, as well as natives who migrated from their villages in search of employment in the mine companies (Sikamo, 2015).

Copperbelt has been significant to economic hub of Zambia. At independence in 1964, copper mining was the heart of the country’s economy and a dominant force in shaping the Copperbelt province (World Bank, 2003). Copper mining brought about the establishment of the mining towns which later drew workers from rural areas in search of employments and access to housing, infrastructure and a variety of social amenities. Consequently, the mining sector was the second largest employer after the government and generated 85 percent of foreign exchange earnings to Zambia. In 1973, the government embarked on nationalisation of the mining sector, which saw the birth of the state-owned Zambia Consolidated Copper Mines (ZCCM) in 1982. It was so until the end of first republic in 1991. Upon change of government in 1991, the new government embarked on the privatisation of ZCCM assets as separate entities under the Structural Adjustment Programme (SAP). World Bank (2003) ascertained that the government envisioned the privatisation of ZCCM as the major step that would boost the competence of the mining industry and would draw more foreign investments to Zambia. It was further anticipated that the privatisation of ZCCM would mark the turning point in Zambia’s economic reform, providing the foundation for improved environmental organisation and economic growth. Thus, ZCCM was transformed into an investment holding company, that later became ZCCM-Investment Holding.  ZCCM -IH became a minority shareholder with a 10-20 percent share in the privatized mining firms in Zambia.
[bookmark: _Toc467873995][bookmark: _Toc524770129]2.5 Environmental Impacts of Mining Activities
The dominant theme of the environmental protection movement is the achievement of sustainable development (Pallangyo, 2007). It has been difficult for the mining sector to argue its case as being good for sustainable growth. At international level, Jenkins and Yakovleva, (2006) argue that figures collected by advocacy groups, suggest significant environmental impacts. Others noted that “the discovery, extraction and processing of mineral resources are widely regarded as the most environmentally and socially disruptive activities undertaken by business” (Chan, 2004). Mining activities have been associated with serious environmental destruction. Some scholars argue that, “although mining industry occupies a relatively small part of the land surface, it does have significant and often irreversible impacts” (Knight, 2001; Lange, 2006). Environmental degradation can occur during all the phases of a mining project, exploration, ore processing and disposal of waste water (Boocock, 2002).

Some of the environmental problems caused by mining activities include; pollution of rivers water siltation and acidification, landscape degradation, deforestation, and destruction of aquatic life as well as natural habitat. Mining is also associated with large scale destruction of agricultural land and mountains, which leads to severe erosion, siltation, desertification and ever flattening of mountains (Kitula, 2006). Experience from Ghana shows that water sources were polluted due to mining effluents in almost all nearby villages of Tarkwa district. The major pollutants were mining reagents and spent chemicals. Spillages and leakages of hazardous cyanide solution and mineral processing waste water have been sources of chemical pollution and contamination of the nearby water bodies resulting in skin rashes (Jones, 2001; Hilson 2012). Similar observations were also revealed by McMahon and Remy (2001) who observed the negative environmental impact of mining effluent in Latin America. However, Fraser (2006) reported that environmental management practices of mining industry in Bolivia were based on principles of zero discharge and systematic monitoring resulted in little environmental impact on water bodies. 

In Tanzania, Kitula (2006) commented that some mining companies with new mining technology utilizes fewer chemicals during extraction and processing. It systematizes mining waste into a less harmful form before it is discharged to waste ponds. Harmful discharges from the mining activities are persistently on the rise, affecting communities adjacent to mining operations (Pallangyo, 2007). The spillage and improper disposal of mining wastes in the tailing dams can have health consequences to humans and animals.  Mining waste spillage is capable of poisoning ground water through acid mine drainage, farm land and other resources in water bodies on which the livelihoods of the local people depends for their survival. Water sources in most mining areas are used as sources of drinking water for local communities and livestock, while the mines use the same water bodies as sinks for their waste. Polluting water sources by cyanide and mercury can be fatal to women and children (Pallangyo, 2007). In Zambia, environmental problems are directly linked to the history of mining operations and are largely related to geotechnical integrity of waste dumps (Czech Geological Survey, 2008).
 
Statistics shows that “by the year 2008, they were at least 21 waste rock dumps covering more than 388 hectares, 9 slag dumps covering 279 hectares and more than 45 tailing dams covering an area of around 9,125 hectares on the Copperbelt province” (ECZ, 2008). In total more than 10 000 hectares of land in the Copperbelt was covered with mineral waste and thus represent a loss of arable land for the local population in terms of agriculture, forestry and other sustainable land use. In addition to geotechnical risks associated with waste, mine waste containing sulfide minerals is a potential source for Acid Mine Drainage (AMD) if they are exposed to oxygen and water. Acid forms when sulfide minerals weathered by oxidation, and if the neutralizing capacity of the surrounding rock is too low to buffer the generated acid, the result will be low pH waters with high metal content (Czech Geological Survey, 2008). Generally, the geology in the Copperbelt area is enriched with carbonates which act as a buffer against acidification. Because of that, acid mine drainage waters is a rare phenomenon. The only major exception to this is a 2 hactares large former ore stockpile in Chibuluma west of Kitwe (Czech Geological Survey, 2008). Water from this area holds a pH of 2-3 and high content of primarily copper and cobalt. No people reside within the contaminated area or in the immediate surroundings to the north following the contaminated watercourse (ECZ, 2008). Besides the acid mine drainage, in Chibuluma and the land degradation in the historical mine sites naturally give rise to other environmental disruption such as dust fallout and discharge of suspended solids to the surface waters. 
[bookmark: _Toc467873996][bookmark: _Toc524770130]2.6 Impact of Mining on Air Quality and Health of Local Communities
 Mining is one of the most hazardous occupations which cause more health fatalities than any other occupations (Stephens and Ahern, 2001). Mining operations impact on the health of the local communities living around the mining areas at various levels. Local communities get exposed through air, water, soil and noise pollution. These directly or indirectly impact on the health and wellbeing of the people. Studies conducted in India by Blot and Fraumeni (1975) showed that the average mortality-rates from lung cancer for region with copper, lead, or zinc smelting and refining industries was high in United States of America than other areas with similar conditions. Furthermore, exposure to copper has been associated with non-malignant respiratory disease mortality rates in men.

In Zambia, the mining industry mostly copper smelters contribute to over 98 percent of the country’s sulphur dioxide emissions. In the early 2000s, the total sulphur dioxide emission was 346 700 tons/year. Recent investments in mining activities are expected to yield increased sulphur dioxide emissions, because of several new copper smelters (Czech Geological Survey, 2008). High sulphur dioxide concentrations directly affect the health of both humans and biota. Oxides of sulphur can irritate respiratory passages and aggravate asthma, emphysema and bronchitis. Due to normal weather condition, areas northwest of Nkana and Mufulira smelters are severely affected by poor air quality. Most residential areas in both the town of Mufulira and Kitwe lie directly within the affected vicinity of the smelters and the inhabitants there are daily exposed to concentrations exceeding maximum daily average guidelines for sulphur dioxide (Czech Geological Survey, 2014).

Particulate matter originates both from smelters and dusting of tailing dams. Children exposed to high concentrations of particulate matter are likely to have increased lower respiratory symptoms and reduced lung functions. Apart from children, older people also endanger their lives by being exposed to the sulphur dioxide, either through occupation or living around the mining sites. High levels of dust in the air increases respiratory diseases such as chronic bronchitis and asthma to the exposed population (Kitula, 2004).
[bookmark: _Toc467873997][bookmark: _Toc524770131]2.7 Impact of Mining on Water Bodies 
The mining operations in the Copperbelt all lie within the catchment area of the Kafue River. The Kafue watershed is the most developed sub basin in the country and the river is coming under increasing threat from pollution, industrial development, as well as competition in water utilization (NWASCO, 2010). Copperbelt towns receive their domestic water supply from the Kafue River, whose water has been polluted by various mining activities. The Kafue River and its tributaries are used for irrigation as well as for providing local communities with fish and other resources. The metallurgical discharges have the potential to negatively alter species composition in the stream or water surface. Aquatic biota is generally more sensitive to contamination than terrestrial animals or plants, therefore, ambient standards of water is essential in protecting aquatic life than standards for drinking water (NWASCO, 2010). The dissolved copper concentration in Kafue river has presented to be considerably higher than standards for protecting aquatic life in all monitoring stations within the Copperbelt region. The most significant contributors to metal pollution are the Nchanga, Nkana and Konkola mines. Downstream of the mining operations, the concentrations of mining related contaminants are quickly lowered mainly due to the formation of secondary particles that rapidly settle on the river bed. Since the severe pollution from mines mainly is concentrated to the hotspots, the water companies around the Copperbelt Province manage quite well to produce potable water. However, there are exceptions and especially by Mulonga and Nkana Water and Sewerage Companies who often struggle with the water quality. The 2006 incident report shows complete water supply failure in Chingola by Mulonga Water and Sewerage Company due to an acid spillage from Konkola´s leaching plant. In 2008, at least 13 people in Mufulira were admitted to hospital after a similar acid spill from Mufulira´s leach plant (ECZ, 2008). Even though, high pollutant concentrations from the mining areas were mostly localized, elevated concentrations of dissolved sulfur in Kafue River could be traced all the way down to the confluence with the Zambezi River. When the water discharge in Kafue is increased during the rainy season, secondary particles are re-suspended and transported downstream in the river system (Ntengwa and Maseka, 2004). Due to extensive siltation caused by mining activities, there is a continuous build up in the river channel and the bed sediment. Several fish samples from the Kafue and other tributaries have shown elevated concentrations of copper and cobalt which has resulted from mining operations. A two-week research experiment with caged tilapia in the Kafue River showed bio accumulation of zink and lead (Czech Geological Survey, 2008).

[bookmark: _Toc467873998]A lot of fish, birds, and riparian plants species in Chambishi mining area are endangered if not already threatened of extinction due to continuous pollution by the mining industry (Ntengwa and Maseka, 2004). The tailings dam in Musakashi river catchment area has had significant environmental, social and economic impacts, which have resulted into many social upheavals in the area. The combination of economic and ecological difficulties has affected the livelihood of smallholder farmers and communities in Chambishi (Anantha and Shahid, 2005). Mining operations have negatively affected the biological diversity in Chambishi area as the mining operations involve clearing of vegetation and top soil which leads to accelerated deforestation. Vegetation removal on the other hand, alters the availability of food and shelter for wildlife. Consequently, mining operations bring about habitat loss and fragmentation of animal species. On a broader scale, mining has the propensity to impact negatively on biodiversity by altering species composition and structure (Anantha and Shahid, 2005). In addition, Environmental Council of Zambia (2000) noted that waste water released from the mineral mining operations can have major impacts on the quantity and quality of groundwater. Water statistics shows that Zambia has only 58 percent of the population with access to improved water resources, while the rest consume water directly from water bodies such as rivers and streams and pond that may be polluted. Communities living in such areas end up being constantly risking their health due to consumption of polluted water (NWASCO, 2012). 

2.8 Accumulation of Metals in Vegetables and Fruits
Metals can both accumulate in and adhere to crops via contaminated water, soil or air. Since vegetables and fruit constitute a significant part of the local diet in Zambia, the ingestion of it is a pathway for human exposure of potentially toxic metals. Environmental Council of Zambia (2008) have stated that traces of metal uptake in the agricultural plants like cassava, sweet potato and maize; have been studied in the Copperbelt on several occasions. In the case of cassava and sweet potato the study has shown less contaminated areas, only the plant leaves contain elevated metal concentrations. For cassava and sweet potato grown on heavily contaminated soils, the metal concentrations in roots were noted. Compared with cassava and sweet potato, maize grains are less affected by industrial contamination. The results of Ntengwe and Maseka (2004) conclude that people should reduce growing and consumption of cassava and sweet potato in areas, where contents of arsenic exceeds 5 mg/kg, copper 200 mg/kg and lead 4 mg/kg. In the same areas, growing of maize should be encouraged and promoted as it was shown to be less affected.



