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Chapter 1 
Impact of Insurgency on Environment Resources                                                         

in North-East Nigeria 
 

*Japhet E Yerima and **Ishaku Hamidu 

*Adamawa State University,Mubi, Nigeria 
** Federal University,Kashere,Nigeria. 

Abstract 
Nigeria is blessed with large land and other environmental resources. The north-east is particularly 
endowed with arable farm land, mineral deposits of various kinds which if explored and harnessed will 
boost the socioeconomic and well being of man in the region and beyond. Both the physical and social 
environments of man in this region is however negatively affected by the activities of 
insurgency/terrorism orchestrated by Boko Haram whereby forests and the Sambisa game reserve and 
other creatures therein were destroyed or killed; human and animal activities in the Lake Chad area 
were also halted and some landmines are buried, while others exploded; thereby affecting the 
ecosystem and other environmental resources. This chapter concludes that all these have negative 
effects on the environment and socioeconomic well being of man in the region. It is therefore 
recommended that Government should ensure that environments are well protected; unnecessary 
human activities should be checked; forestation should be encouraged; Lakes and Dams should be 
preserved as they refresh the environment for a healthy society and boost the economy.  
Keywords: Environment; Lake Chad; Forest; Insurgency and Northeast   

 
Introduction 

Environment is simply derived from the French verb, ‗environner‘, which means to surround 

(Mclean & Mcmillian, 1996). Man lives and fulfils his potentials in an environment. Environment is a 
compound word; it comprises the totality of man. The surroundings of man are the environment of 

man. The Environment of man can further be classified in to social and physical environments (Obiadi, 
1985). Social environment has to do with man‘s relations with fellow man, as neighbour, and partners 

in progress; in institutions and places like school, hospital, market or places of worship as the case 

may be. These constitute segments of man‘s social environments. 
Physical environment on the other hand consist of physical geographical features like trees, 

vegetations, forests, mountains, valleys, ecology, weather, Lakes, Rivers, and the ever changing 
climatic conditions, with other resources therein. 

As far as man is concern, both the social and physical environment has direct impact and 

influence on man. Whatever affects any or both environments have direct bearing on man‘s self 
esteem, psychological, emotional and physical wellbeing.  The two categories of environments are 

imperatives to environmentalists. Environmentalism which is a belief in and concern for the 
importance and influence of environment within a society, is of much concern to Political Scientists 

and other social scientists as no states and government can thrive without stable and flourishing 
environment. Unfortunately, each of the environments especially in North-east has or experiences 

some challenges. Environmental challenges are the varieties of unpleasant conditions or situations 

that are negatively affecting the environment of man. That is why those stirring the affairs of the state 
must be aware and rise to the challenges of managing and improving all the components of the 

environments for peaceful coexistence, socioeconomic development and mental wellbeing. This 
chapter therefore examined the impact of insurgency on the environment and some of its resources in 

north-east Nigeria. 

History and Development of Boko Haram 
One of the most amazing developments since the return of the Nigeria to democratic rule in 

1999 after several years of military rule was the emergence of an alien religious movement in some 
states in north- eastern Nigeria called Jama‘atual Alhi-sunna Lid Da‘awat Wal-Jihad, popularly called 
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‗Boko Haram‘. This religious sect‘s name according to Katsina (2011) is a combination of Hausa and 

Arabic language which is literally translated to mean ‗western education is forbidden‘. They are Sunni 
Islamic fundamentalist sect, which advocates a strict form of adherence to the Sharia law and its 

implementation in Nigeria, according to David (2001).  
Originally, the intention or objective of this group was to preach and teach how to practice 

Islam in the way the Prophet handed it over to his disciples. To this effect, they had a school and 

Mosque in Maiduguri, the Borno State capital as the medium of carrying out their mission. 
Founder of Boko Haram 

The actual date and the initial founder of the group seem to be in disputes by some scholars 
and personalities. For instance, Governor Moudu Sharriff of Borno (2003-2011), under whose regime 

the sects came to prominence, and Onuoha (2010) asserted that this group seem to be in existence 
since 1995 with Mallam Abubakar Lawal as the leader, operating under various names like Ahlul 

Sunnah Wal Jama‘ah Hijira; later  Shabbaab, Muslim Youth Organization; Nigerian Taliban; to 

Yusufiyyah sect, to Boko Haram. The advocates of this first theory disclosed that that the first major 
activity of Boko Haram was in Kanama, in Yobe State before it later moves to Borno state (Yakubu, 

2014:15). Trying to establish who that Mallam Abubakar Lawal was as mentioned in this theory proves 
difficult. The surrounding allegation however was that when Mallam Abubakar Lawal left to continue 

his education, Mohammed Yusuf took over the leadership of the group. 

Mohammed Yusuf is said to officially form the group called Jama‘atual Alhi-sunna Lid Da‘awat 
Wal-Jihad, popularly called ‗Boko Haram in 2002 in the city of Maiduguri where he established a 

religious complex that included a Mosque and a school where many poor families from across Nigeria 
and from neighbouring countries enrolled their children. Yusuf‘s leadership allegedly opened the group 

to political influence and popularity. The group continued it activities such as preaching Islam in a 
more radical way; vehemently speaking against bribery, corruption, injustices in the social system or 

political system. Such teachings gave the group more adherents. Corroborating with the above, 

Maiangwa (2014:115) states: 
The movement was critical of government inefficiency, lack of accountability 
and corrupt practices which has resulted into unemployment and increase in 
poverty in Borno state in particular and Northern Nigeria as a whole... On 
several occasions, the group leader had spoken against Western liberal 
democracy and the ills it has brought to his own community which according to 
him, encouraged corrupt leaders to relegate the religion of Islam and perverse 
justice  

In a juxtaposed however, the political class saw this group and its teachings as a threat to 

political stability of Borno state and the nation at large, as his popularity and adherents among the 

less privileged keeps increasing (Maiangwa, 2014:115). Some people perceived Yusuf‘s aim and 
teaching was the establishing a Sharia government in Borno State.  

Such kind of teachings gradually brought suspicion and tension in the metropolis between the 
politicians/ruling elites and the ruled, especially the masses over the group‘s advances. Borno and 

northern Nigeria being religious sensitive, the authorities were cautious on the immediate crackdown, 
but there were some cases of underground arrest since 2008 (Maiangwa,2014:115). The group clash 

with security operatives in Maiduguri from 26th to 30th July 2009 which led to its leader, Mohammed 

Yusuf being killed in questionable circumstance while in police custody; death of about three hundred 
and fifteen of its members; arrest of some its members and the demolition of its properties in Markas, 

its base in Maiduguri according to Ibrahim (2013) and Maiangwa (2014:116) was the last straw which 
broke the Carmel‘s back. This was the circumstance that warranted the group to take to violence in 

the states. 

Nigerian security operatives were able to silence and halt the excesses of the group then or at 
the initial crackdown, especially in the township, where their erected school and other structures were 

demolished and manhunt was mounted on other members.  
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However, Imam Abubakar Shekau, the new leader of the group in a YouTube video released 

in the year 2012, mentioned three reasons for their violent attacks on Nigerian Government and State:  
a. To avenge the killing of their leader and other members in July 2009 by Nigerian Police; 

b. To avenge the ill-treatment the Christians are meting out to Muslims and Islam in Nigeria; and  
c. To correct the present secular constitution which he described as un-Islamic. 

Many states in northern Nigeria like Kano, Bauchi, Gombe, including the Federal Capital territory, 

Abuja all had their share of the attacks. 
Insurgence and Sambisa Forest  

As a result of the crackdown on the group, frequent search and arrest of suspected Boko 
Haram members by security operatives and local vigilante group known as Civilian Joint Task Force 

(CJTF) in their Bulabulin Ganaram area in Maiduguri metropolis and environs, the sect members left 
Maiduguri Township to Sambisa forest.  

Sambisa Forest was a Game Reserve that shares west Sudan Savannah and the southern 

boundary of the Sahel savannah, located 60 kilometers south-east of Maiduguri. It occupies parts of 
the states of Borno, Yobe, Gombe and Bauchi states along the corridor of Darazo, reaching other 

states according to Bodurin, (2014). Both Nigeria and Cameroon shares some common mountains that 
are linked with the forest. However, some local governments in Adamawa and Borno states are 

accessible to and fro the game reserve at both official and unofficial routes. There were varieties of 

species of animals, birds‘ resident there and the ones coming and going seasonally, besides the tree 
and other crops in the forest (Mbaya and Malgwi, 2010).  

By 2013, the sect has established it hegemony in the game reserve and forest. Taking 
advantage of this isolated and peaceful serene atmosphere, Boko Haram recruited more members, 

trained them in making and using improvised explosive devices and made itself a formidable force 
according to Aju P.C and Aju J.A (2018). 

The aggressive activities of Boko Haram in north-eastern Nigeria consequent upon the 

occupation of the Sambisa forest have not only affected the security dynamics in Nigeria, but also the 
insecurity it constitutes to government and people of or in Niger, Chad and Cameroon in the Lake 

Chad basin. Some activities of the group within and across the border include but not limited to: 
abduction of both local and foreign national; breaking of prisons to either free their members or 

collects arms and ammunitions from the security operatives on duty; attacking/ambushing of security 

operatives to kill and collect their arms; ransacking villages to get food stuff; making and detonating 
of explosives; radicalizing innocent young boys and girls they catch etc. 

Consequent upon the activities of the terrorists, there were displacements of persons within 
and across the Nigerian states. Of the 2.3 million people displaced by the insurgents since May 2013, 

at least 250,000 have left Nigeria and fled into Cameroon, Chad or Niger. Boko Haram killed over 

6,600 in 2014. In mid-2014, the militants gained control of several territories in and around Adamawa, 
Borno Yobe estimated at 50,000 square kilometers (20,000 sq mi) in January 2015, but did not 

capture any state capital before they were dislodged by national and international forces.  
The group has also carried out mass abductions including the kidnapping of 276 schoolgirls 

from Chibok in April 2014 and the ladies were taken and hidden in Sambisa game reserve/ forest. 
With several unfortunate activities taking place there, Sambisa forest is longer safe according to 

Eniangho (2017). 

Insurgence and Lake Chad Basin 
Nigeria along it north-east region shared common border and commercial activities with some 

countries both on land and sea shores, and by implication, shares common challenges. The Central 
African sub-region of Angola, Cameroon, Central African Republic, Chad, Democratic Republic of 

Congo, Equatorial Guinea, Gabon, Republic of Congo, as well as Sao Tome and Principe are countries 

that harbours huge area of strategic concern to Nigeria as it cut across Lake Chad Basin in the 
hinterland to the Gulf of Guinea in the Atlantic sea bed according to Umara (2014:82). The sub-region 

is an area that impinges on several vital aspects of Nigeria‘s national interest and security among 
which are: the Lake Chad Basin, shared by Nigeria, Niger, Chad, Cameroon and Central African 

https://en.wikipedia.org/wiki/Cameroon
https://en.wikipedia.org/wiki/Chad
https://en.wikipedia.org/wiki/Niger
https://en.wikipedia.org/wiki/Borno_State
https://en.wikipedia.org/wiki/Chibok_schoolgirls_kidnapping
https://en.wikipedia.org/wiki/Chibok
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Republic, is a home to about 22 million Nigerians who livelihoods are anchored on the lake and it 

resources. 
The Lake Chad was immense in surface area and was the fourth largest inland water body on 

the African continent with several countries at both West and Central Africa utilizing it for multifarious 
purposes. Among the countries directly benefiting from the Lake Chad include Chad, Niger, Central 

African Republic, Nigeria, Algeria, Sudan, Cameroon, and Libya according to Umara (2014:72). 

Nigeria, Niger, Chad and Cameroon are among the Lake Chad Basin Commission (LCBC). Nigeria and 
Nigerians are and have benefited from irrigation and other agricultural activities from the Lake Chad. 

Decree number 32 of 1973 of Nigeria led to the establishment of the Chad Basin Development 
Authority (CBDA) to boost food security, covering an area of 136, 000 square kilometers.   

Significance of Lake Chad Basin to Nigerian Economy  
Lake Chad is of geopolitics and economically strategic in and for Nigerian internal and external 

security, vis-a-vis food security for national and regional development in numbers of ways. 

1. Provision of fisheries: Lake Chad is known for its fishing viabilities. It is estimated that from 1969 
to 2010, 1.7 million tonnes of fish had been landed, resulting almost entirely from skilled and 

native fishing operations. Fisheries production for the year 2001 in the Lake Chad Basin was 
estimated at 68, 784 tonnes. Fish are an important part of diet for most people in the Lake Chad 

Basin providing an essential supply of protein. 

2. Employment Opportunities: As at 1990, the World Bank reports that the annual population growth 
in the Lake Chad area ranges between 2.5 and 3% and the total population has increased by 11.7 

million since 1990 (World Bank, 2002). Nigeria, being the most populous country hosts about 59% 
of the total population living on the region according to Umara (2014:97). Owing to the water in 

the Lake Chad, people around the region engage in catching of fish and other sea foods and 
smoking them (local way/method of preservation); securing and selling of firewood to the fish/sea 

food preservers; hunting of other bush meats like grasshoppers, and other microeconomic 

activities for daily needs like food stuff, Medicare for the population. There are also the farmers 
who cultivate crops like wheat, rice, maize, onion etc, taking advantage of the Lake and its 

tributaries. These activities served as employment opportunities for large number of people, 
mostly from Nigeria and other linking countries. 

3. Promoting of Animal husbandry: Besides the fisheries and other sea foods; cattle, camels, sheep, 

goats are also important sources of food (meat, milk, and butter); they are also used for 
ploughing (cultivating and weeding of land/grasses). These animals also produce manure which is 

used as organic fertilizer on farms. Taking advantage of the Lake Chad possibly made Borno state 
to be one of the largest producer of livestock in the West African sub-region. Owing to the 

availability of grasses, water and absence of pest, these attract the pastoralists, facilitate the 

multiplication of the animal like goat, sheep, camel, cattle, and also boosted the economy of the 
owners who sale the manure, meat, hide and skin. 

4. Boosting of commercial activities: Commercial activities along and in the Lake Chad area like 
buying and selling of the fish caught and smoked are being conveyed from the Lake Chad to 

Maiduguri, and particularly in markets/motor parks like Muna and Baga. These places record 
behalves of socioeconomic activities due to the proceeds from Lake Chad; and the transporting of 

the goods to other parts of Nigeria. Corroborating with the above, Okechuku (2005:17) observed: 

‗‗The Muna market in Maiduguri on Lake Chad littoral, annually provides large volumes of smoked 
fish which supplies protein needs to South eastern Nigeria, in exchange for palm oil, Gari (or fried 

cassava powder), yam, shoes, as well as plastic products from Aba, Enugu and Onitsha‘‘. There 
are also vehicles that convey these items directly from north to eastern Nigeria, thereby 

developing economic activities along the border towns and in the off loading states/station. 

5. Sources of Revenue: The Nigerian state both at micro and macro level gets revenue from the 
imports and export, taking place along and across Lake Chad Basin area and at the off loading 

market in some eastern state in Nigeria. The cattle transported and other items from the Lake 
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Chad axis to other parts of the country boosted the revenue generation of the Federal, states, 

local and government involved.    
The afore-mentioned are some of the benefits and interest of Nigeria in and on the Lake Chad 

according to Umara (2014:3 and 98). Whatever affects those vital interests, affects the Nigerian 
economy and that of other nation states. 

Lake Chad Basin and Boko Haram Insurgency 

Owing to the strategic nature of the Lake linking various countries, the import of Small Arms 
and Light Weapons (SALW) in to the area and later in to Nigeria becomes easy for and by non state 

actors like Boko Haram and other individuals. The acquisition of Small Arms and Light Weapons 
(SALW) by non state actors always facilitates violent conflict in most plural societies, and in some 

instances renders the states powerless due to efficacy and preponderance of such fire arms at the 
disposal of the non state actors. The possession of these weapons is bolstered by the availability of 

existing and new stock of weapons in the global market, where arms brokers shift these illicit 

instruments of destruction to existing and emerging market. In line with the above, Umara (2014:109) 
posits that, of the countries in Africa, especially those in Central Africa like Chad, Sudan, Democratic 

Republic of Congo, Mali, Angola, Rwanda, Cote‘de Ivore, Niger etc,  got weapons smuggled into them 
in the form of patron-client network for either liberation struggle or insurgent purposes. 

‗Weaponisation‘ of the African continent led to States collapse in many countries among which include 

Central Africa Republic; Liberia; Sierra Leone; Rwanda; Democratic Republic of Congo; Mali; Libya to 
mention but a few. The civil strife experienced by these countries had greatly influenced the 

successive security irritant across the continent due largely to cross border militia activities armed with 
SALW.   

According to North Atlantic Treaty Organization (NATO), SALW include ‗all crew portable, 
direct fire weapon of a calibre less than 50mm and would include a secondary capacity to defeat high 

armour and helicopters. SALW therefore includes handguns, rifles short guns, assault rifles, machine 

gun, shoulder-launched rockets and hand delivered explosive guns. According to the United Nations, 
small arms includes: Revolvers and self loading pistols; rifles and carbines; sub-machine guns; Assault 

rifles; light machine guns. Light weapons includes: Heavy machine guns; Hand-held under barrel and 
mounted Grenade launchers; portable anti-craft gun; portable anti-tank guns; recoilless rifles; 

portable launchers of anti-missile and rocket system; portable launchers of anti- craft missiles system; 

mortars of calibres up to 100mm. Ammunitions and explosives include: cartridges (round) for small 
arms; shell and missiles for light weapons; mobile containers with missiles or shell for single action, 

anti- craft and anti-tank system; anti-personnel and anti- tank hand grenade; land mines explosives. 
Consequent upon the porosity of the nation‘s border paradigm; it vastness, as well as the 

strategic nature of the Lake Chad and the commercial activities therein, the aforementioned weapons 

provides leverage to Boko Haram insurgence that later became transnational terrorist group.  The 
group though domicile in Nigeria as its stronghold, uses the Lake Chad axis to acquire both small and 

light weapons; uses the bushes around the country‘s common border to recruit and train it 
fighters/foot soldiers, plan and carry out their attacks and retreat to such places to hide with impunity. 

Corroborating that porosity of nation‘s border assist militia and terrorist activities, Umara (2014:115) 
relate this to the Niger-Delta militants thus:  

It was the search for mechanism toward controlling the flow of such weapons that led the 

resuscitation of the Gulf of Guinea Commission by President Obasanjo in 2003. While efforts were on 
toward collective security in the Gulf of Guinea, towards tackling the activities of the Niger-Delta 

militants, insurgent groups of the north also emerged. The sect first inflicts devastation on security 
installations, military and police formations, market places, schools, mosque and churches. Other 

activities includes targeted assassinations as well as high way attacks that render high ways leading to 

Maiduguri, its environs as well as roads linking Nigeria with the neighbouring state danger zones. The 
militia apart from using the north east as their supply routes also runs to safety in the neighbouring 

states especially Cameroon, when faced with overwhelming fire power of the Nigeria military.  
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It is clear that the Lake Chad axis which boost or should boost Nigerian economy is also used 

either as a transit route for arms supply, training of terrorists, because it is strategic geopolitical spot 
for boosting terrorist and militia war economy; affecting national and international security in and 

beyond the West African sub-region (Ojudu, 2005:2). Unfortunately, Boko Haram has captured the 
Lake Chad axis. The 110 Dapachi school girls abducted by ISWAP in 2018 were hidden along the 

corridors of the Lake Chad. 

Capturing Sambisa forest and Lake Chad was of strategic importance to the Boko Haram 
insurgence in Northeast Nigeria. In other word, being in the forest and in charge of the Lake Chad 

axis has given them ample space, protection and avenue to strategize and re-strategized. According 
security expert like Goyei (2018), Boko Haram has graduated from local insurgency to international 

terrorist organization; whereby she has established links with various terrorist formations like Ansar 
Dine, Al-Qaeda of Mali in the Islamic Maghreb (AQIM) and the Movement for Unity and Jihad in West 

Africa (MUJAO).  

To practically confirm its association with foreign terrorist groups, on 7 March 2015, Boko 
Haram's leader Abubakar Shekau pledged allegiance to the Islamic State of Iraq and the Levant 

(ISIL), headed by Abubakar Al-Baghdadi. Islamic State of Iraq and the Levant (ISIL) originated as 
Jamma‘at al-Tawhid wal-jihad in 1999 and pledged allegiance to al-Qaeda. She participated in the 

Iraqi insurgency following the 2003 invasion of Iraq by western forces at the behest of the United 

States and proclaimed itself as worldwide caliphate, thereby referring to itself as Islamic State. As a 
caliphate, it claimed religious, political and military authority over all Muslims and captured many 

places in Iraq and Syria before it was defeated. This group was also known for its video postage on 
beheading and other types of executions of both military and civilian population. 

The confirmed affiliation/nexus between Boko Haram and ISIL, metamorphosed and upgraded 
Jama‘atual Alhi-sunna Lid Da‘awat Wal-Jihad, popularly called ‗Boko Haram‘to its new status and name 

as the Islamic State in West Africa Province (ISWAP). This implies that Boko Haram is beyond the 

shores of Nigeria; it is now upgraded to a West African militant group. Boko Haram militant 
organization based in north-eastern Nigeria is also active in Chad, Niger and northern Cameroon 

republics.  
Some of the impacts and evidences of the group‘s alliance with more established international 

terrorist groups were: the good quality of snapshots or pictures and video messages the group is 

posting on YouTube; they now launched several attacks on the military in their bases in Baga, Gubio 
and Lake axis without much fears and collecting several weapons etc. Since the current insurgency 

started in 2009, Boko Haram has killed tens of thousands and displaced 2.3 million from their homes 
and was ranked as the world's deadliest terror group by the Global Terrorism Index in 2015.  

Paradoxically however, after the allegiance to ISIL, there was perhaps internal friction among 

the Boko Haram Commanders/fighters and the ISIL leadership on another hand which prompted one 
faction to break away. On 3rd August 2016, the Islamic State reported in the 41st issue of its 

newspaper, al-Naba, that Abu Musah Al-Barnawi had been appointed as the new leader of their West 
African branch (BBC News 5/8/2016). Today, there are two different factions of the terrorists groups.  

Al-Barnawi, that is backed and connected to ISIL leads ISWAP, whiles the initial and most popular one 
in Nigeria and across the region, Boko Haram is still headed by Abubakar Shekau. Whichever of the 

group attacks, it is labeled Boko Haram; as both of them have the mission of establishing caliphate in 

Nigeria and beyond.  
Impacts of the capture of Sambisa Forest and Lake Chad axis by the Insurgents on the 

environment and its recourses  
Capturing this strategic forest and Lake Chad axis has boosted the activities of the group 

beyond measures and affected man in his environment and the resources therein negatively. For 

example,   many trees and vegetations in the area were and are affected by disjointed and 
uncoordinated movements by persons, light and heavy vehicles/trucks, gun and other heavy 

weaponry shooting or sounds in the aforementioned places; 

https://en.wikipedia.org/wiki/Abubakar_Shekau
https://en.wikipedia.org/wiki/Islamic_State_of_Iraq_and_the_Levant
https://en.wikipedia.org/wiki/Islamic_State_of_Iraq_and_the_Levant
https://en.wikipedia.org/wiki/Nigeria
https://en.wikipedia.org/wiki/Chad
https://en.wikipedia.org/wiki/Niger
https://en.wikipedia.org/wiki/Cameroon
https://en.wikipedia.org/wiki/Cameroon
https://en.wikipedia.org/wiki/Boko_Haram_insurgency
https://en.wikipedia.org/wiki/Boko_Haram_insurgency
https://en.wikipedia.org/wiki/Global_Terrorism_Index
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Consequently, many birds and other animals that settled or were coming to the forest are no 

longer alive, or are no longer coming again; as some of them were killed for either consumption, 
ritual, commercial or for security purposes by the alien  occupants of the Game reserve/forest (Boko 

Haram); 
Similarly, the overcrowding of the forest by the insurgents, who are untrained 

environmentalists or conservationists, has destroyed the natural vegetations in and around the forest 

and Lake axis respectively; 
The cutting down of trees consciously to make illegal structures or make hiding shelters/ 

accommodations in the forest; or unconsciously due to the fire exchange or other weapons damages, 
have created room for desertification or desert encroachments in the forest and environs; 

The burying of landmines in the environment by the insurgents, as well as the digging of large 
trenches by the security operatives as security measures against their opponent is a big risk and 

challenge to the environmental conservation and the ecological  settings of Northeast (Aju, PC ans 

Aju, JA, 2018); 
The frequent movement of illegal goods and services in the Lake Chad waters, the incident of 

clashes by the two war lords has resulted in chasing away the fisher men/women around and this 
suddenly created scarcities of fish and other sea food in the region; 

Besides, Farmers and herders using the Lake Chad axis for all seasonal agricultural purposes 

like irrigation farming have been chased way; some killed either consciously or unconsciously by the 
insurgents or the security operatives and so many of the agriculturalists were abducted by the 

insurgents. This made the all year round farming and cultivation of lands no longer attractive to the 
local farmers;   

The Littering of human corpses and sometimes the shallow mass graves dug around or just 
few meters outside human settlements in some villages in the northeast due to the clash by the two 

war lords pollutes the environments and contaminate sources of water in the region. There were some 

instances where wells, streams or dams are seen filled up with corpses or other dirty items, making 
both the air, water and the environment polluted; 

Furthermore, several towns/settlements along and around the Lake Chad Basin and axis has 
become a ghost towns consequent upon transnational terrorist attacks or frequent collection of the 

residents‘ properties (Hamidu, 2017:109-113); 

The displacing of people from their habitat and working places by the insurgence has made 
those deserted areas to be prone to desertification and some peoples‘ homes have became infested 

with reptiles, due to unnecessary or unwanted bushes;  
Insurgent attacks have caused inflation of goods and services and lead to structural 

unemployment in the region. The halting of commercial activities from Niger, Chad and Cameroon, to 

Maiduguri and to other parts of the country, caused short supply of agricultural products, cattle, goat, 
grains, bush meat etc from those places to Northeastern states which were later transported to other 

parts of the country. This made the price of the commodity to go higher; because the herders, 
farmers and importers left their job places to other safer places. This caused both inflation on one 

hand, and structural unemployment to millions of persons in the north-eastern Nigeria on the other 
hand; and, Activities of the insurgence in the northeast taking advantages of the aforementioned 

strategic areas has prevented the country‘s quest for exploration and processing of some 

environmental resources like crude oil in Adamawa, Borno and Yobe states in northeastern Nigeria 
due to fear of attacks and abductions. For instance, on 27th July 2017, some University of Maiduguri 

lecturers working together with some staff of Nigeria National Petroleum Corporation (NNPC) were 
abducted by Boko Haram fighters while on oil expedition; few of them were killed while the others 

were later released, may be after some ransom was paid. This automatically jeopardized 

government‘s ambition in this regard. 
Conclusion 

The physical and social environment of man and the resources in the north-east Nigeria is 
under serious threat as they are being attacked or negatively affected by the insurgency activities. 



Our Changing Environment and Development edited by Jacinta A. Opara 
Metropolitan International University Press. ISBN 978-9970-9670-0-1(print);978-9970-9670-1-8(online) 

~ 8 ~ 

 

Trees, Lakes, Dams, land, vegetations, as well as other social institutions have and are being 

undermined by the insurgence and the nation‘s security forces for over ten years now. Cultivation of 
the land as well as forestation has become difficult, not forgetting the chemical discharge from the 

weapons used in the war, the smoke that rises whenever there are bomb blasts or when houses and 
other properties are burnt, all have effects on the health of man, his environments and ecology in 

general. One can affirmatively say that Boko Haram insurgency has negative impact on man, his 

physical and social environments and the resources therein in north-east Nigeria, which must be 
stopped immediately. 

Recommendations 
Government should arise to end the insurgency; since this protracted war have disastrous 

effects on human being, the environment and environmental resources in northeast; 
Security experts should be deployed to detect, remove or detonate the landmines buried by the 

insurgence so as to limit its havoc on the people and environment; 

Government at all levels should embark on massive tree planting campaign to safe guard the 
environment and re-boost the decaying/desertification prone communities/settlements in north-

eastern Nigeria; 
The Lake, Dams and other water ways should be protected and boosted; the environment 

also be fumigated and made secured for users to meet the food needs and serenity of the region; 

The Sambisa forest should be totally recaptured by government forces, revived and made functional 
for recreational and agricultural purposes; 

People residing on the borders of north-east should be supported and empowered to plant 
trees to make the environment friendly for human habitation; and, 

Members of the international community should come to the aid of Nigeria and the other 
countries using and benefiting from the Lake Chad and the Sambisa forest to prevent these two vital 

natural endowments and environmental resources therein not to suffer sudden extinction/ decay.   
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Chapter 2 
Water Pollution:Causes, Effects and Its Control Measures 

 
Azubuike Adams 

Nigeria Police Academy,Wudil,Nigeria 
Abstract  
Water pollution causes, effects and its control measures. Here water pollution was described by 
considering different types of pollution like industrial waters, dumping of solid waste radioactive waste 
and other causes of water pollution were considered. Different types of water pollution were 
considered. The effect of water pollution were listed and the control measure sated. Water pollution is 
an environmental problem that is of major concern to us in Nigeria and the world at large. Human 
contribution to water pollution is enormous by way of defecating; dumping of refuse, industrial wastes 
and washing of clothes etc. (Egilabor, 1998) apparently, environmental education is of immense 
importance to use particularly in schools and should have a place in the school curriculum. In this way 
they will be less inclined to pollute our waters. 
Keywords: water pollution, causes of pollution, effect and control measures  

 

Introduction  
            Water makes 71% of the surface of Earth and more than 60% of human body. Though a 

major of the Earth's surface as well as our body consist of water, yet we continue to pollute the 
different sources of water. As the population increases, the pollution level in India is increasing at a 

dangerous rate. Industrial effluents and chemicals, sewage and other wastage are some of the 
common sources of water pollution. In this blog, we discuss the causes, effects and ways to prevent 

water pollution. 

The importance of water for sustenance of life cannot be overemphasized. Whether it is in 
use of running water in our homes, rearing cattle and growing crops in our farms, or the increased 

uses in industry, remain immeasurable. It is important therefore, to not that depletion of this 
commodity either through contamination, or careless vise results in serous consequence 

Water pollution 

Water is considered polluted if some substances or condition is present to such a degree that 
the water cannot be used for a specific purpose. Olaniran (1995) defined water pollution to be the 

presence of excessive amounts of a hazard (pollutants) in water in such a way that it is no long 
suitable for drinking, bathing, cooking or other uses. Pollution is the introduction of a contamination 

into the environment (Webster.com, 2010). It is created by industrial and commercial waster, 

agricultural practices, everyday human activities and most notably, models of transportation. No 
matter where you go and what you do, there are remnants earths environmental and its inhabitants in 

many ways. The three main types of pollution are: Land Pollution, Air Pollution and Water Pollution. 
Both for the purpose of this research, emphasis are on water pollution and control. 

Sewage  
Disposing sewage in water is one of the major reasons of water pollution. Sewage disposed 

into the sea from households as well as factories can cause water pollution. Sewage disposal lead to a 

number of water-related illnesses such as diarrhea which is a leading cause of death among children. 
Industrial Waste 

Many factories and manufacturers pour industrial waste such as toxic chemicals into the water 
bodies before treatment which leads to water pollution. As a result of dumping toxic chemicals, the 

oxygen levels in water decreases leading to pollution. 

Dumping of Solid Waste 
Another major reason of water pollution is littering by humans. Dumping solid waste such as 

plastics, cardboards, Styrofoam contaminate water and make water unsuitable for consumption. Mass 
dumping of solid waste clog the water bodies and lead to water pollution. 
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Radioactive Wastes 
Discharging of radioactive wastes (waste fuel that comes from nuclear power plants) into the 

sea is also one of the water pollution causes. High concentrations of radioactive wastes can lead to a 
number of health problems such as cancer and other serious illnesses. 

Those were only some of the causes of water pollution. In addition to the sources mentioned 

above, there are many other reasons that contaminate water and lead to a number of health 
problems. Now, that we have understood about the causes, let us study about the effects of water 

pollution as well. This will help you comprehend, the consequences of water contamination. 
Other causes of water pollution 

Water pollution in Nigeria according to Gbamanija (1998) arises from various activities,  
i. Combustion 

ii. Toxic waste disposal at sea 

iii. Mineral processing plant (e.g. coal production) 
iv. Eroded sediments 

v. Deforestation 
vi. Mining 

vii. Littering 

viii. Pesticides 
ix. Herbicides and fertilizers 

x. Failing septic system  
xi. House hold chemicals  

xii. Animal wastes. 
 

Water pollution is generally induced by humans. It results from actions of humans carried on 
to better self. These could be treated under the various activities that man engages in, that lead to 

pollution. The growth of human population, industrial and agricultural practices is the major causes of 
pollution (Eguabori, 1998). Water pollution becomes worse as a result of overcrowding in urban areas. 

Agricultural, domestic and industrial wastes are the major pollutants of agnatic habitats. Sewage is the 

biggest pollutant of fresh water when discharged into them. Sewage is the waterborne waster of 
society and the discharge of untreated sewage into a river is very enormous and unhealthy. The 

striking consequence is a substantial and immediate drop in the amount of dissolved oxygen in the 
water. This happens because organic matter stimulates decomposers especially bacteria which break 

down suspended solids in the sewage. As they respire, the decomposers use up dissolved oxygen 

(O2) and the Biological Oxygen Demand (BOD) reduces. The flora and fauna of the rivers experience 
change and reduction in number due to death by suffocation (Tudge, 1991).Highly polluted rivers 

have obnoxious smell and contain little or no flora or fauna. 
Another source of water pollution is the discharge of hot water from cooling engines in the 

industries. This increases water temperature and lowers the metabolic rate of organisms. This then 
raises their oxygen demand. The effects of pollution are greater in shallow, enclosed or slow flowing 

streams. Excess fertilizer, herbicides and pesticides when washed by rain into rivers causes serious 

danger to life. Excess phosphorus in fertilizer cause serious entroplication. Apart from fertilizers, 
detergent is also very toxic to marine life when washed into water. Chemical pollutants from distaffs 

have been found to be animal carcinogens. The dyeing industries in Nigeria (tie and dye) produce 
chemicals such as zinc sulphate and copper salts which are non-biodegrable, when they are 

discharged into rivers; they produce devastating effects on aquatic environments. Pollution poses a 

serious risk to life especially when the water is a source of drinking and for domestic purposes for 
humans polluted waters are potent agents of diseases such as cholera, typhoid and tuberculosis. A 

major water pollutants has been oil spilled in large quantities from tankers of broken oil pipes from oil 
industries which kills sea weeds, mollusks, marine birds, crustaceans, fishes and other sea organisms 

that serve as food for humans. This leads to calcium deficiencies in our diet. Some insecticides like 
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DDT are particularly dangerous when allowed into bodies of water because its concentration increases 

along the food chain. Oysters for an example can accumulate DDT to a concentration. 70,000 times 
that of DDT in sea water. The effects of water pollution in some areas have been to an extent of 

irreversibly changing aquatic ecosystems.This is dangerous to plants,animals and humans. Since water 
pollution has direct consequences on human well beings, an effective teaching strategy in the form; 

education sector is essential for a better understanding so as to develop the right attitude towards 

water. This is why the guided discovery approach is a teaching strategy which when adequately 
utilized and combined with other methods of science teaching will lea‘s lasting impression on the 

learner as well as helps him solve the problems of his immediate environment (Ogwuasor,1998). 
Type of Water Pollution 

 Surface Water Pollution 
When hazardous substances come in contact with different sources of water, it leads surface 

water pollution.  The harmful contaminants from different sources mix physically dissolve with lakes, 

lagoons, oceans and lead to surface water pollution. 
 Water Pollution 

Pesticides and chemicals applied on crops and soil are washed deep into the ground will it 
rains. The pesticides mix with underground water and lead to ground water pollution 

Suspended Matter Pollution 

In this type of pollution, the pollutants enter into water and don't mix with the water 
molecules. The suspended particles in water form a silt on the waterbed that remove nutrients from 

water and make it polluted. 
Microbial Pollution 

A natural form of water pollution, microorganisms cause this type of water pollution. Most of 
the microorganisms. Though most of the microorganisms are harmless, however some bacteria and 

viruses may cause serious health problems. 

Chemical Water Pollution 
Many industries and farmers use chemicals when working which end up polluting water that 

we use. Pollutants used to control weeds, insects and pests leech into water and lead to pollution. In 
addition, metals and solvents from industries also lead to water pollution. 

Effect of Water Pollution 

Water pollution has a duel effect on nature. It has negative effects on the living and also on 
the environment. The effects of pollution on human beings and aquatic communities are many and 

varied. Water pollution causes approximately 14,000 deaths per day, mostly due to contamination of 
drinking water by untreated sewage in developing countries. An estimated 700 million Indians have no 

access to a proper toilet, and 1,001 Indians children's die of diarrhea every day and so many other 

countries too. Nearly 50 million Chinese lack access of safe drinking water. 
Definitely with all these, we can expect that there is going to be a reduction in productivity. 

Biomass and diversity of communities are to be expected when large amount of toxic materials are 
released into the streams, lakes and coastal waters in the ocean. Much of aquatic pollution involves 

sewage in which organic waste predominate. This waste can increase secondary productivity while 
altering the character of the aqua community. Most fishes especially the species desired as food by 

man are among the species that disappear with the least intense pollution. 

Water pollution leads to damage to human health. Disease agents such as bacteria and 
viruses are carried into the surface and ground water. Plants nutrients including nitrogen, phosphorus 

and other substance that support the growth of aquatic plant life could be in excess causing algal 
gloom and excessive weed growth. This makes water to have odour, taste and sometimes colour. 