2.9 Management of Mining Related Pollution
[bookmark: _Toc457284912][bookmark: _Toc457369956]The Government of the republic of Zambia (GRZ) adopted the National Conservation Strategy in 1985 and passed the Environmental Protection and Pollution Control Act (EPPCA) in 1990 as way of controlling and preventing pollution. This also resulted in the formation of the Environmental Council of Zambia as the enforcing agency which later changed to the Environmental Management Agency (ZEMA) in 2011 through an Act of Parliament (Act No 12 of 2011). ZEMA as a regulatory body does allow the discharge of effluents in streams and rivers up to a certain extent or threshold of the several mineral and biological parameters of the effluent in accordance to the statutory Instrument No. 28 of 1997.  The acts of polluting the environment particularly water and land by the mines infringes on people’s right to the full enjoyment of free safe and healthy environment. EMA 2011 enforces environmental regulations and coordinates sectorial government agencies involved in environmental management in the mining sector. It sets out limits of different environmental parameters in the environment according to Statutory Instrument No.72. Table 2.1 show some statutory standards monitored by ZEMA, and all mining operators are required to submit bi-annual audit returns to ZEMA and the mining pollution level should not exceed the legislative limits.
Table 2.1: Standards (limits) for Effluents and Waste Water 

	Parameter
	Legislative Limits

	Cobalt compounds (Atomic Absorption method)
	1.0 mg/L

	Copper compounds (Atomic Absorption method)
	1.5 mg/L

	Lead compounds (Atomic Absorption method)
	0.5 mg/L

	Manganese (Atomic Absorption method)
	1.0 mg/L

	Nickel (Atomic Absorption method)
	0.5 mg/L

	Zinc compounds (Atomic Absorption method)
	1 .0 mg/L


Source: Statutory Instrument No. 72 of 1993
The Mines and Mineral Development Act of 2015 makes provision with respect to prospecting and mining minerals. The Act provides for the granting of renewal and termination of mining rights. It also provides for the control of mining activities regarding environmental protection because of mining activities. Another piece of legislation cardinal in this research is the Mineral Resources Development Policy of 2013.The Policy has been necessitated by the need to reflect on the diversity of operations associated with mining such as mineral prospecting, exploration, mining, processing and metal treatment operations. The policy which is a revision of the 1995 mining policy draws heavily on the vision 2030 for Zambia which provides the blueprint for achieving accelerated growth aimed at raising the standards of living of the people of Zambia. The major challenge faced is to achieve a strategic re-positioning of the mining sector, in order to create a competitive and sustainable mining industry that contributes to sustainable economic development of the country. It was envisioned that the formulation of the Mineral Resource Development Policy would contribute to environmental sustainability (GRZ, 2013). This also includes the regulation of over burden dumps and tailing dams. Zambia's National Environmental Policy is another piece of legislation aimed at promotion of sustainable social and economic development through sound management of the environment and natural resources. The policy seeks, among other things to: secure for all persons now and in the future an environment suitable for their health and well-being; promote efficient utilization and management of the country’s natural resources and encourage, where appropriate long term self-sufficiency in food, fuel wood and other energy requirements; facilitate the restoration, maintenance and enhancement of the ecosystems and ecological processes essential for the functioning of the biosphere and prudent use of renewable resources. It also aimed at integrating sustainable environment and natural resources management into the decentralized governance systems and ensure that the institutional framework for the management of the environment and natural resources supports environmental governance in local government authorities; enhance public education and awareness of various environmental issues and public participation in addressing them; and promote local community, NGO and private sector participation in environment (GRZ, 2005). Needless to say, existing laws and legislations regarding environmental management are relatively up to date in Zambia; the main problem is that implementation is not satisfactory.  

2.10 Summary
The chapter reviewed various literatures that affect mining and wellbeing of communities and livelihoods. It sets out example of countries where good mining practices, have been observed and promoted as well as countries where mining companies have been a threat to the livelihoods and economy of the local communities. Some of the relevant research reviewed regarding the effect of mining activities on smallholder farmer’s livelihoods includes those conducted in Canada, Spain, Tanzania, Zimbabwe, Ghana and Zambia. 





[bookmark: _Toc467874001][bookmark: _Toc263848734][bookmark: _Toc265770200]                                                       CHAPTER THREE
DESCRIPTION OF STUDY AREA
[bookmark: _Toc524770132][bookmark: _Toc467874002]3.1 Introduction
The two study sites are Musakashi and Lukoshi farm blocks located within Chambishi mining town, which is 26 kilometres north east of Kitwe. Chambishi falls within Kalulushi District and is endowed with mineral resources that includes copper, cobalt and zinc. Other resource includes water from Kafue River that passes in Chambishi area thereby forming the district boundary with Mufulira District. Musakashi River and its tributaries form the network of drainage pattern for Chambishi water system resulting in a rich water recharge zone for Kafue River. It also has forest resources and fertile soil for agriculture (Ntengwe and Maseka, 2004)  

Chambishi mining town was established in 1963 to accommodate mine workers of the defunct Zambia Consolidated Copper Mine (ZCCM) Nkana Division Chambishi Mine. NFCA PLC (NFCA) is owned by China Nonferrous Metal Mining Corporation (CNMC) with 85 percent shares and has three large scale mining licences covering three copper mines including Chambishi main, Chambishi west and Chambishi South east and Ore processing plant in the Chambishi area. The Mining licenses were transferred to Non-Ferrous Company Africa (NFCA) mine in 1998 from the Zambia Consolidated Copper Mines (Kamboyi, 2012). NFCA has several tailing dams which have been the sources of mine related environmental concerns in nearby communities. Among the probable constituents of the effluents from the tailings dam include heavy metals like Copper compounds, cobalt compounds, lead compounds and Nickel. These are trace elements which when they accumulate in the environment can cause pollution. (Sikamo 2015). The town also hosts other mines such as Chambishi Copper Smelter, South East Ore Body, Chambishi Metals, Zambia China Economic Zone, Explochem and Dyno Nobel Company. In 1983, the government established Musakashi and Lukoshi farm blocks to supply farm produce to the Chambishi mining town and surrounding areas. Chambishi boasts to host the largest Food Reserve Agency’s branch in the country with a capacity to hold a considerable number of metric tonnes of agricultural produce (Kamboyi, 2012).
3.2 Location of the Study Area
The study was conducted in Chambishi Mining area of Kalulushi District on the Copperbelt Province of Zambia. Chambishi mining town is geographically located approximately between 28° 2' 45'' East and12° 40' 40'' South (see Figure 3.1). The study sites were Musakashi and Lukoshi farming blocks located in the north east of Chambishi mining town.
[image: E:\xxx\Chambishi.tif]
Figure 3.1: Map of Kalulushi District Showing Location of Musakashi and Lukoshi Farming Block
 Source: Electoral Commission of Zambia, 2011


The township is eight (8) kilometres South East of NFCA mine and approximately five kilometres from Chambishi Metals PLC mine. Located on the south of Chambishi Township are the Chambishi Copper Smelter, Food Reserve Agency (FRA) depot and Chambishi Multi Facility Economic Zone respectively. Musakashi River is approximately 8 kilometres from source to the mouth, and it is located on the north-eastern part of Chambishi Township and flows approximately 3.5 kilometres into Kafue River. Musakashi is one of the tributaries of Kafue River and it contributes substantial volumes of water to Kafue River. Lukoshi farm block is named after the Lukoshi stream that is located approximate 6 kilometres south of Chambishi Township and a kilometre distance from Chambishi Copper Smelter. Musakashi and Lukoshi farming block is in the Zone III urban-rural fringe of Kalulushi District whose rainfall pattern is between 1000-1500mm per annum. 
[bookmark: _Toc467874003][bookmark: _Toc524770133]3.3. Description of Musakashi Farming Area	
Musakashi Farming Block is located in north east of Chambishi mining town which is an urban fringe of Kalulushi District on the Copperbelt Province, with an altitude of 1,200m above sea level. Musakashi is a resettlement area with smallholder farmers and can be accessed by a gravel road from the main Kitwe-Chingola road about 6 kilometres North-East of Chambishi township. The area has estimated households of about 188 households representing about 966 people whose main occupation is farming and fishing (CSO, 2011).The Musakashi farming area is part of Kafue river system, that constitutes a water recharge and unique ecosystem that is characterized by a spectrum of different features as: topography, landscape, climate and precipitation, geology and hydrogeology and unique riparian vegetation interconnected with small streams to form a river drainage pattern. Musakashi River with its tributaries supply water in farmholds and is used for agriculture, fishing, and recreation activities. The main markets of smallholder farm produce in the area include Chambishi market, Chiwempala in Chingola, Chisokone market in Kitwe and Mufulira markets. Main environmental threats Located in Musakashi farming block include tailing dam (TD 19) developed by Non-Ferrous Company Africa (NFCA) Mining Plc and the decommissioned tailing dam by Chambishi metals Plc (Kamboyi, 2012). 

3.4 Description of Lukoshi Farming Area
[bookmark: _Toc467869531][bookmark: _Toc467870981][bookmark: _Toc467874004][bookmark: _Toc220997924]Lukoshi Farming Block is located in a government settlement scheme south east of Chambishi Township; the area contains 57 plots of 0.5-5 hectares, 25 plots of 5-10 hectares and 30 plots of 10-150 hectares (MACO, 2009). The area was initially settled by graduates from the Zambia College of Agriculture in Monze and Mpika with the sole purpose of forming the Sustainable Agricultural Development Association which has since evolved into the Akabangilile Multipurpose Cooperative with over 120 members (MACO, 2009). Later on, there were immigrants who came from North Western Province and within Copperbelt to settle in Lukoshi farming block. The Main government institutions located in the area include schools, a health centre and Zambia Agricultural Research Institute (ZARI), which operates a Technology Assessment Site. According to CSO (2011), Lukoshi has about 339 households representing a population of 1,416 people. Lukoshi farming block is accessed by gravel roads and most of the farmers use bicycles as a means of transport. The main economic activity of the people of Lukoshi is crop farming and vegetable gardening. Most smallholder farmers cultivate rain fed crops such as maize, groundnuts, sweet potatoes, sugar cane and cassava while a number of them also established small irrigation areas using diesel or electric powered pumps to abstract water from Musakashi and Lukoshi streams that traverse the area joining Kafue River. Mostly, vegetables are grown under irrigation in the dry season. Crops grown in the area includes: Tomatoes (Lycopersicon esculentum), Cassava (Manihot esculenta), Sorghum (Sorghum bicolor) Green beans (Phaseolus and Vigna spp), Sweet potatoes (Lopmoea batatas) Groundnuts (Arachis hypogaea) and Egg plants (Solanum melongena).  
[bookmark: _Toc467869532][bookmark: _Toc467870982][bookmark: _Toc467874005]3.5 Physical Characteristics of Study Area
3.5.1 Weather and Climate
Chambishi has a mild tropical climate with three distinct seasons: a cool and dry season from May to August, a hot and dry season from September to November and a warm and wet season from December to April. There are two meteorological stations situated near the study area that is, Ndola (70 Km to the southeast) and Kafironda (5 km to the South East) (MACO, 2010). Wind is predominantly from the northeast and southeast, with average speeds from 1.4 m/sec in the summer to 1.0 m/sec in the winter, and with maximum gusts of around 30m/s in the summer to 22 m/s in the winter. From November to March, moist westerly winds are associated with thunderstorms and signals the onset of the wet season (MACO, 2010).

3.5.2 Precipitation 
Rainfall patterns in the Chambishi area are dominated by distinct wet and dry seasons. During the summer months of November to April, moist air moves in from Democratic Republic of Congo to Zambia and the westerly wind is responsible for rainfall on the Copperbelt province and Chambishi in particular. Westerly winds are normally associated with thunderstorms and lightening during the rainy season. Calculated storm events from Kafironda’s data indicate a 50-year maximum 24-hour precipitation of 136 mm and a 100-year maximum 24-hour precipitation of 150 mm (Ntengwe and Maseka, 2004).
[bookmark: _Toc220997929][bookmark: _Toc467869535][bookmark: _Toc467870985][bookmark: _Toc467874008]3.5.3 Soils and Hydrology
The Chambishi Mining area contains three major synclines of dolomitic, sandy-shale sediments and flanking granite dome to the east. The granite dome influences the regional topography that has undulating surfaces sloping to the north and northwest, towards the Kafue River. The area’s south and southwest of the granite dome is considered as one large hydrological basin, the area contains highly porous dolomite and sandstone soil that hold large volumes of water forming ground and surface river drainage systems in the area. The groundwater levels in the Chambishi area is regulated by mine dewatering (MACO, 2010).



3.6 Summary
[bookmark: _Toc467874009]Musakashi and Lukoshi farming blocks were established in order to add value to the economic growth of Chambishi and Copperbelt province. It was envisioned that agricultural activities in the two farm blocks would complement mining activities as alternative economic activities in the district. Chambishi town hosts a number of large scale mining companies that includes; NFCA mining Plc, Chambishi metals, Multi Facility Economic Zone, Sino metals, Chambishi Copper Smelter, Explochem explosive companies and South East Ore Body. Chambishi town also hosts smallholder farmers, large commercial farmers such as, Olympic farms, Triple S Ranch and Mukulumpwe farms which is now turned into a mine site called South East Ore body. However, the study only captured smallholder farmers whose land is between 0.5-5 hectares. 














                                           
[bookmark: _Toc524770134]

[bookmark: _Toc524770135]CHAPTER FOUR
METHODOLOGY
[bookmark: _Toc467874010][bookmark: _Toc524770136]4.1 Introduction
This chapter describes the methodological approach used in this study. Quantitative and qualitative methods were used in the design, data collection, and data analysis. The quantitative approach was employed to generate quantifiable data mainly from smallholder farmers in the study area. The qualitative approach was used to generate subjective assessment of attitudes, opinions, knowledge and practices of the respondents. The primary data were collected mainly through scheduled structures interviews, Focus Group Discussion and interview schedules with key informants. Field visits and observations were also part of the study design to provide research certainty and professional judgement especially when dealing with assessing polluted and non polluted farms in the study area. Secondary data was obtained by reviewing existing literature from various sources. Information from published sources, internet and various documentation centres were used and properly acknowledged. 
4.2 Research Design
The research design provides a framework for data collection and analysis (Bryman, 2008). It establishes the structure that connects research questions to the gathering of empirical data and ultimately the conclusions to be drawn (Yin, 2003). Research design includes the process of planning for the sources of data, carefully selection of study area, target groups, sample size and instruments of data collection.  
This study employed a case study design which is justified by Bryman’s criteria of research (Bryman, 2008). As such careful selection of a sample size was fundamental to provide generalization of results beyond the context in which the study was carried out. Yin (2003) further explains that case studies does not only facilitates an in-depth analysis and logical explanations of contemporary events, but also helps in yielding qualitative data from one locality.  
The study involved collection of data from polluted and non polluted smallholder farmers of Musakashi and Lukoshi farm blocks respectively. Since the targeted population are not homogeneous, a well-crafted research design was essential to carter for differences in variables.  Such characteristic enabled the researcher to make comparative analysis on the negative effect of mining effluent on the livelihoods of smallholder farmers in Musakashi and Lukoshi polluted and non polluted farms respectively.
The study also explored respondent’s behaviour and experiences in farming. This was useful in getting an in-depth analysis of the respondents with regards to the experience of the impact of mining effluent pollution on the environment and common livelihoods in the area.  The sampling unit used were farmholds (households) of Musakashi and Lukoshi farming block. The reasons for the choice being that the household is the main unit which might in one way or another be affected by the mining effluents from the mining operation in the area. It was assumed that mining activities are more likely to affect the livelihoods of households which are closer to its operations or facility.
[bookmark: _Toc467874013][bookmark: _Toc524770137]4.3 Sampling Process 
Musakashi and Lukoshi wards were selected purposively out of six wards in Chambishi. This is because the two wards were suitable for this study based on the fact that they are farming blocks and experience regular mining effluent pollution incidences. Each of the two wards were stratified into two sampling frame namely ‘polluted’ and ‘non-polluted’ within which polluted and non-polluted farms were identified respectively. This was expected, because discrete information was needed for this study from both polluted and non-polluted areas in the study area. Simple random sampling was then used to select farmholds based on Agriculture Register, obtained from Kalulushi District Agriculture Office in the following manner; firstly, the names of smallholder farmers were drawn. This was on the basis that the sample size of the farmholds in the two farm blocks were already established using the Boyd et al (2001) formulae to guide how many names to be drawn as shown below: 
      n= C/100 x N 
Where C= figure greater than or equal to 5% of ward population.
     N= the total number of households in the ward
      n= the number of selected households.
Secondly, a total of 21 polluted farmholds and 20 non polluted farms in Musakashi farm block were selected while 27 polluted farmholds and 27 non polluted farmholds were selected in Lukoshi farm block using a lottery technique. The names of polluted and non polluted farms in each farm block were written on pieces of paper and put in different boxes and the required number was picked. This resulted in a total of 95 farmholds being selected and administered with scheduled structured interview. Thirdly, based on a rule of thumb, 5 percent or more of the population is recommended in research (Bless and Achola, 1988). Thus, in this study, 22 percent of total farmholds were selected from Musakashi farm block while 16 percent represented Lukoshi farm block. The difference in sample size in the two study areas, were attributed to the difference in the population in the two farm blocks. 
[bookmark: _Toc467874014] 4.4 Method of Data Collection 
In order to achieve validity, reliability, suitability and adequacy of data for the study, different methods of data collection were used.  In this study, it was assumed that, no single technique is superior, hence combination of two or three methods would make the data highly reliable and suitable for the study. Scheduled structure interview, observation, Focus group discussion, interview guides and literature review were techniques for data collection implored by the researcher in this study.
[bookmark: _Toc467874015][bookmark: _Toc524770138]4.4.1 Primary Sources of Data
Primary sources of information used in this research are as follows:
 4.4.2 Scheduled Structured Interview
Scheduled structured interview comprising of open-ended and closed questions with clear instructions on how to complete them was used to collect data on the negative effect of mining effluent pollution on smallholder farmers in the study area. Collecting data using Scheduled structured interviews took a period of 6 months that initially began in March 2015.The first months were dedicated to establishing contacts as well as entry points to the study area. Total number of 21 polluted farmholds and 20 non polluted farms in Musakashi were selected and interviewed while in Lukoshi 27 polluted farmholds and 27 non polluted farmholds were selected and interviewed between 10th April and 2 June 2015 (See Appendix 1). Smallholder farmers who could read and write were able to answer on the own and those who had difficulties in answering were assisted by the researcher and two research assistants who were adequately prepared to manage the research. The research assistants were trained by the researcher regarding procedures for the study. In certain instances, the household scheduled structured interview were translated in the local language (Bemba) commonly spoken by most of the smallholder farmers in the area. 
4.4.3 Interview Guides 
Research interview is a prominent data collection strategy (Bryman, 2008). In the interview guides, the researcher prepared questions in advance to guide and keep the interview in focus. The researcher recorded all the responses in script for future analysis. Where the explanations were not clear, the researcher asked additional questions for clarification. Interview guides had questions depending on the position and nature of an institution were a key informant was drawn from (See Appendances 2.1,2.2,2.3 and 2.4). A total of four key informants were interviewed from the following institutions: Ministry of Agriculture, Non-Ferrous Company Africa (NFCA), Zambia Environmental Management Agency (Northern region) and area ward councillors for Musakashi and Lukoshi wards. The researcher assumed that key informants were particularly knowledgeable about mining effluent pollution in Musakashi and Lukoshi farming block. Scheduled interviews were used to explore issues of smallholder farmer’s livelihood and mining effluent pollution in the study areas. The key informants also provided secondary data related to agricultural productivity and farming history of Musakashi and Lukoshi farming blocks. 

4.4.4 Focus Group Discussion
In order to ascertain the views of smallholder farmers on the negative effect of mining effluent pollution, Focus Group Discussion (FGD) was a very useful tool to attaining such general views. According to Bryman (2008), Focus Group method represents a form of a group interview where several participants including the interviewer in which questioning emphasize on fairly tightly defined questions.  It is therefore a means to achieving some form of collective conscience or opinion of people on their experience of an issue or phenomenon. The discussion was focused to ascertain the predominant feelings of the smallholder farmers on the impact of mining effluent pollution on their livelihoods and community wellbeing. The discussions were also based on the impacts and possible coping strategies (see appendix 3). The Focus Group Discussions involved the lead farmers of equal gender representation drawn from polluted and non polluted farms from Musakashi and Lukoshi areas respectively. Each farm block had one focus group comprising of 18 members of equal gender representation. This helped in mapping the livelihood scenarios, farming history, incidences of mining effluent pollutions in the areas, extension services and resource allocation. The participants in the Focus Group Discussion were selected using availability and purposive sampling. Table 4.1. Shows the number of smallholder framers that participated in the Focus Group Discussion.
Table 4.1: Participant in the Focus Group Discussion
	Farm block
	No of participants
	Women
	Men
	Dates held

	Musakashi
	18
	9
	9
	25th May 2015

	Lukoshi
	18
	9
	9
	30th May 2015


 Source: Field data, 2015

4.4.5 Field Observations
Observation is a process which helps researchers to understand, realise and analyse an event, phenomenon and activities of people. Observations help to develop personal insight and perception toward the event or activities in the specific area. In this study, field observation was on issues pertaining to the impact of mining effluent pollution on smallholder farmer’s fields. The method assisted in supplementing information needed, as it allowed the sharing of life experience of the farmers being observed. This was useful to create an in depth understanding of the impact of mining effluent and smallholder farmer’s livelihood. During field observations, photographs of polluted farms were taken. 
[bookmark: _Toc467874016][bookmark: _Toc524770139]4.4.6. Secondary Sources of Data
[bookmark: _Toc467874017][bookmark: _Toc524770140]Reviewing literature on mining activities and its impact was very useful to broaden the scope of understanding on the nature and extent of mining effluent pollution on the livelihoods of smallholder farmers. The researcher reviewed NFCA mine Corporate Social Responsibility (CSR) activities, Environmental Impact Assessment (EIA), Environmental Management Plan and pollution incident reports. This enabled the researcher to understand requirements for mining operations. Furthermore, the documents that describe Chambishi mining town, social and economic development, future strategic plans and the contribution of smallholder farmers to the development of the district were also reviewed. This is critical in making a comparative analysis of the social and economic wellbeing of the people prior to the start of mining and the current state of mining operations in the district. Documents that gave scientific evidence of soil and water pollution in Musakashi and Lukoshi farming blocks were also reviewed (see appendix 4 and 5).

4.5 Data Analysis
Collected data from scheduled structured interview were organised by themes, edited and coded and analysed using descriptive statistics like frequencies, cross tabulation and percentages. Microsoft Excel 2014 version and SPSS version 18.0 were used to generate graphs. A t-test was performed to test for any significant differences in crop production between polluted and non polluted farms. Qualitative data from interview guides, Focus Group Discussions and field observation were organised in key themes then analysed using content analysis and sustainable livelihood framework. 
[bookmark: _Toc467874018][bookmark: _Toc524770141]4.6 Research Limitations
 During the process of data collection various problems were encountered and the principal ones were as follows:
The researcher needed to spend twelve months in the field with the farmers in order to learn and observe all environmental parameters in the field and study other factors affecting crop productivity in order to generate more empirical information on the subject matter. However, this was not possible because the farmers started reacting because the pollution case being studied was already in the high court and communities did not want to spend much time measuring productivity loss due to the fact that certain figures were submitted as part of evidence before the courts of law. Some thought the researcher was hired by the mine companies despite assurances of anonymity and confidentiality by the researcher. 
Fragmentation of institutional responsibilities and mandate on the issue of mining effluent pollution and crop damage assessment made it difficult for the researcher to collect all the necessary data. For example, the Ministry of Agriculture argued that it was the mandate of ZEMA to conduct assessment of mining effluent pollution while ZEMA failed to agree to this responsibility instead pointed another institution.
[bookmark: _Toc467874019]Fatigue was also noticed among smallholder farmers who claimed that the mining company and some Non-Governmental Organisation had already conducted research in the area, but did not avail communities with the results of their conducted research. The farmers wanted to know the impact of pollution, so they could submit such evidence to the high court in support of their case. This situation created unwillingness by some affected farmers to participate in the study until after the explanation of the intention of the study with the assistance of area councillor helped to win trust and confidence of the respondents.
 Although it was easy for the researcher to understand the language of the people in the area      where the study was undertaken, in some cases, problems occurred in the process of asking the questions in the scheduled structured interview to the smallholder farmers who were unable to read. The researcher had to translate the questions into the local language to make people understand and respond appropriately. Translation from English to the local language demanded that certain words are added for easy comprehension.  Obviously this had the effect of introducing biases into responses especially stemming from the ways the questions are asked in the local dialect. This was among the challenge that was faced in the field since most of the respondents were illiterate.
4.7 Summary
 Data collection method used in any study is key as it determines the quality and accuracy of data collected and eventually determines the quality and reliability of the results. In this study, the researcher used both primary and secondary sources of data. Secondary data provided a basis for reviewing the impact of mining effluent pollution on smallholder farmers with case examples from selected countries with hope of learning from other research works from other jurisdictions. Primary information was collected using scheduled structured interviews on 95 smallholder farmers who were a representative of the whole population in Musakashi and Lukoshi farming blocks. 
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CHAPTER FIVE
[bookmark: _Toc524770143]RESULTS AND DISCUSSION

[bookmark: _Toc467874020][bookmark: _Toc524770144] 5.1 Introduction
This chapter discusses the results of the impact of mining effluent pollution on smallholder farmer’s livelihoods. Mining effluent pollution carries with it obnoxious material that polluted the environment, damaged crops and reduced wellbeing of the farmers. Mining pollution further contributed to reduced income and food insecurity in the study area. Table 5.1 shows the demography of the study area, indicating the population, number of households referred to by this study as ‘farmholds’, and sampled farmholds.  
[bookmark: _Toc467874021] Table 5.1: Population by Gender in the Study Area

	Variable
	Musakashi
	Lukoshi
	Total 


	
	Female
	Male
	Female
	Male
	

	Population in each farm block 
	509
	487
	764
	652
	2412


	Number of farmholds
	17
	171
	29
	310
	527


	Sampled farmholds
	3
	38
	5
	49
	95




          Source: Central Statistical Office, 2011

[bookmark: _Toc467874022]Musakashi and Lukoshi farming blocks were mainly occupied by smallholder farmers who basically depend on income from their agricultural activities. Musakashi farming block has a population of 996 comprising 188 farmholds, while Lukoshi records 1,416 people consisting of 339 farmholds (CSO, 2011). Out of which 95 farmholds were selected to represent Musakashi and Lukoshi farmholds. In Musakashi,43.1 percent farmholds were sampled while 56.8 percent farmholds were sampled from Lukoshi farm blocks. Smallholder farmers in the area were involved in crop farming and market gardening activities throughout the year. Most smallholder farmers in the study area earn their income mainly through agriculture activities.