Ultimately, the ecological balance of a body of water is altered. Sulphur dioxide nitrogen oxides cause 

acid rain which lowers the pH value of soil and emission of n dioxide Cause Ocean 
Groundwater contamination 

Pestiides and fertilizers used for the cultivation of crops and vegetables contaminate the 
water, which damages the ecosystem. This can also pollute the nearby lands and r when it rains, as 
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rain water washes these chemicals which is soaked by ground water or takes them to marine areas. If 

this groundwater is supplied to your home through bore-wells or tube-wells, it can lead to a number 
of health problems. 

Effects on Aquatic Life 
Solid wastes that we throw in the river/lakes or in sea can have an impact on the aquatic 

animals. This not only disrupts the eco-system as many species of aquatic animals are in danger of 

extinction. People who consume sea food are also at a risk of facing health issues when they consume 
the contaminated food items. 

High TDS in water 
Water is a best solvent which easily dissolves a variety of substances. The amount of 

dissolved solids present in water determines whether water is suitable for consumption. The TDS level 
in water needs to be less than 500 mg/litre to make it suitable for consumption. Presence of high 

amount of TDS can lead to a number of health problems in human beings. 

Measures to Control Water Pollution 
 Stop dispatching of wastes into the water body. 

 Levy penalty on the industries that dispose wastes into natural water. 

 Follow proper methods to protect the rivers, lakes and seas and ensure that no wastes/debris 

are dumped to prevent contamination. 

 Create awareness to ensure that they understand the adverse impact of water pollution. 

 Avoid   throwing   recycled  items   on water/river   and   keep   marine surroundings clean. 

 Educate the people to create a culture of responsibility to reduce the disposal o wastes 

Pollution management and control 
There are many approaches that could be adopted in water pollution control and 

management. It could be through prevention, practice efforts or join a project/program. Regulation 

and monitoring or engaging in control measures by reducing or minimizing waste. 
Prevention of water pollution according to Wikipedia includes the following ways:   

i. Wash your car far away from any storm water drains. 
ii. Don't throw trash, chemicals or solvents into sewer drains 

iii. Inspect your septic system every 3-5 years 
iv. Avoid using pesticides and fertilizers that can run off into water systems 

v. Sweep your driveway instead of hosing it down 

vi. Always pump your waste-holding tanks on your boat 
vii. Use non-toxic cleaning materials 

viii. Clean up oil and other liquid spills with kitty litter and sweep them up 
ix. Don't wash paints brushes in the sink. 
 

Another way is to join or get involved with pollution prevention is to practice efforts on your 

own or join projects or programme.  Some of these are available with the Environmental Protection 
Agency website (EPA). 

Regulation and monitoring is an effective way of pollution management.Many countries have 

enacted legislation to regulate various types of pollution as well as to mitigate the adverse effects of 
pollution. Pollution control means to control the emissions and effluents into the air, water and land or 

soil. Without pollution control, the waster products from consumptions, heating, agriculture, mining, 
manufacturing, transportation and other human activities, whether they accumulate or disperse, will 

degrade the environment. Pollution prevention and waste minimization are more desirable than 
pollution control. However, pollution could be minimized by adopting these practices  

i. by recycling  

ii. by reusing  
iii. waste minimization   

iv. by mitigating  
v. by preventing 
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vi. by compost 

Apart from all these mentioned above, you can also use pollution control devices which include 
Dust collection system e.g. bag houses, cyclones, electrostatic precipitators, scrubbers e.g. baffle 

spray scrubber, ejector venture scrubber, mechanically aided scrubbers, spray tower, wet scrubber, 
sewage treatment e.g. sedimentation (primary treatment), activated sludge bio filters (secondary 

treatment, also used for industrial waste water), aerated lagoons, constructed wetlands (also used in 

urban runoff); industrial wastewater treatment e.g. ultra filtration, API oil-water separators, bio filters, 
dissolved air flotation (DAF), powdered activated carbon treatment; the last but not the least are 

vapour recovery system and phytoremediation 
Conclusion 

Those were some of the effective ways to control as well as prevent water pollution. 
Contaminated water leads to a number of health problems which makes it important to take 

appropriate steps to stop pollution. Contaminated water supplied to homes can lead to a number of 

health problems if it is not purified before consumption. 
Beside these, the common thing that one can do in order to ensure that they don't drink 

impure water that comes from different sources is by using water purifier. There are many water 
purifier brands in the market including KENT, AO Smith, Pureit and many others that offers different 

range of water purifiers. Check the list of best RO UV water purifier and buy the one of your choice. 

Water pollution is an environmental problem that is of major concern to us in Nigeria and the 
world at large. Human contribution to water pollution is enormous by way of defecating; dumping of 

refuse, industrial wastes and washing of clothes etc. (Egilabor, 1998) apparently, environmental 
education is of immense importance to use particularly in schools and should have a place in the 

school curriculum. In this way they will be less inclined to pollute our waters. 
Recommendation 

It is pertinent that environmental education is introduced in schools and be made compulsory. 

Federal, State and Local Government should establish agencies to monitor our environment and 
equally to be sure that our environment is kept clean and free from refuge dumps. Industrial homes 

or family should equally inculcate a hygienic environment particularly in their vicinity, according to be 
adage that says charity beings at home. Our industries should go advance in trying to recycle these 

wastes instead of dumping them for rain water to sweep these refuse into our rivers and streams 

making them undrinkable. 
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Chapter 3 
 

Temporal Analysis of the Impact of Temperature on Malaria Transmission 
on Malaria Transmission in Kafanchan Town in Northern Nigeria  

 

Bonoh Friday., Joyce Adams and Bege I. Adon 
Kaduna State College of Education, Gidan Waya                

Abstract 
This study is on the temporal analysis of the impact of temperature on malaria transmission in  
Kafanchan town Jema‘a Local Government Area of Kaduna State. Data for the studies were collected 
from Nimet headquarters Maitama Abuja and the Monitoring and evaluation unit, General Hospital 
Kafanchan. The data collected were analyzed through the use of correlation analysis, regression 
analysis and time series analysis. The results revealed that there is a strong positive correlation 
between temperature and the occurrence of malaria in the study area and that as temperatures are 
gradually increasing in Kafanchan especially in the months of March and April and it has a potential on 
human health and as a factor in transmission of diseases like malaria. Hence this research 
recommends a review and upgrade contingency plan for hospitals and clinics and the need to build up 
their capacities to cope with meteorological variables that are health threats in Kafanchan town, the 
training and sensitization of the health workforce and health professionals on the health implication of 
malaria in the study area, the need to develop targeted Weather Warning Systems (WWS) to facilitate 
self – help and care behaviours in Kafanchan town during extreme temperature days, the need to 
introduce tighter regulations and guidelines on community greening, spaces and natural ventilated 
building in the study area and the need to support cross – discipline research on meteorological 
variables and their impact on health because this can have practical in implications in the study area.  
Keywords: Temporal, Malaria, Transmission, Health and Community Greening 
 

Introduction 
Malaria is a parasitic infection spread by the female Anopheles mosquito and is responsible for 

660,000 deaths globally and over 219 million cases of infection annually (World Health Organization, 

2017). High-income countries (HICs) have been able to eliminate malaria, while many parts of low- 
and middle-income countries (LMICs) are still struggling to deal with malaria and vector control. In 

2015, out of the 104 malaria endemic countries, 79 countries are in the malaria control phase, ten are 
in the pre-elimination phase, ten are in the elimination phase, and five are focusing on the prevention 

of re-introduction. A number of factors account for the existing malaria burden in developing countries 
including climate change, infrastructure, emerging drug and insecticide resistance, massive population 

and demographic shifts, and costs of containment and therapy (World Health Organization, 2017).  

Malaria is a major public health problem in Africa with over 200 million clinical episodes and 
nearly one million deaths occurring annually (WHO, 2016). However, the risks of morbidity and 

mortality associated with malaria, particularly in semi-arid and highland regions, vary temporally. In 
semi-arid and highland regions of Africa, malaria is unstable and epidemic malaria is a common 

problem, causing an estimated 12.74 million clinical episodes and 155,000–330,000 deaths annually 

(WHO, 2017). In Nigeria, Malaria is the leading cause of morbidity and mortality accounting for over 
five million cases and thousands of deaths annually (Bureau of Statistics 2015). The risks of morbidity 

and mortality associated with malaria are characterized by spatial and temporal variation across the 
country. Malaria is a complex disease and its transmission and prevalence is influenced by many 

factors, amongst which is the changing weather and climate which are considered to play a major 
role. With increasing weather variability and ability to forecast weather, there is an interest in 

developing systems for malaria forecasting that incorporate weather related factors as explanatory 

variables. Many studies in various parts of the world have linked malaria time series to weather 
variables such as rainfall, temperature and humidity. For instance, Teklehaimanot et al (2014) found 
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that malaria was associated with rainfall and minimum temperature (with the strength of the 

association varying with altitude) in Ethiopia. Meteorological/climatic factors like ICUC9 - 9th 
International Conference on Urban Climate jointly with 12th Symposium on the Urban Environment 

temperature, rainfall, relative humidity etc have been widely associated with the dynamics of malaria 
vector population and, therefore, with spread of the disease. However, at the local scale, there is 

inadequate systematic quantification of the effects of these factors on the transmission of this disease. 

Furthermore, most attempts to quantify these effects are based on proxy meteorological data 
acquired from the satellites or interpolated from different scale. This had led to controversies about 

the contribution of changing weather and climate to malaria prevalence.  
There are existing interventions for malaria prevention, which include Indoor Residual 

Spraying (IRS), Intermittent Preventive Therapy (IPT), presumptive treatment, and education. Yet 
malaria remains a major public health problem in Kafanchan town of Jema‘a local government area of 

Kaduna state. 

Health issues in Nigeria are of great and serious concern to the Governments and individuals.  
Studies like that of Lye and Kamal (2011); Trape (1996); Bi (2003) revealed that there is a close link 

between weather and the occurrences /severities of some diseases. Climate Change affects the social 
and environmental determinants of health; clean air, safe drinking water, and sufficient food and 

secure shelter (Whyndham, Morrison, Williams, Bredel, Peters and Von Rande, 2012). 

The World Bank provided $180 million for the Malaria Booster Program that supports seven 
states and some national-level activities. The World Bank provided an additional $100 million for this 

program in 2009.  The UK Department for International Development (DFID) initiated the Support to 
Nigeria Malaria Programme which was a $100 million, five-year program to control malaria in 2008.  

The Global Fund provided a $500 million Round 8 Malaria grant that began in 2009 and lasted until 
2014. Yet, malaria is the second leading cause of death from infectious diseases in Nigeria after 

HIV/AIDS (Osagie, 2017). Malaria has the greatest prevalence, close to 50%, in children ages 6-59 

months in northern Nigeria and the cause of almost 1 out of 5 deaths in children under 5 in northern 
Nigeria is due to malaria. Malaria is a risk for 97% of northern Nigeria‘s population. The remaining 3% 

of the population live in the malaria free highlands. Malaria is a major public health problem in 
northern Nigeria where it accounts for more cases and deaths than any other part of the country. 

Malaria contributes to an estimated 11% of maternal mortality in northern Nigeria. Malaria accounts 

for 60% of outpatient visits and 30% of hospitalizations in northern Nigeria (WHO, 2017).   
World Health Organization (WHO, 2009) reported that a quarter of the world‘s disease burden 

is due to adverse weather elements experienced in a place  over a period of time which sometimes 
affect shelter, air, water, soil and food through contamination. This poses a big problem to man. 

Anything, that affects shelter, soil, air, water and food is not only a threat but also an enemy to man. 

This is highly noticed in the tropics especially in the northern region of Nigeria.  
The impact of rainfall and temperature induced diseases is noticed in the northern part of 

Nigeria as diarrhea, influenza, measles, cerebrospinal meningitis, malaria,  asthma, cardiovascular and 
other respiratory diseases (Whyndham et al, 2012) . The occurrence of rainfall and temperature 

induced diseases has become a persistent problem to human health in northern Nigeria as well as 
threatening their health dream. 

A lot of studies have been carried out globally on weather induced diseases. Such studies are 

that of Bi (2003) at China who studied climate variables and transmission on malaria, Burke, Hsiang 
and Solomon (2015) at England who focused on quantifying the influence of climate on health conflict 

and Nwoke and Ukpai (2009) at Owerri who worked on the Effect of climate on human health and 
some adaptive strategies.. There is none of these studies that are carried out in the study area which 

is Kafanchan town in southern part of Kaduna state in northern Nigeria. Thus, this study focuses on 

temporal analysis of the impact of temperature on malaria transmission in Kafanchan town. This is an 
attempt to fill this gap in knowledge that has been left untouched  
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Aim and Objectives  

The aim of this study is to examine the relationship between temperature and malaria 
transmission in Kafanchan town, of Jema‘a local government area of Kaduna state and the objectives 

are to: 
 identify the pattern of temperature in the study area 

 determine the season that malaria is more prevalent/ severe in the study area 

 identify pattern of malaria occurrence in the study area 
 determine if there is a significant relation between temperature and malaria transmission in the 

study area 
Significance of the Study  

In recent years, there has been a remarkable interest in environmental issues especially in 
sustainable development and management of both human and natural resources within the geo-

environment (Glasson, Rikki, and Chadwick, 2014; Cornfold, 1997). The environment is constantly 

changing (Kandzewicz, 2012) and irrespective of the development that is going on in science and 
technology, it requires a dynamic rather than a static analysis for better understanding of this 

changing environment and human health (Aremu, 2004). The Federal Government of Nigeria‘s 
campaign of health for all by 2020 cannot be achieved except if serious attention is given to how each 

weather element has contributed to the outbreak of epidemics and diseases. Currently, the issue of 

climate change is believed to further worsen the situation globally. This is what makes this study 
timely and of great significance, in that attention and emphasis is now placed on weather and climate 

vis-à-vis the environment and human health. 
  Also, this study will be of great significance to the health sector of the country. The outcome 

will provide a health guide for the country. This will aid prompt intervention to whenever and 
wherever such diseases occur so as to combat it immediately. It will also provide a baseline for 

national planning, health policy formulation, management and also aid in controlling the effect of the 

occurrence of weather related diseases such as malaria and serve as a bedrock for further studies. 
Study Area 

The study area is Kafanchan town in the southern part of Kaduna State. Kafanchan town is 
the headquarters of Jema‘a Local Government Area of Kaduna state. It is one of the oldest Local 

Government Area out of twenty three (23) Local government areas in the State.   

The study area is located between Latitude 90 08‘ N and 100 04‘ N of the equator and 
Longitude 70 15‘E and 70 50‘E of the Greenwich meridian (Soladoye, 1997).  It is bounded in the north 

by Ugwan Rimi in Zongon Kataf local government area, in the south by Kagoro in Kaura local 
government area as a natural boundary (fig 1)  

    
    Fig. 1: Modified Map of Kafanchan Town  

The area has a population of about 1.003 million, (National Population Commission NPC. 

2006) with major ethnic groups as Bajju, Ham, Ikulu, Oegworok, Attakar, Adara, Koro,Chawai, 
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Fantswam, Ninzom, Gbagy, Adara, Igbo, Yoruba Gwandara Hausa  and Atyap.  Crop cultivation, 

fishing, rearing of animals, hunting and commercial activities form the thrust of the economy of the 
study area, which engage well over 75% of the working population of the area. 

MATERIAL AND METHOD 
The types of data used for this study are basically of a secondary source. They are mean 

monthly temperature data (0C) and mean monthly record of Malaria, data of the study area. To 

represent the study area, which is Kafanchan town, quantitative temperature and malaria occurrence 
data is used for this study for a period of ten years. The mean monthly temperature for the period of 

ten years (2008 – 2017) is obtained from the Nigerian Meteorological Agency [NIMET] Maitama Abuja 
for Kafanchan town. The mean monthly data on malaria occurrence for the period of ten years (2008 

– 2017) is obtained from the Monitoring and Evaluation Unit, Ministry of Health, Kafanchan General 
Hospital. Consequently the statistical tools of analysis used here are the ones that allow for the 

drawing of inferences on related variables. These are the time series analysis, correlation analysis and 

regression analysis.  
RESULTS 

Table: 4. 2 is the result of Pearson moment correlation (r) between temperature and malaria 
transmission in Kafanchan town Jema‘a Local Government Area of Kaduna State. The result 

reveals the existence of a positive correlation (r) of +.388 between temperature and Malaria 

transmission in Kafanchan town 
Table 4.2   Pearson Moment Correlations 

 MAIZE RAINFALL 

MALARIA 

Pearson Correlation 1 +.388 

Sig. (2-tailed)  .268 

N 10 10 

TEMPERATURE 

Pearson Correlation +.388 1 

Sig. (2-tailed) .268  

N 10 10 

*Correlation is significant at 0.5 levels (2 tailed) 

Source: Author‘s Field Work, 2018 

From table 4.3 is the summary of regression model measuring the degree of influence of 
temperature on malaria transmission in Kafanchan town Jema‘a Local Government Area of Kaduna 

State. The result revealed that temperature influence malaria transmission for only about .075 (table 
4.3). These imply that temperature is accounting for 75%   influence on malaria transmission in 

Kafanchan town Jema‘a Local Government Area of Kaduna State. 

Table 4.3 Summary of Regression Model 

Model R R Square Adjusted R 
Square 

Std. Error of the 
Estimate 

Change Statistics 

R Square 

Change 

F Change 

Malaria .388a .750 .044 78254.34021 .750 2.417 

a. Dependent Variable: Malaria 

b. Predictor: (constant), Temperature 
Source: Author‘s Field Work, 2017 

The coefficient table indicates a t-value of   -.746 and the significant levels of 0.477 which is 

less than 0.5 significant level set as acceptance criterion for this study. The low coefficient means 
that, the null hypothesis which states that there is no significant relationship between temperature 

and malaria transmission in Kafanchan town in Jema‘a Local Government Area is rejected, while the 
alternative hypotheses which state that there is a significant relationship between temperature and 

malaria transmission in Kafanchan town in Jema‘a Local Government Area is therefore accepted (table 
4.4). 
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Tabel 4.4: Coefficients of Variation in Malaria Transmission 

Model Unstandardized Coefficients Standardized 

Coefficients 

t-values Sig. 

B Std. Error Beta 

 

Malaria 

  

        -

554505.539 
743399.489 
 

530.213 

 

-.746 .477 

(constant)  
Temperature 

631.057 .388 1.190 .268 

a. Dependent Variable: Malaria 
Source: Author‘s Field Work, 2018 

 
Temperature in the study area within the period under review revealed that temperature is 

generally high in the months of March, April, May, August, September and October (Fig 2). The 

highest is recorded in the month of April with 38.1oC. Temperature is observed to be low in the 
months of January, November and December. The lowest is the month of December with 22.1oC. 

  
Fig 2: Mean Monthly Temperature for 2008-2017 

Source: Author‘s Field Work, 2018 

On the temporal occurrence of malaria in Kafanchan town, fig: 3 revealed high incidence of 
malaria in the months of March, April, July, August and September.  The highest incidence is recorded 

in the month of September with over 400 reported incidences per 1,000 population (Fig:3). The 
lowest incidence is recorded in the months of January, February, November and December. 

 
Fig 3: Mean Monthly Incidence of Malaria for 2008-2017 
Source: Author‘s Field Work, 2018 
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Discussion of Results 

The research findings revealed that temperature in Kafanchan town is generally on the 
increase, characterizing temporal patterns of malaria occurrence and providing insight into important 

drivers of malaria. Meteorological variables such as temperature influence the seasonal pattern and 
the long term trends of malaria occurrence. This confirmed the fact that this meteorological variable 

has a strong relationship with the prevalence of diseases such as malaria, measles and cerebrospinal 

meningitis in the study area. 
As temperatures are gradually increasing in Kafanchan especially in the months of March and 

April, the potential impact of this on human health and as a factor in transmission of diseases like 
malaria. These agree with Paul (2001) at Ado Ekiti who stated that elementary models suggest that 

higher temperatures will enhance the transmission rate of diseases and extend their geographic 
ranges. Increase in temperature is estimated to consistently extend the distribution of malaria, also 

making mosquitoes and other diseases vectors pathogen to increase. 

  Findings revealed that the health of many people in Kafanchan town is impacted each year by 
increase in temperature and it affects the basic requirement for health and increases the transmission 

of malaria. Increase in temperature in Kafanchan town has been more promoted and has enabled 
malaria vector mosquito to find a new and more favourable habitat for increase. This may have 

resulted in the high frequency and severity of malaria and other diseases observed in this research‘s 

in the study area. This is in line with the work of Rasha and Ayman (2011) at Sudan who observed 
that the geographic landscape and the rise in meteorological variables (rainfall and temperature) are 

considered as the environmental factors for the increased risk of malaria because of their impact on 
the mosquito vectors‘ activities and plasmodium incubation rate. It also agrees with Ali et al (2008) 

who opined that the rise in rainfall and temperature provide favourable breeding sites for mosquito in 
Sudan and the main vector involved in transmission is the mosquito plasmodium falcipram which is 

the main parasite for the majority of the infection (90%) with other species. 

Generally in Kafanchan town, incidence malaria is observed by this research to be high in the 
months of March and April (that is late dry season when temperature in the study area high) and high 

in the months of August and September when the rains is at its peak. The severe occurrence of 
malaria in the months of March and April may be as a result of the fact that when the vector lives in 

an environment of mean temperature an increase in temperature may result in the increase in 

development, incubation and replication of the pathogen. Temperature may modify the growth of 
disease carrying vectors by altering their birthing rates as well as affect vector population dynamics 

and alter the rate at which they come in contact with human. Also disease carrying vectors may adapt 
to extreme changes in temperature by changing geographical distribution or it may undergo an 

evolutionary response to adapt to increased temperatures. This concurred with Patz et-al (1999) in 

Brazil who observed that there is recent evidence to suggest that mosquitoes which are diseases 
carrying vectors, may undergo an analogous micro evolution which would allow adaptation to altered 

seasonal pattern associated with global climate change or that mosquitoes can adapt genetically to 
survive and remain active with the lunar growing seasons associated with climate change. 

  The high and continued occurrence of Malaria in the rainy season as observed in this research 
is not a surprise because variability in rainfall may have a direct consequence on disease out breaks. 

Increase in rainfall may increase the presence of disease vectors by expanding the size of existent 

larval habitat and creating new breeding grounds. In addition increase in rainfall may support a 
growth in food supplies which in turn supports a greater population of vertebrate reservoirs. On the 

other hand, the low incidences of Malaria in the Months of May, June and July as this research 
revealed may be as a result of the fact that heavy rainfall may cause flooding and decrease vectors 

population by eliminating larval habitats and creating unstable environments for vertebrate reservoirs. 

This is in line with Brucich et-al (2015) at Thailand who assessed parasites and vectors in causing 
Malaria, observed that unseasonably heavy rainfall can cause flooding and make the environment 

unsuitable for vectors and therefore reduce the likelihood of vectors exposed to human contact or 
reduce stagnant pools that are vector breeding habitats. 
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Conclusion 

However, biological knowledge such as the study of diseases pathogens and technical 
knowledge such as the use of mosquito treated nets are needed to control malaria in Kafanchan town. 

Additional requirements to control malaria in Kafanchan town   include the political will, financial 
resources, and national stability. A successful move toward the eradication of malaria, need an 

unwavering national commitment. To mitigate these diseases of malaria, a successful policy-focused 

assessment of the potential health impacts of temperature should include a multidisciplinary 
assessment team, responses to questions asked by all stakeholders; evaluation of risk management 

planning options, identification and prioritization of key research gaps, characterization of 
uncertainties and their implications for planning, decision-making; and tools that support decision-

making processes. 
Recommendations 

From the research evidence, temperature has a major impact and health threat to populations 

in Kafanchan town. Effective public health protection measures and an overall technical health system 
frame work is needed to overhaul the current situation because emphasis on the health sector alone is 

not able to address all climate related health impacts, so multi-disciplinary collaboration and action to 
address climate related health issues is recommended. Further research should be conducted on 

weather induced diseases, because aside temperature which induces outbreak of malaria, other 

factors causing malaria include rainfall low humidity, wind, extreme cold and so on. This study only 
concentrated on temperature, thus more studies are still expected.  

Hence this research recommend:- 
1. A review and upgrade contingency plan for hospitals and clinics and the need to build up their 

capacities to cope with meteorological variables that are health threats in Kafanchan town. 
2. The training and sensitization of the health workforce and health professionals on the health 

implication of malaria in the study area. 

3. The need to develop targeted Weather Warning Systems (WWS) to facilitate self – help and 
care behaviours in Kafanchan town during extreme temperature days. 

4. To introduce tighter regulations and guidelines on community greening, spaces and natural 
ventilated building in the study area. 

5. The need to support cross – discipline research on meteorological variables and their impact on 

health because this can have practical in implications in the study area 
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Abstract 

The Fulani tribe of Northern Nigeria brought Schistosomiasis with them during their migration from 
the Upper Nile Basin. The disease therefore has a long history in Nigeria. It is essentially an infection 
of rural agricultural communities where rural lifestyle and behavior encourage the contamination of 
inland water with human excreta and urine. Until recently, Schistosomiasis was not considered a 
public health problem in Nigeria for two reasons. Firstly, Schistosomiasis was restricting to rural 
communities where hygiene is inadequate, where poverty prevails, where malnutrition and infection 
with other parasites are common. Secondly, it is a disease common to school aged children in whom 
the disease remains silent or mildly asymptomatic for many years. The world Health organization 
(WHO) regards the disease as neglected tropical diseases, with an estimated 732 million person being 
vulnerable to infection worldwide on renowned transmission areas reported that immunodiagnostic 
method is most effective, Steinman and co-workers documented that over 200 million individuals from 
Africa, Asia and South America are infected with the disease. The disease Schistosomiasis thus can be 
controlled by eradicating the intermediate host and the use of Praziquantel and chemotherapy 
application. The prevalence of urinary Schistosomiasis was highest in the age group of 12-13 years. 
This may be since children in this age bracket were frequently involved in activities that bring them in 
contact with the sources of infection such as contact with intermediate host snails, bathing in 
contaminated water among others. 
Keywords: Asymptomatic, Agricultural, Infection, Prevalence, Schistosomiasis 

 
Introduction  

Schistosomiasis or bilharzia is a tropical parasitic disease caused by blood-dwelling fluke 
worms of the genus Schistosoma. Adult schistosomes are white or grayish worms of 7–20 mm in 

length with a cylindrical body that features two terminal suckers, a complex tegument, a blind 
digestive tract, and reproductive organs. Unlike other trematodes, schistosomes have separate sexes 

(Bruno et al., 2006). 

The male‘s body forms a groove or gynaecophoric channel, in which it holds the longer and 
thinner female. As permanently embraced couples, the schistosomes live within the perivesical 

(Schistosoma haematobium) or mesenteric (other species) venous plexus. Schistosomes feed on blood 
and globulins through anaerobic glycolysis. The debris is regurgitated in the host‘s bloods. The 

females produce hundreds (African species) to thousands (oriental species) of eggs per day. Each 

ovum contains a ciliated miracidium larva, which penetrate the freshwater snails. The disease is 
spread by contact with freshwater contaminated with the parasites. The disease is especially common 

among children in developing countries as they are likely to play in contaminated water (Bruno et al., 
2006). 

Other high risk groups include farmers, fishermen and people using unclean water during 
daily living. Diagnosis is by finding eggs of the parasite in a person's urine or stool. It can also be 

confirmed by finding antibodies against the disease in the blood. 

Acute Schistosomiasis, or katayama syndrome can present as fever, malaise, myalgia, fatigue, non-
productive cough, diarrhea (with or without blood) are some symptoms of disease (WHO, 2006). 

Schistosoma haematobium (hematuria) and right upper quadrant pain chronic and advanced 
diseases results from the host‘s immune response to schistosomes eggs deposited in tissues and the 
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granulomatous reaction evoked by the antigens they secrete (S. mansoni, S. japonicum, S. 
intercalatum and S. mekongi) cause intestinal disease. S. haematobium causes urinary disease. 
Neuroschistosomiasis is arguably the most severe clinical syndrome associated with schistosomes‘ 

infection, Disease. Praziquantel remains the treatment of choice although other are being 
investigated, preventive chemotherapy is with a single oral dose of Praziquantel (WHO, 2006).  

Schistosomiasis is one of the most wide-spread of all human parasitic diseases, ranking 

second only to malaria in terms of its socio-economic and public health importance in tropical and 
subtropical areas. It is also the most prevalent of the water-borne diseases and one of the greatest 

risks to health in rural farming areas of developing countries as a main rural, often occupational 
disease. 

The reason behind the conduct of this research is due to the incidence of new cases of the 
disease spreading in this local area according to the clinic data and availability of the intermediate 

host (snails; biomphalaria and bolinus species) in the area throughout the year. 

Materials and Method 
This study was conducted at Auyo Special Primary School, Auyo town. Auyo is a Local 

Government Area of Jigawa State, Nigeria. Its headquarters is in the town of Auyo. Auyo lies between 
coordinates 12021'36'N and 9059'8'E. It has an area of 512KM2 and a population of 132,001 (Census, 

2006). The postal code of the area is 713. The Auyokawa language, now extinct was formerly spoken 

in auyo. It is also has 10 political wards which include Auyo, Auyokayi, Ayama, Gatafa, Gamafoi, 
Gamsarka, Kafur, Tsidir and Unik ( Auyokawa, 2018). There are two distinct seasons, the rain and dry 

seasons. The former takes place between April and October, while the later occurs from November to 
March. 

People of the area are infected by contact with cercaria-infested water used in normal daily 
activities such as personal or domestic hygiene, and swimming or by professional activities such as 

fishing, rice cultivation, and irrigation. These are the major activities of the people in the area.  

Sample Collection  
100 urine samples were collected into clean universal containers between 9:30AM to 10:30 

AM local time. After vigorous shaking, the samples were stored in the container and transported to the 
Biological Science laboratory, Sule Lamido University, Kafin Hausa, Jigawa State for examination 

immediately after collection. 

Laboratory Analysis and Examination of Samples  
The sample analysis is done according to Cheesbrough, 1998, each urine sample was properly 

shaken and about 10 ml was transferred to a conical tube and centrifuged at 1000 r.p.m. for 5 
minutes (Cheesbrough, 1998). The sediment (after discarding the supernatant) was transferred to a 

clean dry glass slide covered with a cover slip and the sediment was examined microscopically using a 

magnification of 10x with the condenser iris closed sufficiently to give contrast while 40x magnification 
was used for the identification of terminal spine eggs of Schistosoma haematobium. 

RESULTS 
Table 1: Distribution of Schistosomiasis with respect to class 

S/N Class No .of pupils examined No. of infected % of infected 

1 3 20 6 18.75 
2 4 23 6 18.75 

3 5 35 13 40.63 
4 6 22 7 21.87 

 TOTAL 100 32 100 

 p>0.05, therefore there is significance difference. 
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Table 2: Distribution of Schistosomiasis with respect to age 

S/N ages 
(years) 

No. of pupils 
Examined  

no. of infected 
  

  % of infected   

1 9-10 43 12 37.5 

2 11-12 
 

49 19 59. 38 

3 13-14 
 

8 1 3. 13 

 TOTAL 100 32 100               
 

p<0.05, there is no significance difference 
 

Table 3: Distribution of Schistosomiasis with respect to weeks 

S/N No. of weeks No. of pupils examined No. of infected % of infected 

1 1st 15 7 21.875 

2 2nd 18 6 18.75 

3 3rd 25 5 15.625 
4 4th 25 9 28.125 

5 5th 17 5 15.625 
 TOTAL 100 32  

 p<0.05, therefore there is significance difference 

Discussion 
The prevalence of urinary Schistosomiasis was highest in the age group of 12-14 years. This 

may be since children in this age were frequently involved in activities that bring them in contact with 
the sources of infection. Many species dependent factors related to the nature of contact (such as the 

frequency or total duration of contact, how much of the body is exposed and when) may contribute to 

the likelihood of encountering infective cercariae. Agba and Chukwubuike (2002) recorded prevalence 
of Schistosomiasis in school children in Plateau State, Zoakah and Kramer (2003), in their survey of 

infection diseases in a drought afflicted community in Northern Nigeria recorded prevalence of urinary 
Schistosomiasis in Jos as 18.3% while it was 32% for this study. Nigeria as one of the countries 

known to be highly endemic for urinary Schistosomiasis with estimated 101.28% million person 

(Uneke et al., 2007). 
The 12-14yrs age group also contaminates the streams with their urine, which may contain 

the eggs of the parasites, so acting as a source of transmission of the disease. The results of this 
study also shows that the prevalence of the disease is not age dependent even though there was 

increase in the prevalence rate of ages from younger to older students. This observation showed that 
the infection depends on the sources of water supply. It has been observed that the transmission of 

schistosomiasis takes place where freshwater snail vectors are present and where there is contact 

between the population and infected water. Therefore, the recorded cases of infection among children 
using wells, ponds and streams may be due to the fact that these sources were contaminated with 

cercariae. Agba and Chukwubuike (2002) recorded prevalence of Schistosomiasis in school children in 
plateau state, Zoakah and Kramer (2003), in their survey of infection diseases in a drought afflicted 

community in Northern Nigeria recorded prevalence of urinary Schistosomiasis in Jos as 18.3%, 

Nigeria as one of the countries known to be highly endemic for urinary Schistosomiasis with estimated 
101.28% million person (Uneke et al., 2007). 

The results of this study unlike the result of some earlier studies show that the prevalence of 
the disease is not age dependent even though there was increase in the prevalence rate of ages from 

younger to older pupils. It has been observed that transmission of schistosomiasis takes place where 
freshwater snail vectors are present and where there is contact between the population and infected 

water. Therefore, the recorded cases of infection among children using ponds and streams may be 

due to the fact that these sources were contaminated with cercariae. Freshwater snails are the 
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intermediate host of schistosomiasis (Coelho et al., 2008; Ibikounla et al., 2009) and (Hinofuni and 

Hiroshi, 2009). In South Asia, especially India and Thailand indoplanorbis snails Harbor cercariae of 
several kind of flukes, a total of 2802 molluscas of different species from two fish ponds and one 

swamp in Czech Republic were examined, 951 (33.9%) were found to be infected larva trematodes of 
28 species (Faltynkova, 2005). 

The overall result of this study is less than that recorded by (Nwachukwu et al., 2015) in Abia state, 

Nigeria. 
Conclusion 

          The findings of this study, it is evident that the prevalence of S. haematobium infections 
among school-aged children in Special Primary School Auyo, Auyo Local Government Area is relatively 

low.  
Recommendations 

Therefore, efforts should be intensified to maintain levels below the threshold and eradicate 

urinary Schistosomiasis in the study area. 
It is recommended that efforts should be made to avoid further spread of the disease by followings: 

 Detection and treatment of infected individuals. 

 Periodic survey of water bodies for snail intermediate hosts and if detected eradicated 

 Public awareness programmes on Schistosomiasis water for domestic use should be protected 

from contamination with human urine and feces, some of which may contain the eggs of 
schistosomes. 

 Policy maker should recognize the disease as a focal public health problem and should be willing 

to promote and support control where and when necessary 

 Vulnerable group such as fishermen, irrigation workers and communities‘ with high Prevalence 

should have access to regular screening and treatment for Schistosomiasis and appropriate 
prevention measures promoted within their respective working environment. 
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Abstract 
Undoubtedly, Africa is one continent that has had its fair share of the impact of the all-embracing and 
contradictory process of Globalization. Against the position of neo-liberal scholars and apologists who 
present globalization as a remedy to all socio-economic and political challenges, the African reality has 
not been encouraging and favourable especially its linkage to different theatres of conflict on the 
continent. It is in light of this that the research studied the interplay and impact between globalization 
and conflict on the people, societies and states of Africa. To achieve this objective the study made use 
of secondary data. And to give theoretical direction to the research work the study was based on the 
Marxian Structural Conflict Theory. To concretize our argument, the Niger Delta resource and 
environmental conflict situation was used as the papers‘ case study. After an exhaustive analysis of 
the available data, the discourse came to the conclusion that globalization has acted and continue to 
act as a stimulant to the various conflict situations in Africa. And that this interplay has brought a lot 
of hardship, pain and agony to the people and societies of the African continent.  
Keywords: Globalisation, Conflict, Neoliberal Policies, Underdevelopment, Africa,Niger Delta. 

 
Introduction 

The phenomenon of globalization is undoubtedly one of the most debated, contested and 

controversial processes among scholars, statemen and nations of the world (Ake, 1995; Scholte, 
1997; Nnoli, 2000; Toyo, 2007; Ebaye, 2012). This conflicting perceptions and perspectives to 

globalization is quite understandable because as a socio-economic and political process, it has a 
polarizing and contradictory impact on the countries and people of the world; a phenomenon that has 

created an island of winners (wealth) in the Western Industrialized World and at the same time, an 

ocean of poverty, want and disenchantment (losers or victims) in the vast number of Less Developed 
Countries (LDCs). As a result of its polarizing impact on the nations of the world, the scholarship on 

the phenomenon of globalization has been broken into two broad ideological camps -the neoliberal 
and radical Marxian or structuralist camps. While scholars of the neoliberal scholarship of the 

industrialized Western Nations argue that the global phenomenon is beneficial to all players (that is 

nations), scholars of the radical Marxian Thought assert it has been a major contributor to the crisis of 
development and socio-political instability of the LDCs.  