In addition, education level of smallholder farmers was also determined. The educational statuses were determined in terms of the highest educational level reached by smallholder farmers as shown in Table 5.2. Education is the foundation on which human qualities are built Uddin (2008). 


Table 5.2: Educational Status of Smallholder Farmers 

	Level of Education
	No of Respondents
	Percentage

	Not been to school
	33
	                  34.7

	Primary
	47
	47.0

	Secondary
	13
	13.7

	Tertiary
	2
	2.1


Source: Field data,2015

Findings indicate that 34.7 percent of smallholder farmers has not been to school while 47.0 percent had attained primary education. The smallholder farmers who had not been to school were unable to communicate in English and preferred the local dialect (Bemba). Economic benefits of schooling include the potential to obtain paid employment or to generate income through self-employment using skills learned in school. In theory, education is expected to improve productivity in all spheres of activities including agriculture. Furthermore,13.7 percent of smallholder farmers had attained secondary education while 2.1 percent had attained tertiary education. An increase in the number of years in education attainment will increase the probability of being food secure because with increase in the level of education, smallholder farmers will be able to respond to environmental risks by adopting modern farm technologies on their farms.
 
5.2 Impact of Mining Effluent on Livelihood Activities of Smallholder Farmers
[bookmark: _Toc467874023]Crop farming is the main livelihood of smallholder farmers in Musakashi and Lukoshi farming block. However, smallholder farmer’s livelihood has been negatively affected by mining effluent pollution in the study area as discussed in this section. The livelihood activities identified in the study area are shown in Table 5.3.

Table 5.3:  Sex and Livelihood Activities in the Study Area

	Sex
	              Livelihood Activities
	Employed

	
	  Crop Farming
	Charcoal
Production
	Fishing

	Livestock 
	Timber
	B/keeping
	

	Male
	35
	3
	3
	1
	3
	2
	3

	Female
	41
	1
	0
	1
	0
	1
	1

	Total
	76
	4
	3
	2
	3
	3
	4


        Source: Field data,2015
[bookmark: _Toc524770146]Findings reveal that 80 percent of the smallholder farmers were involved in crop farming. The most common crops grown include: green beans, maize, tomato, onion, cabbage, egg plants, sweet potatoes, cassava, groundnuts and rape. Other crops such as sugarcanes and bananas were also identified. Furthermore, 4.2 percent of smallholder farmers were involved in charcoal production whereas 2.1 percent were involved in livestock rearing. Only 3.1 percent were involved in  bee keeping. Overall, 35 percent of the respondents were males while 53.7 percent were females. This signifies high female involvement in improving the economic status of the family. Mining effluent reduces light penetration and dissolved oxygen levels, thereby jeopardizing fishing activities though only 3.1 percent of the respondents were involved in fishing activities. 
Smallholder farmers were also asked to rank the impact of mining effluent on their wellbeing, income generation, crop damage and livestock rearing as shown in Table 5.4.
Table 5.4: Ranking of Mining Effluent Impact on Farmer’s Livelihoods in the Study Area

	Impact

	Farmers 
wellbeing        
     
	 Farmers income generation    
	Crop damage
	Farmers livestock rearing
	Access to physical resources

	Low
	10
	2
	4
	4
	29

	Medium
	28
	69
	6
	59
	8

	High
	57
	24
	85
	32
	58


       Source: Field data, 2015
 Result shows that 60 percent of smallholder farmers indicated that their wellbeing were highly affected by the presence of mining effluent pollution, while 29.5 ranked the impact of mining effluent as medium. Further analysis from ranking suggest that 72.6 percent ranked mining effluent as moderately on ability to generate income. Overall the results indicate that crop damage was ranked high in the study area, followed by the access to physical resources and farmers wellbeing. Smallholder farmers who ranked the impact of mining effluent on crop damage as high were 89.5 percent while 6.3 ranked the impact of mining effluent as moderate. The ranking on damage to crops was high because majority of the smallholder farmers were involved in crop farming than other livelihood sources that were identified in the study area. Crops Damage in the study area was due to mining effluent that floods the fields thereby destroying crops anatomy and disrupts the physiological function of the crop and this resulted in low crop yields.

Furthermore, access to physical resources was impacted due to the fact that when mining effluent starts to flood their farms, rivers and streams; they have no access to clean water, physical road infrastructure and certain ecosystem services. About 61.1 percent of smallholder farmers ranked mining effluent impact on farmer’s access to physical resources as high, while 8.4 percent ranked access to physical resources as moderate. However,30.5 percent of smallholder farmers ranked the impact of mining effluent on access to physical resources as low. Results show that 33.7 ranked the impact of mining effluent on livestock as high while 62.1 ranked the impact of mining effluent on livestock as moderate. Those who ranked the impact of mining effluent on mining effluent as low were 4.2 percent. 
 
The results in Table 5.5 were designed to establish whether the crops in the field were viable or not. Crop conditions was determined in order to find out stages of crop growth that was highly affected by mining effluent pollution. Smallholder farmers were also asked to place a mark (√) on the columns listing stages of crop growth that were not affected by mining effluent pollution and with letter (x) in the columns of stages of growth that was affected by mining effluent pollution.

Table 5.5: Crop Conditions in the Study Area
	Crops
	Stages of crop growth

	
	Germinating
	Vegetative
	flowering
	maturing
	Harvesting 

	Maize
	√
	√
	√
	√
	x

	Tomato 
	√
	√
	√
	√
	x

	Onion
	√
	√
	√
	√
	x

	Cabbage 
	√
	√
	√
	√
	x

	Egg plants 
	√
	√
	√
	√
	x

	Cassava
	√
	√
	√
	√
	x

	Groundnuts 
	√
	√
	√
	√
	x

	Rape
	√
	√
	√
	√
	x

	S/ potatoes
	√
	√
	√
	√
	x

	Green beans
	√
	√
	√
	√
	x


Source: Field data, 2015

Smallholder farmers indicated that in the situation when they have not experienced mining effluent pollution, their crops were in good conditions starting from; germination, vegetative, flowering and all the way to maturation because they used to plant viable seeds which were provided for by the Ministry of Agriculture. Thus, smallholder farmers placed a mark (√) on the column of germination, vegetative, flowering and maturation against the column of each crop. However, they all placed an (x) on the column of harvesting all the crops. Harvesting stage was most of the times affected because the mine usually released mining effluent when farmers are about to harvest their crops. Results further indicate that all the crops in the field were viable, health and performing well in all crop development stages an indication of crop stability in the field. The rainfall conditions were normal and consistent with average rainfall patterns in the area (MACO, 2010). This confirms that climatic conditions did not have significant impact on crop yields in the study area.

Average crop yields across crops in the study area from 2011 /2012 to 2014/2015 farming season was also determined (see Table 5.6). This was done in order to assess the trends in crop productivity in the study area. 
Table 5.6: Average Crop Yields in the Study Area from 2012 to 2015 Farming Season
	Crop
	2011/2012 average yield (tons/ha )
	2012/2013 yields  (tons/ha)
	 2013/2014 Yields (tons/ha)
	2014/2015  (tons/ha)

	Maize
	3.5
	2.9
	2.3
	1. 38

	Cassava
	15
	11
	1.5
	0.9

	Tomatoes
	1.9
	1.4
	0.9
	0.54

	Sorghum 
	2.1
	2.1
	2.1
	1.26

	Green  beans
	1.2
	1.5
	0.9
	0.54

	Sweet potatoes
	15
	1.5
	0.8
	0.48

	Groundnuts
	1.2
	0.8
	0.6
	0.36

	Egg plants
	0.6
	0.4
	0.3
	0.18


      Source: Government of the Republic Zambia, 2016

 Crop productivity trends have been reducing across the crops per year based on figures from 2012, 2013,2014 and 2015 respectively. The area recorded sharp decrease in crop yields in 2015 after pollution had damaged a number of crops in the area. Kamboyi (2013) indicates that agricultural activities in Musakashi and Lukoshi farming areas have not been impacted by changes in weather patterns. This was confirmed by the metrological reports at the Zambia Agriculture Institute Research Station (Meteorological Department, 2016). Pollution from mining effluent was the main cause of reduced crop productivity among smallholder farmers in the study area.
5.3 Impact of Mining Effluent on Crop Production
Mining effluent pollution had impacted crop yields in the study area due to its detrimental effects that it has on soil physics. Smallholder farmers were asked factors that were responsible for crop yield reduction and they indicated that mining effluent pollution contributed to low yields.

Table 5.7: Factors Responsible for Crop Yield Reduction 
	Factor Responsible 
	No of Respondents
	Percentage

	Pollution from effluent
	75
	78.9

	Poor management of farms
	2
	2.1

	Poor health and old age
	1
	1.0

	Air pollution
	17
	17.8


           Source: Field data,2015
Majority of farmers (78.9) percent attributed the reduction of their crop yields to mining effluent pollution in the study area. Mining effluent pollution on farmholds originated from the tailing dam and the licking tailing pipe.  In addition, the tailing dam overflows thereby causing mining effluent to flow into Musakashi and Lukoshi river which is the source of water for agricultural purposes and other domestic use by smallholder farmers. When mining effluent floods smallholder farmers’ fields, it polluted the soil and made farming activities difficult. Appendix 4 provides for scientific evidence that the soil in the study area was polluted. Problems noticed by farmers from the use of polluted water were low yields of crops, stunted growth of crops, rotting, yellowing and dying of crops before harvesting. Farmers who did not attribute their crop reduction to mining activities gave reasons of poor management of farm due to poor health and old age. Results further show that 17.8 percent indicated that the reduction in crop yields were as a result of air pollution. 
In addition, mining effluent pollution deterred smallholder farmers from making substantial financial investment in their farms despite having a lot of experience in farming activities since the farmlands can be polluted at any time of the year without any notice. Farming experience corresponds to the number of years one has been engaged in farming as a livelihood activity. The farming experience of the respondents was categorized into 5 year groups: 1-5, 6-10, 11-15, 16-20 and 21-25 year groups. The bulk of the respondents (51.6) percent were in 16-20 years’ groups of farming experience followed by 21-25 year groups with a percentage of 32.6 of farming experience, see Table 5.8.
Table 5.8:  Farming Experience 
	Farming experience (Years)
	No of Respondents
	                Percentage

	1-5
	4
	4.2

	6-10
	3
	3.1

	11-15
	8
	8.4

	16-20
	49
	51.6

	21-25
	31
	32.6


       Source: Field data,2015

Results obtained indicate that most farmers have had many years of practical experience in farming.  Experience contributes to farmers’ ability to improve on their farm activities. Farmers would also count a lot more on their farming experience for increased productivity. 
Results in Figure 5.1 show different crops grown in the study area with similar agro ecological conditions, soil types, rainfall pattern as well as farming practices. The figure, further indicate different production levels between polluted and non polluted farms across different crops mainly due to different exposure levels and vulnerabilities of crops to mining effluent pollution. Poor production in polluted farms is attributed to various environmental conditions such as exposure to mining effluent pollution, sensitivity of each crop to mining effluent pollution and vulnerability of crops.  Generally, the farms that were flooded with mining effluent recorded low crop yields compared to those farms that were not flooded with mining effluent.
  
Figure 5.1: Crop Production in Polluted and Non Polluted Farms in 2014/2015 Farming Season    
  Source: Field data, 2015.
[bookmark: _Toc467874028]The size of the land cultivated was also analysed due to the fact that the soil was polluted by mining effluent and this affected farmer’s individual choice of the size of land to be cultivated as evidenced in table 5.9.
[bookmark: _Toc467874030]
Table 5.9: Size of Land Cultivated 
	Size of land Cultivated (ha)
	Musakashi Polluted
	MNP
	  Lukoshi
	LNP

	 0.1-1.9
	14
	01
	23
	04

	1. 1.9
	05
	02
	09
	16

	2-2.9
	01
	13
	17
	25

	3-3.9
	01
	03
	6
	02

	4-4.9
	00
	01
	01
	03

	Total
	21
	20
	27
	27


     Source: Field data, 2015 
      M.N.P. F= Musakashi Non Polluted           
      L.N.P. F=Lukoshi Non Polluted                          

Table 5.9 shows the average size of land cultivated by smallholder farmers in polluted and non polluted farms in the study area. The size of land cultivated by smallholder farmers were determined by whether the land was polluted or not. Results show that 14.7 percent of smallholder farmers in Musakashi farm blocks cultivated the land between 0.1-1.9 hactares. This was an indication that mining effluent forced farmers to cultivate smaller portion of land than they were supposed to cultivate if the land was not polluted thus reducing crop yields. Most of the smallholder farmers in Musakashi non polluted farms (13.6) percent cultivated the land between 2-2.9 hectares. This clearly indicates that smallholder farmers whose farms were not polluted decided to cultivated a bigger size of land than their counterparts whose farms were polluted. The same scenario was also observed in Lukoshi farm block. Smallholder farmers who cultivated land between 0.1-1.9 were 24.2 percent in Lukoshi polluted farms while in Lukoshi non polluted farms 26.3 percent cultivated land between 2-2.9 hactares.