Globalization may be a relatively new concept that has been in popular lexicon for a decade or 
so, but as a process of unifying or integrating the world, it is not a new development (Onyekpe, 

2001). Africa‘s encounter with the globalization can be traced to the 15th century. This relationship has 
gone through several historical epochs from slavery to ―free trade‖ or mercantile phase to colonialism 

and the present day post-colonial or neo-imperialist era. Over the years it has become clear that 

globalization is certainly not a benign force; Africa has experienced more of the dark side of it. Africa‘s 
poor showing in the globalization process is less surprising when one considers the way and manner 

the continent was co-opted into the a global system; a system that was initiated and designed by the 
economically powerful nations specifically to serve their interest. According to Ake (1995;26), ―the 
global order is ruled  by an informal cabinet of the world‘s economically most powerful countries, its 
law is the logic of the market, and status in this new  order is a function of economic performance‖. 
As such, Africa‘s poor performance in the globalization game has a lot to do with the fringe and 

peripheral role assigned to it.  
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Globalization as a result of its intrusive and connective attributes, is considered as an 

accelerator of social change and likely catalyst for conflict, aggravating the tensions of many societies 
and possibly creating new ones (Ebaye, 2012:8). The relationship between globalization and conflict is 

more complex and subtle in ways not hitherto discussed. For Scholte (1997), it is a source of, or 
contributing factor to conflict. This is not farfetched from the fact that globalization is often disruptive 

and inequitable in its effect and poses new challenges for existing public institutions. Implying that it 

has paradoxically, opened grounds for the oppressed to come together and protest against its 
subordination. According to Nnoli (2000), the great divide between those benefiting from globalization 

and those hurting from it accentuates the possibilities for conflict. Based on African states experience, 
the paper considers globalization as a major factor responsible for conflict; through its imposed 

neoliberal rules and policies, it has disarticulated the fragile governmental systems in Africa and 
seriously undermined the developmental status of African states. With globalization, the role of the 

state has been downsized thereby undermining the capacity of the state for social provisioning, even 

when in the African context the role of the state is defined in developmental terms. The post-cold war 
era increased socio-political upheavals; this has exposed African states of their inadequacies and 

worsens their economic conditions thereby degenerating into conflicts. Countries such as Nigeria, 
Liberia, Sierra Leone, Sudan, Somalia, Ethiopia, Burundi, Rwanda, etc have greatly experienced 

widespread and intense political unrest and conflict as a result of the unregulated and free play of 

forces and agents of globalization in these societies. 
Thus the objectives of the paper is to examine the role globalization might have played and 

continue to play in African conflict situations with a particular focus on the Niger Delta resource 
conflict. The paper examines the relationship between the process of globalization and the deepening 

and protracted mineral resource conflict in the Niger Delta. Specifically, it examines the ways the 
social contradictions and scarcities of resources spawned by the unholy alliance between the Nigerian 

state and the global conglomerates operating in the Niger Delta region has provoked conflict 

CONCEPTUALIZING THE GLOBALIZATION-CONFLICT NEXUS 
To investigate the literature on the interrelatedness between globalization and conflict, it 

absolutely necessary that we briefly examine the scholarship on the two central variables of the study. 
According to Friedman (1991) in his book ―the Nexus and the Olive Tree‖, ―Globalization is not just the 
only thing influencing event today, but to the extent that there is a Northern star and a worldwide 
shaping force, it is the system‖. This comment comes in handy to illustrate the significance attached 
to the phenomenon of globalization – viewed as the mainforce shaping and moulding the world today. 

This statement also connotes the omni-presence and multidimensionality of this phenomenon 
encompassing and influencing all spheres of life through its system. Hardly is there sphere of our lives 

that is not affected by globalization. It is considered as the dominant buzz word in our today‘s world.  

But in spite of its global nature and scope, globalization is devoid of consensus, agreeable and 
acceptable definition especially among scholars. The reason according to Kellner (1989): 

The term is used in so many different contexts, by so many different people for so many purposes; 
that it is difficult to ascertain what is at stake in the globalization problematic, what function the term 
serves, and what effects it has for contemporary theory and politics.  
Apparently, the cause for confusion in the definition of the concept is on one hand, the ambiguity and 

multifacetedness of the term, varying in meaning according to the   context in which it is used. It is 

based on this conceptual ambiguity that the section decided to examine the views of several scholars 
on the phenomenon of globalization. 

When- seen from the point of view of worldwide process of change, globalization refers to all 
those processes by which the people of the world are incorporated into a single global society. 

According Alapiki (2005) this change is accompanied by the intensification of worldwide social 

relations which link distant localities in such a way that local happenings are shaped by events 
occurring many miles away and vice-versa. Simply put, according to Onyekpa (2001), globalization is 

the process of making anything, issue, idea, practices, policy, system of governance, etc, global, 
worldwide or universal. It is in line with this mode of thought that Scholte (1997) posits that:  
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Globalization refers to processes whereby social relations acquire relatively 
distanceless and borderless qualities, so that human lives are increasingly played 
out in the world as a single place. Social relations that is, the countless and 
complex ways that people interact with and affect each other are more and more 
being conducted and organised  on the basis of planetary unit. By the same 
token country locations, and in particular the boundaries between territorial 
states, are some important senses becoming less central to our lives... 
Globalization is thus an on-going trend whereby the world has in many respects 
and at a generally accelerating rate become one relatively borderless social 
sphere.  

 

It is in light of the above assertion that Hughes (2001) presents globalization as a qualitatively 

distinct process because of its essential de-territorialisation or, stated in reverse, supra-
territorialisation of social interaction. That is to say, globalization are processes which increasingly 

reconfigures social space from and beyond nations of delineated territory, and transcends existing 
physical and human borders imposed upon social interaction. For instance, global financial transaction 

facilitated by information communication technology (ICT) can now often operate without reference to 

physical territorial distance or human imposed territorial barriers. It is as a result of this that 
globalization is seen as a process of reinforcement and extension of the international flux of 

commerce, capital, technology and labour force.  
A similar viewpoint refers to institutional changes, which are brought about in the society by 

the increase of these flows and the development of the transnational corporations (Adekugbe, 2004; 
Aderonke& David, 2012). What is obvious is that the perspective stresses the weakening of the 

regulating function of the national or sovereign states. A more extreme version of this perspective 

views globalization as the disappearance of the state in its economic dimensions while a subtler 
version considers globalization just as the loss of an important portion of the economic sovereignty. 

Yet another perspective refers to the growing homogenization of certain processes and decisions like 
the introduction of global standards in the production of goods (Adekugbe, 2004) 

It is noteworthy to point out that although geography and distance still matter, it is 

nevertheless the case that globalization is synonymous with a process of time and space compression 
– literally a shrinking world – in which the sources of even seemly local developments, from 

unemployment to ethnic, socio-economic and political conflicts, may be traced to distance conditions 
or decisions. It is in this respect that McGraw (2010) averred that globalization embodies a process of 

de-territorialization; as social, political and economic activities are increasingly ―stretched‖ across the 

globe, they become in significant sense no longer organized solely according to a strictly territorial 
logic. Transnational terrorists and criminal networks, for instance, operate both locally and globally. 

National economic space, under condition of globalization, is no longer coterminous with national 
territorial space since for example many of American and EU largest companies have their 

headquarters abroad, while many domestic companies now outsource their production in less 
developed territories such as China, South East Asian nations, South America and Africa among other 

destinations. This is not to argue that territory and boarders are now irrelevant, but rather to 

acknowledge that under conditions of globalization their relative significance as constrains upon social 
action and the exercise of power is declining.  

A ―shrinking world‖ implies those sites of power and the subjects of power quite literally 
maybe continent apart. This development is what McGraw (2010) refers to as relative 

denationalization. This implies that globalization involves the deal that power, whether economic, 

political and cultural or military is increasingly organized and exercised at distance; power is organized 
and exercised on a transnational, trans-regional, or transcontinental basis. Apparently, states no 

longer have a monopoly of power resources whether economic, coercive, or political. In today‘s highly 
globalized world, states are forced to share power resources with emerging non-state actors and 

entities.  
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From the political economy perspective, globalization involves a set of market oriented 

structures and processes that leads to the benefit and empowerment of a relatively small number of 
societies and at the same time, the impoverishment and weakening of a large number of nations 

especially African states. This often ignored conceptualization of the term engenders and facilitates 
the conditions of vulnerability, dependency, poverty, underdevelopment, social conflicts and erosion of 

the sovereignty of large number of government and nations of the Third World. For the purpose of 

our research, it is imperative that globalization is regarded as a contradictory process; one 
characterized by a lot of paradox. This is so because globalization over the years has created a tiny 

Island of wealth and prosperity (in the advanced capitalist world) and at the same time an ocean of 
poverty, deprivation and misery among peoples, societies and states of the Southern Hemisphere.  

Our proposition is that it is this condition of poverty; deprivation and want facilitated by 
globalization that inevitably lead to various forms of conflicts in Africa and other regions of the Third 

World. Furthermore, a similar point that needs to be emphasized is that the phenomenon is not a 

natural and benign process of history as the neoliberal apologists would want us to believe. It is 
deliberately planned; it is a product of neo-liberal policies designed, driven and promoted by Western 

capitalist nations. This is basically the reason why scholars of the Marxian political economy view 
globalization as a platform for the domination and exploitation of the weaker nations of the Third 

World by the industrially advanced capitalist societies.  

Like globalization, the concept of conflict is also devoid of generally agreeable and consensus 
definition.  It is a term that has been given several interpretations over the years by scholars of 

diverse background based on their experiences and ideological orientations. Some view conflict as 
―destructive and unwarranted‖ actions of groups (Igwe, 1997, cited in Okpalaobi, 2014:35). 

Conversely, Anyakoha (1998 cited in Okpalaobi, 2014:35) see conflict as a social event which though 
destructive but leads to positive changes at last. While McEnny (1985 cited in Okpalaobi, 2014:35) see 

conflict as the overt coercive interaction of contending collectivities. It has also been observed that 

conflict and contact among people, are unavoidable concomitant of choices and decisions and an 
expression of the basic fact of human interdependence (Zartman, 1991:370). Though there are vast 

number of perspectives on the concept, for our purpose we will dwell more on extant literature that 
perceive conflicts as hostilities that lead to the use of physical force or power or threatened action 

against another person or community that either results in or has a high likelihood of deprivation.  

Broadly speaking, conflicts arise from the pursuit of divergent interest, goals and aspirations 
by individuals and/ or groups in defined social and physical environments. This view point is in line 

with one of the most quoted and acceptable definitions of conflict as given by Coser (1956:12). He 
views conflict as ―a struggle over values and claims to scarce status, power and resources in which 
the aim of the opponents are to neutralise, injure or eliminate their rivals.‖He expatiated on this, 

noting that conflict emerges whenever one party perceives that one or more goals or purposes or 
means of achieving a goal or preferences is being threatened by the activities of one or more parties. 

The parties may be seeking to expand into the same physical sphere, or more abstractly, into the 
same field of influence or behaviour (1956:8).  

In an environment of scarcity of resources, conflict may also be caused by frustration in the 
interaction and struggle for the valued resources. The concept is validated daily over access to a 

variety of limited resources which are created and distributed within defined establishments and 

locations; such as Chairmanship position, power and status, graze land or grassland, water, mineral 
resources, water spots for animals and pasture routes, jurisdiction of chiefs and kings, leadership of 

political parties, etc. Conflicts are real and serve in the above circumstances in the achievement of 
goals or the maintenance of claims. Thus, individuals and groups define a situation of conflict with 

reference to objective considerations.  

According to Kellner (1989:167) scarce resources are major causes of conflict between 
individuals and groups within political systems and between nations. As he put it, ―the control and use 
of (natural) resources lies at the heart of the deepening crisis in the world today‖. He describes this 
crisis as separating the world into axis of material comfort and abundance and a large sections of 
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humanity (that is the LDCs) characterized by want, poverty and misery. According to Scarborough 

(1998), in situations where existing structures are titled in favour of one group while putting the 
others at a disadvantage, where cultures are seen as exclusive; where holders of certain powers or 

privileges are refusing to acknowledge the rights of others to be different; or where people find it 
difficult to identify with the political and economic ideas of a political regime, the chances are that 

conflict will emerge and escalate if nothing is done to correct such anomalies.  

The interplay between globalization and conflict is a complex and controversial one. There is 
no consensus among scholars on the nature of the relationship between globalization and conflict. For 

the purpose of the discourse we shall examine this linkage by presenting the arguments of the two 
schools of thought: The liberal perspective and the dependency theory (otherwise known as the 

structuralists).  
The liberals (Fikuyama, 1989; Blainey, 1973) argue that highly globalized countries (that is 

countries that depend heavily on international trade and investment) are likely to experience higher 

economic growth, greater affluence, more democracy and increasingly peaceful conditions at home 
and abroad. According to the liberals, economic globalization is the main cause of economic 

development which leads to more nature democracy and more stable political system. The argument 
is that high level of economic development, achieved through economic globalization is able to provide 

most of the needs of the citizenry. And because citizen‘s needs are met by their governments they will 

have no incentive to engage in violent protest and rebellion against their governments. In other 
words, economic globalization is a platform for a more peaceful domestic political system. 

Contemporary liberals derived their theoretical direction from early liberal progenitors such as 
Adam Smith, Montesquieu, David Ricardo, Jeremy Bentham and Richard Cobden among others. These 

early liberals also argued that mutual trade and economic interdependence provide a stimulus for 
cooperative and harmonious behaviour among peoples and nations. In our contemporary times 

liberals like Fukuyama (1989) are major advocates of aggressive globalization characterized by ―less 

state, more market‖. In his analysis of the relationship betweenfree trade and interstate relations, he 
argued that strong trade link between nations raise the level of economic development in rich as well 

as poor nations alike. He opines that a high level of economic development increases the chances of 
democratic governance, and the existence of democracy in turn reduces the likelihood of war against 

other countries with democratic governments. This is in line with Chua (2004) argument that link 

political globalization (that engenders democracy) with a more harmonious and peaceful domestic 
polity.  

Apparently, the liberal school of thought holds that a high degree of openness in the economy 
will strengthen the level of economic development. A prosperous country has a greater likelihood of 

having a democratic form of government; the final link in the chain is that both democracy and a high 

level of economic development have a positive effect on domestic and international peace. As a result, 
a scholar like Bussman and Schneider (2007) therefore concluded that the more globalized a country 

is the less internal conflict it will experience.  
In sharp contrast to the liberal theoretical paradigm, scholars of the dependency (or 

structural) model (Waters, 1995; Barber, 1995; Boswell & Dixon, 1990; Gurr, 1970) argue that high 
level of globalization (that is high levels of trade and investment) tend to generate greater economic 

inequality, social injustice, unresponsive state institutions and social deprivation. These scholars 

argued that globalization is often disruptive and inequitable in its effects and this has posed new 
challenges to existing public institutions. According to these scholars, globalization broadly 

understood, is an accelerator of social change and as such acts as a catalyst for conflict aggravating 
the tension in any given society and even creating new ones.  

Galtung (1971) gave an explanation on how high external economic dependence leads to 

socio-economic inequality, deprivation and conflict. He argues that the penetration of foreign capital 
into peripheral economies leads to exploitation of local human and natural resources and to the 

repatriation of profit back to the imperial centres. This process results in impoverishment, inequality 
and misery in the peripheral societies. The production of raw materials in poor regions of the world 
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like Africa, according to Galtung (1971) serves to prevent competence building and the economy 

remains export oriented; that is, the economy exist to service the ever expanding industries of the 
developed industrialized countries; in the process of producing raw materials for the industries of the 

developed world, asymmetric ties are created between the local elites and foreign interests, this 
contributes to income inequality and poor standard of living in the LDCs.  

Hegre and Gleditsch (2001) also indentified neoliberal policy of globalization as a major 

instigators or motivators for inequality, deprivation and socio-political upheaval and conflict. They 
argue that economic liberalization and deregulation, privatization policy, removal of subsidies on public 

services, openness and free trade necessitated by economic globalization has mainly brought about 
deprivation, misery and inequality as well as wasteful, reckless and unsustainable exploration of 

natural resources in the peripheries. They opine that globalization creates an environment of wide 
spread poverty, inequality and social injustice through its policies of labour rationalization (or 

downsizing), deregulation, liberalisation and less government intervention in the socio-economic lives 

of its citizenry. This was evidently demonstrated in the 1980s when most African countries embraced 
the IMF imposed structural adjustment programmes (SAP); all states that swallowed the bitter pills of 

SAP came out worse off with lots of socio-political upheavals and instability.  
In trying to achieve the research objectives, we decided to adopt the dependency model 

explanation of the linkage between globalization and conflicts. Africa has not fared well with 

globalization Most Africa states are continuously battling with huge socio-economic and political 
challenges visited on them by globalization. Our reasoning is that most of the socio-economic and 

political upheavals and violence cannot in any meaningful, way be explained without connecting them 
to the process of globalization. It is with this in mind that the paper will investigate the role of 

globalization in the resource based conflict in the Niger Delta of Nigeria.  
DIFFERENT PHASES OF GLOBALIZATION AND CONFLICT IN AFRICA 

As earlier reiterated, globalization is not a recent phenomenon in the international system.  

It may be a new concept that gained popularity about two decades ago, but as a phenomenon in 
interstates relations, it could traced to 15th century expansion or internationalization of  Europe 

capitalism to the underdeveloped  societies of the world. Imperatively, the process of globalization 
cannot in any meaningful way be separated from the development of capitalism; in other words, it 

was deliberately designed as a vehicle to project, consolidate and internationalize capitalism as a 

mode of politico-economic system.  
African‘s encounter with globalization can traced to the subtle, forceful and violent integration 

into the international capitalist system. Africa‘s first painful and sad experience with global Europeans 
started in the era of European industrial revolution and the resulting Europe illegal and inhuman slave 

trade and political incursion into Africa. The next phase of Africa‘s unfortunate experience with the 

globalization process was the unjust and haphard balkanization of the societies and peoples of the 
continent among competing European powers near the end of the 19th century. The long European 

colonial rule sowed seeds of ethno-religious discord in all occupied territories with different European 
stamps in the continent characterized by rapacious looting of its natural and mineral resources. The 

end of this era heralded the emergence of the post-colonial and cold war phase characterized by 
economically and politically weak, underdeveloped and dependent state structures in the continent 

that were torn apart and war ravaged by two ideologies – Western capitalism and Eastern Bloc 

communism. This era was also characterized by the propagation of neo-liberal economic philosophy 
and principles that further weaken the functionality and relevance of African states to the people of 

the continent. It is this western political and market oriented economic prescriptions, packaged to 
African states as panacea to all their social ills that has become the corner stone of contemporary 

globalization (Okpalaobi, 2014:35).  

Specifically, four different phases of Africa‘s incorporation into global capitalist system can be 
identified:  
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First Period:  1500 – 1800 (The Mercantile Phase)  

Second Phase: 1800 – Colonial Period  
Third Phase: 1950 – 1970 (New Colonial Phase)  

Fourth Period: 1970 – Date (Post Imperial Phase)  
The first phase took place prior to the era of colonalization of the most of the continent roughly 

between the middle of the 15th century and the middle of the 19th century. This phase itself has at 

least two stages - the early commercial incorporation and the inhuman era of slave trade. This period 
of carnage which lasted for about five hundred years (1500 – 1890) witnessed the exportation of an 

estimated 22 million young and able bodied Africans to the Americas and Europe (Kanu, 2008; Ogot, 
1999). Slave trade was a response to the demands of the industrial revolution of the Western 

Hemisphere; African labour was forcefully acquired to work the new plantations in Americas in order 
to feed the emerging industries of Europe. This period was also an era of intense and prolongs violent 

conflicts involving slave raids and wars between Europeans and Africans as well as among African 

societies.  
The second phase of incorporation took place during the period of direct colonial domination 

roughly between 1884 and 1960.  This era was characterized by the haphazard balkanization of Africa 
by competing European powers; the forceful and direct occupation, control and domination of African 

states as well as the reckless exploitation of the natural and mineral resources of the continent. It is 

also instructive to note that this phase was fundamentally responsible for the present Africa‘s political 
map, economic structures and its disadvantaged position in the contemporary global division of labour 

that serves the interest of Western nations.  
The third phase of Africa‘s incorporation took place during the three decades between the 

beginning of its decolonization in the early 1960‘s and the end of the cold war in 1991. The period 
witnessed wars of liberation in countries like Algeria, Mozambique and Angola; several cases of 

external powers intervention in African politics and conflict situations; and also reoccurring cases of 

cold war induced military coups on the continent.  
The fourth phase of Africa‘s incorporation which corresponds with the advent of new 

globalization, like the third phase, witnessed a significant reduction of the limited sovereignty of 
African States occasioned by the intrusive and aggressive nature of contemporary globalization driven 

by old Bretton Woods‘s institutions like the international Momentary Fund (IMF), World Bank (WB) 

and World Trade Organization. It was this period, especially in the 1970s and 1980s that Africa went 
through her worse economic challenges; a situation that left Sub-Saharan Africa in debt-trap under 

the tutelage of the WB and IMF also ushered in a spate of riots and conflicts within and across the 
continent. By the end of the Cold War, precisely in 1990, a spate of ethno-religious (or sectarian) 

conflicts and civil disorder ravaged many African nations. This period was also marked by military 

inter-regnum in many of African countries. Even most recently, Guinea, Sao Tome and Principle had 
military coups in 2003.The growing militarization of Africa assumed a more dangerous dimension in 

the proliferation and use of small arms, light weapons, the involvement of child soldiers and the 
struggled for the control of mineral resources in conflict theatres like Liberia, Sierra Leone, Congo DR, 

Sudan, Somalia, Rwanda, Burundi and Nigeria (Okpalaobi, 2014:36).  
These globalization induced conflicts in Africa has undermined national solidarity, social 

cohesion and also adversely affected economic growth in the affected countries. And areas of conflict 

that has attracted global actors, is the enormous mineral or natural resources of Africa. Global actors 
because of their insatiable appetite for the mineral and energy resources of Africa, have been virtually 

involved in all known cases of natural resource based violence and conflicts on the continent. We shall 
now turn to examine how globalization has complicated and prolong the Niger Delta oil resources 

conflict in Nigeria.  

ROLE OF GLOBALIZATION IN THE NIGER DELTA CONFLICT  
There are two incontrovertible facts about the Niger Delta region of Nigeria: First, it is a 

region of strategic importance to both the domestic and international economies. Its oil and gas 
resources accounts for about 80 percent of total government revenue, 95 percent of foreign exchange 
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earnings, 95 percent of National Budget and over 80 percent of National Wealth (Tell, February 18, 

2008:33). Secondly, the Niger Delta is also a region of great and troubling paradox; it is home to 
stupendous wealth as well as inhuman poverty (Inokoba & Imbua, 2008:643). The dilemma of the 

region is that, its wealth and riches has become a source of poverty, squalor, pain and curse to the 
people of the oil bearing communities. The reality is that despite its invaluable contribution to the 

sustenance of the Nigerian State, the Niger Delta is now home to some of Africa‘s poorest people and 

some of its worse cases of environmental destruction. Infrastructural development is almost non-
existent, while poverty is 80 percent and unemployment is 85 percent. Indeed, the region falls below 

the national average, in all measures or indicators of development (Ebienfa & Nwaodike 2010; Ibaba, 
2005:13-14). Apparently in return for their generosity and patriotism, Nigeria has rewarded the Niger 

Delta  with severe neglect and abandonment, political and economic deprivation, mindless looting of 
the revenue generated from the region, joblessness, biochemical poisoning and brutal military assaults 

that has led to wanton destruction of lives and property (Ejovi, Ebie & Akpokighe, 2014:147). Progress 

has been put on the reverse in most Niger Delta communities. For instance, the best the Nigerian 
state could do to immortalize Oloibiri (where oil was first discovered) thus far was to erect a 

commemorative pillar cum foundation for a non-existent Nigerian Institute for Oil and Gas Research 
besides the No.1 well in March 2001 (Ebienfa & Nwaodike, 2010). It is this vexed situation of socio-

economic, political and environmental disempowerment, dispossession, alienation and injustice that 

has engendered and continues to sustain the oil resource conflict in the Niger Delta.  
In agreement with scholars like Obi (1999 & 2010) and Ebienfa and Nwaodike (2010), the 

paper argues that the violence associated in the oil industry was initiated and is been sustained largely 
by the exogenous forces of globalization in collaboration with unpatriotic and irresponsible Nigerian 

political class. It is a truism that the involvement of global oil conglomerates and their unholy alliance 
with the Nigerian state has engendered a lot of social contradictions that have continue to provoke 

vexation and conflict in the oil rich region. The subordination and violation of the rights of the people 

of the oil bearing communities by oil multinational companies (OMNCs) in partnership with the 
Nigerian state in their quest for profit is thus seen as a critical and explosive element in the linkage 

between bad politics and the Niger Delta conflict (Obi, 1999:40). Apparently, the power relations of 
the OMNCs with the Nigerian state is said to be sophisticated, ruthless, hegemonical, secretive, 

unorthodox, exploitative, treacherous, greedy, opportunistic, criminal and corrupt (Watt, 1999; Obi, 

2001). They are self interested, insensitive and poorly responsive to local and regional dimensions of 
environmental issues. In the Niger Delta therefore, interest of the OMNCs is squarely profit 

maximization and they thus disregard existing global environmental regulations and laws and 
capitalized on the weak and ineffective law enforcement and implementation structures of the 

Nigerian state.  

The fingers and influence of globalization is seen in all facets of the Niger Delta issue: 
Globalization has a critical role in oil exploration, operations and management; it is evidence in the 

presence of diverse transnational actors in the oil and gas industry; it is involved in the Nigerian oil 
politics; that is in the formulation of its obnoxious laws and the allocation of its benefits (that is, the 

accruing revenue); it is a principal actor in the aggressive and criminal  pollution of the Niger Delta 
environment- seen as ecocide committed against the people of the region; it is seem as a major 

instigator of the criminality and violence in the region; and as well as served as a platform for the 

internationalization of the Niger Delta peoples struggled and agitations for socio-economic, political 
and environmental justice  within the Nigerian state.  

In similar vein, Obi (1999:40) averred that the environmental conflict in the Nigerian oil 
industry, particularly in the Oil-rich region of the Niger Delta, is ―globalized‖ in the sense of the 

presence of global actors in the local communities; the integration of the local communities via oil 

production into the global economic system and the connections being forced by local social 
movement to the global human rights agenda; and international human and environmental rights 

groups in the fight against the state-global oil alliance.  
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Even before the discovery of oil in commercial quantities the 1950s and its eventually 

production, the Niger Delta communities because of their natural resources endowment have come 
under global influence  owing to the entry of foreign MNCs which have paved their way into the 

region. This entry which was facilitated by the Nigeria state has a long history. It can be traced to the 
colonial oil and mineral laws of 1887, 1907 and 1914 which vested the ownership of oil in the colonial 

state and gave an oil exploration monopoly in Nigeria to British conglomerates. However, in 1959, the 

oil exploration monopoly held by shell-BP over the country was broken and other western oil 
companies were granted oil concessions (Kaur, 2014; 149; Obi, 2010:22). According to the Nigerian 

Oil and Gas Sector Reform Implementation Committee, OMNCs like Shell, Chevron Texaco, Exxon 
Mobil, Total and Agip, accounts for over 95% of Nigeria‘s oil and gas production (Obi, 2010:224). 

These multinationals have greatly benefited from oil in the Niger Delta. For instance Exxon Mobil, the 
World largest oil company announced a record profit for 2007 approximately 40.6 billion dollars with 

total company sales of more than 404 billion dollars (Obi, 2010:25).  

Apparently, from the foregoing, the principal players in the Niger Delta saga are OMNCs 
(which mine and produce the oil), the Nigeria state (which depends on oil for 80% of its revenue, and 

over 95% of the country‘s foreign exchange earnings), and the communities (and social movements) 
of the oil producing communities of the Niger Delta (Obi, 1999:42). However, the central role of oil 

multinationals in the global economy as suppliers of very cheap source of energy makes them a 

central player not only in the global accumulation of capital. They are even more strategically so in 
context of a global political economy that ―simultaneously concentrates wealth and energy both on 
certain locals and at certain social levels by extracting and dispossessing from other locales and social 
levels‖ (Saurin, 1996:87, cited in Obi, 1999:42). It is this globally structured social relation of 

production that defines the Niger Delta as ―a locale and social level of dispossession‖, and dialectically, 
a site of local resistance.  

From all indication, the relationship among the three major actors in the Niger Delta situation 

is an unequally and conflicting one; a relationship that put the oil bearing communities at the mercy of 
the unholy partnership between the oil conglomerates and the Nigerian state. And for one to 

understand why the Nigeria state would project and protect the interest of foreign capital against that 
of its citizenry there is need to locate it at the nature of the Nigerian state and its ruling class. As a 

decadent, underdeveloped and irresponsible capitalist state, the Nigerian state through obnoxious 

legislation promotes and protects the interest of the dominant, ruling class and that of the foreign 
class. The obnoxious laws that govern the oil industry such as the Petroleum Act of 1969, Land use 

Act of 1978, etc, disempower and prevent the Niger Deltans from benefiting from the resources 
produced in their domains (Ebiefa & Nwaodike, 2010).  

This Nigerian dominant class romance and over-dependent and subservient relationship with 

foreign capital at the expense of the Nigeria  populace, has made scholars to severally describe the 
Nigerian state as exploitative, cruel  and irresponsible (Ake, 1981); illegitimate, oppressive and 

repressive (Okaba, 2003); weak, captured, dependent and hegemonic (Orugbani, 2002); factionalized 
and privatized by a class of Kleptocratic elites to protect their tenuous relationship to the productive 

forces (Efemini, 2004) and lacks autonomy (Ake, 2002). As a result of the above features, it is 
therefore less surprising that the Nigerian people are short changed, alienated and disconnected from 

the Nigerian state.  

Likewise in the Niger Delta Saga, the Nigerian state has been playing the compromising and 
unpatriotic role of protecting the interest of global oil conglomerates as against the legitimate 

demands of Niger Deltans for better quality of life and environmental justice. Over the years, the 
Federal Government of Nigeria has promulgated laws that have disempowered and dispossessed the 

oil bearing communities of their rights to the ownership and control of nature given resources. All this 

is done to create an environment for an unhindered and smooth extraction and exploitation of the oil 
and gas resources of by region by OMNCs.  

However, the presence of these obnoxious laws and the militarization of the region have not 
in any way prevented or stop the agitations, protests and violent insurgency against the Nigerian state 
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and their collaborators, the global oil multinationals. According to Obi (1999:41) this vexed situation in 

the Niger Delta has engendered a conflict between the forces of extraction and resistance. And it is 
this conflict between the opposing forces that connects the local (that is, the region) to the global, 

and assume complex forms in which social networks can be located within, or connected with two or 
more levels. As such the conflicts are waged, not just in the oil communities, but also at the national 

and global levels.  

The Nigerian state is therefore compelled to mediate the attendant conflicts at all three levels: 
the global, national and local in a manner that is broadly protective of the interest of global capital, 

and safeguards its own interest in a manner that will secure the balance of social forces within the 
ruling class, as well as the reproduction of its hegemonic bloc. According to Obi (1999:42), at stake is 

not only the issue of power and control of the environment for oil production and capital 
accumulation, the distribution of oil rent or surplus in favour of the ruling class and related interests 

but also the critical one of equation of state to oil power. Thus, the social forces of local resistence in 

the Niger Delta seeking to block extraction from, expropriation and degradation of their environment 
have had to contend, not just with the might of the transnational global interests, but also with the 

power of the state itself.  
Thus one way through which globalization as represented by global oil conglomerates, has 

instigated and complicated the Niger Delta situation, is through its meddlesomeness in national as well 

was as local politics. Through their control of the governing class these oil multinationals over the 
years have able to ensure that federal laws and policies especially those of the oil industry are 

designed and tailored to protect their interest as against the national interest of the Nigerian state. It 
is for this reason that conspiracy theorist have attributed the inability of the National Assembly to pass 

the critical Petroleum Industry Bill (PIB) over the years to the behind the scene lobbying by OMNCs to 
prevent its passage.  

Likewise, the oil multinationals on several occasions have been complicated in local conflicts 

through their pay offs to ―pro-company‖ groups, elites, militias and chiefs. Such pay offs have either 
been the object of conflicts or division within and between communities, while some of it has ended 

up for the payment for arms to unleash further violence on the groups or the oil companies 
themselves (Obi, 2005:18). These divide and rule tactics and impunity of the oil conglomerates has 

been one critical element that has fuelled the crisis in the region.  

The globalization instigated resource conflict in the oil rich Niger Delta is also expressed in the 
form of the push and pull of social movements (or forces) intent on blocking continued oil extraction 

(and degradation) and impoverishment of the environment, and those seeking to demobilized and 
suppress the forces of local resistance in order to ensure the uninterrupted exploitation of oil. As such 

wanton exploitation of the environment continues, backed by state repression, the conflict over oil 

resources and land (and water) from which oil is mined is exacerbated and transformed into a 
struggle for power over oil production and the distribution of the benefits accruing from it (Obi, 

1999:42). 
In the Niger Delta, the interest of the oil multinational is squarely profit maximization as such 

they have over the years flouted all existing global environmental laws and standards. Globalization 
has also revealed that that naked and surface gas flaming, non-challant attitude to oil spillage cases, 

surface pipe laying, etc are not obtainable in western countries where same oil corporations operate. 

The gravity of the situation is under covered by the fact that the land and waters, as well as the plant 
and faunae of the Niger Delta are exposed to toxic hydrocarbon waste discharged by the oil industry. 

In fact, there are abundant empirical evidence to this effect even though Shell and other oil 
multinationals have continued to deny responsibility. According to Rowell (1994:12, cited in Obi, 

1999:43), about 40% of shell‘s spill world – wide have occurred in the Niger Delta while shell has 

blamed the high incidence on sabotage by aggrieved people of the oil bearing communities. However, 
a study by the Nigerian Ministry of Petroleum Resources puts ―the largest cause of spill as equipment 

malfunction‖ (38%), and ―corrosion of equipment‖ (21%)(Oyekan, 1991, cited in Obi, 1999:43). 
Reports from the World Bank study indicates the concentrations of dissolved petroleum hydrocarbons 
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in bodies of water in the Niger Delta are up to fifty times greater than European and US Standard of 

safe drinking/domestic water. The report further revealed that ―as much as 76% of all the natural gas 
from petroleum production in Nigeria is flared, compared to 0.6 in the US, 4.3 in the UK and 21% in 

Libya. The flaring is a serious hazard. The same World Bank Report revealed that the emission of Co2 
from gas flaring in Nigerian releases 35 million tons of CO2 a year and 12 million tons of methane, 

which means contributes more to global warning than the rest of the world put together (Obi, 

1999:43)  
Thus, in addition to contributing to the economic woes of the people of the Niger Delta, the 

operations of global actors in the region have also contributed to environmental devastation. Gas 
flaring, oil and water pollution, bush burnings and the emission of carbon monoxide are all fallouts of 

the reckless operations of oil multinationals in the Niger Delta. For instance, the extremely high 
temperature that gas flaring produces has made living in many oil bearing communities nearby 

impossible. Oil exploration and exploitation have also caused the alteration of habitats, biodiversity 

loss and deforestation and shortage of land and water supply. And since farming is the main economic 
activity of the affected communities, with 60% of the population dependent on the natural 

environment for its livelihood, oil generated environmental pollution which affects farming and fishing, 
makes it extremely difficult for the inhabitants to earn a living (Kaur, 2014:149).  

The pertinent question is why are these global oil conglomerates so irresponsible, reckless, 

lawless and ruthless with the Niger Delta Environment? Why are these multinationals which are 
responsible and law abiding in their respective home countries, become so destructive to the 

environment of the Niger Delta? The answer has to do with the irresponsible, unpatriotic, dependent 
and weak nature of the Nigerian state. The state because of its compromising, parasitic and 

dependent relationship to international capital, has found it extremely difficult or better still unwilling 
to put in place nationalistic laws and regulations that would have checked the excesses of these global 

oil giants. 

The impurity of this global oil majors in their dealings with the people and environment of the 
Niger Delta has over the years created vexed and desperate situation in the region that has continued 

to fuel the violent protests and agitations in the Niger Delta. The agitations in the Niger Deltans which 
started on a civil and peaceful template have evolved into violent and armed insurgency as a result of 

the unresponsive and deaf nature of the Nigeria state. The inglorious killing by the Nigerian State of 

the Ogoni peace advocate and environmentalist, Ken Saro Wiwa and the nine others, marked a 
turning point in the Niger Delta struggle for justice; it was at this point all hell was let loose in the 

region, as different agitating groups came to the realization that they cannot achieve their purpose 
through dialogue and peaceful means. Moreso, the dialogue option failed because the Nigerian state 

has refused to implement numerous blue prints for development of the region. As a result, this 

compelled the youths to militarize the resource control struggle to press home their demand. The 
most potent of these militant groups that successful gotten global audience is the Movement for the 

Emancipation of the Niger Delta (MEND). To gain global attention, MEND has successfully launched 
series of daring raids into fortified oil installations onshore and offshore and kidnapped foreign oil 

workers, detonated explosive devices near oil compounds, and fought pitched bottles on land and sea 
with Nigeria‘s military forces, and publicized its activities on various global media. That is by using the 

internet to send emails and images to the world‘s leading news agencies and local newspapers and 

even taking journalist to its camps in the creeks of the Niger Delta. It also gained much international 
attention from its threat to cripple the Nigeria oil export (Obi, 2008:16, cited in Ebienta & Nwaodike, 

2010). Obviously, the militant‘s anger is against the government and oil companies which in tandem 
with the Oloibiri metaphor are held responsible for the plumber and pollution of the Nigeria Delta.  

Another Niger Delta group that immensely made use of globalization to internationalize their 

objective for environmental justice is the Movement for the Survival of Ogoni People (MOSOP). The 
resistance of MOSOP to the forces of global oil capital is one of the most creative efforts by ordinary 

people to secure their rights against one of the world‘s most powerful multinationals-shell. For the 
Ogonis, advancing the environmental and human rights agenda is a continuation of long standing 
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struggle for self-determination in context of the Nigerian federalism. It was also an example of the 

universalization and legitimation of the global rights agenda in the post-Cold War era (the struggle for 
democracy, civil rights, minority rights and environmental rights) and the de-legitimation of military 

rule on a global scale. MOSOP succeeded in globalizing its struggle by connecting the Ogoni course 
into the global rights discourse on the universality of human rights and freedom, and thereby won the 

attention and support of significant sections of global civil society to the cause of local resistance (Obi, 

1999:52). Through linkages with INGOs such as Amnesty International, Human Rights Watch Africa. 
Inter-Rights, Greenpeace, Friends of the Earth, Rainforest Action Network, the Netherlands‘ 

Committee of the International Union for the Conservation of Nature and a host of other NGOs, 
MOSOP was able to project shell‘s sins and environmental atrocities to the global front burner and 

discourse (Obi, 1999:53) 
Again, as a result of the interconnectedness brought about by the process of globalization, the 

militant activities of local resistant groups have also reverberated to the outside world through its 

impact on global oil price. Due to the interdependent and interconnectedness of the global economy, 
activities in the sub-structure, directly affects the whole. It is thus factual that whereas globalization 

have facilitated the exploration and production of oil by multinationals from the West to the LDCS, it 
has also made it possible for the Niger Delta crisis to have an impact on the price of oil in the global 

market. The violent insurgency in the Niger Delta in several instances has made it impossible for 

Nigeria to meet up its quota of oil production under the Organization of Petroleum Exporting Countries 
(OPEC) arrangement. This has invariably led to several instances of reduction in the supply of global 

oil and hence increases in price. For instance, the period between 2006 and 2009 witnessed one of 
the most brutal and violent conflicts in the history of conflict management. As a result of heightened 

insecurity in the region, Nigeria‘s oil production capacity dropped from 2 million bpd to misery 800,000 
bpd. This invariably means a drop in the supply of oil to the global market as well as increase in the 

price of oil (Nwobueze & Inokoba, 2016:11). Infact, it was this period of unrelenting violence that the 

Niger Delta was described as the most dangerous oil fields in the world. It is also important to note 
that without globalization it would have been almost impossible for militant groups in the region to 

access the lethal instruments of violence. The dark side of globalization that is characterized by 
corruption and illicit transnational exchange has made it possible for resistant groups to exchange 

stolen crude for sophisticated guns and ammunition that has sustained the insurgency.  

One other area the forces of globalization have manifested in the Niger Delta situation is its 
connection with the criminal activity of oil theft (or illegal bunkering). Oil bunkering is a major factor in 

the Niger Delta crises. There are two basic typologies of bunkering in Nigerian oil industry; as the 
name implies, legal bunkering refers to the activities of those licensed to lift crude oil by the Federal 

Government of Nigeria. On the other hand, illegal bunkering connotes the activities of those who 

carryout bunkering without government authorization (Ebienfa & Nwaodike, 2010). This is what is 
generally referred to as oil theft.  

The criminal activity of illegal bunkering which is mainly associated with militancy in the Niger 
Delta is a creation of the Nigerian state. The argument is that, those who are licensed to carryout 

bunkering legally are predominantly non-Niger Deltans. And secondly, those legal bunkers in 
collaboration with corrupt state officials and the oil companies introduced illegal bunkering into the oil 

business in order defraud the Nigerian Government. The smuggling of Nigerian crude oil is estimated 

to account for as much as 35 per cent of the country‘s oil exports, although estimates vary widely. 
The Federal Government sources, however, put the estimate of stolen oil at about 300,000 bpd 

(UNODC, 2005, cited in Inokoba & Ebienfa, 2013:108). Although oil theft at this scale requires 
sophisticated organization, and the complicity of state officials up to a very high level, it also flourishes 

amidst the poverty and a sense of injustice in the Niger Delta. People in many Niger Delta 

communities feel that they derive no benefit from the oil trade and may therefore collaborate with 
criminal networks in the illegal export of oil.  

The complexity and transnational nature of the business of illegal bunkering is illustrated by it 
sheer number of players of various nationalities. While the Niger Delta youths may handle the local 
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tapping and loading, international syndicates from Eastern Europe (such as Poles, Ukrainians, 

Romanians, Georgians, etc), Russia, Australia, Lebanon, Netherlands, France and new entrants like, 
Filipinos, Senegalese, Togolese and Ghanaians all play roles in financing, transporting and laundering 

the money associated with the illicit business (Garuba, 2010, cited in Inokoba, 2012:335). Criminal 
groups with links to militant groups in the Niger Delta carryout much of the stealing and trafficking in 

oil. According to a UNODU Report (2003, cited in Inokoba, 2012:335), oil is stolen by ―hot tapping,‖ 

where an unauthorized secondary pipeline is attached to a company mainline in which the oil is 
flowing under pressure, or by ―cold tapping‖, which involves blowing up a pipeline and putting it out 

of use, which gives the criminals enough time to attach their spare pipeline. The stolen oil is 
eventually loaded into barges and tankers and sold in Nigeria and the surrounding regions (in Ghana, 

Cameroon, Cote d‘Ivoire, and even South Africa). This is one major means through which globalization 
connects the criminal business of oil theft because crude oil tapped illegally by criminal gangs in the 

oil rich Niger Delta is sold to vessels awaiting offshore for onward shipment tothe global market. And 

because stolen crude enjoys spot – market without capital cost, there is no gain saying the fact that 
illegal oil bunkering is conveniently the most profitable privates business in present-day Nigeria 

(Inokoba & Ebienfa, 2013:110). 
Apart from the economic loss and negative investment on onshore exploration and 

production, illegal oil bunkering fuel conflict, militancy and undermine the authority of the Nigerian 

state through increased arms proliferation and drug abuse which have destabilized the Niger Delta 
region. Today, virtually all militant groups in the Niger Delta are involved in oil theft business which is 

made possible by globalization. The fact is that because crude oil in the international black market is 
very cheap, criminally minded foreign business interests are ever ready to arm the militants in the 

Niger Delta in exchange for stolen crude oil. The violent insurgency in the region is thus driven and 
sustained by the proceeds from the lucrative oil theft business. Indeed, oil theft and smuggling like 

any other illicit trade in natural resources such as diamonds, apart from its drain on the fragile, mono-

cultural economies of Africa states, is a real driver and  instigator of violence  and conflict in the 
continent as evidenced in the role this factor played in the Liberian, Sierra Leonean, Congo DR, Sudan 

and Angolan conflicts. And all these situations like the Niger Delta crisis were initiated and sustained 
by the connection of these natural resources to the intrusive and powerful forces of globalization.  

CONCLUSION 

Based on our investigation of the linkage of the forces of globalization and the protracted 
conflict situation in Nigeria‘s Niger Delta, the paper came to the following conclusions. One, 

globalization is a major instigator of conflicts on the African continent. That is the involvement of 
forces of globalization has complicated and prolonged African conflict theatres through the 

introduction of both continental and extra-continental actors, processes and as well as the continuous 

supply of instruments of violence. Secondly, that the forces and actors of globalization over the years 
have contributed to the further weakening, hollowing and corrupting of the government process and 

structures in Africa. As a result of the intrusive, penetrative and strangulating effects of globalization 
on public policies and governance processes, most African states have become less nationalistic, less 

responsible and less responsive to the welfare needs and concerns of their citizens. The Niger Delta 
reveals how the forces of globalization have succeeded in hijacking the public policy making processes 

through compromising governing class and employment of the coercive instrument of the state to 

disempowered, alienate, brutalize and violate the socio-economic, political and environmental rights of 
the local populace.   

Thirdly, the situation in the Niger Delta has also revealed that the marriage between forces of 
globalization and conflict in Africa has bought a lot hardship, pain and misery to the societies where 

these conflicts are located. In the Niger Delta like Congo DR, Liberia, Sierra Leone and Sudan mineral 

resources that could have brought a lot of wealth and better living condition to the people have 
instead brought about mainly misery, pain and poverty to the affected societies. As a result of the 

romance between the force of globalization and the managers of the African state system, the 
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continents‘ enormous mineral resources have now become a source of curse and pain to the African 

people.  
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Chapter 6 
Ecological Adaptation to Aquatic Life 

 
Azubuike Adams 

Nigeria Police Academy,Nigeria 
Abstract 

Ecological adaptation to aquatic life was reviewed by considering the following, aquatic animals, 
different types of adaptations, physiological adaptive features, structural and functional adaptive 
features, behavioural adaptation. The ecological adaptation of aquatic life is centered on the biotic 
components in water which are plants and animals. The plants are the autotrophs while the animals 
are heterotrophs. Meaning the plants have the ability to produce their own food while the animals 
cannot. Structural and Functional Adaptive Features of Secondary Aquatic Animals include the 
following Body Contour, Modification for Locomotion, Limbs, Fins, Types of Locomotion,  Modification 
of Endoskeletons,  Skull, Neck, Ribs, Girdles, Limb Bones,  Modification of other Internal Organs, 
Digestive System. 
Keyword: Adaptation, aquatic life, structural, physiological and behavioural  

 
Introduction 

Unlike biology, ecology refers to the study of not just organisms but how they react and are 

affected by the natural surrounding environment or ecosystem, while adaptation can be said to be an 
evolutionary process whereby an organism becomes increasingly well suited to living and reproduce in 

a particular habitat. Natural selection over many generations results in helpful traits becoming more 
common in a population this occurs because individuals with these traits are better adapted to the 

environment and therefore more likely to survive and breed. Adaptation is also a common term to 

describe these helpful or adaptive traits. In other words, adaptation is a feature of an organism that 
enables it to live in a particular habitat and it is not a quick process. Whereas, water is a homogenous 

medium for animals the medium is heavy in concentration than air with stable gaseous and osmotic 
concentration in a specific region, temperature fluctuation is minimum for a particular region. Water 

bodies generally have very rich food resources. By studying the plants and animals in a body of water 

as well as the components of the water itself, a scientist specializing in water ecology can discover 
vital information about the health and needs of a water system, water ecology is a study of the inter-

relationships between water organisms and their natural and cultural environments in studies of the 
ecology of water, habitats are classified as upland and lowland. Upland habitats are cold, clear, rocky, 

fast flowing rivers in mountainous areas; lowland habitats are warm, slow flowing rivers found in 
relatively flat lowland areas, with water that is frequently coloured by sediment and organic matter. 

Classifying rivers and streams as upland or lowland is important in freshwater ecology as the two 

types of river habitat are very different, and usually support very different populations of fish and 
invertebrate species. Aquatic life basically comprises the biotic and abiotic where the biotic life is made 

up of animal and plants. 
Aquatic Animals: 

Aquatic animals do not have the ability to produce their own food so they fed on already 

made food, it is expected that they should have the ability to swim in other overcome the resistance 
of the surrounding medium. Therefore, it should have a streamlined body with an organ or ability to 

float. The animal should also have to overcome the problem of osmoregulation. There are two types 
of animals living in the present day water, which have undergone aquatic adaptation. According to 

their origin, they are primary and secondary aquatic animals. 
Primary Aquatic Animals 

Those animals, whose ancestors and themselves are living in the water from the very 

beginning of their evolution, arc called primary aquatic animals. In other words, primary aquatic 
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animals never had a terrestrial ancestry. They exhibit perfect aquatic adaptations. All fishes are 

primary aquatic animals. 
Secondary Aquatic Animals 

Those animals whose ancestors were lung breathing land animals, migrated to the water for 
some reason and ultimately got adapted to live in aquatic habitat, are called secondary aquatic 

animals. Some of them live partially while others live totally in the water. All aquatic reptiles, aves and 

mammals are representatives of secondary-aquatic animals. Amphi-bians are in a transitional form 
between primary and secondary aquatic life. 

Different Types of Adaptations 
Marine organisms have adapted to the great diversity of habitats and distinctive 

environmental conditions in the marine environment. Adaptations are many and varied but they are 
generally grouped into 3 main categories: structural, physiological and behavioral. 

Structural Adaptation 

Structural (or morphological) adaptations are the physical features of the organism. These 
include things you can see, like its shape or body covering, as well as its internal organization. 

Following are a few of the ways that marine organisms have adapted their physical features to suit a 
particular habitat.  

Seawater is much denser than air -- as a result there are vast numbers of microscopic 

organisms suspended in it. Cockles, as well as many other bivalves, are filter feeders. They have 
adapted specialized siphon structures to filter these organisms and any other particles of food from 

the surrounding water. 
Estuaries have quite variable conditions - tides, waves and salinity fluctuations affect the 

animals and plants that live there on a daily basis. Many animals, such as cockles, are adapted to live 
in these conditions. They have strong shells that protect them from wave action, drying out and the 

prying beaks of predators. 

Coastal plants need special adaptations to survive. For example, many types of seaweed 
attach firmly to rocks so they are not swept away by waves. Their leaf-like fronds are tough and 

leathery, which helps protect (hem from being torn by the waves or dried out by the sun. 
Structural adaptive features of primary aquatic animals  

i. Body contour: 

Streamlined body is the primary requisite for aquatic life. There are no protuberances on the 
body except fins. The anterior part (entrance) of the fish's body has the least cross sectional area the 

middle portion (run) has the highest cross sectional area, while the posterior part is again with shorter 
area. The great backward tapering reduces the drag due to turbulence. Head, body and tail are 

laterally compressed. The edges of the jaws and gill covers of fishes fit precisely with the sub- conical 

head. Eyes are deeply placed on either side of the head. The mucous secretion from the epidermis 
has protective function against infection to the skin and lessens the drag due to friction. Steamlining 

of the Body of Fish helps it to swim easily. 
ii. Fins: 

There are two types of fins - paired and unpaired. Unpaired tins include caudal, dorsal and 
anal fins, while pectoral and pelvic fins are paired. Caudal fin plays vital role in forward propulsion 

during swimming and also acts as a rudder for navigation. Dorsal and anal fins help in stabilizing the 

body by preventing it from yawing (turning around the vertical axis) and rolling (turning around the 
longitudinal axis), during swimming. Pelvic and pectoral fins help to steer the body during locomotion. 

The strong lateral movements of tail fin produce turning in horizontal plane or pitching. Paired fins 
counter balance this pitching. Pectoral fins also act as a brake. 

Physiological adaptations: 

Physiological adaptations relate to how the organism's metabolism works. These adaptations 
enable the organism to regulate their bodily functions, such as breathing and temperature, and 

perform special functions like excreting chemicals as a defence mechanism. Some marine mammals, 
such as whales, migrate over large distances and may spend time in a combination of arctic, tropical 
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and temperate waters to cope with these temperature changes, they are endothermic or "warm 

blooded'. This means that they are able to maintain a constant body temperature that is not 
dependent on the surrounding water, slow-moving species have adaptations that help protect them 

from predators. For example, many marine organisms can only move slowly or not all, this means 
they cannot easily get away from mobile predators, and they have other adaptations to protect them 

from being eaten. These can include chemical defenses in their skin, for example, sea stars. 

Physiological Adaptive Features of Primary Marine Animals  
i. Modifications of Muscles for Locomotion: 

The locomotion in fishes performed by the lateral undulation of the flexi-ble body Bundles of, 
'>>' shaped, muscles, called myotomes, are arranged on lateral side of the body in alternate fashion. 

These bundles are separated by connective tissues known as myocomata. Alternate contraction of 
myotomes produces a series of curves along the body. These curves originate from the head region, 

pass along the body and ends in the tail. The thrust on the static water against this lateral undulation 

generates forward movement of the fish. 
ii. Modification of Bones for Muscular Attachment and Movement: 

Amphicoelous vertebrae make the vertebral column in fishes rigid in the dorsoventral plane 
but flexible laterally and help in the lateral undu-lation of the body. 

iii. Modification for Respiration: 

Gills are the primary respiratory organ in fishes. These are situated in the branchial chambers 
and guarded by operculum. Gill lamellae are richly supplied with blood vessels and efficiently perform 

gas exchange from the water. In relation to gill breathing, necessary modifications have developed in 
fishes, such as venous heart, afferent and efferent branchial systems, etc. 

iv. Modification for Floating: 
Swim bladder, a hollow and large sac filled with gas, is present in the abdominal cavity of 

most bony fishes. This structure is homolo-gous with the lungs of terrestrial vertebrates but serves as 

hydrostatic organ in fishes and helps in floating the fish at certain depth of the water body. 
v. Modifications for Tackling the Problem of Osmoregulation and other Aquatic Hazards: 

The integument of most primary aquatic animals is rich in mucous gland and protected by 
scales. Scale and mucous protect the fishes in two ways - firstly these prevents external water from 

penetrating through the skin and secondly continuous mucous secretion washes out the harmful 

external parasites like bacteria, fungus, parasitic protozoa, etc. from the fish body. 
vi. Modification of Sense Organs 

Sense organs have developed in fish body in accordance to life in water: 
(a) Eyes: 

In all fishes eyes are very large. The lens is spherical with a graded refractive index, which is 
much higher in the centre. Lens is attached to a retractor lentis muscle in the teleostean fishes. The 
muscle has originated from the falciform process and presumed to be nutritive. Rete mirabili are 

present in the choroid layer, which produce a high oxygen tension for retina. Sclera is pro-vided with 
cartilage to resist pressure of water. 

(b) Fate of Ear: 
Weben'an ossicle is a chain of modified vertebrae, which is considered as internal ear in some 

fresh water fishes (Cyprinus. and Gobio can hear well) and have connection with swim bladder. Fishes 

have only internal ears. 
(c) Chemical Senses: 

Sense of taste and smell are well developed in fishes. They have receptors in the lining of the 
buccal cavity, on the barbells and all over the body. Nostrils have no connection with mouth and serve 

as chief receptor for chemo-sensarion, i.e., perceive smell and presence of other chemical substances 

in the water. 
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(d) Thermo-receptor: 

In the elasmobranches numerous pores on the dorsal and ventral sides of the head lead to a 
sense organ, known as ampulla of Lorenzini. This structure is known to be a thermo-receptor but also 

responds to the changes in salinity. 
(e) Lateral Line Sense Organ: 

Two shallow canals on either side of the body, embedded in dermis and extending from head 

to tail, are called lateral line sense organs. This is the most vital sense organ in fishes. Group of 
sensory cells, called neuromast, are sunk in the canal. Lateral line sense organs are associated with 

distant touch and it records the direction, velocity and perhaps the size of the moving object of the 
ambient water. The neuromast cells of the lateral line are connected with the Xth cranial nerve. 

Structural and Functional Adaptive Features of Secondary Aquatic Animals 
A.  Body Contour: 

Secondary aquatic animals have a more or less stream lined body contour. Neck constriction 

disappears. Tail enlarges to take a shape like that offish tail, e.g., aquatic Cetaceans, Sirenia and 
Pinnipcdia. Any protuberances, like pinna or hair disappear from the body. Chest becomes cylindrical 

and modified to bring the internal cavity higher up towards the back. This ensures greater stability in 
floating and also increases lung capacity. 

B.  Modification for Locomotion: 

      i. Limbs: 
In aquatic birds, Pinnipedia and platypus, webbed feet are developed, Limbs are modified into 

paddles in some secondary aquatic animals. In the paddle, the entire limb skeleton is enclosed by 
skin. Various bone joints of the limbs lose their mobility and the entire structure acts as a single unit 

In whales, forelimbs are modified into fish fin-like structure, called flip-pers. Hind limbs of opossum 
and hippo are swimming organs, while that in platypus acts as balancers. In whales, dolphins and 

sirenians hind limbs are absent. 

ii. Fins: 
Other than flippers some caudal or dorsal fin-like structures are present in whales. These 

structures are not supported by skeleton (fin rays) but strengthened by masses of dense connective 
tissues. Dorsal fins may be small in size or sometimes tall and usually triangular in shape. Unlike 

fishes, caudal fins of aquatic mammals are horizontally flattened. Caudal fin of whale is bilobed and 

known as fluke. 
iii. Types of Locomotion: 

In aquatic verte-brates two methods of propulsion can be seen. In sea turtle, oar propulsion is 
present. In this type of propulsion, nearly equivalent fore and hind limbs exert propulsive force. On 

the other hand in sirenians and cetaceans, the forward propulsive thrust comes from the flattened tail 

or fluke. This type of propulsion is known as tail propulsion and in such cases flippers and dorsal fins, 
if present, provide stability. 

C. Modification of Endoskeletons 
i. Skull: 

Cranium becomes shorter and wider. The skull at the front, tends to elon-gate and is 
produced into snout or rostrum. Zygomatic and temporal arches become reduced to vestiges. 

ii. Neck: 

In quick moving forms, loose neck hinders mobility. So neck is remarkably shortened. In 
whales, the cervical vertebrae are fused to form a solid and compressed mass of bone. 

iii. Ribs: 
Ribs become highly arched dorsally and move upward from their point of attachment on the 

centrum. The articulation of ribs is loose. This type of modification makes the chest cavity spacious 

and shift towards the upper part of the body. This is due to the accommodation of large lungs, which 
enables them to spend long time under water, after single inspiration.  
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iv. Girdles 

In pectoral girdle, scapula is well developed for muscular attachment. Pelvic girdle is either 
reduced or completely lost. 

v. Limb Bones 
Humerus and femur are comparatively shorter in length. Formation, of flippers or paddles 

requires broadening of digits. It is achieved by two ways. Firstly, number of phalangeal bones 

increases (Hyperphalangy), e.g., pilot dolphin (Gobi-cephala). Secondly, by the development of one or 
more additional rows of phalanges; i.e., extra digits over normal five (Hyperdactyly), e.g., fossil 

aquatic reptile Ichthyosaurus plaly-dactylus. 
D. Modification of other Internal Organs 

i. Digestive System 
Remarkable modification in the buccal cavity can be seen in secondary aquatic animals. Teeth 

may be sharp, simple and cone shaped (e.g.. Dolphin) or may be absent in one jaw (e.g., in upper 

jaw of sperm whale) or in both jaws (e.g., baleen whale). 
Teeth, where present are numerous, e.g., in pilot whale it is over 100, in dolphin it is 200, etc. 

In baleen whale, baleen plate develops as horny outgrowth from the epithelial lining of the palate of 
mouth, it enable them eat larger meal size. 

ii. Respiratory System 

External nostrils are shifted towards the upper side, at the tip of the head, e.g., turtles, 
crocodiles, beaver, dolphins, whales, etc. This adaptive feature allows the animal to respire by 

exposing a little part of the body out of water. External nostrils are absent in cormorants and pelicans. 
In whales, a sphincter muscle guards the external nostril. The nostril remains closed while the animal 

roams underwater. Enlarged chest cavity houses the large lungs. Gaseous exchange in fully aquatic 
mammals takes place very quickly in comparison to land mammals. 

iii. Circulatory System 

In cetaceans and sirenians the blood volume is almost double to that of their land relatives. 
High haemoglobin content helps in carrying much more oxygen. The rate of heart beat decreases 

much in cetaceans, while submerged. Blood pressure is kept normal by contracting arterioles except in 
the brain and heart. A counter current blood circulation is present in the flipper of whale for 

thermoregulation. 

iv. Reproductive System and Reproduction 
Testes are not disposed in the scrotum but situated in a pouch near inguinal region of marine 

mammals. Aquatic mammals usually give birth to one precocious offspring at a time. Male marine 
turtles usually do not visit land in their lifetime, only female turtles come to land for egg laying. Almost 

all marine snakes are viviparous. 

v. Integument and its Glands 
A thick subcutaneous layer of fat is present in whales, seals and penguins, known as blub-ber. 

This layer is primarily concerned with thermoregulation. It also reduces specific gravity of body 
providing buoyancy. Sweat and sebaceous glands are absent in aquatic mammals. Mammary gland 

has a tendency to shift from its usual position, i.e. the lower abdomen. In cetaceans a pair of mammie 
are situated in inguinal region. In sirenians paired mammae are present posterior to pad-die, while in 

coypu two pairs of mammary glands are situated on the back. Milk in whales contain less water but 

rich in fat. Milk is stored in milk sinuses and ejected out when necessary. 
vi. Sense Organs 

External ears have a tendency towards elimination. Most of the whales are capable of echo 
ranging and communicate between themselves with ultrasonic frequency up to a great distance 

(about 160 km). Olfactory lobe of the brain is reduced, because olfactory receptors are very less in 

number. Eyes are adapted for under water vision and are piscine in nature. 
Physiological Adaptation 

Physiological adaptations relate to how the organism's metabolism works. These adaptations 
enable the organism to regulate their bodily functions, such as breathing and temperature, and 
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perform special functions like excreting chemicals as a defence mechanism. Some marine mammals, 

such as whales, migrate over large distances and may spend time in a combination of arctic, tropical 
and temperate waters. To cope with these temperature changes, the are endothermic or 'warm 

blooded'. This means that they are able to maintain a constant body temperature that is not 
dependent on the surrounding water. Slow-moving species have adaptations that help protect them 

from predators. For example, many marine organisms can only move slowly or not all. This means 

they cannot easily get away from mobile predators, and they have other adaptations to protect them 
from being eaten. These can include chemical defenses in their skin, for example, sea stars. 

Behavioural Adaption 
Behavioral adaptations are learned or inherited behaviors that help organisms to survive, for 

example, the sounds made by whales allow them to communicate, navigate and hunt prey. Crab 
larvae use sounds to help them find suitable habitats so they can settle and metamorphose (change 

into an adult form).Also, Bryozoan colony, and Bryozoans form colonies that often look a lot like a 

plant. However, they are made up of hundreds of individual animals called zooids. Groups of zooids 
are adapted to play different roles in the colony. Bryozoans colonies are found in high numbers on the 

continental shelf in New Zealand. They look like plants but are actually made up of hundreds of tiny 
individual animals that have banded together in order to more successfully find food and survive 

predation. 

2.     Aquatic Plants (Hydrophytes) and Their Adaptive Characters 
The plants which grow, derive food, multiply and adjust themselves inside water are called 

aquatic plants. On the basis of mode of life, hydrophytes are of following types: 
a. Free floating plants. (E.g. hyacinth, water lettuce, Wolffia etc.) 

b.  Submerged plants. (E.g. hydrilla. Sagittaria etc.) 
c.  Rooted submerged plants. (B.g, lotus, water lily, etc.) ted65trft 

The following are the adaptational characteristics of hydrophytes: 

1. The root system of aquatic plants is properly developed. 
2. Hydrophytes have a waterproof and protective waxy coat on its surface which prevents them from 

decaying. 
3. Hydrophytes have air cavities in their tissues which help them to float. 

4. Conducting tissues (xylem and phloem) are less developed in them. 

5. The stem of the aquatic plant is long, slender, spongy and flexible. 
6. Hydrophytes have air storage tissues called aerenchyma which help them to float 

CONCLUSION 
The basic description on the ecological adaptation to aquatic life is centered on the biotic 

components in water which are the plants and animals. The plants which are autotrophic produces 

their own food basically and their main mode of adaptation in water is by the production of good 
rooting system, waterproof body and the ability to float in water when necessary. 

The animals which arc heterotrophic depending on other source of food and can be divided 
into the primary and secondary animals, there the primary animals have their ancestors related to the 

water and the secondary animals which have their ancestors related to the land animals they survive 
principally by the development of important features ,such as a streamline body to unamenable 

smooth movement in water, gills formation which is used for the exchange of gases as well as other 

developed organs such as fins, tail. 
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Chapter 7 
 

Land Tenure Systems in Sub-Saharan Africa and                                                          
Its Implications for Access and Benefit-Sharing of Biodiversity 

 
Ayodele A. Adewole 

University of Jos  
Abstract 
The Convention on Biodiversity (the CBD) was entered into with a view to conserving biological 
diversity, ensuring the sustainable use of its components and the fair and equitable sharing of the 
benefits arising out of the utilisation of genetic resources. This includes the appropriate access to 
genetic resources and appropriate transfer of relevant technologies, taking into account all rights over 
those resources and to technologies. Since these resources are land-based, national legislation on 
land ownership have significant effects on access and exploitation of these resources by commercial 
interests. This work sets out to study land tenure systems in selected sub-Saharan African countries 
with a view to understanding how they impact the ability of traditional and local communities (TLCs) 
to organise and collectively manage their land-based biodiversity. The relevant statutory provisions in 
the land laws of the selected sub-Saharan African countries are analysed in order to ascertain which 
countries have enacted legislation allowing communities to participate in land management. With the 
aid of the Hoodia and Masakhane Pelargonium cases on claims by TLCs for the protection of their 
traditional knowledge-related biodiversity, the work determines whether there is a co-relation between 
a legal framework that allows TLCs to participate in land management, and their economic 
empowerment through access and benefit sharing of proceeds of the exploitation of their biodiversity. 
The work finds that TLCs are better organised and able to protect their land-based biodiversity where 
there is legislation allowing them to participate in land management, and concludes that land tenure 
systems should reform in that direction. 
Keywords: Land Tenure System;Biodiversity, Africa 

 
Introduction 

The Convention on Biological Diversity (CBD) recognizes the sovereign rights of States over 
their natural resources and the realization of the objectives of the CBD is hinged on the twin pillars of 

access to resources and benefit-sharing (ABS) between sovereign States that own bio-diversity.1 This 
is as a result of the reality that the wealth of the world‘s biodiversity is primarily located in the 

developing countries of the South while the capacity and the biotechnology to exploit genetic 

resources belong primarily to institutions of the developed countries of the North.2 Article 15 of the 
CBD recognizes the sovereign rights of States over their natural resources, and that the authority to 

determine access to genetic resources rests with national governments, subject to national legislation. 
This provision refers to the long-standing sovereign rights of States over their natural resources, 

which is based on international law principles of territorial sovereignty.3 The provisions of Article 15 of 

the CBD are aimed at ensuring that while access to bio-genetic resources is not unduly restricted by 
sovereign States, those States from which these resources are exploited should share the benefits of 

the exploitation.  
Swiderska has, however, rightly noted that these provisions are very much oriented to the 

needs of national governments with little or no consideration for the needs of indigenous peoples and 

                                  
1 Article 15 of the CBD. 

2 Jeffrey, M., “Bioprospecting: Access to Genetic Resources and Benefit-Sharing under the Convention on Biodiversity and 

the Bonn Guidelines” (2002) SJICL Vol. 6, 747 – 808, at 758 

3 Stoll, P., 'Access to GRs and Benefit Sharing - Underlying Concepts and the Idea of Justice' in Kamau, E and Winter, G. 

(eds), Genetic Resources, Traditional Knowledge and the Law (New York: Earthscan, 2009) pp 3 - 18, at 3. 
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local communities.4 This is because under the CBD, access to genetic resources is subject to the prior-

informed consent (PIC) of the country providing the resources. There is no requirement for traditional 
and local communities (TLCs) to give their PIC for access to bio-genetic resources that they have 

developed and nurtured, and which originate from their territories. However, national legislation has 
the capacity to give insights as to how national governments in Sub-Saharan Africa view the question 

of ownership of land-based biodiversity resources, through the lens of the provisions prescribing the 

appropriate authority to give PIC for the exploitation of biodiversity within their jurisdictions. Land 
ownership and management regimes in the countries of the South is critical to determining whether 

TLCs have a role to play in either granting or withholding PIC for the exploitation of their biodiversity, 
and that is the underlying premise of this work. 

This work focuses on Sub-Saharan Africa. This is because biopiracy in this region is such that 
even members of the communities are knowingly or unknowingly collaborating with third party users 

to engage in this act. For instance, the National Institute for Pharmaceutical Research and 

Development (NIPDR) in Nigeria reported to the World Intellectual Property Organization (WIPO) that 
it has entered into mutually beneficial agreements with traditional medicine practitioners (TMPs) to 

research and exploit the TK-related biodiversity of Nigerian TLCs.  Also, a TMP from Senegal stated 
that he had obtained 3 patents for his traditional medicine preparations.5 These TMPs received their 

knowledge on how to use the biodiversity in their communities to make herbal preparations for their 

community from their forbears. The work aims to highlight existing land law regimes in the region 
with a view to understanding how these affect the ability of TLCs to organise and collectively manage 

their land-based biodiversity. The work first examines the land law regimes in Nigeria, Ghana, Kenya 
and South Africa. The choice of these jurisdictions derives from the fact that these are the largest 

economies in Sub-Saharan Africa, and as such they serve as a benchmark of what obtains within the 
region. The work then considers cases where TLCs have successfully challenged intellectual property 

rights that were obtained without the PIC of the communities whose traditional knowledge (TK)-

related biodiversity had been exploited in developing pharmaceutical products by western 
pharmaceutical companies. This is done with a view to identifying patterns in relation to which 

communities are better able to effectively protect their TK-related biodiversity, and how the land 
tenure regime affects their ability to do so. The role of customary land tenure in this regard is also 

interrogated, with a view to determining whether it constitutes a viable option for the protection of 

the biodiversity of TLCs in a manner that allows for popular participation before PIC is either given or 
withheld. The work concludes with recommendations for the future. 

General Overview of Land Tenure Reforms in Sub-Saharan Africa 
Generally, a number of Sub-Saharan African countries have initiated land tenure reforms 

within the last twenty years by attempting to grant legal recognition of customary land tenure into 

statutory land law. In Namibia for instance, the Communal Land Reform Act, 2002 preserved 
customary land tenure rules, but altered customary administration structures. While traditional 

authorities may still make or revoke grants of customary land, such applications must be made in 
writing and allocations are subject to approval by the Communal land Board. Rights are granted to an 

individual for the duration of his natural lifetime, but the right reverts back to the traditional authority 
upon his death for redistribution, usually to the deceased's surviving wife and children.6 The grant 

made to an individual would either be transferable or not, but it is, the prior written consent of the 

traditional authority that would be required to effect a transfer. Land in communal areas is vested in 

                                  
4 Swiderska, K., “Banishing the Biopirates: A New Approach to Protecting Traditional Knowledge.” (2006) Gatekeeper 

Series 129, at 9. Accessed from http://pubs.iied.org/pdf. on January 25, 2015. 

5 See Report of the WIPO Fact Finding Missions on Intellectual Property and Traditional Knowledge (1998 - 1999) (Geneva: 

WIPO, 2001) 149 - 152. 

6 Knox, A., Giovarelli, R., Forman, M. and Shelton, M, 'Integrating Customary Land Tenure into Statutory Land Law,'  p. 3. 

Retrieved from www.usaid.gov.  

http://pubs.iied.org/pdf.%20on%20January%2025


Our Changing Environment and Development edited by Jacinta A. Opara 
Metropolitan International University Press. ISBN 978-9970-9670-0-1(print);978-9970-9670-1-8(online) 

~ 53 ~ 

 

the State, on behalf of traditional communities.7 In Uganda, customary land tenure was recognized 

under the amended constitution of 1995, with specific provisions made in that regard in the Land Act 
of 1998. The Ugandan Constitution vests all land in the citizens, and not in the Land Boards that were 

established under the relevant law. This law provides for the establishment of District Land Boards 
and Land Committees at sub-district levels.8 Applications for grant may be made on an individual, 

family or group basis. Groups that seek to apply must be in the form of a Communal Land Association 

to be eligible for customary land rights. Customary rights are equal to all other forms of tenure, such 
as leasehold and freehold.9 

In Tanzania, there are two pieces of legislation i.e. the Land Act and the Village Land Act. The 
Village Land Act creates two types of tenure i.e. the grant of rights of occupancy and customary rights 

of occupancy. While both of them have equal status, it is the duration of the grant that sets them 
apart. The former is granted for a limited period of 99 years while the latter is in perpetuity.10 An 

occupant of land for a considerable number of years is entitled to a customary right of occupancy, 

which is registrable and certifiable. Even though certification is not necessary, it enables the holder to 
use the certificate as security for credit.11 In the case of Mozambique, there is a Land Law of 1997 

which embraces all forms of customary tenure. Formalization of customary tenure is only available at 
the community level whereby communities are at liberty to abide by their customary rules and 

governance structures within their collective holding. Community land comprises not only land that is 

occupied, but also common lands and those that are anticipated to be needed to meet the needs of 
future generations.12 Rights to community land are vested in all adult members of the community. 

These rights are entitled to full legal protection irrespective of the fact that it is titled or not.13  
Land Tenure in Nigeria 

Under the Nigerian legal system, the sources of law is pluralistic in nature. Nigerian land law is 
made up of the customary law of the people that constitute Nigeria, and the laws enacted by the 

National Assembly in that regard. Customary land law in Nigeria, like most other Sub-Saharan African 

countries, is diverse. However, the customary land law of the peoples of Nigeria have a lot in 
common. For instance, it has long been judicially recognised that from ancient time, land was 

customarily conceived as belonging to a community, not to an individual.14 A community has been 
described as a group or collection of people, usually of the same stock, blood, clan, tribe or ethnic 

group that possesses or inhabits an identifiable territory, and who have a head known as Oba, Obi, 

Oche, Ter, or other traditional title recognised in any community.15 Using Yoruba customary land 
tenure as an example, land belongs to the community, the village or the family, but never to the 

individual. The chief of the village or head of the family has charge of the land, and is often times 
referred to as the owner. The chief of the village or head of the family is a trustee and holds the land 

for the use of the community or the family. In either case, the chief of the village or the head of the 

family may not take any important decisions relating to the land without consulting the elders of the 
community, or the principal members of the family respectively.16 

Land as a subject matter of legislation in Nigeria is regulated by the Land Use Act, 1978 
(LUA).17 The Land Use Act18 was enacted with the underlying principles of, inter alia, reducing the 

                                  
7 Ibid., p. 4. 

8 Ibid., pp. 4 - 5. 

9 Ibid., p. 5. 

10 Ibid., p. 6. 

11 Ibid. 

12 Ibid., p. 7. 

13 Ibid. 

14 The Supreme Court of Nigeria had since taken judicial notice of this fact, and restated so in Udeze v Chidebe (1990) 1 

F.W.L.R., 1.  