Table 5.10 contains data obtained from the farmer’s yields carried out in Musakashi polluted and non polluted farms. The first and the second columns contain crop yields (production) in tonnes from the sample of 20 and 21 farmholds in Musakashi polluted and non polluted areas respectively. In estimating the variance of crop yields between polluted and non polluted farmers, a parametric test was performed to test the difference between two sample results. T test (formula above) was used to measure the difference in crop yields between polluted and non polluted farmholds whose data were randomly sampled from a normally distributed population. The variable measured (yield) had a normal distribution across the farm block. The results from equation of the t-test was 2.083. Based on the table of student sampling distribution, the critical value of t with 30 degree of freedom (df) for a two tailed test at 0.05 significant level is 2.04.  Since the calculated value of t is greater than the critical value, the alternative hypothesis can be accepted. This means that there is a significant difference in production between polluted and non polluted farms. Clearly, there are differences in both central tendency of maize yield distribution among farmers in polluted and non polluted, as well as the dispersion of maize production in the area. Based on t test, it can be inferred that mining effluent pollution had significant negative impact on crop yield in Musakashi farming area.

Table 5.10 Maize Yield in Musakashi Polluted and Non Polluted Farms in (Tonnes)
	
	
	
	
	

	Production in Non Polluted Farms        (x)
	Production in Polluted Farms  (y)
	X2
	y2
	

	1.9
	1.7
	3.61
	2.89
	

	2.0
	1.1
	4.0
	1.21
	

	1.9
	1.2
	3.61
	1.44
	

	1.8
	1.3
	3.24
	1.69
	

	1.9
	1.5
	3.61
	2.25
	

	2.0
	1.6
	4.0
	2.56
	

	1.9
	1.7
	3.61
	2.89
	

	1.8
	1.5
	3.24
	2.25
	

	2.0
	1.4
	4.0
	1.96
	

	1.8
	1.3
	3.24
	1.69
	

	2.0
	1.4
	4.0
	1.96
	

	1.6
	1.6
	2.56
	2.56
	

	1.8
	1.8
	3.24
	3.24
	

	2.0
	1.3
	4.0
	1.69
	

	1.9
	1.9
	3.61
	3.61
	

	1.8
	1.7
	3.24
	2.89
	

	1.9
	1.6
	3.61
	2.56
	

	1.8
	1.5
	3.24
	2.25
	

	2.0
	1.3
	4.0
	1.69
	

	1.9
	              1.6
	3.61
	2.56
	

	 
	1.4
	
	1.96
	

	[bookmark: OLE_LINK1]∑x=37.7
	[bookmark: OLE_LINK2]         ∑Y=31.4
	   ∑ X2  =77.4
	   ∑Y2=  51.72
	


Source: Field data, 2015
	X       Y
                                                                     t=∑x2nx)-x2+(∑y2ny)-y2
                                                                                    nx-1                          ny-1
 t-test=2.083
 df = 30
Table 5.11 contains data obtained from the farmer’s yields carried out in Lukoshi polluted and non polluted farms. The first and the second columns contain crop yields (production) in tonnes from the equal sample of 27 farmholds in Lukoshi polluted and non polluted areas respectively.
Table 5.11: Maize Yield in Lukoshi polluted and Non Polluted Farms
	Lukoshi Non Polluted (x)
	Lukoshi Polluted (y)
	X2
	Y2

	2.4
	1.2
	5.76
	1.44

	2.6
	1.3
	6.76
	1.69

	2.7
	1.5
	7.29
	2.25

	2.5
	1.1
	6.25
	1.21

	2.8
	1.2
	7.84
	1.44

	2.4
	1.4
	5.76
	1.96

	2.3
	1.3
	5.29
	1.69

	2.4
	1.2
	5.76
	1.44

	2.9
	1.3
	8.41
	1.69

	2.8
	1.6
	7.84
	2.56

	2.6
	1.3
	6.76
	1.69

	2.9
	1.4
	8.41
	1.96

	2.1
	1.2
	4.41
	1.44

	2.8
	1.3
	7.84
	1.69

	2.2
	1.4
	4.84
	1.96

	2.7
	1.6
	7.29
	2.56

	2.3
	1.3
	5.29
	1.69

	2.6
	1.3
	6.76
	1.69

	2.4
	1.3
	5.76
	1.69

	2.5
	1.5
	6.25
	2.25

	2.8
	1.4
	7.84
	1.96

	2.6
	1.1
	6.76
	1.21

	2.9
	1.3
	8.41
	1.69

	2.1
	1.1
	4.41
	1.21

	2.9
	1.4
	8.41
	1.96

	2.1
	1.3
	4.41
	1.69

	2.6
	1.4
	6.76
	1.96

	∑x= 68.9
	       ∑y=35.7
	∑x2 =177.57
	∑y2=47.67

	    
	
	
	

	t-test=2.83
	
	
	


   df = 25

  T test was performed to measure the difference in crop yields between polluted and non polluted farmholds whose data were randomly sampled from a normally distributed population. The variable measured yield shows unequal distribution between polluted and non polluted farms.  The results from equation of the t-test was 2.83. Based on the table of t test sampling distribution, the critical value of t with 25 degree of freedom (df) for a two tailed test at 0.05 significant level is 2.06.  Since the calculated value of t is greater than the critical value, the null hypothesis can be rejected. This means that there is a significant difference in maize production between polluted and non polluted farms. The differences in central tendency distribution of maize yield among farmers in polluted and non polluted had been depicted, as well as the dispersion of maize production in the farming area.  Based on the results of t test it can be inferred that mining effluent pollution had significant impact on crop yield in Lukoshi farming block. 

Results from Table 5.12 shows access to agriculture extension services in the study area. However, when the farmers started complaining of mining effluent pollution, some other institution started providing extension services to help farmers to cope up with the devastating impact of mining effluent pollution.

Table 5.12: Agriculture Extension Service Providers
	Institution
	No of respondents
	Percentage 

	Ministry of Agriculture
	55
	58.9

	No extension service
	23
	24.2

	NGOs
	13
	13.7

	Mines, Corporate Social  Responsibility
	4
	4.2

	Total
	95
	100


  Source: Field data, 2015
[bookmark: _Toc467874035]  Ministry of Agriculture has been key to providing agriculture extension services to 58.9 percent of smallholder farmers. The results show that 13.2 percent of smallholder farmers indicated that they accessed agriculture extension service from Non-Governmental Organisations. However, 24.2 percent did not receive any agriculture extension service because they were neither in agriculture cooperatives that exist in the area nor they did not participate in the programmes that were being undertaken by Non-Governmental Organisations.

5.4 Lost Livelihoods 
Results from key informants confirmed that mining effluent from NFCA mine have had significant impact on livelihood of farmers in the study area. The Ministry of Agriculture expressed concern over the disrupted livelihood of smallholder farmers in Musakashi and Lukoshi farming blocks, stating that if nothing is done to stop pollution in the farming area, farming activities will be completely curtailed. Ministry of Agriculture attempted to evaluate the cost of damage to crops among smallholder farmers in Musakashi and Lukoshi, and said “given the damaging nature of mining effluent, coupled with flooding incidents in Musakashi farming areas, the impacts may go beyond loss of crops to loss of trees and arable land. The extent of damage to maize field by mining effluent pollutant in one of the farms in Musakashi farm block is shown in Figure 5.2.  Non Ferrous Mining Company was at hand to provide information regarding mining effluent pollution. The mining company explained that Musakashi tailing dam is overburdened due to high copper production, the mining company has been experiencing over the years. The tailing dam was built to hold mining effluent of 5.7 million cubic litres but was receiving 11.7 million cubic litres. This makes the dam to overflow into the Musakashi River and this eventually floods some farms along Musakashi riverine. However, the mining company was quick to mention that the mining company had always compensated the farmers, whenever crop loss was recorded. However, the affected farmers in Musakashi and Lukoshi farming blocks, indicated that they only received compensation once that did not tally with the crop loss recorded and was not shared accordingly
 Before effluent is released during 2014/2015 farming season.                        After effluent was released during 2014/2015 farming season           
[image: IMG_2901][image: SAM_0239] 
Figure 5.2: Maize Field Flooded with Effluent in Musakashi Farming Block
Source: Field data 2015  

This is against environmental management standards, for managing mining effluents and tailing dams. The overburdening of the tailing dam leads to the effluent being released into the Musakashi River. The river bank was raised and effluents spilled into the farms causing floods of contaminated waste water that damages farmer’s crops. Musakashi River is the source of water for smallholder farmers in Musakashi farming block. Mining effluent has polluted the water which had significantly impacted negatively on the environment and the communities (see Appendix 5). Smallholder farmers said they were pushed to the tied corner by the mining company and they were left with no option but to take legal action against Non Ferrous (NFCA) Africa Mining company at Kitwe high court, for polluting their land and damaging their crops. Smallholder farmers narrated during Focus Group Discussion that the main reason they took legal action against the mine was to be adequately compensated for their loss of livelihoods based on damaged crops in the area, water pollution and land contamination. However, NFCA Mine claimed that the damage to crops had been caused by natural rainfall in the area. The “Doris Chisambwe and 95 others vs. NFCA mine Plc” case number (2014/HK/374) was in the high court for over three years. On 1st July 2016, Judge C.B. Maka Phiri of the High Court of Zambia delivered the judgment in which the community won the case. According to the judgment NFCA Mining Company was found liable for damages and was tasked to pay smallholder farmers the sum of ZMW 904 750 (U$D 90,000).  The communities received the compensations in May 2018 for damaged crops due mining effluent pollution. The smallholder farmers in the study area contend that compensation though important still means nothing compared to normal harvest.
 
Smallholder farmers narrated that their livelihoods in the area were generally characterized by single income generating activity from crop farming. The absence of viable alternative livelihood activities has effect on household’s capability in dealing with potential livelihood adversities. During Focus Group Discussion, smallholder farmers said that they are stressed due to the persistent mining effluent in their farms. Farmers argued that low income which has been as a result of low crop yields worsened the situation and has been one of the contributing factors to stress among smallholder farmers. Chambers and Conway (1992) describe stresses as pressures that are typically continuous and cumulative, predictable and distressing that affect resource accessibility. Furthermore, uncertainties around farming on new land are the immediate forms of stress acknowledged by the smallholder farmers during the Focus Group Discussions. Some smallholder farmers fear that their land would be dispossessed by the government and probably given to the mining company. 


5.5 Analysis of Mining Effluent Pollution Using Sustainable Livelihood Framework 
Based on Livelihood Analytical Framework, farmer’s wellbeing, income generation, crop productivity were analysed.  Physical resources such as clean water, air and ecosystem services are considered as assets or resources capable of receiving shocks presented in form of mining effluent pollution. Mining effluent presents shocks in polluted farms that resulted in the disruption of livelihood assets and increases their vulnerability. However, it is important to stress that, farmer’s livelihoods do not only depend on access to capitals but also on how these capitals are framed in the wider social, economic and geo political context. 
In order to understand the link between mining effluent pollution and smallholder farmer’s livelihoods in the study area, Sustainable Livelihood Framework provided linkages between different variables involving mining and farming. The livelihood analytical framework was designed to assess the vulnerability context and link them to livelihood assets and their interaction with transforming structures, livelihood strategies and livelihood outcomes. Burry (2005) argued that livelihoods can be considered sustainable, when the outcome of a planned development adequately supports the wellbeing and viability of local people. Figure 5.3 presents the analysis of the sustainable livelihoods framework as applied in the mining effluent pollution situation among smallholder farmer livelihoods in the study area.  The framework shows how mining effluent pollution created vulnerability conditions to smallholder farmers. 
 Livelihood assets
Livelihood outcomes for smallholder farmers
· Less income 
· Reduced wellbeing
· Increased vulnerability
·  food insecurity
· unsustainable use of natural resource base

Transforming structures  

· Government
· NFCA mine 
· Laws 
· Policies


[bookmark: _Toc524770148]Physical, Human,
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Figure 5.3 Adapted from DFID (2000), Author’s explanation of DFID Livelihoods Framework (2015)

The weak transforming structures in the area, deteriorates the responses at community level, as community response alone may not be enough to produce positive outcome. The interaction between livelihood assets and environmental threats ended up developing negative livelihood outcome. Therefore, the link between mining effluent pollution and smallholder farmer’s assets were largely negative and resulted in the disruption of environmental services that support livelihood assets and create vulnerability conditions among smallholder farmers in the area.

5.5.1 Shocks and its Vulnerability Context of Livelihoods
Ellis (2000) defines shocks as unpredictable events capable of destroying assets or affects the people themselves. Chambers and Conway (1992) said “shocks are typically sudden, unpredictable and traumatic.” Mostly there are natural shocks like floods, drought and feminine. In this study mining effluent pollution was identified as a main shock to smallholder farmers because it was unpredictable and traumatic to farmers. Generally, mining effluent deprives smallholder farmers the land on which farming is undertaken. In polluted farms the impact of mining effluent pollution was so severe specially to farms close to Musakashi and Lukoshi River as seen in Figure 5.4. 


[bookmark: _Toc467874036][image: _Pic1]  Figure 5.4: Mine Effluent Polluted Vegetable Garden in Lukoshi Farming Block
 Source: Field data, 2015

Figure 5.4 shows the researcher and three farmers assessing the polluted vegetable garden in Lukoshi farming block during a field survey which was conducted between 10th -22nd May 2015.The smallholder farmers argued that once effluent floods their fields, the crops becomes stunted, leaves becomes yellow and some crops dies and this lowers their morals to be involved in farming activities. Zambia Environmental Management Agency (ZEMA) Northern region is aware of the challenges faced by smallholder farmers in Musakashi and Lukoshi. ZEMA argued that there are doing everything possible to resolve the pollution problem based on the provisions of Environmental Management Act as it relates to mining effluent disposal.

5.5.2 Seasonality and its Vulnerability Context of Livelihoods 
Seasonality is a function of vulnerability when it comes to livelihoods framework. Smallholder farmers in the study area have been subjected to natural and artificial seasonality. First, growing crops follow specific seasons, for example vegetable gardening is season specific and function within the conditions obtained at the particular season. Seasonality of crops and farming activities coupled with the limited income generating alternatives made smallholder farmers vulnerable to shocks. The alternative to seasonal livelihoods for smallholder farmers may be employment probably in the mines. However, most available jobs by the mines are not secure as they are basically causal work which is not sustainable. Therefore, agricultural activities still remain the main income provider to smallholder farmers in the study area.  Mining effluent from NFCA mine presents a risk on environmental sustainability, community livelihood and sustainable development. 

5.5.3 Trends and its Vulnerability Context of Livelihoods
The damage to crops and livestock were determined by exposure of the livelihood assets to the chemical damaging effect of the mining effluents. However, environment has natural cleaning mechanism capable of absorbing certain amount of pollutants from mining effluent and detoxifies them to harmless level until the carrying capacity is reached. The continuous pattern of mining effluent pollution in the study area forms a trend of pollution flow that goes beyond the environmental carrying capacity, hence developing damaging effect on crops, environment and livestock in the area. The effects include the disruption of ecosystem services, thereby affecting farmer’s livelihoods. Therefore, declining incomes has been the trend in the livelihoods of some of the affected farmers still engaged in farming activities. This is partly the result of decline in farm yields and the land cultivated due to pollution of soil by chemicals used in the mining process.

5.5.4 Physical Capital  
Farmholds constitute an important capital to farmers for their wellbeing. Enhancement of the physical capital stock of smallholder farmers has not been realised in the study area. Many have decided to cultivate a small portion of land while others are deciding whether to abandoned their farms or not due to the continuance mining effluent pollution by the mine. This action deprives them of a viable physical asset (farms) which forms the means of attaining their livelihoods. Mining effluent pollution effect on physical capital also affects the financial capital of smallholder farmers as their returns on investment keeps shrinking especially in polluted farms (see Figure 5.5). The input output ratio of smallholder farmer’s investment has been reducing disproportionally. Most smallholder farmers suffer setbacks due to low crop yields, which affect their profit and capital threshold thereby making farming business unattractive.

[bookmark: _Toc467874039][image: ]   Figure 5.5: Impact of Mining Effluent on Land and Vegetation in Musakashi Farm Block 
Source: Field Data 2015
The Agricultural Act of 1990 provides for the protection of land for agricultural purposes. However, it was not the case in Musakashi and Lukoshi farming block as much of the vegetation were drying up due to mining effluent pollution. The agricultural land is covered with sludge which is dark brown and sticky and makes walking and cultivation on the polluted land difficult and probably impossible. This has seriously impacted the soil physics, chemical and biological activities of the land. The riparian fauna was equally affected because the vegetation on which they feed on were drying. Smallholder farmers argued that though they continue to farm in the polluted farms, yields have fallen substantially as a result of mining effluent pollution. 


5.5.5 Human Capital   
The operation of NFCA mine has had adverse effects on the human capital of smallholder farmers. Human capital in the sustainable livelihood framework is explained as enhanced health, nutrition, education, capacity to work and capacity to adapt (Ellis 200). However, this has not been the case among smallholder farmers in the study area.  The mining pollution in the area compromises their health and knowledge to mitigate and adapt the deleterious effect of mining effluent pollution in the study area. 

[bookmark: _Toc467874027]Despite NFCA’s corporate social responsibility programme as pledged in the Environmental Impact Assessment, the smallholder farmers affected by mining effluent, have not witnessed such programmes in their areas. Smallholder farmers in the area have been deprived of their human asset which forms the means of attaining a livelihood and have never been supported for any social corporate activities.  Smallholder famers stated that they would have loved to be equipped with skills in alternative livelihoods, like animal rearing, poultry, bee keeping and pig rearing as outlined in NFCA Social Corporate Responsibility Plan. These programmes can enhance their education, health and adapt to the devastative effect of mining effluent. Smallholder farmers wished to have trainings in alternative livelihood activities and financial management. 

5.5.6 Financial Capital 
Smallholder farmers crop yields reduced due to mining effluent pollution, thereby increasing food insecurity and poverty levels in the area. Smallholder farmers said that farmlands do not only constitute the basis for undertaking a livelihood activity but also recognized as important livelihood assets. Therefore, the destruction of such land by mining effluent pollution means loss of financial capital (land) to the farmers. Land which is polluted would be difficult to be sold because it loses its value. Some of the affected farmers did not have the chance to harvest their labour at all because the crops were flooded with mining effluent. Compensations received by most of them, as claimed, are far incommensurable, hence losing great deal of money as a result. Those who are still farming suffer low crop yields because of mining effluent pollution. When the farm crops are sold the money realised does not tally with the cost of farm inputs such as fertilizer, pesticides and seeds. All these exert a negative impact on the financial capital of the farmers, thereby causing adversities in their livelihoods. Smallholder farmers again disclosed that mining in the community has brought about high cost of living, which has affected the finances of the farmers adversely. The farmers have to compete with the mine workers who receive better and regular wages on the same market. Smallholder farmers narrated that they cannot afford the cost of items on the market and cannot generally cope with the high cost of living. In this view, mining has changed the entire social and economic lives of farmers in Lukoshi and Musakashi farming block. 
 
 5.5.7 Natural Capital  
Natural capital is the term used for the natural resource stocks from which resource flows and services (such as land, water, forests, air quality, erosion protection, biodiversity degree and rate of change, etc.) useful for livelihoods. It is of special importance for those who derive all or part of their livelihoods from natural resource-based activities, as it is the case for the smallholder farmers in the study area. Good air and water quality represents a basis for good health and other aspects of a livelihood. The operations of the mines in Musakashi and Lukoshi were characterized by water, air and soil pollution which degrades the stock of natural capital available to smallholder farmers. Pollution of streams causes widespread diseases and fear among smallholder farmers in coming into contact with the waters of the streams in the communities. Pollution of air by fumes and dust particles put the farmers at various health and safety risks which includes respiratory tract infections and headaches. Soil pollution of waste water used in the mining operations has tended to affect the value of the land and also reducing crop productivity
 
5.5.8 Social Capital 
There is much debate about what exactly is meant by the term “social capital” and the aspects it comprises. In the context of the Sustainable Livelihoods Analysis it is taken to mean the social resources upon which people draw in seeking for their livelihood outcomes, such as networks and connectedness, that increase people's trust and ability to cooperate or membership in more formalised groups and their systems of rules, norms and sanctions (Ellis, 2000). Mining effluent had also adverse impact on the social capital of some of the households in Lukoshi and Musakashi farm blocks. Smallholder farmers argued that in the disbursement of the compensation funds certain groups of farmers were favoured and this created mistrust among smallholder farmers.

5.5.9 Livelihood Strategies and Coping Mechanism
 In view of the adverse impact of mining on the livelihoods of the smallholder farmers in the study area, the strategies and coping mechanisms were adopted (see Table 5.13). The coping strategies varied with households and as such the livelihood outcomes identified differed.  Results indicated that no alternative livelihood projects had been implemented by NFCA mining as such it has been difficult for smallholder farmers to find coping strategies. Mining company was not willing to assume the traditional functions of government in providing general services to the areas of operation despite the impact that it had on smallholder farmer’s livelihood. As a result of disruption to farmer’s livelihood in the study area, some farmers had to find coping mechanisms. 

Table 5.13: Coping Strategies of Smallholder Farmers in the Study Area
	Coping Strategy
	No of Respondent
	Percentage

	Extending the farms
	32
	33.7

	Drilling water wells 
	22
	23.1

	Relying on assistance 
	9
	             9.5

	Support from NGO
	7
	7.4

	Abandoning farms 
	11
	11.6

	Relocating to other areas 
	6
	6.3

	Employment
	4
	4.2

	Total  Responses
	95
	100


      Source: Field data, 2015
Coping strategies enabled the farmers to continue with their way of living, despite experiencing the adverse effects of mining effluent pollution on their livelihoods. Table 5.13 show that 33.7 percent of smallholder farmer preferred extending their farms and gardens away from the river. Smallholder farmers who indicated that they had preferred drilling boreholes to provide access to clean and safe water were 23.1 percent. Smallholder farmers who extended their farming areas from the river had a challenge of access to water while smallholder farmers who managed to counter the loss of quality water by drilling boreholes were faced with the cost that were incurred during the process of water well drilling and maintenance. They argued that the process of getting water from the wells in buckets to water their fields reduced productive time and was labour intensive.
In addition,11.6 percent of respondents indicated that they have abandoned farming activities and hoped to find alternative livelihood whereas 9.5 percent of the smallholder farmers relied for assistance from relatives and well-wishers. Smallholder farmers who may eventually abandon farming may require financial capital and skills to invest in alternative livelihoods. Yet, 6.3 indicated that they are relocating to other areas where they can find viable livelihoods. Relocating, involves the movement of smallholder farmers from Chambishi to towns and cities in search of jobs. These jobs are the kind of jobs that do not require high qualification and skills like cleaning, washing of cars and floors of offices, offering of services as a manual worker in building contraction companies among others. Even though, this livelihood strategy could build the stock of financial capital of the affected household through the flow of regular income, it involves frantic search of jobs, which may be non-existent in the cities. Smallholder farmers argued that this livelihood strategy has the potential to wreck social ties back home when the migrant head of household stays long away from the community. The study however, could not identify the best livelihood options suitable and sustainable among smallholder farmers in the area. Although these strategies provide alternative livelihood to the farming community, farmers ensured that they maintain physical asset (land) that has sustained them over the years. Some Non-Governmental Organisations (NGOs) were already working in the area by educating them in human rights, and business development strategies as way of survival strategies. The NGOs also offered counselling and Para legal services in the form of legal advice, moral support and encouragement. 
 Livelihood outcomes in Musakashi and Lukoshi farm blocks as a result of mining effluent pollution has been reduced income, reduced wellbeing, increased vulnerability and food insecurity. Some of the respondents are of the opinion that instead of receiving benefits from the mining company it has given them misery and hardships. 
5.5.10 Transforming Structures 
Structures are basically public and private organizations set up to implement policy, legislation and perform functions that promote livelihoods (DFID, 2000). Well elaborate working structures are therefore very important because their absence is an obstacle to obtaining viable and sustainable livelihoods. The legislative bodies in any country are important because they make laws that are used in governance. Discussions relating to transforming structures that influence the mining operations include; government institutions, NGOs, laws and policies that are directly or indirectly linked to mining sector.