15 Alubo, A., Contemporary Nigerian Land Law (2nd ed.) (Jos: Innovative Communications, 2011) 13. 

16 Ibid., 14. 

17Cap L5, Laws of the Federation of Nigeria, 2004 (Revised Edition). 
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increasing cost of land occasioned by the activities of land speculators, and non availability of land for 

economic development.19 The major innovation that the Land Use Act brought into the ownership 
and management of land in Nigeria was the vesting of all land comprised in the territory of each State 

of the Federation in the Governor of that State, to be held in trust and administered for the use and 
common benefit of all Nigerians.20 This provision of the Land Use Act has been described as the most 

controversial section of the Act, with some scholars either proclaiming the death of individual 

ownership of land or the entire concept of ownership of land, and their replacement with the concept 
of ‗occupancy.‘21 Others have argued that absolutism in ownership of land suggested by the Land Use 

Act is false, and that the power vested in the Governor of a State is merely an administrative power to 
control land [within the territory of the State] as opposed to proprietary power.22  

According to Alubo, a middle ground must be arrived at between these contending 
arguments, which in his view is that absolute ownership over land resides in the original title holders 

but the power of management resides in the Governor. This power is to renew rights of occupancy 

after a period of 99 years.23 While the researcher agrees with Alubo‘s views on this point, it must be 
borne in mind that taking a holistic view of the Land Use Act, it would be discovered that the 

Governor‘s powers, in addition to being administrative, also include the power to revoke any right of 
occupancy and vest the same in another person. Indeed, the Governor has the power to revoke any 

right of occupancy over land within a State for overriding public purposes.24 This power it must be 

said, however, does not extinguish the rights of customary land owners over their land. Rather, the 
Land Use Act created a system of dual ownership i.e. statutory and customary rights over land, the 

former being rights granted by the Governor of a State to an individual for a term of years by way of a 
right of occupancy.25  

Land Tenure in Ghana 
 In Ghana, the law relating to land consists of the customary law of the people, and legislation 

enacted by the parliament. Under Ghanaian customary law, land ownership is generally vested in the 

traditional chiefs. However, Blocher has pointed out that even though the traditional stool is central to 
the question of land ownership under Ghanaian customary law, the fact is that all land has multiple 

owners, with a chief holding the highest title and numerous other rights-holders claiming lesser rights 
of possession, use or transfer. According to the writer, the Law Reform Commission of Ghana 

identified four categories of interests in land, which were subsequently recognised in the Land Title 

Registration Law of 1986. They are allodial title, the freehold title, leaseholds, and other lesser 
titles.26 Apart from the leaseholds, which is a category of land ownership that is exclusively provided 

for under received English law, the others are recognisable under the customary land ownership 
system in Ghana. On the other hand, freehold title is available both under customary law and the 

received English law. The allodial title is described as the highest interest in land under Ghanaian 

customary law, above which there can be no other interest. This type of interest is vested in the chief 
or other traditional leader who acts on behalf of the community. Although the ownership of land is 

vested in the chief or other authority, he holds it in trust for the benefit of members of the 

                                                                                                        
18 This legislation was originally promulgated as a Decree by the Federal Government but was later re-designated an Act of 

the National Assembly following the promulgation of the Constitution of the Federal Republic of Nigeria, 1979.  

19Alubo, Op. Cit., 95. 

20Section 1of the Land Use Act 

21 See Alubo, A., Op. Cit., 97 – 98 citing Omotola’s view expressed in Essays on the Land Use Act 1978 (Lagos: University 

Press, 1984). 

22 Ibid., 99 citing Yakubu’s views expressed in Land Law in Nigeria (London: Macmillan, 1985). 

23 Ibid., 100 

24See Section 28 of the Land Use Act. This power is exercisable subject to the payment of compensation to the customary or 

statutory owner of the land acquired. This is as provided for in Section 29 of the Land Use Act. 

25 Section 9 Land Use Act. 

26 Blocher, J., 'Building on Custom,' 179. 
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community; and while the allodial title holder carries out judicial, governance and management 

functions over land, he does not have the power to alienate land for his personal benefit.27 
 The freehold title is described as being superior to all interests except the allodial title. The 

customary freehold is an interest held by individuals or groups in land that is subject of allodial title, 
and the customary freeholder has nearly unlimited rights to develop and cultivate the land, subject 

only to restrictions imposed by the allodial title holder. The customary freehold is perpetual in nature, 

and subsists for as long as the holder continues to acknowledge the higher title of the allodial 
owner.28 Significantly, the freehold title cannot be alienated to another person or group without the 

consent of the allodial title holder. According to Blocher, while the allodial title remains the highest 
interest in land, it is at the freehold level where real control over land increasingly exercised.29 There 

are other 'lesser interests' in land in Ghana, which may be created allodial and freehold title holders; 
and Blocher observes that sharecropping agreements constitute the most common forms these lesser 

interests.30 It is not clear as to what other forms of lesser interests exist beyond those created by 

these sharecropping agreements, but the sharecropping agreements are similar to customary 
tenancies that exist under most of customary law regimes in Nigerian communities.  

 The existing regime for statutory land ownership in Ghana is the Land Title Registration Act of 
1986. This statute makes provision for the registrable interests in land, and the registrable interests 

are those held by the allodial owner,31 the freeholder,32 a person with an interest less than that of a 

freeholder,33 and a leaseholder.34 This law recognises the land ownership rights that are available 
under Ghanaian customary law, and the leasehold interest under received English law. The registrable 

interest of the allodial owner consists of all those rights and interests that are exercisable by the 
owner under customary law, provided that the person is not under a restriction on the rights to use or 

any other obligations arising from such holding. In other words, the person seeking to be registered 
as owner of the land must not be under any limitation in terms of the usufructory rights over the land. 

However, any limitation that is imposed under any law of the Republic does not constitute a barrier to 

the registration of that interest in land. Under that law, land may be registered under the 
proprietorship of the Republic where interest in that land is vested in the Republic under any 

enactment,35 or is vested in the Republic as trustee of the lands held in trust under an enactment,36 
or in respect of any lands not held by any proprietor.37  

 Under Ghanaian law, the rights of a registered proprietor of land, or a registered interest in 

land, is indefeasible and is held by the proprietor together with any privileges and appurtenances 
attaching from the land, free from any other interests and claims.38 This gives traditional stool in 

Ghana capacity to control over the management of biological resources that is available on their land 
under a statutory land ownership regime. This is more so that the only limitations to traditional stool 

exercising full control over the resources embedded on communal land is in respect of minerals that 

are on the land, and which is not vested in the proprietor of the land,39 and where the land is subject 
of compulsory acquisition, resumption, entry, search and user conferred by any other enactment.40 

                                  
27 Ibid., 179 - 180. 

28 Ibid., 180. 

29 Ibid. 

30 Ibid., 180 - 181. 

31 Section 19 (1) (a) of the Land Titles Registration Act. 

32 Section 19 (1) (b) of the Land Titles Registration Act. 

33 Section 19 (1) (c) of the Land Titles Registration Act. 

34 Section 19 (1) (d) of the Land Titles Registration Act. 

35 Section 19 (2) (a) of the Land Titles Registration Act. 

36 Section 19 (2) (b) of the Land Titles Registration Act. 

37 Section 19 (2) (c) of the Land Titles Registration Act. 

38 Section 43 (1) of the Land Titles Registration Act. 

39 Section 43 (4) of the Land Titles Registration Act. 

40 Section 46 (1) (d) of the Land Titles Registration Act. 
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Consequently, Ghanaian traditional institution can control access to the biodiversity that is on their 

land, and determine how the benefits from its exploitation may be shared between the commercial 
users and the communities. This privilege is only subject to the overriding power of the Republic to 

compulsorily acquire title over any land held by a TLC. However, a potential point of conflict between 
the traditional stool and the Republic is in the power of the latter to register lands that are considered 

'un-owned', that is to say land that is not held by any other proprietor.41 This suggests that there are 

parcels of land that do not fall under the ownership of any Stool, which in turn means that it is not 
owned by any particular community. However, under African customary law generally, the land that 

falls within the domain of any community is owned by that community. These provisions in Ghanaian 
law constitute another avenue by which the State may expropriate land otherwise belonging a TLC, 

mostly because the land is not in obvious use by the community and it appears not to be owned by 
any person as such. 

Land Tenure in Kenya 

 The diversity of the Kenyan people ensures that there is no uniformity in customary land law 
in the country. The Maasai for instance are said to consist of special sociological clans, which are 

grouped as the Kaputiei, Matapato, Purko, Kisonko, Ildamat, Dalalekutuk, Keekonyokie, Loodokilani, 
Loita, Siria, Uasinkishu, and Moitanik. These clans formed the basis of land ownership and resource 

utilization. Land at the level of the clan was communally owned, and the senior members of the 

community managed it on behalf of the clan; with members of the clan enjoying equal access to the 
land and its resources.42 Land within the Maasai communities could not be owned by outsiders, 

except with the permission of the elders, and which is granted for temporary use only. While land was 
considered a communal resource amongst the Maasai, family holding of small portions, which were 

allocated for purposes of settlement, was a feature of Maasai customary land tenure. After a family 
had selected an area for settlement and the land allotted to it, the land was further subdivided into 

individual land units.43  

 Among the Pokot, which is a Nilo-Himatic community that dwells in North Western Kena, land 
is generally held communally under a trust system, with the local community council responsible for 

the management of community land on behalf of the community. Land holding by families is 
recognized, but the ownership of land is defined by village elders who keep records with regards to 

length of use and time of purchase. Over the course of time, the community developed a more formal 

means of record keeping by the maintenance of the land record book. The boundaries of family land 
holding are demarcated using natural landmarks; however where none exists, they are marked by 

stones, planted hedges or cutting in trees. Significantly, it is an offence to interfere with boundary 
markings.44 In the case of the Tigania, land was owned by the community and not by an individual. 

However, within the community there are smaller clans and family units, and the right to use land was 

derived from membership of each of these units. Land disputes are settled by the community 
elders.45  

 In the province of statutory regime for land rights ownership, Kenya has taken arguably some 
of the boldest steps in the reformation of land tenure. Land tenure reforms in Kenya were the result 

of the well formulated National Land Policy, 2009.46 With the commencement of the Kenyan 
Constitution of 2010, there came a paradigm shift in land tenure in the country in that this 

Constitution declared that all land in Kenya belongs to either the people, individuals or the 

community.47 Series of legislation was enacted in order to realize the objectives of the National Land 

                                  
41 This is as provided for under section 19 (2) (c) of the Land Titles Registration Act. 

42 Wayumba, G., 'Aspects of Customary Land Tenure Rights in Kenya' IJSRES Vol. 2 No. 7, pp 89 - 97, at 93. 

43 Ibid. 

44 Ibid. 

45 Ibid. 

46 Wily, L., 'The Community Land Act in Kenya Opportunities and Challenges for Communities,' (2018) Retrieved from 

www.mdpi.com/journal/land on January 19, 2019. 

47 Article 61 of the Kenyan Constitution, 2010. 
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Policy. There is also a Land Laws (Amendment) Act 2016, which amended some of the existing land 

legislation enacted by Parliament after the commencement of the 2010 Constitution. The first and 
most significant is the Land Act, 2012 which is applicable to public land, private land and community 

land. The underlying values and principles by which the agents of the State were to exercise their 
powers under this law include, but are not limited to: 

1. Equitable access to land;48 

2. Sustainable and productive management of land resources;49 
3. Conservation and protection of ecologically sensitive areas;50 

4. Participation, accountability and democratic decision making within communities, the 
 public and Government;51 

5. Democracy, inclusiveness and participation of the people.52 
 It is quite instructive that these principles reflect the same underlying principles and 

objectives of the CBD, which are the conservation of biological diversity, the sustainable use of its 

components and the fair and equitable sharing of the benefits arising out of the utilization of genetic 
resources.53 When there is equitable access to land, there is a corresponding access to the biological 

diversity that is on the land, and the sustainable and productive management of land resources 
ensures that the biodiversity on the land is exploited in a manner that is beneficial to both the present 

and future generations. All of these are expected to be done bearing in mind the need to conserve 

ecologically sensitive areas, while at the same time ensuring the participation of the community in 
decision-making process as it relates to their land. This statute prescribes that the National Land 

Commission may make rules and regulations for the sustainable conservation of land based natural 
resources,54 which includes the forests, biodiversity and genetic resources on the land.55 While the 

Land Act makes these provisions relating to land based biodiversity, it does not do so in the context of 
a community based management of the land and by extension, the biodiversity on the land. However, 

there is legislation in Kenya for the management of community land. The question is whether this 

legislation effectively gives the community greater role in decision-making in terms of access and 
benefit-sharing as it relates to biodiversity on their land? 

 Under Kenyan law, community land is that land that is held by communities identified on the 
basis of ethnicity, culture and or similar community of interest.56 It consists, amongst others, of land 

that is lawfully held, managed or used by specific communities as community forests, grazing areas or 

shrines; ancestral lands and lands traditionally occupied by hunter-gatherer communities, or land 
lawfully held as trust land by county governments.57 The Community Land Act, 2016 was enacted to 

provide for the recognition, protection and registration of community land rights. By this legislation, 
customary land rights are recognized and documented for purposes of registration, and these rights, 

including those held in common, have equal force and effect in law with freehold and leasehold rights 

acquired through allocation, registration or transfer.58 The County governments are required to hold 
any unregistered community land in trust on behalf of the communities for which they are held.59 

This law allows for greater participation of members of the community in matters concerning the 
management of communal land. For instance, it requires that all members of the community with 

                                  
48 Section 4 (2) (a) of the Land Act (as amended). 

49 Section 4 (2) (c) of the Land Act (as amended). 

50 Section 4 (2) (e) of the Land Act (as amended). 

51 Section 4 (2) (h) of the Land Act (as amended). 

52 Section 4 (2) (l) of the Land Act (as amended). 

53 Article 1 of the CBD. 

54 Section 19 (1) of the Land Act, 2012. 

55 Section 260 of the Kenyan Constitution, 2010. 

56 Section 63 (1) of the Kenyan Constitution, 2010. 

57 Section 63 (2) (d) of the Kenyan Constitution, 2010. 

58 Section 5 (2) and (3) of the Community Land Act, 2016. 

59 Section 5 (6) of the Community Land Act, 2016. 
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some interest in communal land be invited to meeting for purposes of electing the members of the 

community land management committee.60 In another instance, the members of the community may 
by resolution reserve a portion of the community land for communal purposes.61  

 The extent of the powers of the community in dealing with the biodiversity on community 
land is measurable by the functions of the land management committees, which are as follows: 

1. Responsibility for the day to day running of the functions of the community; 

2. Managing and administering registered community land on behalf of the community; 
3. Coordinating the development of community land use plans in collaboration with the 

 relevant authorities; 
4. Promoting the co-operation and participation among members of the community in 

 dealing with matters pertaining to the community land; and 
5. Prescribing rules and regulations, to be ratified by the community assembly, to govern 

 operations of the community.62  

From the foregoing, there is no express power vested in the land management committees to enter 
into agreements with other persons, such as commercial users of biodiversity, in respect of the 

resources on community land. However, this power may be implied from provisions in the same law to 
the effect that any decision of the community to dispose of, or otherwise alienate community land 

shall be binding if it is supported by at least two thirds of the registered adult members of the 

community.63 This is because a commercial user of land-based biodiversity may acquire an interest in 
the community land through leasehold or transfer rights, which are forms of disposition or alienation.  

 This view is reinforced by subsequent provisions of the statute regarding sustainable 
conservation of land based natural resources within community land, where it is stipulated that 

communities establish procedures for the involvement of communities and stakeholders in the 
management utilization of land-based natural resources in community land.64 The commercial users 

of biodiversity, especially pharmaceutical companies, come within the non-governmental sector under 

the CBD framework, as they are stakeholders in meeting the health needs of the growing world 
population. These provisions therefore ensure that the objective of the CBD in relation to access to 

biodiversity is realized. Coupled with specific provisions regarding equitable sharing of accruing 
benefits,65 it is to be concluded that the overall objectives of the CBD, i.e. access and benefits-

sharing is realizable under the land tenure system in Kenya. 

Land Tenure in South Africa 
 The South African Constitution of 1994 recognizes customary law as a part of the South 

African legal system. The customary land law of the indigenous people of South Africa therefore forms 
part of South African law. South Africa, in the context of the indigenous peoples, is ethnically diverse. 

Generally, however, the customary land law principles amongst the indigenous South Africans is the 

same. Land tenure amongst the South African people is communal in regard to grazing land, but 
individual in respect of arable and residential land. The chief of the community owns the land, but 

holds it as "trustee for and with the tribe."66 Land was allotted to individuals, who exercised the right 
to use the land. The land allotted to an individual could be alienated gratuitously to relatives or friends 

or who were already members of the community, while outsiders had to obtain an allotment from the 
chief.67 

                                  
60 Section 7 (2) of the Community Land Act, 2016. 

61 Section 13 (1) of the Community Land Act, 2016. 

62 Section 15 (4) of the Community Land Act, 2016. 

63 Section 15 (5) of the Community Land Act, 2016. 

64 Section 20 (2) (e) of the Community Land Act, 2016. 

65 Sections 35 and 36 (1) of the Community Land Act, 2016. 

66 Glavovic, P., 'Traditional Rights to the Land and Wilderness in South Africa,' (1999) CWRJIL, Vol. 23 No. 2, pp 281 - 

322, at 283 - 284. 

67 Ibid., 283. 
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 Within the statutory framework, there are two legislation that are critical to the ownership 

rights of indigenous communities. These are the Restitution of Land Rights Act, 1994 (as amended), 
the Communal Property Association Act, 1996 (as amended) and the Communal Land Rights Act, 

2004. The former was enacted to provide for the restitution of rights in land to persons or 
communities that were dispossessed of such rights after June 19, 1913 as a result of past racially 

discriminatory laws and practices. Under the Restitution of Land Rights Act (RLRA), a person is 

entitled to restitution of a right in land if he or she is a person, or community that was dispossessed of 
a right in land after June 19, 1913 as a result of past racially discriminatory laws and practices, and 

the claim for restitution is lodged not later than December 31, 1998.68 The Communal Property 
Association Act (the CPA) is a framework that allows for the registration of communities as property 

holding associations, and it applies to specified communities. First, to communities that the Land 
Claims Court has adjudged to be entitled to restitution under the Restitution of Land Rights Act, where 

the court has ordered that restitution be made to the community on the condition that an association 

is formed under the Act.69 It also applies to communities entitled to, or that are receiving property or 
other assistance from the State, under terms of any agreement or law,70 or communities to which 

any property has been either donated, sold or otherwise disposed of,71 in either case on the condition 
that an association be formed in accordance with the CPA. Lastly, the law applies to a community, 

which is a group acquiring land or rights to land, and desires to form an association under the CPA.72 

In view of the rights to land that had been lost under apartheid-era land laws, and the subsequent 
restitution made under the RLRA, the communities contemplated under the CPA are not necessarily 

homogenous in terms of ethnic nationality. However, they must have a shared history that brings 
them together under one platform. For instance, they may have been descendants of persons who 

were displaced from their lands under apartheid-era laws, but who are being resettled on land either 
donated by the State, or land that is subject of restitution post-apartheid. 

 The third piece of legislation makes provision for legal security of tenure by transferring 

communal land, including KwaZulu-Natal Ingonyama land, to communities, among other things. Under 
the law, upon registration of its rules, a community acquires juristic personality with perpetual 

succession regardless of changes to its membership.73 With its juristic personality, a community is 
permitted to acquire and hold rights and incur obligations, and own, encumber by mortgage, servitude 

or otherwise deal with such property subject to any title or other conditions.74 Going by the definition 

of a community under this law,75 it includes a traditional/indigenous or local community that shares a 
common heritage and rules i.e. customary law that makes prescriptions on how members of the 

community gain access to land. The law requires the registration of communal land76 in the name of 
the community that is entitled to such land, in terms of the law and the relevant customary law of the 

community.77 This explains the provision for registration of communal land in the name of either a 

person, a traditional leader/traditional leadership (whether recognized in terms of law or not) or a 
communal property association contemplated in the Communal Property Associations Act.78  

                                  
68 Section 1 (1) of the Restitution of Land Rights Act, 1994 (as amended). 

69 Section 2 (1) (a) of the Communal Property Act, 1996 (as amended). 

70 Section 2 (1) (b) of the Communal Property Act, 1996 (as amended). 

71 Section 2 (1) (c) of the Communal Property Act, 1996 (as amended). 

72 Section 2 (1) (d) of the Communal Property Act, 1996 (as amended). 

73 Section 3 of the Communal Land Rights Act, 2004. 

74 Ibid. 

75 Section 1 of the law defines a community as "a group of persons whose rights to land are derived from shared rules 

determining access to land held in common by such group." 

76 Communal land is defined in section 1 of the Communal Land Rights Act as "land...which is, or is to be, occupied or used 

by members of a community subject to the rules or custom of that community." 

77 Section 5 (1) of the Communal Land Rights Act, 2004. 

78 Section 5 (2) of the Communal Land Rights Act, 2004. 
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 The Communal Land Rights Act requires a community whose land is intended for registration 

to make and adopt its community rules, and have them registered.79 In view of the fact that 
customary law forms part of the country's legal system, these community rules may be influenced by 

the customary law that is applicable to the community seeking registration of its land. Most 
importantly, though, is that these community rules are required to regulate the administration and use 

of communal land by the community, but this must be done having regard to the framework of law 

governing spatial planning and local government.80 In addition to registering its rules, a community is 
required to establish a land administration committee,81 and if the community has a recognized 

traditional council, the powers and duties of the land administration committee of that community 
may be exercised by the that council.82 In which case, the composition of the committee must 

include a member who represents the interests of vulnerable members of the community, including 
women, children and the youth, the elderly and the disabled. This is in addition to other non-voting 

members who represent government authorities and agencies.83 The law emphasises that where the 

traditional council operates as a land administration committee, its functional area of competence is 
the administration of land affairs and not traditional leadership as contemplated in the Constitution.84  

 The combined effect of the three laws applicable in South Africa is to ensure that  ownership 
and possession of communal land that was hitherto confiscated from indigenous/traditional and local 

communities pursuant to apartheid-era laws, are given  back to such communities, while allowing 

them control the management of these communal lands in any manner that is preferable to them. 
These laws give powers of decision-making to the communities, and they can decide on matters 

relating to access to any biodiversity on their communal land, and determine how the benefits of the 
utilization of the biodiversity on the land is shared. This in turn enhances the economic development 

of the communities and their people. Generally speaking, the existence of a legal framework that 
allows communities to own and control access to their land for research purposes, and the 

exploitation of their biodiversity by commercial users allows for the effective realization of the twin 

pillars upon which the CBD is founded. Two cases on the point are used to validate this assertion, and 
they are the Hoodia Gordonii Cactus and the Masakhane Pelargonium cases. 

The Hoodia Cactus Case 
 This case is in relation to a plant (referred to as 'Hoodia gordonii') that had been known to the 

San people, which is an indigenous tribe living in the Kalahari Desert in South Africa for thousands of 

years. The San people ate the plant to suppress hunger and thirst while hunting.85 The Council of 
Scientific and Industrial Research (CSIR), a South African research institution, observed this and 

began research into the appetite-suppressing properties of the plant and finally discovered and 
isolated the active ingredient in the Hoodia. It gained a patent for the extraction procedure registered 

as molecule P57 in 1996 and licensed the same to Phytopharm, a UK pharmaceutical company. 

Phytopharm developed a cure for obesity on the basis of P57 and obtained a patent for the application 
of the molecule, which was then licensed to Pfizer for US$21 million.86 It was not until 2001 that the 

San became aware of the CSIR's patent as well as the attention that the drug received in the media. 
With the assistance of several non-governmental organizations (NGOs), the San threatened legal 

proceedings against CSIR for the use and spread of their indigenous knowledge without obtaining 
Prior Informed Consent or negotiating a Benefit Sharing Agreement with the community.87 

                                  
79 Section 19 (1) of the Communal Land Rights Act, 2004. 

80 Section 19 (2) of the Communal Land Rights Act, 2004. 

81 Section 21 (1) of the Communal Land Rights Act, 2004. 

82 Section 21 (2) of the Communal Land Rights Act, 2004. 

83 Sections 21 (3) and 22 (4) and (5) of the Communal Land Rights Act, 2004. 

84 Section 21 (4) of the Communal Land Rights Act, 2004. 

85 Honds, p. 3. 

86 Ibid., p. 4. 

87 Msomi, Z., 'The Protection of Indigenous Knowledge Within the Current Intellectual Property Rights Regime.'  An 

unpublished thesis for the award of M.A. Pol. Sci. at Rhodes University, Grahamstown, 2013, p. 50. 
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 The Hoodia case has been described as a success story because it was one of the first 

agreements in the world that gave traditional knowledge holders a share of royalties from the 
development and sale of a drug from their TK, and it involved a marginalized community, that is the 

San people, coming to an agreement with a powerful institution of the State, such as the CSIR.88 This 
assertion assumes, first, that the San people were willing to share their TK with the outside world in 

the first instance, and second, that they obtained the best terms from the CSIR than they would have, 

if PIC was sought for before CSIR began to research into the active ingredient of the Hoodia gordonii. 
It is to be noted that at the time CSIR began research into the active ingredient of the Hoodia plant, 

the San were not organized as a community that had recognizable rights that could be protected by 
an agreement with the CSIR. Rather, their organization was a reaction to the events that had already 

occurred, whereby a patent had been obtained and a drug developed from the molecule of the active 
ingredient in the plant, which basic knowledge was derived from their use of the plant on their 

communal land. In any event, the San people had to rely on assistance from NGOs to protect their 

rights to the benefits of the utilization of their biodiversity in an economic context. This would have 
been avoided if the San people had the capacity to register their communal land, and determine who 

gained access to their land for research or other purposes. This right only came with the enactment of 
the Communal Land Rights Act and the Communal Property Act. 

Masakhane Pelargonium Case 

 The background to the case is the use of Pelargonium by a Sotho traditional healer who 
treated and cured one Charles Henry Stevens, an Englishman, of tuberculosis in 1897. After his cure, 

Stevens took both the plant and the knowledge regarding its use as a cure for respiratory infections to 
England, where he created his own remedy known as 'Umckaloaba.' This was a combination of two 

Zulu words which mean cough and chest pain.89 Steven's son eventually sold his company and the 
healing properties of the plant were later tested and verified by JSO Werks Regensburg, which began 

importing Pelargonium to produce and sell their own cough remedy known by the name given to it by 

Stevens. In 1987, JSO Werks Regensburg became part of Schwabe Pharmaceuticals, which took over 
the production and sale of the product. Schwabe Pharmaceuticals collected Pelargonium from land 

belonging to Imingcangathelo Xhosa (which already had a Benefit-Sharing Agreement with Schwabe 
Pharmaceuticals) and the Masakhane communities through Gower Enterprises, which acts as an agent 

of Parceval in the Eastern Cape of South Africa.90  

 This case began when a community member and Chairperson of the Masakhane Community 
Property Association (MCPA) became aware of the increased harvesting of Pelargonium from the 

community. Concerned about the future availability of the plant for use by the community, and the 
paltry amount paid to the community members who harvested the plant by the collectors, the 

community decided that it wished to halt further collection of Pelargonium on Masakhane land by 

external parties. It also indicated its willingness to institute proceedings against Schwabe 
Pharmaceuticals.91 With assistance from the African Centre for Bio-safety,92 the community 

challenged two patents93 held by Schwabe Pharmaceuticals. After the first patent was successfully 

                                  
88 Ibid., p. 52. 

89 Ibid., p. 61. 

90 Ibid., pp. 61 - 62. 

91 Ibid., pp. 72 - 74. 

92 This is a South African NGO that has amongst its aims, the protection of South Africa indigenous resources and TK. 

93 The first patent i.e. EP 1 429 795 was granted on June 13, 2007. It patents the method of producing extracts of the 

Pelargonium sidoides and or Pelargonium reniforme using aqueous-ethanol solvent. This patent gave Schwabe 

Pharmaceuticals the exclusive right to make, sell or import/export the active ingredients of the Pelargonium extracted by 

water and alcohol in any country that is party to the European Patent Convention. The second patent i.e. EP 1 651 244 was 

granted on August 29, 2007. This right patents the use of the extracts from roots of Pelargonium for the manufacture of a 

medicament for the treatment of AIDS and associated infections, including a vast number of bacterial, viral and parasitic 

infections and inflammations such as tuberculosis, all respiratory tract infections, sexually transmitted diseases, etc. See 

Msomi, Op. Cit., 74 - 75. 
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challenged, the company withdrew the second patent and several other Pelargonium patents that 

were not listed in the case.94 
Trends in Land Tenure Reform in Sub-Saharan Africa and Implications for Access and 

Benefit-Sharing 
 Looking at the number of Sub-Saharan African countries that have initiated land reforms in 

the last ten years, it is clear to that a greater number in Southern Africa have enacted legislation 

giving communities power to hold statutorily recognized titles over their communal land, as well as the 
power to manage their land and the biodiversity that is on the land. The countries in West Africa have 

not enacted legislation in that direction. There are clear contrasts between the countries where there 
is legislation on communal land ownership, and those without such legislation.  

Access to Biodiversity 
 The cases where communities have successfully challenged patents held by external parties 

are all from Southern Africa where communities are encouraged to organize and hold statutorily 

recognized titles over communal land. In those countries, the communities are able to effectively 
control access to their communal land, and by extension, control access to biodiversity on their land 

by external parties. This ensures that external parties seek the PIC of local communities before they 
enter their communal land for research and other purposes. The Masakhane case demonstrates how 

communities are better protected from exploitation by external parties when they are organized. This 

is because each member of the community as a stakeholder is under obligation to protect the 
resources of the community. Both the Hoodia and Masakhane cases prove that communities that are 

organized are better equipped to enforce the requirement for their PIC to be obtained before 
exploitation of their biodiversity by external parties, otherwise any intellectual property rights obtained 

using their TK and biodiversity without their PIC is liable to nullification. This is in contrast to West 
Africa where there is no known case that a community has successfully challenged a patent obtained 

by external parties, whereas, it is not that there is no instance of the improper exploitation of 

biodiversity derived from local communities in that part of Sub-Saharan Africa.  
Benefit-Sharing of Results of Utilization of Biodiversity 

 Both the Hoodia and Masakhane cases demonstrate that where communities are able to 
organize under a socio-cultural platform, they are better able to ensure external parties do not exploit 

their biodiversity without agreements that ensure that the communities are adequately compensated 

for sharing their TK and biodiversity. By being organized, these communities are able to enter into 
benefit-sharing agreements with companies and other researchers who enter their land for purposes 

of investigating about the active ingredients of the biodiversity that is on their land. Even where their 
biodiversity was exploited by external parties without such agreements first being in place, by being 

organized, they were in a position to successfully challenge the patents that were obtained by these 

companies over materials obtained from biodiversity on their communal land and derive compensation 
for the unlawful use of these resources.  

All Inclusive Land Administration 
 More significantly, these cases demonstrate that land tenure reform is more effective and 

beneficial to the community as a whole when it is not a direct adaptation and codification of the 
customary law of the people of the community. This is because the customary land law of the majority 

of Sub-Saharan African communities vests the ownership and control of community land in the 

traditional institution. Consequently, in the event that land laws are enacted, which provide that 
communal land should be administered in line with the customary law of the people, a greater part of 

the community would be excluded from the management of communal land. This is to be contrasted 
with countries like Kenya and South Africa where the laws allowing communities to hold statutorily 

recognized titles over their communal land, expressly make provision ensuring that there is collective 

participation in land administration at that level, and an inclusiveness that allows broad participation in 
the administration of communal land by vulnerable group such as women and the youth. 

                                  
94 Ibid., p. 75. 
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Ownership of Biodiversity in Sub-Saharan Africa 

 The current statutory regime of land ownership and management in Nigeria places ownership 
over biodiversity in the people, even though this right is held in trust by the State, and this poses a 

challenge to the realisation of the requirement of PIC of the communities in which these resources are 
located, before they can be accessed by commercial users. This is because the right of the TLCs to 

deal with their land (including all the biological resources that are on it or beneath the land) is subject 

to approval of the Governor of the State within which that community is situated.95 The implication of 
the trusteeship of the Governor of the State is that he is the authority that determines the question of 

access and benefit-sharing over the land-based biodiversity within the territory of the State. In other 
words, ownership of land by the people is inchoate, and pyrrhic in nature. In a related manner, TLCs 

are in no position to prevent any person from exploiting the biological or genetic resources on their 
land, after such a person has obtained the requisite right of occupancy from the Governor of the 

State.  

 This may be contrasted with the state of the law in Ghana where TLCs can protect their 
communal land through registration with State authorities, and the traditional institution is given some 

measure of recognition and control over community land, under the statutory law. Consequently, 
Ghanaian traditional institution can control access to the biodiversity that is on their land by giving or 

withholding PIC, and determine how the benefits from its exploitation may be shared between the 

commercial users and the communities. This privilege is only subject to the overriding power of the 
Republic to compulsorily acquire title over any land held by a TLC. The only limitation with the state of 

the law in Ghana is that community participation is not encouraged in the process leading up to giving 
or withholding PIC. This is because the recognition of customary land law structure of ownership 

under the relevant statute reinforces the ownership of communal land by the Stool, rather than the 
people. This does not, therefore, allow for the community participation in the decision-making process 

leading up to either giving or withholding PIC. 

 On the other hand, it can be concluded that the countries in the East and South of Sub-
Saharan Africa view ownership of biodiversity on the land belonging to TLCs as vesting in the 

communities, rather than the State, provided that the community has registered its interest in the 
land. These countries have succeeded in enacting legislation that strikes a balance between the 

recognition of the customary land tenure of the TLCs, which also vest the ownership of communal 

land in the traditional institutions, and the need to make decision-making regarding such land by way 
of popular participation. What these countries have been able to achieve in this regard is significant 

because it addresses the problems associated with the centralization of decision-making in terms of 
PIC required by commercial users of their biodiversity, such as resistance by the TLCs, while at the 

same time empowering the TLCs economically.  

Conclusion 
 There has been significant land tenure reforms in Sub-Saharan Africa over the past twenty 

years. Many of the countries in Southern Africa have incorporated customary law rules as a major part 
of the land tenure regime in their jurisdictions. Sub-Saharan African customary law generally vests 

ownership of customary land in the traditional institution, and this does not allow for management of 
communal land by popular participation. In another breath, many Sub-Saharan African countries have 

recognized community ownership of land, which is registrable and is managed by committees set up 

under the relevant laws. Traditional and local communities in countries that allow for the registration 
of communal land have a greater propensity to effectively protect their biodiversity from biopiracy. 

Consequently, it is advocated that Sub-Saharan African countries that have not reformed their land 
tenure systems allowing for registration of communal land, such as Nigeria, to vigorously pursue 

reforms in this direction. It is advisable that this is achieved without necessarily making customary law 

the basis of the reforms as was partly done in Ghana where customary law was adapted in the land 
legislation and communal land may be registered under the ownership of the traditional stool. 

                                  
95 Sections 21 and 22 of the Land Use Act. 
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Chapter 8  
Socioeconomic,Cultural and Environmental Baseline                                      

Assessment of Kano Industrial Layout 
 

Uzonu Ikenna Ugonna 
Society for Life Improvement and Development,Abuja 

Abstract 

This paper highlights the socio-economic, health and cultural information of Kano Industrial Layout of 
Kano State, Nigeria, with the aim of using the information as baseline for future comparisms. Data 
was gathered with FGD; administered to men, women and youths, KII; administered to notary 
publics; observation and structured questionnaire that was administered purposively. 1653 households 
were identified from where respondents were chosen. Data was analysed using simple frequency and 
percentage table. Results show that the study population is literate, practice polygamy with an 
average family size of 9. Trading is the highest means of livelihood even though 60% of their youths 
are unemployed. The study area has good road network that encourages the volume of trade that 
goes on within the city and beyond. Some 30% of the populace still practice open defecation while 
53% dispose wastes along the streets; malaria and typhoid are the commonest ailments. The 
government provides potable water since the ground water has been polluted as a result of significant 
effluent discharges from the industries. 
Keywords: Society, Environment,Industry,Economy, Household, Culture, Development 
 

Introduction 

The social, cultural and economic analysis of a place and or its people is often times neglected 
by researchers. It is a known fact that human activities affect the economy of a place. Eatwell et al, 

(1989) believe that more narrowly, contemporary practice considers behavioural interactions of 
individuals and groups through social capital and social markets and the formation of social norms. 

Socioeconomics however is regarded as heterodox when the philosophical premises and dysfunctional 

economic relationships are neglected (Boyle, 1996). In Africa however, urban growth is occurring 
within the structure of a weak economic base exposed to vagaries and pressure of global competition 

(Kessides, 2005). Management of urban growth is one of the most significant sustainable 
development challenges of Africa in the 21st century (Rakodi and Leduka, 2003). The urban 

population of Nigeria according to estimate would reach 68% by the year 2020. This rural – urban 
traffic is mainly as a result of perquisites of industrialisation (Opuenebo, 2007). The industrial layout 

of Kano initially located at the outskirts has reached a significant economic height and people from all 

over Nigeria and beyond have trooped in to leverage on her operations for their livelihood. This led to 
a rapid urban development around the layouts. This study thus has assessed the social, cultural and 

economic levels of Kano Industrial Layout.  
Study Area 

The study area covers the three industrial sites of Challawa, Sharada and Bompai which are 

all now within the heart of Kano City. The area has been sandwiched by pockets of residential 
settlements which were not there from onset. It is situated within the Sahelian region of Nigeria at an 

altitude of 481m above mean sea level. It is dominated by the Hausa/ Fulani tribes with Islam as the 
dominant religion. Hausa/Fulani are two languages that are widely spoken in Nigeria. The Hausas are 

found chiefly in the North-western part of the country. They constitute the largest ethnic group in the 
area. There are three main seasons based on temperature element. Some of the livelihood means 

include farming, civil service and trading. A cool and dry season: It lasts from November to February. 