Under government institution, emphasis of the discussion is dwelt on the public organizations that control or influence the mining operations and the mines in general. These include the Ministry of Mines and Mineral development and Zambia Environmental Management Agency. Concerns raised by most of the smallholder farmers were government interventions in the issues of supervision of the mining activities in the study area. Smallholder farmers argued that government institutions were failing to regulate efficiently the mining companies because of employment they provide and fear of becoming unpopular in pushing investors too much. They argued that how can the government institutions would allow a broken tailing pipe in their farms. Mining effluent from the broken pipe overflows in smallholder farms. Smallholder farmers argued that “there are sufficient laws in the country capable of dealing with mining issues but institutional inertial to act was the biggest challenge”. There is also enough policy and piece of legislation in Zambia to deal with mining effluent pollution.                                  
                                               
 5.6 Summary 
[bookmark: _Toc467874041]Findings reveal that mining effluent has had negative effect on the livelihoods of smallholder farmers. The research further argues that mining effluent pollution affected capital assets of smallholder farmers, which resulted in low crop production. The study also revealed that crop productivity levels were reduced by 60.3 percent compared to previous years. This has been a huge drop in crop production levels in the area. Farmers targeted large markets in the province to sell their farm produce that included Chisokone Market in Kitwe and Chiwempala market in Chingola and Mufulira market in Mufulira and would sell at wholesale price. They no longer do that as their production is too low. Despite several efforts and attempts by farmers to remind NFCA mining company to stop pollution, the mine had paid little attention and did not take farmers seriously. Thus, smallholder farmers decided to take legal action against the mine for polluting their land and damaging their crop. The lawsuit named ‘Doris Chasambwe and 95 others Vs NFCA Mine Plc’ lasted more than three years of litigation came to a logical conclusion.  On 1st July 2016 and it was ruled in favour of smallholder farmers.










[bookmark: _Toc524770149]CHAPTER SIX
[bookmark: _Toc524770150]CONCLUSION AND RECOMMENDATIONS

6.1 Introduction
The study was designed to ascertain the impacts of mining effluent on the livelihoods of smallholder farmers in Chambishi mine area. It further sought to find out how the farmers cope with the negative impact of mining effluent in the area. The study concludes and recommends for further actions to policy makers and stakeholders.

6.2 Conclusion 

Zambia faces trades-off in setting its mining fiscal regime and mitigating the negative environmental effects of mining. Mining sector has been the priority sector in Zambia for some time now and is a major contributor to national development, until recently the government tried to shift its prioritisation to agriculture sector. Unsustainable mining practices have had significant effect on urban agriculture due to the increasing incidences of indiscrimate discharge of mine effluents that damages farmer’s crops in the surrounding areas where mining activities take place. This study has established a positive correlation between mining effluent pollution and disruption of livelihoods. The research concludes that a strong link exist between indiscrimate discharge of mining pollution and the disruption of ecosystem services and community livelihoods. From the results, it can be inferred that mining effluent pollution has had negative effect on crop production of smallholder farmers. It is also established from the study that different crops have different sensitivity levels to pollution. Hence different exposures cause different damage effect on different crops.
 
The crop loss was translated into loss of income from the farming activities and ultimately loss of livelihood. Farmers, who recorded high percentage loss had to look for alternative livelihoods or other survival measures such as non-agricultural livelihood. Based on the results from the study, it can be deduced that mining effluents pollution has had far reaching impact on crop production that affect community livelihoods negatively especially smallholder farmers who depend on farming activities. The study also shows that smallholder farmers in Musakashi and Lukoshi farming blocks were knowledgeable on the type of pollutants they received in the area, its damaging patterns and the types of crops that would survive minimal pollution due to the extension services that were provided by different organisations. However, farmers had limited knowledge on how best to grow such crops and harvest them safely especially that mining effluent pollution in the area was unpredictable. The study observed that mining effluent did not only affect crop production, income, physical assets, and social capital, it also affected ecosystem services, food security and the entire ecology of the farming blocks. Based on results of the study, the livelihood outcomes resulted in low crop production, less income, increased risk of vulnerability, food insecurity, reduced wellbeing and generally unsustainable management of natural resources by communities in their quest to cope with the pollution situation.

The major impact of mining effluent pollution in Musakashi and Lukoshi farming blocks includes reduction in crop production, reduced access to physical resources such as; water, forests, ecosystem services and arable land in the study area. Mining effluent in the Musakashi and Lukoshi farming blocks have further impacted negatively the fish stocks and vegetation. Other physical impacts recorded associated with mining effluent included increased river sedimentation, increased toxicity, water pollution, land degradation, habitat loss and contamination of productive soils. On the social front, the mining effluent impact included disintegration of the community social wellbeing, cultural disruptions and emotional stress by the smallholder farmers. It is therefore concluded that livelihoods of smallholder farmers in the study areas are not secured, due to increased incidences of mining effluent pollution. Although smallholder farmers are usually compensated, the money given cannot be compared to what they would have realised from the selling of their crops

Finally, this study was premised to first ascertain the effects of mining effluent pollution on the livelihoods of smallholder farmers in Musakashi and Lukoshi farming blocks in Chambishi mining town. Secondly, to determine crop production in polluted and non polluted farms of Musakashi and Lukoshi farming blocks and thirdly, to assess the possible coping strategies of the smallholder farmers in the study area. Therefore the study achieved its objective and concludes that mining effluent has had negative impact on smallholder farmer’s livelihoods and contributed to loss of welfare through disruption of ecosystem services, contaminating and affecting soil fertility of arable and productive land.  Although some farmer tries to cope with the pollution situation in the area, the mining effluent impact has been intense and drastic as the shocks are too damaging and did not leave farmers with little chance of natural recovery. 
[bookmark: _Toc467874043][bookmark: _Toc524770151]6.3 Recommendations 
There is need for Government to harmonise mining, agricultural, land and environmental laws and policies in Zambia so as to improve the conditions for the local communities and ensure economic, social and environmental sustainability. 
In order to achieve this, the study recommends the following: 
1. NFCA mine should be compelled by the government to invest in tailing infrastructure and perform regular monitoring systems to avoid further impact of pollution witnessed in Musakashi area. The mine needs to plant trees that can assimilate the industrial pollution and detoxify the land as a way for compensating the lost trees and restoring ecosystem in river catchment area.  
2. ZEMA and local authority should sensitise the smallholder farmer in Musakashi and Lukoshi farming blocks to stop using water polluted water from the river and the affected streams for any domestic or agricultural use. Local leadership needs to be involved in public awareness campaigns related to water pollution in the area.  
3. The NFCA mine should relocate the Musakashi tailings dam, which is located at the edge of Musakashi River. 
4. The effluent pipe carrying mining waste to the tailing storage facility (dam) should be replaced by NFCA mine in a bounded channel and monitored to prevent any leakages. 
5.Enforcement of statutory regulations by government and NGOs should be enhanced in order to verify the compliance of tailing storage dam developments with environmental permit conditions. Lack of compliance should result in significant fines and withdrawing of mining permits. 
[bookmark: _Toc467874044]6. Future studies should look at mechanism of diversifying livelihood of smallholder in more holistic and sustainable manner that improves their income and farmer’s welfare.
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APPPENDICES

APPENDIX 1.    SCHEDULED STRUCTURED INTERVIEW
                                                                         THE UNIVERSITY OF ZAMBIA
                                                                      SCHOOL OF NATURAL SCIENCES
                                           DEPARTMENT OF GEOGRAPHY AND ENVIRONMENTAL STUDIES

Dear respondent,
I am a student at the University of Zambia, under the department of Geography and Environmental Studies. I am carrying out a research on    
“ THE NEGATIVE IMPACT OF MINING EFFLUENT POLLUTION ON THE LIVELIHOODS OF SMALLHOLDER FARMERS IN MUSAKASHI AND LUKOSHI FARMING BLOCKS  IN CHAMBISHI MINING AREA”
You have been randomly selected to be part of this research as a respondent. Please you are requested to answer the questions honestly and to the best of your knowledge. The information you will give is strictly for academic purposes and will therefore be treated with highest confidentiality.
Thank you for your co-operation.

FARMHOLD QUESTIONNAIRE
Questionnaire No:………………….
Date of interview…………………………  		 
A. RESPONDENT DETAILS
 1 Sex:………………………………2. Age:………………………  	3. No of people in household:…………
4. Marital Status: 	a. Single	b. Divorcee	c. Married	d. Widow	e. Widower
5. Education Level: 	a. Not been to school         b. Primary 		c. Secondary 	                         d. Tertiary 
6. Occupation:  a. Farmer	b. Business person	 c. Employed                    d. Other (please specify……………………………….
7. How much total land does your household have access to?
       Less than 0.9ha             Between 1.0 and 2.9ha              Between 3.0 and 4.9ha           Between 5.0 and a


9.9ha           Above 10ha

8. Do you own this land?	   a. YES     	            b.NO
  
9.  If No   how did you access this land?        a. Inherited              b. rented                      c. others specify……………………………………..                                   

10. Livelihood Source (Tick applicable)
	Farming
	Charcoal 
	Trading
	Timber 
	Bee keeping
	builder
	carpenter
	handcrafts
	fishing
	hunting
	Employment 



Other please specify:…………………………………………………………………………………………………………………………………
B.  LIVELIHOODS 
11. What is your main agricultural livelihood?
	Crop farming
	Type of crops

1………………………………
2………………………………
3……………………………..
4………………………………
5……………………………..
	inputs used & source
…………………………..
…………………………..
…………………………..
…………………………….
……………………………
	Size of land

…………………
…………………
…………………
…………………
	Farming method (conservation farming, agro-forestry, conventional ) 
…………………………………
……………………………………
……………………………………
……………………………………
	Av. Yield/yr

…………………
………………..
…………………
…………………
	Purpose (sale, consumption etc)     

…………………………
…………………………
…………………………...
……………………………
	Av. Income/yr 

……………………
……………………
……………………
……………………

	Livestock farming 
	Type of livestock 

1………………………………
2………………………………
3……………………………….
4……………………………….
	Types inputs &source
…………………………..
…………………………..
…………………………..
…………………………….
……………………………

	No. of livestock 

.....................
………………….
………………….
………………..
	
	
	Purpose (sale, consumption)

…………………………..
…………………………..
…………………………..
………………………….
	Av. Income/yr 

……………………
……………………
…………………….
…………………….




C. SOCIO- ECONOMIC VARIABLES AS DETERMINANT OF POVERTY AMONG SMALL HOLDER FARMERS
12. How long have you been farming in this area ……………………………………………………………………..
13. What level of farming experience do you have in growing these particular crops?
14. Do you have access to agriculture extension services?
15   If yes, who provides the services? ………………………………………………………………………….
16. What is the source of labour at your farm?     a. family                       b. Hired                               c. Others specify………………………………
17. What are the key challenges that you face with regard to livelihood in this area?…………………………………………………………………………….
18. What other sources of income do you have apart from farming (extent of income diversification?)
19. List any nonfarm sources of income you have access to ……………………………………………………….
D.IMPACT OF  MINING EFFLUENT ON THE LIVELIHOOD OF SMALL HOLDER FARMERS 
20. What do you understand by mining effluent…………………………………………………………….
21. Do you experience mining effluent in this area	      a. YES    	         b. No
22. (a). If yes, How often?......................................................monthly
23. Where do you think is the source of mining effluent in this area.........................................................
24. How do think effluent contribute to your livelihood at household level?............................................... 
25. Rank the impact of mining effluent on farmer livelihood activities at household level?               
	Livelihood Activity
	High
	Medium
	Low
	Method used

	Farmers social wellbeing
	
	
	
	

	   Farmer’s Income
	
	
	
	

	Farmer’s Crops 
	
	
	
	

	farmer’s Livestock
	
	
	
	

	Access to resources
	
	
	
	



26.What are the key factors responsible for reduction in crop yield?....................................................................

27.  Based on question 27 above identify the most limiting factors of success in your livelihood approach (sustainability)………………………………………………………………………………………………

28.Tick with letter (x) the stage of crop growth and a mark (√) stages of crop growth that has not been affected by the impact of mining effluent pollution. 