During which the mean monthly temperature is between 21 and 23⁰ C with diurnal range of 12-14⁰ C. 
The Harmattan winds prevail at this period. The period is followed by a hot and dry season which lasts 

from March to mid-May. The mean monthly temperature during this period is in excess of 300 C and 
the daily range is up to 20⁰ C. This is followed by the wet season which is warm, with mean monthly 



Our Changing Environment and Development edited by Jacinta A. Opara 
Metropolitan International University Press. ISBN 978-9970-9670-0-1(print);978-9970-9670-1-8(online) 

~ 66 ~ 

 

temperatures about 26⁰ C and a diurnal range of about 10⁰ C, rising to 13⁰ C in September. The 

mean annual rainfall is about 980mmand falls from June through September.  
 

 
Fig 1: Kano Industrial Area 

Source: Fieldwork, 2019 
Some of the trees found in the area include Acacia Albida spp, Acacia Nitotica spp, and Acacia 

Seyal spp. Most of these trees adapt to drought conditions through long tap roots, leathery leaves, 
and tiny leaves. With the exception of Acacia Al bida which retain their green leaves throughout the 

year, the other trees shed their leaves during the dry season.  

Industrialisation of these three industrial areas has caused the growth of residential 
settlements to sandwich these factories without any form of regulation by the relevant authority. 

Trunks A and B roads are seen all over the area encouraging mechanised vehicular transport means 
like buses, taxis and tricycles.  

METHODOLOGY 

Based on the total number of housing units around the three industrial estates, (1653), 165 
copies of household questionnaire were administered purposively. This sample size is considered 

adequate considering the homogeneity of the population.  All the 165 copies of questionnaire were 
retrieved from the respondents. Simple descriptive statistics such as percentages and charts were 

used to analyse the field data. This ensured that the most outstanding factors of socio-economic 
relevance in the various communities were clearly identified.  

Direct Observation was employed for objects, events, processes, people‘s behaviour and other 

relevant indicators that were developed for the study. Project team members with the aid of relevant 
tools captured real time record of the processes. Some of these include household activities, social 

and physical infrastructure, agricultural production and marketing, social organization activities, local 
development strategies among others.  

Key Informant Interview (KII) was administered to stakeholders in the communities who have 

deep (local) knowledge of the area and who can give an objective view from their experience. These 
stakeholders include youth leaders, women leaders, Chairmen of Community Development 

Associations, resident teachers, health officials, village heads and community leaders.  
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Focus Group Discussion was administered to carefully selected groups of people (5 -10) with 

adequate knowledge in the specific area of discussion. This method helped to clarify specific issues 
discussed by a larger group. The focus group discussions were also used as a way of involving target 

segments of the communities (youths, women and opinion leaders) and mainstreaming their 
responses with those acquired from the structured questionnaire administered.  

FINDINGS 

General Characteristics 
A total of 1653 households were enumerated. They have an average household size of 9 

which brings the population to about 14, 877. Majority of the residents are Hausa and Fulani with 
pockets of Igbo and Yoruba. Other tribes other than Hausa and Fulani are those who work at the 

industries including other nationals like the Indians, Chinese and Lebanese but do not reside in the 
communities. Result shows that 83% of the respondents have been living in the study area since 

birth, 9% have been living for 11 – 20 years while 5% and 3% represent those who have lived for 6-

10 years and less than 5 years respectively as shown in Fig 2. 

less than 5 
years

3%

6 - 10 years
5%

11 - 20 years
9%

since birth 
83%

  
Fig 2: Length of stay in the Communities within the three Industrial Estates  

 

Table 1: Socio-demographic Characteristics of Respondents   
Indices CHALLAWA SHARADA BOMPAI 

Gidan Maza Sabuwa 
Gandu 

Gasau Panshekera Yan Danko Bompai  

Freq % Freq  % Freq  % Freq  % Freq  % Freq  % 
AGE 
18 – 25 
26 – 40 
41 – 55 
>55 

 
11 
16 
14 
---- 

 
26.8 
39 
34.2 
---- 

 
12 
08 
08 
04 

 
37.5 
25 
25 
12.5 

 
---- 
21 
04 
03 

 
---- 
75 
14.3 
10.7 

 
02 
06 
19 
02 

 
6.9 
20.7 
65.5 
6.9 

 
03 
06 
03 
03 

 
20 
40 
20 
20 

 
---- 
14 
03 
03 

 
---- 
70 
15 
15 

SEX 
Male  
female 

 
31 
10 

 
75.6 
24.4 

 
28 
04 

 
87.5 
12.5 

 
21 
07 

 
75 
25 

 
10 
19 

 
34.5 
65.5 

 
12 
03 

 
80 
20 

 
17 
03 

 
85 
15 

MARITAL STATUS 
Married 
Single 
Divorced 
Separated 
Widowed  

 
 
36 
---- 
---- 
---- 
05 

 
 
87.8 
---- 
---- 
---- 
12.2 

 
 
20 
---- 
---- 
---- 
12 

 
 
62.5 
---- 
---- 
---- 
37.5 

 
 
24 
---- 
01 
---- 
03 

 
 
85.7 
---- 
3.6 
---- 
10.7 

 
 
27 
---- 
---- 
---- 
02 

 
 
93.1 
---- 
---- 
---- 
6.9 

 
 
12 
---- 
---- 
---- 
03 

 
 
80 
---- 
---- 
---- 
20 

 
 
17 
---- 
---- 
---- 
03 

 
 
85 
---- 
---- 
---- 
15 

MARRIAGE 
PATTERN 
Monogamy 
Polygamy  

 
 
31 
10 

 
 
75.6 
24.4 

 
 
24 
08 

 
 
75 
25 

 
 
19 
09 

 
 
67.9 
32.1 

 
 
10 
19 

 
 
34.5 
65.5 

 
 
06 
09 

 
 
40 
60 

 
 
13 
07 

 
 
65 
35 

HOUSEHOLD SIZE             
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(Average)  
9 

 
9 

 
9 

 
10 

 
9 

 
8 

EDUCATION 
Primary 
Secondary 
Tertiary 
Islamiya 
Non formal 

 
05 
31 
05 
---- 
---- 

 
12.2 
75.6 
12.2 
---- 
---- 

 
---- 
20 
08 
---- 
04 

 
---- 
62.5 
25 
---- 
12.5 

 
03 
10 
04 
01 
10 

 
10.7 
35.7 
14.3 
  3.6 
35.7 

 
---- 
19 
07 
---- 
03 

 
---- 
65.5 
24.1 
---- 
10.4 

 
03 
09 
---- 
03 
---- 

 
20 
60 
---- 
20 
---- 

 
03 
14 
---- 
03 
---- 

 
15 
70 
---- 
15 
---- 

 

Age structure is an important demographic variable and is the primary basis of demographic 

classification. It is an important variable in the study of mortality, fertility, and nuptiality. Table 1 
shows that majority of the respondents fall within the age bracket of 26–40 years followed by the 41–

55 years age bracket except for Panshekera who has more from the 41 – 55 age bracket with 65.5%. 
This shows that most of the respondents fall within the workforce group that drive the economic hub 

of the communities. In the same vein, more men were interviewed than women except again in 

Panshekera where female respondents (65.5%) were more than their male counterpart (34.5%). 
Culturally in the study area, men power the economy with the major businesses and means of 

livelihood; allowing women the privilege to engage in petty trading. 
The culture of the people discourages divorce and separation. This explains why majority of 

the respondents are married followed by the widowed. In Gasau however, 3.6% of the respondents 
are divorced. Monogamy is cherished in the study area and reflects in its marriage pattern; 75.6, 75, 

67.9 and 65% of the respondents in Gidan Maza, Sabuwar Gandu, Gasau and Bompai practice 

monogamy. Ironically but in line with popular belief, Panshekera and Yan Danko had more 
polygamous respondents with 65.5 and 60% respectively. On the average, the household size is 9 

members per family however a large household with 30 members was enumerated in Panshekera. 
Literacy is a major index in measuring the socio-economic state of a people. Education is a 

vital part of every country, and Nigeria does not provide great results in comparison to other world 

countries. The rate is still far from being perfect in Nigeria. According to the National Bureau of 
Statistics (2010) the average literacy level in Kano for English is 27.8% while any language is 74.1%. 

The Bureau also records that Kumbotso, Kano Municipal and Nassarawa Area Councils have rates of 
30.1, 53.4 and 30.1% respectively. The respondents in the study area are comparatively literate. 

Majority of them went through secondary education (75.6, 62.5, 35.5, 65.5, 60 and 70% respectively 
for Gidan Maza, Sabuwar Gandu, Gasau, Panshekera, Yan Danko and Bompai). Some respondents in 

Sabuwar Gandu (12.5%), Gasau (35.5%) and Panshekera (10.4%) did not go through any form of 

education and for such the interview was conducted in Hausa language. Few others in Gasau (3.6%), 
Yan Danko (20) and Bompai (15%) passed through the Islamiya. No higher institution is domiciled in 

the area but few kilometers away in the city are federal and state universities and other forms of 
higher institutions which have them as catchment.  

The dominant religion practiced within the study area is Islam (96%) with about 4% 

Christianity. There are no traditionalists since Islam is the culture of the people. However they 
combine their practice with elements of traditional practice. The notable festivals are those of the 

three Sallah (Eid-El Fitri, Kabir and Malud). These festivals are celebrated with pomp and pageantry 
and have spiritual, traditional, socio-economic and financial implications for both the indigenes and 

settlers. These festivals offer opportunities for the people to seek divine favour, prosperity, bumper 

harvest, peace, security, long lives and good health for the communities. 
Sacred places and monumental objects exist in the communities. They can be accessed 

anytime of the year; unauthorised entry could be visited with different degrees of penalty especially as 
concerns prayer grounds. Three communities; Yan Danko, Bompai and Panshekera have a historic site 

and monuments respectively as shown in Table 2. 
Table 2: Historic and Monumental Sites in the Study Area 

 Community Historic / monumental site 
1 Yan Danko Old site Kufai 
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2 Bompai Dutsen Zurari 
3 Panshekera Dutsen Wali 

 
Land Tenure 

The prominent forms of land ownership in the communities are family and personal land 
tenure. The family head is the custodian of the family land. However if he dies, the family land may 

be shared amongst the children if they so wish especially when are full grown adults and married. 

Most of the inhabitants engage in subsistence agriculture on their inherited portions of the family land. 
Some portions of land also usually belong to the traditional institutions. As is common with most 

societies, for development purposes, overriding communal interest supersedes personal or family land 
ownership. However, the land in question may be bought outrightly or exchanged for another.  

Taboos and Values 

Some of the taboos in the communities include prostitution, rape, paedophilia and any form of 
sexual harassment. On the other hand the values that are cherished include honesty, loyalty and 

respect as shown in Table 3. 
Table 3: Taboos and Values in the Communities  

 Taboos Values 

1 Prostitution Honesty 
2 Paedophilia Loyalty 
3 Rape Respect 
4 Sexual harassment Kindness 
5 Stealing  
6 Kidnaping   

 
The taboos in Table 3 have no particular punishment except where religious measures are 

employed. The key respondents strongly affirmed that indigenes do not get involved with these 
taboos but rather visitors. Whenever a defaulter is caught, he is thoroughly beaten and may be asked 

to leave the community. On the other hand, the values are encouraged and compulsorily instilled in 

young persons.  
Conflict Resolution 

Cases are handled from the least levels of leadership that includes household heads, chiefs 
and community groups including the local vigilante groups. Civil cases in the communities are 

arbitrated by the Village Heads (Dakachi) and Ward Heads (Mai Angwa), religious leaders and age 
grade heads. On the other hand, inter-communal conflicts are resolved by the representatives (Chiefs) 

of the communities involved (this form of conflict is very rare and is a pointer to the durable peace 

experienced in the communities). Cases that cannot be resolved at these levels are taken to the 
Paramount ruler for adjudication. The only form of conflict captured during the survey is that between 

the companies and the villagers who work for them. This conflict stems from the poor welfare 
treatment to the companies‘ staffs. The villagers are however not keen to reporting such cases for 

fear of losing their jobs. 

This study did not find any specific current issue that could conceivably lead to full blown 
conflicts with any of the companies operating within the Industrial Area.  However, agitation remains 

for the proper management of waste, better welfare for locals working with the companies and 
improved Corporate Social Responsibility. 

ECONOMICS AND LIVELIHOODS OF HOUSEHOLDS 

Occupation 
Farming is the occupation practiced by most if not all of the residents within the concession. 

However, tailoring, trading, welding, mechanics and civil service are the other major means of 
livelihood as shown in Fig 2. 
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Fig 2: Major Occupation within the Study Communities 

Trading in the study area covers 54% of the means of livelihood. The residents cash in on the 
commercial character of Kano to engage in petty trading through big businesses like the sales of 

textiles and foot wears. Another 25% are civil servants who work in the different companies around 
them and also with the government. Farming, tailoring and welding are the three other means of 

livelihood with 10, 9 and 2% respectively. Some minor means of livelihood in the communities include 

fuelwood, charcoal and coal business. Others are water vending, tricycle riding, food vending et 
cetera. 

Income 
The income generating activities in the communities include farming, trading and tailoring. 

Income level is rather too low in the area. About 67% earn below N40,000/ month while only 33% 
earn above N40,000. (Fig 3) 

 
Fig 3: Income level in the Communities 

Four brackets of income were identified during the survey. 10000 – 20000 (40%), 20001 – 
30000 (14%), 30001 – 40000 (13%) and >40000 (33%). This shows that that the community is a 

poor one when we match the income level with the household size. Disappointingly though, most of 
the respondents do not know how to value the produce from their farms consumed domestically. 

Respondents that earn more than N40,000/month are those working with the companies and the 

government. Others are the big traders and those that rear cattle. Some of the challenges to income 
generation include poor storage facilities, post- harvest loss and lack of access to credit facilities.  

Employment 
Less than 40% of the population of the people who have attained 18 years and above are 

gainfully employed. One wonders why with the presence of all the industries the unemployment level 
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is still high. A closer observation during the survey shows that about 40% of the companies that 

would have employed these unemployed have folded up for different reasons including low electric 
power supply. The youths however do no regard peasant farming as an occupation since it does not 

generate the required level of income.   
SOCIAL INFRASTRUCTURE 

Educational Facilities 

Communities in the project area are grossly deficient with respect to educational 
infrastructure. The manpower in virtually all the schools is inadequate with high teacher/student ratio.  

All existing schools have basic facilities like water supply and toilet.  In addition, instruction materials 
are grossly inadequate placing further pressure on the teachers. To this effect, a lot of private schools 

are springing up to bridge the gap thus created. Two secondary schools are in Sabuwar Gandu and 
Yan Danko and they are not enough to service the communities. 

 

Table 4: Educational Facilities in the Study Area 

Community Primary School Secondary School 

Sabuwar Gandu Model PrimarySchool S/Gandu Secondary School 
Gidan Maza B. Jajaye International School  
Gasau Gasau Primary School  
Panshekera Al Sadiq Internationl Academy  
Yan Danko Yan Danko Primary School Challawa Secondary School 

 

Electricity 

Most communities in the project area are linked with the national power grid line for electricity 
supply; power supply has however been low and some transformers have gone bad. It is therefore 

exceedingly difficult to enhance shelf life and market value of agricultural produce in these 
communities since electricity is an indispensable tool for adding value to agricultural produce through 

effective processing techniques and storage.  This has deepened the poverty level in this area. 
However, some residents utilize generator as electricity supply for household uses while majority 

utilize bush lamp/lanterns. A large number of the inhabitants still depend on fire woods as the source 

of energy especially for domestic purposes. The impact of the adoption of firewood for these purposes 
is too critical to deforestation and climate change phenomena to be so neglected. 

Markets 
There is no modern market facility in any of the communities in the study area and this has a 

lot of negative consequences on the socio economic life of the community. However, the small 

markets that exist in the communities lack essential facilities such as lock-up stalls, open stalls, stores 
for warehouses among others.  The implication of this scenario is that proceeds from sales of products 

are generally too low to encourage large production.  Traders and farmers in these communities take 
their wares and produce to bigger markets within the Kano City for sale. Market facilities are 

important for trading of goods among the rural dwellers. A standard market facility will attract other 
people to trade and as well as form an outlet to reduce post-harvest losses and increase the income 

of farmers and traders. 

Transport Facilities 
The project area is traversed by several roads, amongst which are trunks ―A and B‖ roads. 

The people in these communities are clearly at an advantage in terms of transport facilities and cost 
of transportation since major roads are tarred. Communities in the area have a good lay out hence 

good access roads which are usually accessible at all seasons. Thus, crops such as onions and cereals 

are easily transported to sales points. This situation is however affected negatively by the absence of 
standard storage facilities. Virtually all the communities in the study area make use of public buses, 

cars, tricycles and motorcycles as the major means of transportation. Motorcycles and bicycles are the 
most commonly owned means of transportation in the project area, while a small percentage own 

cars. 
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Communication Facilities 

The residents of these communities have access to mobile communications through fixed 
wireless lines provided by communication service providers like MTN, Airtel, Etisalat and Glo. These 

residents make use of Post Offices around and also get information about other parts of the country 
through radio and television.  

HEALTH STUDY 

This section presents the baseline health data based on information generated from sampled 
groups and health centers in the study communities. The data relies on self-reporting, presumptions 

by respondents in the survey and data from the health centres in the area. 
Prevalence of Diseases 

 
Fig 4: Prevalent Diseases in the Study Area 

The commonest and most prevalent diseases affecting all age groups as seen in Figure 4 are 

malaria (49%) and typhoid (27%). Other common ailments in the area include cholera (8%), diabetes 

(6%), high blood pressure (2%), gastro enteritis (5%), flu (2%) and ulcer (1%). The high malaria 
prevalent rate can be explained by the following factors: 

 the abundance of mosquitoes (the insect vector of malaria, which consists predominantly of 

Plasmodium falciparum, and less of Plasmodium vivax and Plasmodium malariae);  
 presence of stagnant water in clogged drains;  

 absence of pest control practices, and  

 inadequate prophylactic drug supply 

Available Health Centers 

The health facilities in the area comprise of both primary and secondary health centers. Six 

centers were identified with only Bompai having a hospital while the other communities have clinics 
and primary health centers. Also identified were a lot of private clinics and patent medicine stalls. In 

general, health facilities in the study area are inadequate. 
Table 5: Basic Health Centers in the Study Area  

Community Health Center 

Gidan Maza Sharada Industrial Clinic and Maternity 
Sabuwar Gandu Hajia Turei Yaradua Model PHC 
Bompai Muhamad Sanusi Clinic 
Bompai Shakatafi Hospital 
Bompai Kwaji PHC 
Panshekera Labi Clinic 
Panshekera Panshekera Health Clinic 
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Traditional Medical Practice 

The practice of traditional medicine is common in almost all the communities. Their practice 
commonly involved the use of herbs and body charms. Body massaging and scarification are also 

common. The services offered by these practices are shrouded in secrecy. Traditional birth attendants 
exist and are popular. In many of the communities their services are functional and they believe it 

competes with any form of ante-natal and maternal services available. They are highly patronized 

because their charges are low and affordable.  
Nutrition 

The dietary patterns of the communities consist mainly of carbohydrates like rice, cassava 
flour, yam, corn and other cereals, which are eaten in various forms. Proteinous food such as beans, 

beef, meat, bush animals, chicken et cetera are also consumed. The diets eaten by these communities 
are usually not balanced diet.  

WATER SUPPLY AND QUALITY 

Sources of Water 
The major source of domestic water supply in the project area is potable water supply from 

the State‘s Water Board.  Some other households rely on supplies from streams during the wet season 
and from the few boreholes available. The few existing wells that were observed in the project area 

were essentially constructed by communal efforts and not in use. Only few of the observed wells are 

covered. In addition, the wells are shallow, polluted and saline. The salinity may have been as a result 
of the geology of the area. The pollution is caused by the high volume of effluents discharged from 

the companies on a daily basis. Some of the companies use such chemicals as polypropolyn, TDI, 
polyol, caustic soda, hydrogen peroxide and hydrogen sulphide. These companies claim REMASAB 

manages their wastes but the volume of effluents seen being discharged into drains and streams are 
significant. 

ENVIRONMENTAL HEALTH 

Sanitation of the Living Environment 
The general sanitary status of the living environments in the communities were rated as poor, 

fair, or good based on a set of WHO criteria.  About 48% of the communities had poor level of 
sanitation, while about 52% had only a fair level of cleanliness. None of the communities had good or 

very good sanitary status of the living environments. 

Sewage Disposal 
The commonly used excreta disposable methods are the pit toilet, water cistern, open 

defecation and the bucket system as shown in Figure 5. The use of water cistern (55%) is very 
common because of availability of water and the fact that the study area. Open defecation (30%) is of 

a great concern in this area. Apart from being unsightly, the practice constitutes a formidable source 

of food and water contamination in the area. Its contribution to the prevalence of diseases is 
therefore significant.  
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Fig 5: Faecal Disposable Methods 

 
Refuse Disposal 

 
Fig 6: Refuse Disposal Methods 

The refuse generated in the studied area were mainly domestic waste, which included food 

peels or remnants (garbage), et cetera. The non-degradable wastes were mainly plastics, bottles, 

polythene bags, ashes, cans/tins et cetera. The commonest method of refuse disposal is open dump 
(55%) usually along the roads followed by burning (47%). These disposal methods are unsanitary. 

These two methods in Figure 5 lead to pollution, drain blockage and poor aesthetics.  
HOUSING CONDITION 

Housing is a fundamental component of quality of life influencing health, sanitation, social 
environment and community wellbeing. Most of the inhabitants live in sub-standard houses as these 

buildings generally lacked in-house facilities such as good toilets and water with almost all households 

disposing of their human waste by unsanitary methods while only a few has access to improved 
drinking water. No doubt, the observed housing standard could be assumed to be a vivid reflection of 

the households‘ income level and the challenge posed by the environment in the study area.  
Housing is a key component in the protection and promotion of health which carries equal 

priority with nutrition, water supply, sanitation and health care. House needs to be sited properly and 

constructed in such a way as to provide the physical and social needs of those housed. House needs 
to protect people from adverse effects of the climate as well as provide fresh air, security and privacy 

to ensure, dignity, health and wellbeing. All these qualities and attributes of a good housing have 
been compromised in most of these communities.  No doubt, this has contributed to the prevalence 

and incidence of diseases in the industrial areas of Kano City.  
CONCLUSION 

This study having assessed the socioeconomic, cultural and health status of the Kano 

Industrial Layouts of Kano City, Kano State has set a new baseline for researchers. The industrial 
layouts of Challawa, Sharada and Bompai were carved at the outskirts of Kano; as soon as the 

industries started thriving, developments continued to improve. These new levels of development 
attracted people to reside close to the industries. These industrial layouts have been significantly 

encroached leaving the industries totally sandwiched. This study found out that these industries drive 

the economy of the State but some of them have folded up owing to the high cost of running the 
companies. The residents are literate enough but fail to manage their waste properly and a 

reasonable number of them still practice open defecation not minding the environmental and health 
implications. 
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Peasant farming is practiced by virtually all the residents but the major means of livelihood 

remains trading while a few others are civil servants. The industries however generate large effluents 
which they discharge carelessly polluting the soils and water; this further deepens the environmental 

and health challenges of the area. The hierarchical pattern of traditional leadership helps to helps to 
manage conflicts and maintain peace within the study area.   

 

REFERENCES 
Boyle, E.O. (1996) Social Economics: Premises, Findings and Policies, in Lawson, T. (2006) The Nature 

of Heterodox Economics, Cambridge Journal of Economics, 30(4) 483-505 
Eatwell, J., Milgate, M., and Newman, P. (1987) Social Economics: The New Palgrave, p. xii, Topic-

preview links, pp v-vi 
Kessides, D. (2005). The Urban Transition in sub- Saharan Africa; Implications for Economic Growth 

and Poverty Reduction, Urban Development Union, The World Bank  

NBS (2010). Demography and Health Survey, fourth round  
Opuenebo, O. (2007). Distortions of the Urban Land Markets in Nigerian Cities and the Implications 

for Urban Growth Patterns: The Case of Abuja and Port Harcourt. Fourth Urban Research 
Symposium 

Rakodi, C., and Leduka, C. (2003). Informal Land Delivery Processes and Access to Land for the Poor 

in Six African Cities: Towards a Conceptual Framework, WPS/ISSR Project, R8076 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
 



Our Changing Environment and Development edited by Jacinta A. Opara 
Metropolitan International University Press. ISBN 978-9970-9670-0-1(print);978-9970-9670-1-8(online) 

~ 76 ~ 

 

Chapter 9 
Comparative Study on Solid Wastes Composition                                                         

and Generation in Selected Hotels in Nigeria  
 

M.U. Chikwendu., U.I. Uchendu and C. Kanu     
Michael Okpara University of Agriculture, Umudike,Nigeria 

Abstract 

A comparative study on solid wastes composition and generation in selected hotels in Umuahia and 
Aba metropolis of Nigeria was conducted with a single factor experiment in randomized complete 
block design to determine the types and quantities of municipal solid waste generated at specific 
location in the two municipalities with three replications in both locations. The result shows that there 
was significant difference (P<0.05) between the various solid waste types generated in Umuahia and 
Aba, while there was no significant difference in the levels of waste generated in the hotels in 
Umuahia but a significant difference in the levels of waste generated in the hotels at Aba. The result 
also shows that there was significant difference (P<0.05) between the mean values of the various 
solid waste types generated in Umuahia and Aba metropolis. There was also significant difference 
(P<0.05) between the levels of waste generated from the three hotels under study in Umuahia and 
Aba. Food/putrescible waste and glass/bottles are generated significantly higher than any other 
wastes types with mean values (73.44kg, 59.89kg 58.77kg, 54.61kg) and respectively in Aba and 
Umuahia city followed by plastic and polybags with significant low in inert and textile waste with mean 
value of (14.4kg, 22.03kg) and (13.12kg, 17.28kg) in Umuahia and Aba respectively. The study 
recommend that waste should be sorted out into their various components at source before disposal 
and emphasis should be laid on reuse for waste reduction, reuse and recycling of waste to mitigate 
the problem of waste in our cities. 
Keywords:  Aba, Comparative Study, Hotels, Solid waste, Umuahia. 
 

Introduction 

 Waste was an early problem of mankind, and a growing one that is of major concern to most 
nation of the world (Allende, 2009). Ogwueleka, (2004) reported that growing population, rising 

income and change in consumption pattern combine to complicate solid waste problem in Nigeria and 
especially urban centers, which has reached immense proportions as heap of refuse are found littered 

along major roads, river bank, gullies, gutters and open spaces. Factors responsible for the growth in 
waste generation in many modern societies are traced to increase population that is complimented by 

rapid urbanization and industrialization which has resulted to increase of waste generated. Other 

factors are tied to citizen‘s socio-economic status and the type of predominant commercial activities 
(David et al., 2014). In most developing cities, wastes are not properly collected and where proper 

collection is ensured, only a small fraction receives proper disposals. Urban waste management has 
been a challenge for municipalities and urban governments in the developing world, largely due to 

poor infrastructure, bureaucratic incompetence and limited institutional capacity of the municipalities. 

 Human beings are bound to produce waste, whether it is residential areas or work places. For 
the hospitality industries, the waste generated by daily operations is an ongoing challenge. Most of 

the hotel waste are generated from the kitchen (organic food waste, packaging, aluminum cans, glass 
bottles, corks and cooking oils), or from the housekeeping (cleaning materials) and plastic packaging. 

Waste is not only generated in guest rooms but also in public areas within the hotel, gardens (i.e. 
engine oils, pesticides, paints and preservatives to grass and hedge trimming and offices (toner 

cartridges, papers and cardboard waste). Refurbishment and renovation projects undertaken at the 

hotel contribute further to the waste management by the property (Tang, 2004). 
 Waste is a key concern in the hospitality industry; typically, a hotel guest can produce 1kg of 

waste a day that accumulates to thousands of tons of waste annually (IHEL, 2002). Research have 
shown that 70% of hotel waste produced are biodegradable and get mixed with all other types of 
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waste when dumped at the collection points. Some hotel waste produces greenhouse gases and 

others have significant health impact on humans and animals. The impacts of these wastes include: 
irritation to several organs of the body, emission of pungent odour and contamination of water bodies. 

The accumulation of these wastes provides breeding ground for disease vectors such as mosquitoes 
and flies (Kassim and Ali, 2006).  This unpleasant development has led to some untimely human 

deaths, which was estimated to be up to 20,000 in a year (NEMA, 1998).  

Materials and Method 
The research was carried out in Abia sate in south eastern Nigeria. It lies between latitudes 

5° 25′ 0″ N, and longitude 7° 30′ 0″ E, it covers area of 6,320 km2 and a population of about 
2,845,380, it has two district seasons in a year, rainy season and dry season. The mean annual 

climatic data in Abia state are as follows; maximum and minimum temperature 250C and 320C 
respectively; rainfall 2400 mm; relative humidity 80-90% (NPC, 2006). Abia State has three major 

agro ecological zones, fresh water swamp forest, rainforest and derived savanna. (keay, 1989).  

 Information on solid waste composition and generation in selected hotels in Abia State, which 
involves the collection, sorting and weighing measurement of sorted waste was carried out once a 

week between 6:30 am and 8:00 am for a period of 4 months. Sorting of waste to determine the 
composition and generation rates in different hotels categories in specific locations in Umuahia and 

Aba, Abia State, Nigeria were ascertained. Quantities of solid waste composition generated from 

selected hotels at specific location (specifically in kg per day/week/month) at Umuahia and Aba, Abia 
State, Nigeria were recorded. 

 A (9×2) single factor experiment in randomized complete block design (RCBD) with three 
replicates was used to determine the waste types and quantities of municipal solid waste generated at 

specific location in each of the two municipalities/location (Umuahia and Aba) with three replications 
in both locations. Three hotels were randomly chosen at each location for waste generation collection 

and sorting within each site. The wastes from different hotels were sorted into various components 

using hand forks. 
 The composition and quantities of solid waste generated were weighed using weighing 

balance. The study was undertaken in three phases. The first phase of the study assessed solid waste 
composition and quantities of waste generated at different hotels in specific locations on weekly basis, 

the second phase of the study determined the type and quantities of waste generated at different 

hotels at specific locations on monthly basis, the third phase involves the quantities of waste types 
generated at different hotels selected for 16 weeks (4 months) in the study area. The results of the 

data collected were statistically analyzed using the procedures of Steel and Torrie (1980). Significant 
differences between treatment means of the various experiments were tested at (P<0.05), using the 

Fisher‘s Least Significant Difference (F-LSD) (Steel and Torrie, 1980; Alika, 2006). 

RESULTS AND DISCUSSION 
Table 1:Quantities of solid waste composition generated from selected hotels in Umuahia and Aba for (7 days)  

Hotels in Umuahia Hotels in Aba 
Waste composition 
(kg) 

1 Star  
Hotel 

2 Star 
Hotel 

3 Star 
Hotel 

Mean 
M±SE 

1 Star 
Hotel  

2 Star 
Hotel 

3 Star 
Hotel 

Mean 
M±SE 

Bottle/glass 2.84 3.20 4.20 3.41±0.41 2.55 3.22 5.46 3.74±0.88 
Poly bags 1.21 1.80 3.21 2.07±0.59 1.80 1.96 2.20 1.97±0.12 
Plastic/Rubber. 2.00 2.50 2.40 2.30±0.15 2.42 2.10 2.90 2.47±0.23 
Textiles 0.30 0.60 1.80 0.90±0.49 1.41 0.92 1.80 1.13±0.23 
Papers 0.65 0.90 1.80 1.17±0.35 0.58 0.85 1.11 0.84±0.15 
Metal 0.76 0.94 1.65 1.17±0.27 1.21 1.76 1.97 1.65±0.23 
Food/Putrescible 4.82 3.80 2.40 3.67±0.70 3.80 4.25 5.72 4.59±0.58 
Inert waste 0.21 1.45 0.80 0.82±0.36 0.70 1.11 1.43 1.08±0.21 
Others 0.65 1.90 2.40 1.65±0.52 0.87 1.30 2.00 1.39±0.33 
Hotel means 1.49 1.90 2.30 1.90±0.23 1.70 1.94 2.73 2.11±0.31 

F-LSD (0.05)    F-LSD (0.05) 

Solid waste component  = 1.2289    0.7546 
Hotels    = 0.7095    0.4355 
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 Table 1 shows that there is significant difference between the mean values of the various 

solid waste types generated in Umuahia and Aba, while there is no significant difference (P<0.05)  in 
the levels of waste generated in the Hotels in Umuahia and a significant difference (P<0.05)  between 

the mean level of waste generated in the hotels in Aba. This could be attributed to the level of 
commercial activities generated within and around the hotels especially in Aba city where numerous 

activities such as business activities, industries, ceremonies, institutions, etc. take place. 

Table 2: Quantities of solid waste composition generated from selected hotels in Umuahia and Aba 
for (4 weeks) 
Hotels in Umuahia Hotels in Aba 

Waste 
composition (kg) 

1 Star  
Hotel 

2 Star 
Hotel 

3 Star 
Hotel 

Means 
M±SE  

1 Star 
Hotel  

2 Star 
Hotel 

3 Star 
Hotel 

Means 
M±SE 

Bottle/glass 11.36 12.80 16.80 13.65±1.63 10.20 12.88 21.84 14.97±3.52 
Poly bags 4.84 7.20 12.84 8.29±2.37 7.20 7.84 8.80 7.95±0.46 
Plastic/Rubber 8.00 10.00 9.60 9.20±0.61 9.68 8.40 11.60 9.89±0.37 
Textiles 1.20 2.40 7.20 3.60±1.83 5.64 3.68 7.20 5.51±1.02 
Papers 2.60 3.60 7.20 4.47±1.40 2.32 3.40 4.44 3.39±1.08 
Metal scrap 3.04 3.76 6.60 4.47±1.09 4.84 7.04 7.88 6.59±0.91 
Food/Putrescible 19.28 15.20 9.60 14.69±2.81 15.20 17.00 22.88 18.36±2.32 
Inert waste 0.84 5.80 3.20 3.28±1.43 2.80 4.44 5.72 4.32±1.16 
Others 2.60 7.60 9.60 6.60±2.08 3.48 5.20 8.00 5.56±1.32 
Hotel means 5.97 7.60 9.18 7.58±0.93 6.82 7.76 10.93 8.50±1.24 

F-LSD (0.05)                   F-LSD (0.05) 

Solid waste types  =  3.8278       3.2889 
Hotels    =  2.2090       1.8988 
 

 Table 2 shows that there was significant difference (P<0.05) between the mean values of 

the various solid waste types generated in Umuahia and Aba town in 4 weeks. There was also 
significant difference (P<0.05) between the mean values of the level of waste generated from the 

three hotels in Umuahia and Aba. From the result obtained, food/putrescible wastes are significantly 
higher compared to other hotel wastes followed by bottle/glass in weight on the mean of (14.69 kg, 

18.36 kg) and (13.60 kg) (14.92 kg) respectively while textile and inert waste are significantly low in 

hotels with mean of (3.60 kg, 5.51 kg) and (3.28 kg, 4.32 kg) respectively in Umuahia and Aba. 
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Table 3: Quantities of solid waste composition generated from selected hotels in Umuahia and Aba for 

(16 weeks) 
Hotels in Umuahia Hotels in Aba 

Waste 
composition (kg) 

1 Star  
Hotel 

2 Star 
Hotel 

3 Star 
Hotel 

Means 
M±SE  

1 Star 
Hotel  

2 Star 
Hotel 

3 Star 
Hotel 

Means 
M±SE 

Bottle/glass 45.44 51.20 67.20 54.61±6.51 40.80 51.52 87.36 59.89±14.08 
Poly bags 19.36 28.80 51.36 33.17±9.49 28.80 31.36 35.20 31.79±1.86 
Plastic/Rubber 32.00 40.00 38.40 36.80±2.44 38.72 33.60 46.4 39.57±3.72 
Textiles 4.80 9.60 28.80 14.40±7.33 22.56 14.72 28.8 22.03±4.07 
Papers 10.40 14.4 28.80 17.87±5.59 9.28 13.60 17.76 13.56±2.45 
Metal 12.16 15.04 26.40 17.87±4.35 19.36 28.16 31.52 26.35±3.63 
Food/putrescible 77.12 60.80 38.40 58.77±11.22 60.80 68.00 91.52 73.44±9.28 
Inert waste 3.36 23.20 12.80 13.12±5.73 11.20 17.76 22.88 17.28±3.38 
Others 10.40 30.40 38.40 26.40±8.30 13.92 20.40 32.00 22.11±5.29 
Hotel means 23.89 30.38 36.73 30.33±3.71 27.27 31.01 43.72 34.00±4.98 

F-LSD (0.05)        F-LSD (0.05) 

Solid waste types  =   56.6380                      13.1337 

Hotels    =   32.6999           7.5328 
 Table 3 shows that there was no significant difference (p<0.05) between means values of the 

various solid waste types generated and the level of waste generated in the three hotels under study 

in Umuahia. The result in the table also revealed that food/putrescible waste and glass/bottles are 
generated significantly higher than any other wastes types with mean values (73.44kg, 59.89kg) 



Our Changing Environment and Development edited by Jacinta A. Opara 
Metropolitan International University Press. ISBN 978-9970-9670-0-1(print);978-9970-9670-1-8(online) 

~ 80 ~ 

 

58.77kg, 54.61kg) and respectively in Aba and Umuahia city for 4 months of the study, followed by 

plastic and polybags with significant low in inert and textile waste with mean value of (14.4kg, 
22.03kg) and (13.12kg, 17.28kg) in Umuahia and Aba location respectively. 

 

 
Figure 2 Mean quantities of solid waste composition generated in kg for 4 months (16 weeks) in   

selected hotels in Umuahia and Aba municipality. 
 Figure 2 shows that the highest waste component generated was from the food/putrescible 

with a mean value of 58.77kg in Umuahia and 73.44kg in Aba, followed by the bottle/glass waste 
components with mean values of 54.61kg in Umuahia and 59.89kg in Aba in 16 weeks (4 month), 

while the least waste component was generated from inert and textile waste components with mean 

values of 13.12kg and 14.40kg in Umuahia respectively while in Aba the least waste types was 
generated was from papers and inert wastes with mean values of 13.56kg and 17.28kg respectively. 

This result is in line with the reports of Oyediran (1997) and Anyakaoha (1997) who noted that 
municipal waste in Nigeria contains several substances, including leaves, plastic containers, paper, 

food waste, glass, textile, metals, polythene, etc. According to Ogwueleka, (2009) growing population, 

rising income and changing consumption pattern combines to complicate solid waste problems in 
Nigeria.  

 The result from the field experiment shows that there is significant difference (P<0.05) in 
solid waste components studied, food/putrescible wastes are generated more than any other type of 

waste with mean value of 3.67kg in Umuahia and 4.59kg in Aba within 7 days, 14.69kg in Umuahia 
and 18.36kg in Aba in a period of 4 weeks and 58.77kg in Umuahia and 73.44kg in Aba in 16 weeks. 

This is in line with the findings of Nwachukwu, (2010) which reveals that Nigerians traditionally use 

enormous quantities of assorted leaves of various plants for the fermentation, preparation, wrapping, 
storage, preservation and sale of other food stuff and these leaves account for a high portion of the 

disposed wastes (Shashikanta, 2015). 
 More waste is generated in Aba metropolis, this could be attributed to the area been densely 

populated and being the industrial hub of the State with more commercial activities. These findings 

are in line with that of Iwuchukwu (1989), who revealed sources of the factors that influenced 
municipal waste generation to include human population growth of the municipalities‘ industrial 

development, diffusion of technical competence, proximity to waste disposal site, accessibility, 
transportation facilities and composition of the waste. Contreau (1982), revealed, also that the type 

and waste volume of waste generated vary according to the level of economic development of an area 



Our Changing Environment and Development edited by Jacinta A. Opara 
Metropolitan International University Press. ISBN 978-9970-9670-0-1(print);978-9970-9670-1-8(online) 

~ 81 ~ 

 

and that municipal dwellers in wealthy cities tends to generate greater waste than municipal dwellers 

in less wealthy cities. 
CONCLUSION  

 This study has identified the composition/types of waste commonly found and quantities 
generated in hotels in Abia State. Food waste/putriscible followed by bottle/glass and plastics/ rubber 

had significantly the highest quantities of waste generated in 6 hotels selected from 2 cities in Abia 

State (Umuahia and Aba). Statistically similar quantities of waste metal, paper, textile and inert had 
the least p≤0.05 result. The study recommend that waste should be sorted out into their various 

components at source before disposal and emphasis should be laid on reuse of waste reduction, reuse 
and recycling of waste to mitigate the problem of waste in our cities. 
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Abstract 

The suitability of river Rido for irrigation purpose was determined through the assessment of the 
water quality. Twelve water samples are collected and  tested  for pH, electrical conductivity (EC), 
total dissolved solids (TDS),  sodium (Na), calcium (Ca), magnesium (Mg) potassium (K), ammonium 
nitrogen (NH4-N),  arsenic (As), cadmium (Cd), chromium (Cr), copper (Cu) and iron (Fe). Sodium 
Adsorption Ratio (SAR) was derived from some of the measured parameters. The values of   pH, EC, 
TDS, Na, Ca, K and NH4-N were within the allowable limits.  The mean value of SAR was 4.55 meq/L; 
which indicated that the adsorption of sodium is excellent. The values obtained showed that the use 
of the water from river Rido for irrigation will not expose the soil to salinity and alkalinity hazards. 
However, the concentrations   of heavy metals in the water makes it unsafe for irrigation, as it would 
contaminate the crops cultivated, and endanger the health of man and animals that consume the 
crops. Before effluents are discharged into the river, Kaduna Refinery and Petrochemical Company 
(KRPC) should ensure that the effluent quality being discharged into the river meets standards, and 
the Kaduna Environmental Protection Authority (KEPA) should monitor the activities of KRPC and  
make it  comply with guidelines of industrial effluent discharge. 
Keywords: Water quality, salinity, alkalinity, effluents, irrigation  

 
Introduction 

The available fresh water on the earth‘s surface has three basic uses: industrial, agricultural 

and domestic uses. The largest use of fresh water worldwide is for agricultural activities. This is 
mostly through irrigation, which accounts for 70% of all water uses. 20% is used for industrial 

activities while the remaining 10% is for various domestic uses (Cunningham and Cunningham, 2004; 
Wright and Nebel, 2004). While there are spatial variations in water usage as a result of diversities of 

climate in different regions of the world, Orubu (2006) also observed that the largest water use in 

Nigeria is agriculture, as it accounts for 54% of the total fresh water withdrawal in the country. 
Irrigation practices in Africa take a large portion of the fresh water available because of the 

dry climate in many areas. The seasonality of rain which characterizes the tropical climate, which is 
the predominant climate in many parts of Africa, is seen as a big factor in the large amount of water 

withdrawn for the traditional flood method of irrigation; which is commonly used in the continent 
(Wright and Nebel, 2004). 

In the Southern region of Nigeria, a high annual rainfall of over 2000mm, with two peaks 

experienced in the months of July and September occurs. This high amount of annual rainfall, coupled 
with the fact that it lasts for most of the year means that rain water is available most of the time for 

rain-fed agriculture. The amount of rainfall however decreases as one moves northward into drier 
climates where the duration of the rain is shorter, and is characterized by a single peak of rainfall 

occurring usually in August. Thus, all year round farming is impossible in the northern region without 

the adoption of irrigation, which makes use of water from streams, rivers, lakes and underground 
aquifers (Akpabio and Ansa, 2013; Federal Ministry of Water Resources, 2004; Iwena, 2000). 

Increased human activities, as a result of rapid population growth, has adversely affected the quality 
of water in streams, rivers, lakes, lagoons and underground aquifers globally, with most fresh water 

contaminated (Christopherson, 2006; Enger and Smith, 2006). UN-Water (2007) reported that close to 

70% of untreated industrial wastes in developing countries is discharged into water where they 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=electrical+conductivity
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contaminate existing water supplies. Thus, the discharge of industrial waste into surface water will 

often impact negatively on water resources and livelihoods. 
Kaduna Refinery and Petrochemical Company (KRPC) Limited is one of the 11 Subsidiary 

created by Nigeria National Petroleum Corporation (NNPC) to refine110, 000 barrels per day (BPD) 
into high quality petroleum products and the manufacturing of petrochemical and packaging products. 

KRPC is primarily engaged in the manufacturing of fuel, lubricants and petrochemical intermediates, 

using petroleum as a principal input material (Austin, 2010). The activities of KRPC generates effluents 
which are disposed into river Rido (Amin, 2006; Oyewoye, 1964, cited in Buggu, 2018). 

This study therefore assesses the suitability of river Rido for irrigation, as the inhabitants of 
Rido in Kaduna state are majorly farmers who rely on the water source for irrigation particularly in the 

dry season. 
METHODOLOGY 

The study area is located some 16 kilometers south of Kaduna metropolis. It lies between 

latitudes 10° to 11 ° North and longitudes 7° to 8° east. KRPC Facility lies between latitudes 10° 24' 
36.18"N and 1.6.2 area of the region (Figure 1). The study area has distinct wet season (May - 

September) and dry season (October- April) which are features of the tropical continental climate that 
prevails in the area. It is drained by River Rido, which is one of the tributaries of river Rigasa, which 

drains into Kaduna.  

 
Figure 1: Map of the study area 

Data was obtained from both primary and secondary sources for this study. The secondary 

source involved sourcing of information through the review of relevant   documents. Food and 
Agriculture Organization (FAO,1985) guidelines was used to interpret water quality and its suitability 

for irrigation in the area in addition to The World Health Organization (2011) guidelines. The primary 

sources include field observations and results obtained from the laboratory analysis of water quality of 
the water samples collected from river Rido.  

Transient method was used to determine sampling points along the river. This was done to 
allow flexibility in fixing of the points in the river at which samples were taken. A total of twelve 
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samples were taken for the study; at interval of 1km from each other during the dry season in the 

months of January, February and March; when farmers relied upon the water for irrigation.  
Collection of water samples along the river took take place in the morning between 8-10 am, 

when the temperature was low because high temperature might alter the level of pollutants by 
enhancing chemical reaction. Grab method was adopted, which involves dipping a sampling container 

(plastic cup) from one or more points in a stream along the cross section. Grab sampling techniques 

used in this study was consistent at each sampling point. 
The samples were collected by immersing a plastic container midway of the width of the river, 

and allowed to over flow before withdrawing; with the opening pointing directly downward to maintain 
a volume of air in the container thereby avoiding the collection of any surface films. The samples were 

all collected in clean 1.5 litre white polyethylene stopper containers which had been soaked overnight 
in dilute HNO3 solution. The containers were first rinsed with distilled water and filled with distilled 

water to the sampling points. The containers were emptied at the sampling points and rinsed severally 

with the samples to be collected and eventually, the collection of samples and the containers covered 
(air tight) with their lids immediately. Each bottle was labeled for clear identification.  Preservations of 

the samples were carried out by the addition of a little quantity of Nitric acid (APHA, 2002). The 
samples were labeled accordingly and then placed in a plastic container with ice and transported to 

the laboratory and stored thereafter at 40C in the refrigerator.  

Field sheet was used to record information of samples collected from the field. Such 
information included location and position of sampling points, date and time of collection of samples. 

Information also included results of in-situ parameters measured, instrument used and methods of 
sampling treatment. Each sample was  tested for  pH, electrical conductivity (EC), total dissolved 

solids (TDS),  sodium (Na), calcium (Ca), magnesium (Mg) potassium (K), ammonium nitrogen (NH4-
N),   arsenic (As), cadmium (Cd), chromium (Cr), copper (Cu) and iron (Fe). Sodium adsorption ratio 

(SAR) was derived from some measured parameters, using the formula:  

 SAR  =   

Table 1: Sampling points of water on the river Rido in the study area. 
Sample point Longitude Latitude 

1 10° 24' 0.6419" E 7° 17' 26.0" N 

2 10° 20' 30.1" E 7° 18' 15.8" N 

3 10° 21' 2.1" E 7° 17' 21.6" N 

4 10° 22' 7.9" E 7° 17' 22.5" N 

5 10° 18' 30.1" E 7° 19' 12.7" N 

6 10° 20' 17.12" E 7° 18' 18.6" N 

7 10° 18' 24.8" E 7° 17' 22.7" N 

8 10° 23' 8.12" E 7° 18' 23.16" N 

9 10° 20' 26.11" E 7° 18' 17.18" N 

10 10° 19' 15.19" E 7° 17' 21.31" N 

11 10° 20' 21.17" E 7° 19' 22.16" N 

12 10° 21' 12.20" E 7° 18' 19.21" N 

RESULTS AND DISCUSSIONS 
Table 2 shows the values (minimum, maximum and mean) for the parameters tested in each 

water sample, and the Sodium adsorption ratio (SAR) which was derived from some of the measured 
parameters. The pH values in the water samples from the river Rido varied from 6.21 to 7.31 and this 

fell within the range of 6.00 – 8.50 as recommended by FAO, 1985.  

Total water salinity is assessed as total dissolved solids (TDS) in mg L-1, or the electrical 
conductivity in μS m-1.These are important parameters  used to determine the suitability of irrigation 

waters (Ajayi et al., 1990; Belan, 1985; Sudhakar  and Narsimha, 2013). Total water salinity brings 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=electrical+conductivity
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=electrical+conductivity
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=electrical+conductivity
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about the buildup of salts in soils after irrigation. Soil salinity increases in direct proportion to the 

salinity of irrigation water and total depth of water applied. Plant growth is retarded and crop yield is 
also reduced due to the increase in osmotic potential of soil solution, which takes place due to 

addition of excessive salts through irrigation water.  
For irrigation, EC values of 20 – 70, 70 – 300 and >300 μS/m are categorized as  normal, 

slight to moderate and severe with respect to salinity hazards (Schoeneberger, 1998). The values of 

EC recorded in water sample taken from  river Rido varied from 89.40 μS/m to 134.60 μS/m, these 
values could be categorized as having slight to moderate EC, and there was no occurrence of values  

>300 μS/m  which would have presented a severe case of EC. The use of water from river Rido will 
therefore not make the soil saline. 

For TDS the FAO (1985) recommended threshold is 0 – 2000 mg/L; and all the values 
obtained for water samples from river Rido were within safe limit permitted for irrigation purpose. The 

level of Na ions in water is an indication of the sodicity danger of the water (Singh et al., 2012). Na+ 

in water is one of the important criteria for its suitability for irrigation due to its effects on soil 
permeability and the infiltration of water (Ajayi  et al., 1990).  The level of sodium in water determines 

its total salinity and this may be toxic to sensitive crops if it is at elevated levels. It also causes 
deflocculation of soil particles, closing the pores and thereby preventing water infiltration (Sudhakar 

and Narsimha, 2013). Sodic water makes the excess of the sodium ions to be adsorbed on the 

exchangeable complex and therefore, causing dispersion of aggregate of soil particles, blocking the 
pores and reducing or completely preventing water infiltration (Davis and Dewest, 1966). The values 

of  sodium in water samples from River Rido ranged from  10.56  to 23.14 meq/L;  these values fell  
within the range of 0 – 40 meq/L recommended by FAO (1985). 

The values of calcium and magnesium ions in water considered to be the normal ranges by 
FAO (1985) for irrigation water are 0 – 20 meq/L and 0 – 5 meq/L respectively. The lowest 

concentration of calcium in river Rido water samples  was   10.68  while the highest was 18.31 meq/L; 

all these values fell within tolerable limit.  However, the magnesium contents from almost all the 
sampling points are relatively higher than the recommended range of 0 – 5 meq/L in the study area 

as the values recorded were from 4.66 – 9.70 meq/L. High magnesium content causes deterioration of 
soil structure particularly in soil with high level of sodium, and it also adversely affect crop yields 

because the soil becomes alkaline (Adamu, 2013). 

Potassium ions in water does not constitute any danger in irrigation water when it is within 
the threshold values of   0 – 50 meq/L as recommended by FAO (1985). In the study area, the level 

of potassium in water samples from river Rido varied   from 15.61 to 18.49 meq/L; which was within 
the range recommended by FAO (1985). 

According to FAO (1985) when ammonium nitrogen (NH4-N) exceeds 5.00 mg/L it portends 

danger or risk factor to irrigation water quality. For all the water samples from River Rido the level of 
ammonium nitrogen was found to be negligible, as their values ranged from 0.00 mg/L to 0.04 mg/L, 

thus it is safe for irrigation. 
Generally, magnesium and calcium are in equilibrium state in most waters and their combined 

effect in countering the negative effect of sodium ion lowers SAR. The range of SAR in water samples 
from river Rido was found to be 3.38 – 6.52 meq/L which was within the recommended range of 0 – 

15 meq/L by FAO (1985). Therefore, the higher contents of magnesium would not be of much 

problems since it is part of SAR, Sodium Adsorption Ratio which actually determines the salinity of 
irrigation water. 

The mean concentrations of arsenic, cadmium, copper, chromium and iron  in the  water 
samples of river Rido were 0.0337 mg/L, 0.0094 mg/L, 0.2789 mg/L, 0.0098 mg/L and 1.0282 mg/L 

respectively. When the values were compared with the recommended thresholds set by WHO (2011) 

the results reveals that mean values of arsenic, cadmium and iron were all above the tolerable limits. 
However, the values of copper and chromium were within the tolerable levels.  

 
 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=soil+salinity
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Table 2:  Summary of  Water Parameters of River Rido 
Parameter Unit Minimum Maximum Average FAO / WHO  Recommended Thresholds 

pH pH units 6.21  7.31 6.84 6.00 – 8.50 

EC  (μS/m) 89.40  134.60 122.13 70.00 – 300 

TDS  (mg/L) 36.15  101.20 83.75 0 – 2000  

Na+  (meq/L) 10.56  23.14 14.7 0 – 40.00 

Ca2+  (meq/L) 10.68  18.31 14.45 0 – 20.00 

Mg2+  (meq/L) 4.66  9.70 6.53 0 – 5.00 

K+  (meq/L) 15.61  18.49 17.25 0 – 50  

NH4 -N (mg/L) 0.00  0.04 0.022 0 – 5.00 

SAR (meq/L) 3.38  6.52 4.55 0 – 15.00 

As (mg/L) 0.0112 0.0826 0.0337 0.01 

Cd (mg/L) 0.0031 0.0231 0.0094 0.003 

Cu (mg/L) 0.1056 0.5946 0.2789 2.000 

Cr (mg/L) 0.0019 0.0910 0.0098 0.050 

Fe (mg/L) 0.4183 1.5134 1.0282 0.300 

 

CONCLUSION AND RECOMMENDATIONS 
The evaluation of the suitability of river Rido showed  that the values of  pH, electrical 

conductivity (EC), total dissolved solids (TDS),  sodium (Na), calcium (Ca), potassium (K) and 

ammonium nitrogen (NH4-N), were all within the allowable limits  set by FAO (1985); except for 
magnesium (Mg)  which presented value that was much higher than the required value in   irrigation 

water. However, the high magnesium content helped to counter the effects of sodium; which reduced 
the value of  sodium adsorption ratio (SAR).  The calculation of SAR showed values that indicated that 

the adsorption of sodium is excellent.  The low values of  EC and TDS  thus indicate that the soil is not 
exposed to salinity hazard; and what was derived for SAR showed the soil is not in imperil of  

alkalinity hazards.  The water quality would not negatively affect plant yield, the physical soil structure 

and soil permeability. However, the levels of heavy metals in the water makes it unsafe for irrigation. 
It would contaminate the crops cultivated, and the ingestion of such crops would lead to major 

diseases in man and animals. As crops produced finds its way into markets and are consumed by 
people within and outside Rido, the impact would  transcends the local community. Efforts should be 

made by Kaduna Refinery and Petrochemical Company (KRPC) to ensure that the effluent quality 

being discharged into the river  meets standards, since it is used for irrigating farms during the dry 
season agriculture, in order to avoid bioaccumulation of toxic pollutants in the agricultural products. In 

addition, Kaduna Environmental Protection Authority (KEPA) should ensure that Kaduna Refinery 
complies with guidelines of industrial effluent discharge. 
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Livelihoods in Northern Nigeria 
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Abstract 

Environmental degradation refers to the process or a situation of depreciation in quantity and/or 
quality of the resources of the environment such as air, water, mineral, land, flora and fauna. There 
are many courses of environmental degradation. Chief among them are: socio-economic; 
technological factor and institutional factor. The review concentrated on land degradation, water 
resources degradation and loss of biodiversity. It was observed that unsustainable livelihoods activities 
such as overgrazing, intensification of agriculture, deforestation, do deplete the environmental 
resources. Based on the Sustainable Livelihood Framework (SLF), for livelihood to be sustainable, it 
should be in harmony with the environmental resources. The review therefore, recommended among 
others that diversification of rural economy away from the use of natural resources based; alternative 
sources of domestic energy such as cooking gas, kerosene, economy stoves should be provided.  This 
will reduce the reliance of households on firewood for domestic energy; measures such as regulations, 
taxes, property rights, merger, social conventions, should be taken to address the issue of externality 
in the use of environmental resources. 
Keywords: Environment, Degradation, Sustainability, Livelihoods, Northern Nigeria  

 

Introduction 
Environment can be defined as the physical surrounding of man of which he is a part and on 

which he is dependent for livelihood. Environmental degradation refers to the process or a situation of 
depreciation in quantity and/or quality of the resources of the environment such as air, water 

resources, mineral resources, land, flora and fauna. This is as a result of harsh climatic factors, 

pollution and/or unsustainable exploitation by man. One notable implication of environmental 
degradation for social existence is that it usually disrupts the socio-economic life of the human 

population who are immediately dependent on natural resources for sustenance (Onuoha 2008). Key 
impacts of environmental degradation are the decrease in economic resources base; the increase of 

the occurrence and intensity of droughts and floods; and the increase of poverty. Loss of biodiversity 

is the last ring in the chain of natural resources degradation. Depletion of bio-diversity mostly depends 
on illegal logging, over-fishing, poaching, the main threats to the conservation of forests, fisheries, 

coastal and marine ecosystems, pastures and farmlands. 
The term livelihood literally refers to means by which people live. Livelihood is pursuit through 

a range of variables that include a combination of activities, asset and access (Ellis, 1999) but jointly 
defined living condition of a human unit (household, family or community). Livelihood are 

predetermined by either accident or by birth or by social, economic and ecological environment in 

which people find themselves (Chambers and Conway, 1992). Sustainability of livelihood is attained 
when people have the capacity to make a living by surviving shocks and stress without having to 

jeopardize other people‘s livelihood now and in the future. Sustainability is categorized into two; social 
and environmental sustainability. The former means the ability of households to cope with shock and 

stresses; environmental sustainability has to do with safeguarding the livelihood of others. 

Environmental sustainability decreases the tendency of households to deplete the environment in 
which livelihood of others depend. Environmental sustainability therefore, refers to the use of common 

resource bases in such a way that action of one user will not in any way hamper that of the other or 
that the action of one lead to improvement of the common resource (Mohammed, 2016). 
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There are 19 States in northern Nigeria. These States have an estimated population of over 

73 million people, occupying 711,828 square kilometer of Nigeria‘s total land of 923,773 square 
kilometer (NPC, 2006; NBC, 2011). As a result of over exploitation of resources for livelihood, this 

leads to the depletion of such resources. This study therefore, is aimed to examine livelihood activities 
and its attendant impact on environmental resources degradation in northern Nigeria. 

Causes of Environmental Degradation 

The following provides brief causes of environmental degradation in Northern Nigeria: 
The Socio-economic factors 

Environmental degradation, to a large scale, is the result of market failure, namely the non-
existent or poorly functioning markets for environmental goods and services. In this unique situation, 

environmental degradation is a specific instance of utilization or generation of externalities reflected 
by uniqueness amongst private and social costs/benefits. Absence of very much characterized 

property rights might be one reason for such market disappointment. A characteristic feature of 

environment is the preponderance of common pool resources (CPRs), the resources which are used in 
common by identifiable groups of people irrespective of whether they are owned by them or not, and 

open access resources (OPRs), the resources that are accessible to everyone without any restrictions; 
they are nobody‘s property. Examples of CPRs include village grazing lands, public lands along 

highways and railways, ponds, rivers, groundwater basins, community inland fisheries and marine 

fisheries within the Exclusive Economic Zones (EEZs) of a region. The OARs include air sheds, solar 
radiation, high sea marine fisheries beyond the EEZs, space, ozone layer, and biodiversity. All CPRs 

and OARs suffer from what Hardin (1968) called, "the tragedy of the commons". The logic of the 
‗tragedy‘ is purely economic and can be stated as: unregulated access to a CPR or an OAR creates a 

decision-making environment in which incremental private benefits to an individual from the increased 
use of the resource markedly exceed the incremental private costs associated with the increased use. 

Under these circumstances, each rational consumer or user of the resource is motivated to consume 

or use more and more of the resource till the resource is completely destroyed or degraded as a result 
of collective and uncoordinated use by all the individuals in the community. Thus, the individual 

rationality leads to collective irrationality. The calculus of incremental or marginal private benefits 
markedly exceeding the incremental private costs follows from the fact that, in the case of a CPR or 

an OAR, whereas an individual can appropriate all the benefits resulting from his increased use of the 

resource, he bears only a small fraction of the incremental costs associated with his increased use; the 
incremental costs are shared by all the members of the community (Singh, 1994). This means that 

there exists an externality in the use of the CPR in question as evident from the difference between 
the incremental private cost and the incremental social cost; the former being less than the latter. 

Thus, the common pool problem is basically one of the existences of externality - a divergence 

between private cost and social cost of exploitation which eventually leads to either depletion or 
overcrowding or congestion (Friedman, 1971; Randall, 1975).  

Besides the pure economic logic, there are several other socio-economic factors such as 
population pressure, poverty, unemployment, ignorance, and lack of incentives for using the 

environment in a socially optimum manner on sustainable basis. So long as the human and animal 
population was within the carrying capacity of locally available natural resources and local 

environment, there was no environmental degradation due to human actions. But as the population 

increased and local economies got integrated with external economies through trade, the process of 
degradation of natural resources and environment started. The need to meet the increasing demand 

of rapidly increasing human population for food, fibre, and other agricultural commodities has 
necessitated the intensification of agriculture, leading to degradation of land and decline in its 

productivity. Further, the fact that many communities who depend directly on natural resources for 

their livelihood are very poor, ignorant, and have no alternative employment opportunities means that 
they are compelled by their circumstances to over-exploit and degrade the natural resources 

accessible to them. Illicit felling of trees from forests, hunting, encroachment of forest land, and 
poaching are some of the activities resorted to by the communities, partly driven by their basic needs 
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and partly by greed. This might happen even if it is to the longer-term detriment of the communities‘ 

own well-being. Another important economic reason for environmental degradation is the fact that 
protection and conservation of environment has a high opportunity cost, especially in developing 

countries like Nigeria. For instance, in the case of forests, the opportunity cost is the value that could 
be derived by clear-cutting the timber and using the forest land for agricultural purpose, or as a site 

for a hydropower project.  

Technological Factors 
Another major reason of environmental degradation in Nigeria is the fact that there have been 

many technological breakthroughs in the agricultural sector, which ushered in widespread adoption of 
high yielding varieties of crops for few major food grain crops such as rice and maize in conjunction 

with increased use of herbicides, chemical fertilizers and plant protection chemicals. This has led to 
the increasing uniformity within those species and varieties of crops and hence the loss of biodiversity 

and increased levels of degradation of land due to excessive irrigation and pollution of water bodies 

due to leaching of harmful residues of chemical fertilizers, herbicides and pesticides. Increasing use of 
tractors and other farm machinery in agriculture is causing air pollution. Besides, development and 

widespread use of water extracting devices such as drilling machines and power-operated submersible 
pump sets has led to the over-exploitation of groundwater basins and development of mechanized 

trawlers to over-fishing of marine fisheries and pollution of sea water. 

Institutional factor 
Participation to the implementation of environmental policies is limited by structural 

constraints and the limited consultation of stakeholders in the framing of the institutional 
environmental framework.  

Types and Extend of Environmental Degradation in Northern Nigeria 
As a result of the aforementioned factors, anthropogenic ability to alter the environment has 

increased tremendously, whereas the capacity of environment to cope with those alterations is limited 

(Raven et al., 1998). Below is an overview of the type and extent of environmental degradation in 
northern Nigeria, with reference to land, water and loss of biodiversity. 

Land Degradation 
Land is a vital resource for producing food, preserving biodiversity, facilitating the natural 

management of water systems and acting as a carbon store. Appropriate land management can 

protect and maximize these services for society. Conversely, desertification, land degradation and 
drought (DLDD) have accelerated during the twentieth and twenty-first century, particularly in arid 

and semi-arid parts of Nigeria (UNCCD, 2013). The degraded lands include several types of land such 
as gullied, water-logged and marshy land, land affected by salinity and/or alkalinity, degraded 

pastures/grazing land, degraded notified forest land, mining industrial wasteland, eroded steep 

sloping land, sandy and desertic lands, and barren rocky/stony wastelands. In Nigeria, desertification 
affects mainly the fifteen northernmost states in the country (Jaiyeoba, 2002). Recent estimates put 

the area already lost to desertification at about 351,000km2 of the country‘s land mass (Nwafor, 2006; 
Emeka, 2013). Almost 50% of the soils found in the Nigeria fall into the lowest classes of productivity 

(alfisols, acrisols, ferrasols and arensols), due to poor soil moisture retention capacity and low organic 
matter. Except for the ferrasols, they are the most dominant types found in the North. In 2000, 40% 

of the land had been converted to intensive and 21% to extensive (grazing) agriculture; 0.6% to 

urban development; while the remaining land (less than 39%) sustains natural ecosystems, often 
disturbed by man (CEP, 2012). Whatever, the type of degradation, a common characteristic of 

degraded lands is that their productivity is almost negligible. The agricultural land resources quality 
was tied to the soil fertility that was a function of several factors (Chukwu, 2018). The aggregate 

Nigerian agricultural land resources quality index (LQI) captured as shown in Fig.1. 
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Fig. 1: Nigerian Agricultural Land Resources Quality Index (LQI). 
Adapted from Chukwu (2018) 

Water Resources Degradation 
Water is a finite but renewable natural resource, and, like other natural resources, it is an 

integral part of the environment. It is essential for survival of all living beings on this planet and so 

also for socio-economic development of households, communities and nations all over the world. It is 
also necessary to maintain and enhance the biodiversity and quality of environment. Water resources 

of Nigeria are under great biotic and abiotic pressure. Further North, rivers flow into the Niger and 
Benue rivers and to Lake Chad that shrunk from Km2 25,000 to 2,000 since 1960 (CEP, 2012; ICID, 

2008). The Komadougou-Yobe river with headwaters formed by the Hadejia, Jama‘are and Misau 

rivers flows from North-center to Northeast, before emptying into Lake Chad in the extreme 
Northeast. This system comprises the freshwater estuary made by Hadejia-Nguru wetlands (6,200,000 

hectares). By 1990, the natural freshwater marsh and swamps along the Niger, Benue and Hadejia 
Rivers had decidedly shrunk, due to floodplain agriculture (CEP, 2012). 

Most of the rivers, lakes, tanks and ponds are polluted and the groundwater aquifers are 

being over-exploited in most of the arid and semi-arid regions and are on the verge of complete 
exhaustion/depletion. Pollution of surface water resources, particularly lakes, rivers, and tanks/ponds 

and degradation of quality of groundwater have assumed worrisome proportions now in Nigeria. The 
surface water is hardly fit for drinking. Similarly, groundwater in many arid and semi-arid areas has 

been depleted due to over-extraction and degraded due to leaching of fertilizers and pesticide 
residues from cultivated fields. Consequently, the incidence of waterborne diseases has increased 

significantly in recent years. The extent of degradation of northern Nigeria‘s water resources has 

reached a stage when immediate intervention by the governmental and non-governmental agencies 
through appropriate measures has become absolutely essential. It seems to us that the social benefits 

from such interventions will be markedly higher than their social costs.  
Loss of Biodiversity 

The term, ‗biodiversity‘, or ‗biological diversity‘ refers to the total variation in all forms of life 

on earth or within a given area or ecosystem, typically expressed as the total number of species found 
within the area of interest or the genetic diversity within a species. There are three main types of 

biodiversity, namely, genetic diversity, species diversity, and ecosystem diversity. Genetic diversity 
refers to total genetic information contained in all the animal, plant, and microorganism species on 

earth. Species diversity refers to the number of species within a system, or a given area. Ecosystem 
diversity means the number of habitats, biotic communities, and ecological processes in the biosphere 

as well as the extent to which ecosystems vary. Variability in climate and geographic features endows 

Nigeria with one of the richest biodiversity in Africa. Diversity of natural ecosystems Northern Nigeria 
includes Sahel, Sudan, Guinea and derived. The First national biodiversity report (2001) states that 

vegetal species are 7,895, the National biodiversity strategy and action plan (2006) reports 22,090 
species of animals (including insects), and 1,489 of micro-organisms. About 0.4% of the plant species 
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are threatened and 8.5 % endangered, with 0.14 of the animals and insects threatened and 0.22% 

endangered. By 1992, the country study listed 889 bird‘s species, 135 reptile species, 109 amphibian 
species and 648 fish species (CEP, 2012).  

Like other natural resources and environment, biodiversity in northern Nigeria also has been 
under great biotic pressure for decades now. Northern Nigeria's high levels of human and domestic 

animal populations, their high density and rapid growth, high rate of urbanization and 

industrialization, commercialization of agriculture, high incidence of poverty and high level of illiteracy 
have all contributed to the degradation of natural resources and loss of biodiversity. Many plant and 

animal species are on the brink of extinction. It is high time that Nigeria adopted a responsible 
national policy of natural resources management and biodiversity conservation, which is in tandem 

with its economic and social growth plan. 
Conceptual Framework 

This study rest on two basic conceptual frameworks namely that of sustainable livelihood  

framework and basic resource theory.   
Sustainable Livelihood Approach: This framework centres on people and presents the main 

factors that affect their livelihoods (DFID, 2000). It pays more attention to the various factors and 
processes which either constrain or enhance poor people‘s ability to make a living in an economically, 

ecologically, and socially sustainable manner (Krantz, 2001).  

The sustainable livelihood framework (Figure 2) is established on the assumption that people 
require a range of assets to achieve positive livelihood outcomes. Five core asset categories were 

identified, upon which livelihoods are constructed. It should be noted that, no single category of 
assets on its own is sufficient to yield all the many and varied livelihood outcomes that people seek. 

Scoones (1998) and DFID (2000) outlined the five livelihood resources (capital) that determines the 
choice of livelihood activities and the eventual livelihood outcomes. They included: 

i. Natural capital; these are natural resource stocks (soil, water, air, genetic resources etc.) 

from which resource flows and are useful for deriving livelihoods. 
ii. Financial capital; this denotes the financial resources and other economic assets that people 

use to pursue any livelihood strategy and achieve their livelihood objectives. 
iii. Human capital; this includes the skills, knowledge, ability to work and good health which are 

important for the successful pursuit of livelihood strategies. 

iv. Physical Capital; Physical capital comprises the basic infrastructure and producer goods 
needed to support livelihoods. 

v. Social capital; this has to do with the social resources (social networks and relations) upon 
which people draw when pursuing different strategies.  

 

   
Figure 2. The sustainable livelihoods framework (source: DFID, 1999)  

There are four key dimensions to sustainability–economic, institutional, social and environmental 

sustainability. All are important – a balance must be found between them (Figure 3). 
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 Environmental Sustainability- this is achieve when the productivity of key 
natural resources is conserved or enhanced for future generation.  

 Economic Sustainability- This is achieved if a sustainability level of economic welfare can be 

achieved and sustained (this baseline is likely to be location specific and dynamic) 
 Social Sustainability- This is achieved when social exclusion is minimized and social equity is 

maximized. 

 Institutional Sustainability- This is achieved when institutions and processes have the capacity 

to continue to perform. 
 

 
 

 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

Fig. 3: Elements of Sustainability 
Adapted from Mshelia (2016) 

Basic Resource Theory: The basic theory states that economic growth depends on the presence, 

the quality and the magnitude of the basic natural resources within a particular area or economic 
region. Natural resources are products of the environment and development of these resources 

attracts livelihoods. One of the limitations of this concept however, is that it does not sufficiently 
emphasize the operation of diminishing returns as a result of depletion of resources. Besides in many 

countries/regions, the exploitation of basic resources is undertaken without regulation and with no 

thought of conservation- a circumstance which intensifies the operation of diminishing returns. 
Livelihoods in Northern Nigeria 

Globally, the livelihood of most residents of developing nations is derived from common 
resources provided by nature, so also in northen Nigeria (Mshelia, 2016; IFAD (2010).  In the region, 

livelihoods are based overwhelmingly on the primary production of food and cash crops, livestock 
production, forestry and fishing activities among others (Saleh and Tukur, 2015; Tashikalma et al., 
2015). The typical types of crops grown are grains (sorghum, maize, millet and rice), legumes 

(cowpeas and groundnuts, soybean), vegetables (tomatoes, onions and peppers) and cotton. Wheat 
production is located in the Lake Chad Basin, where it is grown via irrigation (Kimenyi et al., 2014). 