	Crops
	Stages of Crop Growth

	
	Germinating
	Vegetative
	Flowering
	Maturing
	Harvesting 

	Maize
	
	
	
	
	

	Tomato 
	
	
	
	
	

	Onion
	
	
	
	
	

	Cabbage 
	
	
	
	
	

	Egg plants 
	
	
	
	
	

	Cassava
	
	
	
	
	

	Groundnuts 
	
	
	
	
	

	Rape
	
	
	
	
	

	S/ potatoes
	
	
	
	
	

	Green beans
	
	
	
	
	






                                       THANK YOU FOR YOUR COPERATION





APPENDIX 2.1                          
   INTERVIEW    SCHEDULE
                                              KEY INFORMANT INTERVIEW
TOPIC: THE NEGATIVE IMPACT OF MINING EFFLUENT POLLUTION ON SMALLHOLDER FARMER’S LIVELIHOODS IN MUSAKASHI AND LUKOSHI FARMING BLOCK 
INSTITUTION: Non Ferrous Company Africa (NFCA)
Name of officer………………………………………..Position……………………
Sex……………………………
                     Issues
Tailing dams
Social problems related to mining effluent pollution in Musakashi and Lukoshi farming block.
Economic impact of mining effluent pollution	
Quantified loss of agricultural productivity in the study area 
Sensitization on the dangers posed by mine effluent discharged in river systems 
Corporate Social Responsibilities
      INTERVIEW GUIDE
1.  What are the environmental problems caused by mine effluent discharged in Musakashi River?  
     2. How mine effluent pollution impact the livelihood of smallholder farmers socially and 
     economically?
 3. Do you conduct any campaign programmes against water pollution in the area?                
4. Are there any statistics on the loss of agricultural productivity in Musakashi and Lukoshi farming     
     block?
5. Do you have any monitoring and control measures on mine effluent discharged in Musakashi 
    River? 
 6. Are smallholder farmers of Musakashi and Lukoshi aware of the impact of mine effluent    
   pollution?
7. Do you have any Corporate Social Responsibilities for smallholder farmers in Lukoshi and Musakashi Farming blocks?  
                                                   Thank you                                    
APPENDIX 2.2
                                                      SCHEDULED INTERVIEW
                                                       KEY INFORMANT INTERVIEW
TOPIC: THE NEGATIVE IMPACT OF MINING EFFLUENT POLLUTION ON SMALL HOLDER FARMERS IN MUSAKASHI AND LUKOSHI FARMING BLOCK
 INSTITUTION: Kalulushi District Agriculture Office
             Name of officer………………………………………..Position…………………
               Sex………………………
                                                Issues
                           1. The extent of mining effluent pollution in Musakashi and Lukoshi farming block
                          2. Socio-economic status of small holder farmers in the study area
                          3. Source of mining effluent pollution in the study area 
                          4.  Extent of mining effluent in Musakashi and Lukoshi farming block
                        5.  Efforts to curb mining effluent pollution in the study area 
                        6.    Are there any statistics on the loss of agricultural productivity in Musakashi and                
                              Lukoshi   farming block
                           INTERVIEW GUIDE
1. What is the position of Kalulushi Municipal Council regarding Musakashi river pollution in      
    Chambishi
2. What do you think are some of the social and economic implications of Musakashi river pollution in Musakashi and Chambishi town?
3. Do your office carry out Crop Focasting Survey?
4. Do you have any plans to curb Musakashi river pollution?
5. Does the mine involved/responsible in Musakashi river pollution pay any amount to local authority as charges? And if yes how much
6. Are the residents of Musakashi sensitized on the environmental effect of Musakashi river pollution?
8. What is the effect of Musakashi river pollution on the value of land? 
10 Does Kalulushi Municipal Council play a role in maintaining land and water quality?
                        
    Thank you
APPENDIX 2.3
                                                        SCHEDULED INTERVIEW
                                                       KEY INFORMANT INTERVIEW

TOPIC: THE IMPACT OF MINING EFFLUENT ON SMALL HOLDER FARMERS IN LUKOSHI AND MUSAKASHI FARMING BLOCK
           INSTITUTION:  Zambia Environmental Management Agency (ZEMA)
              Name of officer………………………………………..Position………
               Sex……………
                                                       Issues
 Mining effluent pollution
Tailing dams
Campaign against environmental degradation
Sensitization on the dangers posed by mining effluent 
Regulatory instruments that guide the management of mining effluent
                                         INTERVIEW GUIDE
1.  What are the problems that are posed by mining effluent?
 2. What is the best way to manage mining effluent?
3 Are you aware of mining effluent pollution in Musakashi and Lukoshi farming block
 4. Do you have any campaign programmes against the dangers posed by mining effluent pollution in Musakashi and Lukoshi farming block?               
5. Do you have any monitoring control measures on small scale quarrying in Lusaka? 
 6. Are farmers aware of the impact of mining effluent pollution on their livelihood? 


                                                                     Thank you



APPENDIX 2.4               
                                                        SCHEDULED INTERVIEW
                                                       KEY INFORMANT INTERVIEW
TOPIC: THE IMPACT OF MINING EFFLUENT ON SMALL HOLDER FARMERS IN LUKOSHI AND MUSAKASHI FARMING BLOCK

 INSTITUTION: AREA COUNCILOR
Name of officer………………………………………..Position………
Sex……………           
                                            Issues
 Mining effluent pollution
Tailing dams
Campaign against environmental degradation
Sensitization on the dangers posed by mining effluent 

                          INTERVIEW GUIDE
1. Do you stay in this area?
1.  What are the problems that are posed by mining effluent?
 2. What is the best way to manage mining effluent?
3 Are you aware of mining effluent pollution in Musakashi and Lukoshi farming block
 4. Do you have any campaign programmes against the dangers posed by mining effluent pollution in Musakashi and Lukoshi farming block?                
5. What is the government doing to assist the affected farmers in Musakashi and Lukoshi farming blocks
 6. Are farmers aware of the impact of mining effluent pollution on their livelihood? 
7. Are you working with or against the small affected farmers?

                                                                Thank you


APPENDIX 3

                                            FOCUS GROUP DISCUSSION GUIDE                      
     1.  Do you stay in this area?
     2. What is mining effluent?
     3. What is the source of mining effluent in this area?
     4. What are the problems that are posed by mining effluent?
      5.  What do you think could be the best way to manage mining effluent?
    6. Do you have any campaign programmes against the dangers posed by mining effluent pollution    
         in Musakashi and Lukoshi farming block?
    7.  What is the government doing to assist the affected farmers in Musakashi and Lukoshi?      
          farming blocks
     8. Are farmers aware of the impact of mining effluent pollution on their livelihood? 
      9. How is mine effluent discharged in Musakashi River impact your livelihood socially and   
             economically?
       10. Do you conduct any campaign programmes against water pollution in the area      
      11. Are there any statistics on the loss of agricultural productivity in Musakashi and Lukoshi      
            farming block?




                                                     Thank You

	



APPENDIX 4
Soil Laboratory Analysis Data
[image: ]
SOIL ADVISORY LABORATORY

 SOIL AND PLANT ANALYTICAL RESULTS FOR MUSAKASHI AND     
  LUKOSHI FARMS
CLIENT:   Kalulushi 							DATE: 29/01/15
ADDRESS:  Kalulushi 
SOIL ANALYSIS- TOTAL
	Lab
No
	Your
Ref
	Depth
(cm)
	   pH
CaCl2
	SO4-
ppm
	Cu
ppm
	Zn
ppm
	Fe
ppm
	Mn
ppm
	Lime
Requirement

	1
	Judith Ngemba
	0-30
	4.1
	1093
	80
	<1
	1200
	12
	

	2
	Andrew Songwe
	0-30
	4.2
	2414
	80
	25
	40950
	150
	

	3
	Andrew Songwe
	30-60
	4.0
	2659
	200
	50
	37450
	175
	

	
	Soil Critical Values
	
	
	
	
	
	
	
	


  PLANT ANALYSIS- TOTAL
	Lab
No
	Your
Ref
	Depth
(cm)
	   pH
CaCl2
	SO4-
ppm
	Cu
ppm
	Zn
ppm
	Fe
ppm
	Mn
ppm
	Lime
Requirement

	1
	A
	
	
	1486
	35
	20
	700
	30
	

	2
	B
	
	
	1962
	50
	15
	550
	115
	

	3
	C
	
	
	3543
	105
	55
	245
	105
	

	
	Soil Critical Values
	
	
	
	
	
	
	
	


   SOIL ANALYSIS-AVAILABLE FORM
	Lab
No
	Your
Ref
	Depth
(cm)
	   pH
CaCl2
	SO4-
ppm
	Cu
ppm
	Zn
ppm
	Fe
ppm
	Mn
ppm
	Lime
Requirement

	1
	Judith Ngemba
	0-30
	4.1
	12.3
	60
	3
	200
	6
	

	2
	Andrew Songwe
	0-30
	4.2
	45.6
	70
	4
	30
	31
	

	3
	Andrew Songwe
	30-60
	4.0
	40.2
	40
	1
	41
	26
	

	
	Soil Critical Values
	
	
	
	
	
	
	
	



INTERPRETATION OF SOIL ANALYTICAL DATA 
1. Copper (Cu)
Copper (Cu) concentrations in normal plants should be 5ppm (mg/kg). Below this level there is likely deficiency while above 20 ppm leads to toxicity. This can be exhibited by leaf tips becoming white and the leaves narrow and twisted due to early aging of chlorophyll.
2. Zinc (Zn)
Zinc functions as the metal component of a series of enzymes. Normal zinc concentration in plants is 20ppm. Toxic levels are considered above 100ppm in plants.
3. Manganese (Mn)

Manganese activates a number of enzymes. It acts as an autocatalyst in inducing a cycle of reactions within the plant. The normal contents of Manganese in plants range from 20 to 200ppm. The critical limits for manganese toxicity are 200ppm at which a crop may be exposed to manganese poisoning and inhibition of its proper performances.
4. Iron (Fe)
Iron plays a key role in photosynthesis and in several enzyme systems. Its concentration ranges between 50 to 100ppm in normal plants.
5. Sulphur (S04)
 The action of hot sulfuric acid on copper turnings produces sulfur dioxide.
         Cu + 2 H2SO4 → CuSO4 + SO2 + 2 H2O
[bookmark: _Toc524770154]       Precursor to sulfuric acid
Sulfur dioxide is can be used as an intermediate in the production of sulfuric acid through the contact process, being converted to sulfur trioxide, and then to oleum, which is made into sulfuric acid. Sulfur dioxide for this purpose is made when sulfur combines with oxygen. Several billion kilograms can be produced and help rid the environment of harmful levels of pollutants
APPENDIX 5


SCHOOL OF ENGINEERING
CIVIL ENGINEERING DEPARTMENT
ENVIRONMENTAL ENGINEERING LABORATORY


[bookmark: _Toc524770155]PHYSICAL/CHEMICAL EXAMINATION OF WATER
Reference	:	A12212
Attn		: 	Zambia Institute of  Environmental Management  
			Lusaka
Sampled by	:	Client
Sampling  date	:	27.07.2012
Report date	:	27.09.2012
[bookmark: _Toc524770156]                                   Laboratory Results
	Sample Number:
	121576
	WHO Guideline

	Parameter
	NFCA Musakashi River
Sample A
	(Maximum Permissible value for drinking water)

	pH
	6.34
	6.5- 8.5

	Turbidity  (NTU)
	42.50
	5.0

	Conductivity  (mMhos/cm)
	118
	1500

	Total Dissolved Solids  (mg/l)
	59
	1000

	Total Suspended Solids  (mg/l)
	12.8
	-

	Total hardness  (as mg CaCO3/l)
	110
	500

	Calcium hardness (as mg CaCO3/l)
	50
	500

	Chemical Oxygen Demand(as mg O2/l)
	0.017
	-

	Copper (mg/l)
	14
	2.0

	Alkalinity  (as mg CaCO3/l)
	106
	500

	Iron  (mg/l)
	0.08
	0.30

	Ammonia  (as NH4-Nmg/l)
	1.62
	1.50

	Sulphates  (mg/l)
	2.62
	250

	Biochemical Oxygen Demand(as mg O2/l)
	14
	-

	Chlorides  (mg/l)
	15.0
	250

	Nitrites  (as NO2 –Nmg/l)
	0.004
	0.100

	Nitrates  (as NO3 –Nmg/l)
	<0.01
	10.0

	Acidity  (as mg CaCO3/l)
	22
	500

	Total phosphates  (mg/l)
	0.94
	5.0

	Magnesium  (mg/l)
	14.4
	-

	Calcium (mg/l)
	20.0
	200

	Lead (mg/l)
	<0.01
	

	Fluorides     (mg/l)
	0.09
	1.50

	Potassium   (mg/l)
	3.27
	-

	Sodium        (mg/l)
	9.90
	200

	Arsenic (mg/l)
	<0.002
	0.01

	Manganese  (mg/l)
	<0.01
	0.50

	[bookmark: _Toc524770157]Bacteriological Results
	
	

	Total coliforms (#/100ml)
	144
	0

	Feacal coliforms (#/100ml)
	36
	0


Tests carried out in conformity with “Standard Methods for the Examination of water and Wastewater APHA, 1998”.
J. Kabika
Co-ordinator- Environmental Engineering Laboratory



GREEN BEANS	 Polluted	Non-Polluted	Polluted	Non-polluted	4500	8000	2550	1250	MAIZE	 Polluted	Non-Polluted	Polluted	Non-polluted	2850	15150	3781	14219	GROUNDNUTS	 Polluted	Non-Polluted	Polluted	Non-polluted	3000	10000	5027	8973	BANANAS	 Polluted	Non-Polluted	Polluted	Non-polluted	189	821	252	1248	RAPE	 Polluted	Non-Polluted	Polluted	Non-polluted	200	630	350	1500	TOMATOES	 Polluted	Non-Polluted	Polluted	Non-polluted	29	101	40	170	SUGAR CANE	 Polluted	Non-Polluted	Polluted	Non-polluted	131	329	230	220	CARROT	 Polluted	Non-Polluted	Polluted	Non-polluted	50	1150	350	1250	
KG
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