Yusuf (2013) shows that, varieties of livelihood activities are being undertaken by the people 
in northern Borno, depending on the season of the year. For the long dry season, fishing and pastoral 

activities go on among the people on a low level. During period of water shortage, rural dwellers in 

northern Borno cultivate ‗Firki‘ land to get dry season corn, onions and other crops. Around Lake 
Chad, in addition to rain fed agriculture, recession farming is practiced as floodwater recedes, planting 

different crops such as cowpea, maize, guinea corn, and varieties of vegetables. The residual moisture 
left when the floodplains dry up is sufficient for growing vegetables and crops. In dryer areas where 

recession farming is not possible community members engage in small scale irrigation farming (Tafida  

Economic 

Sustainability 

Environmental Social 

Institution 
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et al., 2013). Similarly, greater part of arid North is noted for livestock especially cattle, camel, goat 

and sheep, the majority of which are in the hands of local Fulani and Arabic-speaking pastoralists and 
agro-pastoralists. Gbahabo (2014) made similar claim on Gursulu, Yobe state. Some areas in the 

region are noted for their fishing activities. Dumba and Baga are fishing communities in Yobe and 
Borno States respectively, where fishing represents the main source of income in the communities 

(Ovie and Tafida, 2013). Similarly, households engage in diversified livelihoods activities apart from 

fishing, namely, animal husbandry and petty trading. This claim holds to be true in most communities 
resident along  lakes in the region, especially lake Chad, Komadugu Yobe Basin, communities around 

river benue and Niger (Kimenyi et al., 2014). 
However, in recent past livelihood pursuits outside of agriculture are prevalent among 

households as a response to unsustainable agriculture (Adi, 2002). Residents of the region diversify 
their income earning sources (Ahmed, 2012; Girigiri (2000).  A study by Adi (2002) in Nguru identified 

four groups of activities among the residents, namely: farming, trading, skilled non-farm, and low 

skilled non-farm. He indicated that Livelihoods that are less directly dependent on ecosystem 
resources and environmental conditions prevalent. Similarly, when environmental conditions do not 

support people‘s livelihoods, migration to other regions or countries is viewed as the last resort 
(Yusuf, 2013). According to him, a substantial number of households have left the harsh environment 

of southern and central Borno and migrated to the Lake Chad and Komadugu areas and middle belt to 

sell their labour for seasonal agricultural activities and to pursue their own cultivation where they can.     
Degraded Environment and Sustainable Development 

Global concerns about the state of the environment have come to be an important issue in 
international discourse since the 1970s. In the past, most environmental problems were attributed to 

the over exploitation of natural resources for economic development, which was mainly limited to the 
industrialized countries of the world. Hence, many developing countries considered environmental 

protection as a luxury to be tackled when the challenges of development were overcome. On this note 

Glasbergen and Corvers (1995) argues that most developing countries treated environmental 
protection issues as the concern of the advanced nations who they concluded can afford to protect 

their environment in the midst of plenty. However, recently, there has been global consensus on the 
negative impacts of over exploitation of natural resources on the built environment. Thus, 

environmental degradation due to human activities emerged to counteract the simple fear of 

environmental constraints as an inhibition to development. This new outlook viewed environmental 
protection as an inimical content of sustainable economic development (McCormick, 1989). As a result 

of this new view, environmental concerns began to emerge in global, regional and local level 
development discourses. A major aspect of this new outlook is the recognition that environmental 

problems do not only result from unsustainable development initiatives and executions, but also from 

the rapid growth of population and poverty, which compel rural agriculturalists to abandon resource 
management practices in their livelihoods and over-exploit environmental resources accessible to 

them. This perception gave rise to the idea of the inextricable link between environmental degradation 
and broader aspects of social and economic development. 

Moreover, from this perception, the contemporary issue became the need to re-evaluate the 
intricate issues of environment, development and social well-being and to formulate new ideas and 

realistic proposals to strengthen global cooperation on developmental issues affecting the 

environment. The important matter is to deal with the ways livelihoods impact negatively on the 
environment, with the notion that the environment being a unique part of the earth has no other 

alternative to it. This is the idea of sustainable livelihood development. The concept of sustainable 
livelihood development highlights the importance of integrating environmental protection in 

continuous social and economic development strategies, with the purpose of evaluating the likely 

linkages between livelihood and environmental resources. The main theme of the concept is meeting 
or exploring livelihoods of the present generation without compromising the livelihoods of the future 

generation (Nwokoro and Chima, 2017). The implication of this definition is that present attention 
should be directed towards the need to price the value of environmental resources and the required 
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effort to preserve certain ecological resources for future generation when exploring livelihoods. It is a 

clarion call to all human societies to reconsider excessive and careless usage of the environment, 
which has long term consequences on the future generation. 

Conclusion and Policy Recommendations 
The world has come to realize that rational use of natural resources is essential for 

sustainable livelihoods. There has been growing concern over the way environmental resources are 

been depleted, which emanate from excessive rate at which rural population utilize their immediate 
environmental resources for agricultural production, without considering appropriate resource 

management practices. The nature's bounty and abundance are disappearing at a rapid rate now in in 
northern regions of Nigeria due to the human alterations of the environment. All this has brought to 

the fore the need for protection and preservation of environment and the urgency of developing and 
advocating sustainable livelihoods. Without them, development would not only be unsustainable but 

would be tantamount to retrogression. The challenge of creating and maintaining a sustainable 

environment is probably the single most pressing issue confronting us today and will remain so in the 
foreseeable future. The following policy recommendations are proffered:  

i. Alternative sources of domestic energy such as cooking gas, kerosene, economy stoves should 
be provided.  This will reduce the reliance of households on firewood for domestic energy. 

ii. Measures such as regulations, taxes, merger etc should be taken to address the issue of 

externality on Common Pool Resources and Open Access Resources. 
iii. Diversification of livelihoods away from the use of natural resources is key. This will be carried 

out via poverty alleviations programmes. 
iv. Public awareness campaigns programmes should be carried out to natural resource users on the 

effects of over exploitation on the environment. 
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Chapter 12 
Access to Safe Water and Sanitation among Theigalas  

in the North Central Nigeria 
 

Dare, E. Alaba 
Kogi State University, Anyigba. 

Abstract 

This research work focus on Domestic Water Sources and Environmental Hygiene among the resident 
of Dekina Local Government Area of Kogi State. The researcher adopted a survey research design for 
the study, a total number of one hundred and ten (110) questionnaires was administered on 
respondents on systematic random sampling techniques. While Chi- square was used to test the 
hypotheses. Finding reveals that water supply Sources significantly impact on health. The major 
diseases affecting the inhabitants of the study area are water-borne diseases. Most women and 
children travel 500 to 1km to their sources of water; household rely on water vendor for their 
domestic water supply. It was recommended among others that more boreholes or other protected 
sources of water and public toilet facilities should be provided through collaborative efforts between 
private and public individual. It equally recommended that more controlled dumping sites should be 
created and open defecation should be avoided. 
Keywords: safe water supply, Environmental Hygiene, Health 

 
Introduction 

According to WHO (2015), about 663 million people worldwide had no access to adequate 
drinking water supplies, and nearly half of the people using unimproved water sources live in sub-

Saharan Africa (UNICEF, 2015). Although, Nigeria is blessed with abundant water resources 

(estimated at 226 billion cubic meters of surface water and about 40 billion cubic meters of ground 
water) her rural populations are largely deprived and lack access to adequate water supplies (Adah 

and Abok, 2013). About 65 million Nigerians have no access to safe and adequate water supplies; the 
number rose dramatically to 90 million in 2015 (UNICEF, 2015). Nigeria did not meet the MDG target 

of halving by 2015 the population without adequate access to improved drinking water sources. She 

ranks behind many other sub-Saharan African countries such as Ghana, Rwanda, Botswana, and 
Sierra Leone in access to potable water (Marks et al., 2013) 

Nigeria has a large rural sector and relatively a small urban population (Utube, 2002). The 
rural areas generally exhibit great poverty, decayed infrastructure, poor health conditions, low access 

to social facilities and ignorance as a result of varying degrees geographical and political isolation 

(Obeta, 2009). The rural areas have long been neglected and deprived (FAO, 2005). According to 
Goni (2006), the negligence has led to rural-urban migration which in turn has created problems for 

both urban and rural areas. The current situations in some states and communities of Nigeria, serve 
as tragic examples of pains and sufferings experienced by people. In Yobe, Borno, Adamawa, Zamfara 

and Jigawa states, for instance, water shortages have aggravated the refugee and food crises, forcing 
some residents to migrate southwards (Goni, 2006).  

A significant proportion of the Nigerian rural population continue to use rivers, ponds, lakes 

and harvested rain as their main sources of water supply (Ezen Wanji, 2012). This category of 
Nigerians faces great risks to their health and wellbeing (Obeta and Chukwu, 2013). The limited 

access to water supplies by a significant proportion of the Nigerian rural population has been blamed 
on institutional and socio-economic factors (Ezenwaji et al., 2016). 

Water Quality and Hygiene 

Water resources can be broadly grouped into two categories freshwater and marine water 
resources respectively. Freshwater resources consist of rivers and their plains, streams, lakes, 

wetlands and underground water reservoirs. Rainfall can also be grouped under freshwater resources 
–although man has no influence over its availability. On the other hand, marine water resources 
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include lagoons, seas and the oceans. Sustainable welfare of man and indeed, all living things on 

earth depend on the wise and safe use of water. Domestic water supply is one of the fundamental 
requirements of human life. Without water, life cannot be sustained beyond a few days, and a lack of 

access to adequate water supply leads to the spread of disease. The quality of water that is consumed 
is well-recognized as an important transmission route for infections diarrheal and other diseases (WHO 

1993). 

Water is essential to human life and the health of the environment. As a valuable natural 
resource, it comprises marine, estuarine, freshwater (river and lakes) and groundwater environments 

that stretch across coastal and inland areas. Water has two dimensions that are closely linked: 
quantity and quality. Water quality is commonly defined by its physical, chemical, biological and 

aesthetic (appearance and smell) characteristics. A healthy environment is one in which the water 
quality supports a rich and varied community of organisms and protects public health. Water quality in 

a body of water influences the way in which communities use the water for activities such as drinking, 

swimming or commercial purposes. 
The benefits of having access to an improved drinking water source can only be fully realized 

when there is also access to improved sanitation and adherence to good hygiene practices. Beyond 
the immediate, obvious advantages of people being hydrated and healthier, access to water, 

sanitation and hygiene – known collectively as WASH (Water, Sanitation and Hygiene)– has profound 

wider socio-economic impacts, particularly for women and girls. 
The fact that WASH is the subject of dedicated targets within the Sustainable Development 

Goal (SDG 6) is testament to its fundamental role in public health and therefore in the future of 
sustainable development. Indeed, access to safe water and sanitation are human rights, as recognized 

in 2010 by the United Nations General Assembly. For universal fulfillment of these rights to become 
reality, we will need the right systems: well-resourced, capable institutions delivering services and 

changing behaviour in resilient and appropriate ways. 

In some parts of the world, there is little or no awareness of good hygiene practices and their 
role in reducing the spread of disease. However, it is often the case that even when people do have 

knowledge of good hygiene behaviour, they lack the soap, safe water and washing facilities they need 
to make positive changes to protect themselves and their community. 

Goal 6 of the Sustainable Development Goals (SDGs) 

All 193 Member States of the United Nations General Assembly unanimously agreed to 
Transforming our world: the 2030 Agenda for Sustainable Development (the 2030 Agenda) in 

September 2015. The 2030 Agenda is a plan of action for people, the planet and prosperity. Member 
States resolved to ―end poverty in all its forms‖, to take bold and transformative steps to ―shift the 

world on to a sustainable and resilient path‖ and to ensure that ―no one will be left behind‖.  

The 2030 Agenda established 17 Sustainable Development Goals (SDGs) and 169 global 
targets, relating to development outcomes and Means of Implementation (MoI), for the period 2015–

2030. These were designed to be integrated and indivisible and to balance the social, economic and 
environmental dimensions of sustainable development. 

The establishment of SDG 6, ensure availability and sustainable management of water and 
sanitation for all, reflects the increased attention on water and sanitation issues in the global political 

agenda. The 2030 Agenda lists rising inequalities, natural resource depletion, environmental 

degradation and climate change among the greatest challenges of our time. It recognizes that social 
development and economic prosperity depend on the sustainable management of freshwater 

resources and ecosystems and it highlights the integrated nature of SDGs. This first synthesis report 
on SDG 6 seeks to inform discussions among Member States during the High-level Political Forum on 

Sustainable Development in July 2018.  

It is an in-depth review and includes data on the global baseline status of SDG 6, the current 
situation and trends at global and regional levels, and what more needs to be done to achieve this 

goal by 2030. The report is based on the latest data available for the 11 SDG 6 global indicators 
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selected by Member States to track progress towards the eight global targets, plus complementary 

data and evidence from a wide range of sources. 
Sustainable Water and Sanitation for All 

Fresh water, in sufficient quantity and quality, is essential for all aspects of life and 
sustainable development. The human rights to water and sanitation are widely recognized by Member 

States. Water resources are embedded in all forms of development (e.g. food security, health pro-

motion and poverty reduction), in sustaining economic growth in agriculture, industry and energy 
generation, and in maintaining healthy ecosystems.  

Water-related ecosystems and the environment have always provided natural sites for human 
settlements and civilizations, bringing benefits such as transportation, natural purification, irrigation, 

flood protection and habitats for biodiversity. However, population growth, agricultural intensification, 
urbanization, industrial production and pollution, and climate change are beginning to overwhelm and 

undermine nature‘s ability to provide key functions and services. Estimates suggest that if the natural 

environment continues to be degraded and unsustainable pressures put on global water resources, 45 
per cent of the global gross domestic product, 52 per cent of the world‘s population and 40 per cent 

of global grain production will be put at risk by 2050. Poor and marginalized populations will be 
disproportionately affected, further exacerbating rising inequalities.  

Agriculture (including irrigation, livestock and aquaculture) is by far the largest water 

consumer, accounting for 69 per cent of annual water withdrawals globally. Industry (including power 
generation) accounts for 19 per cent and households for 12 per cent. All these water uses can pollute 

freshwater resources. 
Most wastewater from municipal, industrial and agricultural sources is discharged back into 

water bodies without treatment. If not treated, this pollution further reduces the availability of fresh 
water for drinking and other uses, and also degrades ecosystems.  

There is a growing consensus that the challenges can be met by adopting a more integrated 

approach to managing and allocating water resources, including the protection of ecosystems upon 
which societies and economies depend. The concept of Integrated Water Resources Management 

(IWRM) is embedded in the 2030 Agenda and requires governments to consider how water resources 
link different parts of society and how decisions in one sector may affect water users in other sectors. 

It is an approach that must involve all actors and stakeholders, from all levels, who use and 

potentially pollute water so that it is managed equitably and sustainably. 
1. Target 6.1: Achieve Access to Safe and Affordable Drinking Water 

Achieving universal access to safe and affordable drinking water by 2030 presents a huge 
challenge for all countries, not just those with low incomes. The proportion of the global population 

using at least a basic drinking water service increased from 81 per cent in 2000 to 89 per cent in 

2015.  
However, only one in five countries below 95 per cent coverage is on track to achieve 

universal basic water services by 2030. Achieving target 6.1 means addressing the ―unfinished 
business‖ of extending services to 844 million people who still lack even a basic water service, and 

progressively improving the quality of services to 2.1 billion people who lack water accessible on 
premises, available when needed and free from contamination (safely managed drinking water). It 

also implies going beyond households and pro-viding access to services in schools, health-care 

facilities and other institutional settings. 
The commitment to ―leave no one behind‖ will require increased attention on disadvantaged 

groups and efforts to monitor elimination of inequalities in drinking water ser-vices. Disaggregated 
data on basic services are available for a growing number of countries (80), by rural and urban area, 

wealth group and sub-national region. This enables governments to better identify and target 

disadvantaged groups, but further work is required to disaggregate estimates for safely managed 
services. 

In those countries where a large proportion of the population still lacks even a basic drinking 
water service, the initial focus must remain on ensuring that everyone has access to an improved 
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drinking water source and reducing the time spent (primarily by women and girls) collecting water. 

Further work is also needed to establish a commonly agreed method for assessing affordability, as 
payment for services should not be a barrier to accessing services. 

2. Target 6.2: Achieve Access to Sanitation and Hygiene and end Open Defecation 
Achieving universal access to adequate and equitable sanitation and hygiene by 2030 is a 

major challenge in many parts of the world. Target 6.2 calls for countries to end open defecation, to 

ensure that everyone has access to a basic toilet and to put in place systems for safe management of 
excreta. The proportion of the global population using at least a basic sanitation service increased 

from 59 per cent in 2000 to 68 per cent between 2000 and 2015. However, 2.3 billion people still 
lacked basic services, 70 per cent were in rural areas, and just 1 in 10 countries below 95 per cent 

coverage is on track to achieve universal coverage by 2030. Furthermore, 4.5 billion people worldwide 
lacked a safely managed sanitation service in 2015, where excreta were safely disposed of in situ or 

treated off-site. Target 6.2 also highlights the importance of hygiene and calls for special attention to 

the needs of women and girls. 
Handwashing with soap and water is widely recognized as a top priority for reducing disease 

transmission. The global status is not yet known, but Least Developed Countries (LDCs) had the 
lowest coverage: only 27 per cent had basic hand-washing facilities, although coverage was higher in 

urban areas at 39 per cent. Some 892 million people still practice open defecation. Between 2000 and 

2015, the total fell from just over 1.2 billion. Of those who still practice open defecation, 90 per cent 
lived in rural areas, and the majority lived in just two regions with 558 million in Central Asia and 

Southern Asia and 220 million in sub-Saharan Africa. A substantial effort will be needed to end this 
practice by 2030. 

3. Target 6.3: Improve Water Quality, Wastewater Treatment and Safe Reuse 
Collecting, treating and reusing wastewater from households and industry, reducing diffuse 

pollution and improving water quality are major challenges for the water sector. Ambient freshwater 

quality is at risk globally. Freshwater pollution is prevalent and increasing in many regions worldwide. 
Preliminary estimates of household wastewater flows, from 79 mostly high- and high-middle-income 

countries, show that 59 per cent is safely treated. For these countries, it is further estimated that safe 
treatment levels of household wastewater flows with sewer connections and on-site facilities are 76 

per cent and 18 per cent, respectively.  

Although water quality problems are largely associated with developing countries, they also 
persist in developed countries and include the loss of pristine quality water bodies, impacts associated 

with changes in hydro morphology, the rise in emerging pollutants and the spread of invasive species. 
4. Target 6.4: Increase Water-use Efficiency and Ensure Freshwater Supplies 

Few countries have the natural and financial resources to continue increasing water supplies. 

The alternative is to make better use of available resources. This target addresses the issue of water 
scarcity and the importance of increasing water-use efficiency, with the latter being a measure of the 

value of water to the economy and society in units of United States dollars per cubic metre (US$/m3) 
of water used.  

More than 2 billion people live in countries experiencing high water stress. It affects every 
continent, hinders sustainability, and limits social and economic development. Although the global 

average water stress is only 11 per cent, 31 countries experience water stress between 25 per cent 

(when stress begins) and 70 per cent, and 22 countries are above 70 per cent and are seriously 
stressed. The highest stress levels occur in Northern Africa and in Western, Central and Southern Asia. 

Sub-Saharan Africa has a stress level of only 3 per cent, but this figure hides the large differences 
between the wetter and drier parts of the region. Levels of stress are likely to increase as populations 

and the demand for water grow and the effects of climate change intensify.  

Agriculture is by far the largest water consumer, accounting for nearly 70 per cent of all 
withdrawals globally and as much as 90 per cent in some arid countries. Saving just a fraction of this 

can significantly alleviate water stress in other sectors. Alternative water sources, such as wastewater, 
storm run-off and desalination, can also relieve water stress. Safe wastewater reuse and recycling is a 
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significant untapped resource for industry and agriculture, but its use must overcome political and 

cultural barriers. Another option is to import food grown in water-rich countries, but this may conflict 
with political sensitivities as countries seek food security in terms of self-sufficiency. 

5. Target 6.5: Implement Integrated Water Resources Management 
The 2030 Agenda fully commits Member States to Integrated Water Resources Management 

(IWRM) and transboundary cooperation over shared water resources. Putting this into practice will be 

the most comprehensive step that countries make towards achieving SDG 6. Some 80 per cent of 
countries reported from all regions and on all levels of development. The global average degree of 

implementation of IWRM was 48 per cent (medium-low), but there were great variations among 
countries. Only 25 per cent of countries in the three lower Human Development Index (HDI) groups 

reached the medium-low classification. Modest progress is being made, but most countries will not 
meet the target by 2030 at current rates of implementation. If the components of IWRM are broken 

down, most progress towards implementation is found in cross-sectoral coordination and public 

participation at national level (62 per cent), but financing (33 per cent), gender issues (33 per cent) 
and aquifer management (41 per cent) are areas of concern. There is no universal approach to 

implementing IWRM, and each country must develop its own pathway based on political, social, 
environmental and economic circumstances. 

6. Target 6.6: Protect and Restore Water-related Ecosystems 

Historically, the drive for economic and social development has depended on exploiting 
natural resources, including water-related ecosystems. Today, as the demand for fresh water 

increases, awareness is focusing on ensuring that the limited capacity of the natural environment to 
sustain the multiple services that society has come to rely on is maintained. Water-related ecosystems 

underpin other SDGs, and yet they also depend on them, particularly those relating to food and 
energy production, biodiversity, and land and sea ecosystems. Protecting and restoring water-related 

ecosystems cannot be achieved without progress on these other goals and vice versa. 

Study Area 
The study area, Dekina Local Government Area is situated at 7.69° North latitude, 7.02° East 

longitude and 234 meters elevation above the sea level (https://www.maps-streetview.com/ 
Nigeria/Dekina). 

 
Fig. 1: Map of Nigeria 

(Source: https://www.google.com/search?q=MAP+OF+NIGERIA) 
Dekina is a local government area in Kogi State with administrative headquarters in the town 

of Dekina. Dekina local government area is in the Eastern Senatorial District of Kogi State otherwise 
known as Kogi East Senatorial Zone alongside Ankpa, Bassa, Ibaji, Ofu, Idah, Igalamela-Odolu, 
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Olamaboro and Omala local government area. Dekina local government area also forms a federal 

constituency alongside Bassa local government area.  

 
Fig. 2: Map of Kogi East Senatorial District 

(Source: https://www.google.com/search?q=kogi+east+map) 
Dekina local government area covers an area of 2,461km² with a population of 260,968 (National 

Population Census, 2006).  

 
Fig. 3: Map of Dekina Local Government Area showing the Study Area 

(Source: https://www.google.com/maps/place/Dekina) 

Dekina local government area is the largest local government area by population in Kogi 
State, in Nigeria and in West Africa. It is bordered in the east by Ankpa local government area, in the 

west by Ajaokuta, Omala and Ankpa local government areas, in the north by Bassa local government 
area and in the south by Ofu local government area, all in the same Kogi State. It lies about 7°41'41" 

North of the equator and 7° 01' 20" East of the Meridian.   

METHODOLOGY 
The research design adopted for this study was the survey research design. Questionnaire 

was adopted to gather information from the respondents, while sampling element were randomly 
sampled. Descriptive technique was adopted to progress the data while chi-sqaure (X2) was used to 

test the data. The Eleven community in Dekina Local Government were purposefully selected. 
The sample size will be one hundred and ten (110) respondents, which shall comprise of the 

residents in the study area. Hence, a total of one hundred and ten (110) questionnaires will be 

distributed. 
TEST OF HYPOTHESES  

The statistical technique which will be employed in testing the hypothesis of this study is Chi-
square (X2). Before proceeding to hypothesis testing, it is necessary to outline the various steps 

guiding the use of chi-square in hypothesis testing.  
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Chi-Square Formula: 

X2 = ∑(Fo-Fe)2  
              Fe 

Where: X2 = Chi-square 
Fo = Observed frequency  

Fe = Expected frequency  

∑ = Summation  
Level of significance: A level of 0.05 (5%) which table value is 3.841 has been chosen for this 

study. 
Decision Rule: 

If the calculated (X2) value is higher than the table value, we reject null hypothesis (Ho) and accept the 
alternative hypothesis (Hi) and vice versa. 

Hypothesis One 

Ho: Domestic water supply sources have no significant impact on the health status of the 
residents of Dekina L.G.A, Kogi State. 

H1: Domestic water supply sources have significant impact on the health status of the residents of 
Dekina L.G.A, Kogi State. 

Table 1; Household source of water supply.  
Water sources  Frequency  % 

Sream and rivers 32 29.1 
Deep well  4 3.6 
Private bore hole 32 29.1 
Public bore hole 20 18.2 
Pipe borne water - - 
Water vendor  22 20 

 

Table 1 above reviews household sources or water supply by respondents 29% of the 

respondents indicate that scream and river as the source of their water supply while, another 29% 
sources for their water from private bore role and another 20%. From the above table and analyses 

the majority of the household gets their water supply though scream and river, private bore hole and 
water vendors. The quality of the above source of water maybe of questionable character. 

Table 2: Access to improved sanitation by respondents 
Access to toilet Access to waste Disposal 

Variables Frequency percentage Variables                    Frequency    percentage 
Open defecation 65                  59 Open dumpsite 67                  61 
Pit latrine 24                   22 Stream and river 16                 15 
Water closet 21                   19 Incineration               27                  24 
Total                             110                100 Total                             110 100 

Table 2. above reveals access to improved sanitation by respondents. 59 percent of the 

respondents defecate in the open, similarly 61 percent of the respondents disposed their waste in the 
open dump site while another 15 percent dispose their waste in stream and rivers. The above result 

suggest that the respondents has poor access to improved sanitation. 

Table 3: Response as to the Major Water Borne Diseases Affecting Members of Household 
Response No. of Respondents Percentage (%) 

Diarrheal 7 6.4 
Guinea worm 4 3.6 
Dysentery 11 10 
Malaria/Typhoid Fever 88 80 
Total 110 100 

Source: Field Survey, 2018. 
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Table 2. Recalled 
Fo Fe Fo-Fe (Fo-Fe)2 

 
7 27.5 -20.5 420.3 15.3 
4 27.5 -23.5 552.3 20.1 
11 27.5 -16.25 264.1 9.6 
88 27.5 60.5 3660.1 133.1 

 X2 = 178.1 

Therefore, X2 Calculated is = 178.1 
Decision Rule 

Since the calculated value of X2 (178.1) is greater than the table value (3.841), we therefore 
accept the alternative hypothesis (H1) which states that domestic water supply sources have 

significant impact on the health status of the residents of Dekina L.G.A.  

Hypothesis Two 
Ho: There is no need to improve the present water supply source in Dekina L.G.A. 

H1: There is need to improve the present water supply source in Dekina L.G.A. 
Table 4: Response as to whether there is need to improve the present water supply 

source 
Response No. of Respondents Percentage (%) 

Yes 86 76.2 
No 24 21.8 
Total 110 100 

Source: Field Survey, 2018. 
TABLE 5: RECALLED 
Fo Fe Fo-Fe (Fo-Fe)2 

 
86 55 31 961 17.5 
24 55 -31 961 17.5 

 X2 = 35 

Therefore, X2 calculated is = 35 
Decision Rule 

Since the calculated value of X2 (35) is greater than the table value of X2 (3.841), we 

therefore accept the alternative hypothesis (H1) which states that there is need to improve the present 
water supply source in Dekina L.G.A. 

Summary 
This research work evaluates the linkage between domestic water supply sources to health in 

terms of distance covered to get water, how safe the water is for consumption and the environment 
the water are been gotten.  

This research work was divided into five chapters, i.e. chapter one to five. Chapter one deals 

with the background of the study viz; research problem, significance of the study, research questions, 
aim and objectives and scope of the study. Chapter two is the conceptual framework and literature 

review, chapter three discusses the research methodology, chapter four presented and analyzed the 
data collected through the use of questionnaire designed by the research, while chapter five, which is 

the final chapter, deals with the summary, conclusion and recommendation. 

Problem of water supply has been a major challenge in Dekina local government area due to 
improper management of water infrastructures in the state, indiscriminate dumping of refuse in water 

channels and lack of adequate maintenance of available dump sites. 
Major Findings 

1. From the data presented and analyzed, the following are the major findings; 
2. Women and children spent valuable time of the day searching for water. 

3. Distance to sources of water supply is between 1–2km. 
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4. The major disease affecting the inhabitants of the study area are water-borne diseases, 

especially typhoid/malaria, which occurs as a  result of the water source and quality of 
water consumed. 

5. Most household rely on water vendor whose quality are of questionable for their domestic 
water need. 

6. The average water consumption per capita is 80 litres in the study areas. 

Conclusion 
The majority of the inhabitants depend on public/private boreholes, protected and 

unprotected wells, streams and rivers, as their main sources of water supply. This research work has 
been able to identify the various and main source(s) of domestic water by the residents of the study 

area to be private boreholes and rain/stream/river as the major, followed by water vendors and public 
boreholes. Only few are still operating on Wells till now. Also, there is the problem of distance, owning 

to lack of sanitation facilities such as latrines, toilets (both private and public) in some areas, there is 

open air defecation around rivers, bushes and streets. The public water sources have fallen into 
disrepair due to poor management, a phenomenon attributed to lack of needed skilled manpower and 

requisite material and financial resources.  
Thus the diseases associated with water and sanitation still constitute the most serious ones 

in view of the fact that they collectively exert by far the greatest health burden than any other causes 

of morbidity and mortality in the area. In addition to direct health effects of inadequate water supply 
on the population, there is an additional cost in time and energy expended in carrying water from the 

sources of supply to residential areas. This is particularly burdensome for drawers of water, most of 
whom are women and young daughters who have to travel several distances for water with negative 

implications for their labour productivity in all aspects of socio-economic activities. 
Finally, this research work can be concluded that domestic water supply source(s) have 

significant impact on the health status of the inhabitant in the study area (Dekina local government 

area, Kogi State). 
Recommendations  

1. More boreholes should be provided through collaboration with international donor agencies and 
state governments.  

2. Open Defecation should be avoided. Toilet and latrines should be sited within the reach of the 

community. This is because the observation made is that there has been gross under-utilization 
of such essential facilities as they are inaccessible by the community. 

3. The State Water Board should use their expertise to choose appropriate places where the 
hydrological condition would ensure that boreholes continuously generate water for the 

community. This is very necessary because some boreholes that were drilled have been 

abandoned due to the fact that they yield little or no water in the dry season. This situation 
therefore demands that before boreholes are drilled, more reliable hydro-geological surveys 

must be carried out 
4. For the success of water and sanitation programme, an integrated approach is necessary. 

Poverty reduction through broad-based poverty reduction programme; women‘s empowerment 
through formal education, among other things; basic education promotion; expanded health 

care and employment opportunities are critical 

5. More controlled dumping sites should be created and more refuse dump bins made available 
through the various agencies and the local government area. This would bring to an end the 

indiscriminate and uncontrolled dumping of refuse.                              
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Abstract 

Indeed, terrorism is not an end but rather a modus operandi. It is not a new phenomenon; it has long 
been a method of violent action by organisations and individuals attempting to achieve political goals. 
Terrorism is a serious threat to the security of every nations of the world. The vulnerability of societies 
to terrorist attacks results in part from the proliferation of chemical, biological, geophysical and 
nuclear weapons of mass destruction, but it is also a consequence of the highly efficient and 
interconnected systems that we rely on for key services such as transportation, information, energy, 
and health care. Evaluation of this vulnerability has focused on the role public health will have 
detecting and managing the probable covert biological terrorist incident with the realisation that some 
nation and state infrastructure is already strained as a result of other important public health 
problems. The plan contains recommendations to reduce vulnerability to biological and chemical 
terrorism, preparedness, planning, detection and surveillance, laboratory analysis, emergency 
response and communication systems. This paper thus describes many ways in which science and 
technology can contribute in making the Human health and Ecosystem safer against the threat of 
catastrophic terrorism. The report identifies key actions that can be undertaken now, based on 
knowledge and technologies in hand, and equally important to describes key opportunities for 
reducing current and future bio-chemical terror risks even further through longer-term research and 
development activities.  
Keywords: Terrorism, Vulnerability, Preparedness, Technologies, Response 
 

Introduction 
There are perhaps hundreds of different definitions of terrorism, all of which tend to reflect 

the political world-view of the definer. The same act of violence can be classified differently, 
depending on the identities of the perpetrators. Groups that engage in identical behaviour might be 

considered by their sympathizers as freedom fighters, and by their enemies as terrorists. In this 

respect, it is the intentional harming of civilians, which is at the core of terrorism, that makes this 
modus operandi illegitimate, even if it is meant, prima facie, to achieve justified objectives. This 

definition makes a distinction between an action intended to harm civilians and one intended to harm 
military and security personnel. The latter is defined as a guerilla or insurgency action, even though 

the perpetrator might use the same modus operandi (shooting, suicide bombing, or rocket fire). Thus, 

in seeking to achieve the same political objectives, an organization or perpetrator might carry out a 
―terrorist‖ attack on one occasion and a ―guerilla‖ attack on another. The possibility of biological or 

chemical terrorism should not be ignored, especially in light of events during the past 10 years (e.g., 
the sarin gas attack in the Tokyo subway and the discovery of military bio-weapons programs in Iraq 

and the former Soviet Union. The public health infrastructure must be prepared to prevent illness and 
injury that would result from biological and chemical terrorism, especially a covert terrorist attack. As 

with emerging infectious diseases, early detection and control of biological or chemical attacks 

depends on a strong and flexible public health system at the local, state, and national levels.  
Combating biological and chemical terrorism will require capitalizing on advances in 

technology, information systems, and medical sciences. Preparedness will also require a re-
examination of core public health activities (e.g., disease surveillance) in light of these advances. 
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Preparedness efforts by public health agencies and primary health-care providers to detect and 

respond to biological and chemical terrorism will have the added benefit of strengthening the capacity 
for identifying and controlling injuries and emerging infectious diseases. 

NATIONS VULNERABILITY TO BIO-GEOCHEMICAL TERRORISM 
                                                        

 

 
 

 
 

 
 

 

 
 

 
 

As the term implies, terrorism does in fact aim to ―terrorize‖ its target population. While 

terrorist attacks are ordinarily limited in terms of resulting fatalities, their effect does not stop with the 
physically harmed crowd. A message of intimidation and fear is passed to the general public through 

the terrorist act itself and the resulting media coverage. Video cassettes edited by terrorist 
organizations, false alarms of possible follow-up attacks, and other methods adopted by terrorist 

groups, all contribute to a general sense of anxiety and fear. One of the most crucial elements in this 
campaign of psychological warfare is mass media. Terrorist groups rely on mass media to transfer 

their messages of fear and intimidation to the public. This fear can be understood in two different 

spheres: rational fear and irrational anxiety. Rational fear is a natural response to the perceived risk of 
getting physically injured in a terrorist attack, no matter how remote the probability. To a certain 

degree, such ―rational fear‖ is actually positive in that it encourages public vigilance and awareness of 
one‘s immediate surroundings, thus allowing citizens themselves to help in thwarting attacks. A 

vigilant civilian is an important arm of the security apparatus. Terrorist incidents in some countries and 

elsewhere involving bacterial pathogens, nerve gas, and a lethal plant toxin (i.e., ricin), have 
demonstrated that such countries are vulnerable to biological and chemical threats as well as 

explosives. In general, chemical attacks are mostly limited in scope, while biological attacks can be 
unlimited, especially if the bio-agents are contagious. Nuclear attacks are unlimited, with far-reaching 

ecological impact, while radiological attacks are likely to be limited in scope. ―The dirty bomb,‖ for 

example, is an explosive device in the immediate vicinity of radiological material. When the explosives 
are detonated, the radiological material is spread across the target area. Recipes for preparing 

"homemade" agents are readily available, and reports of arsenals of military bio-weapon raise the 
possibility that terrorists might have access to highly dangerous agents, which have been engineered 

for mass dissemination as small-particle aerosols. Such agents as the variola virus, the causative 
agent of smallpox, are highly contagious and often fatal. Responding to large-scale outbreaks caused 

by these agents will require the rapid mobilisation of public health workers, emergency responders, 

and private health-care providers. Large-scale outbreaks will also require rapid procurement and 
distribution of large quantities of drugs and vaccines, which must be available quickly. The toxic, 

explosive, and flammable properties of some chemicals make them potential weapons in the hands of 
terrorists. Many such chemicals (e.g., chlorine, ammonium nitrate, and petroleum products) are 

produced, transported, and used in large quantities. Chemical warfare agents (such as nerve and 

blister agents) developed to have extremely high toxicities have been incorporated into a variety of 
military weapons. These chemical weapons could become available to terrorists through purchase or 

theft. Some of the chemical agents themselves are not difficult for individuals or organized groups to 
make. 
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In principle a number of technologies can be brought to bear for the rapid detection and 

characterization of a chemical attack or for detecting explosives before they are used. Large 
investments have been made in research on sensor technologies, but to date the number of effective 

fielded systems developed remains comparatively small. If sensor research is to move forward 
efficiently, mechanisms to focus and exploit the highly fragmented array of existing research and 

development programs will be needed.  

A new program should be created to focus and coordinate research and development related 
to sensors and sensor networks, with an emphasis on the development of fielded systems. This 
program should build on relevant sensor research under way at agencies throughout the federal 
government. 

Research programs on sensor technologies are needed to continue the search for promising 
new principles on which better sensors might be based. For example, mass spectroscopy offers the 

possibility of very rapid and specific identification of volatile agents. Also, basic research on how 

animals accomplish both detection and identification of trace chemicals could yield new concepts that 
allow us to manufacture better sensor systems and reduce our dependence on trained dogs, which 

currently are the best broad-spectrum high sensitivity sensory systems. 
Toxic chemicals (or infectious agents) could be used by terrorists to contaminate food 

production facilities or water supplies.   

PREPAREDNESS ACTIVITIES 
Once a release of toxic chemicals occurs, proper protection of people and buildings can do a 

great deal to reduce injury and facilitate cleanup and recovery.  
Universities, companies, and federal agencies need to work together to advance filtering and 

decontamination techniques by both improving existing technologies and developing new methods for 
removing chemical contaminants from air and water. 

Research is especially needed on filter systems capable of treating large volumes, novel media 

that can help prevent toxic materials from entering facilities through ventilation equipment and ducts, 
and methods to contain and neutralize clouds of airborne toxic materials. In addition, exploratory 

programs should be initiated in new approaches to decontamination, including hardened structures, 
protective systems for microelectronics and other expensive equipment, and environmentally 

acceptable ways of disposing of contaminated material that cannot be cleaned. New technologies that 

offer significant advances should be constantly evaluated. But the process of evaluating different 
sensor systems, for example, is difficult because their effectiveness depends on the operational 

environment and on who will be using them.   
 

 

 
 

 
 

 
 

 

 
 

Early detection of and response to biological or chemical terrorism are crucial. Without special 
preparation at the local and state levels, a large-scale attack with variola virus, aerosolized anthrax 

spores, a nerve gas, or a food-borne biological or chemical agent could overwhelm the local and 

perhaps national public health infrastructure. Large numbers of patients, including both infected 
persons and the "worried well," would seek medical attention, with a corresponding need for medical 

supplies, diagnostic tests, and hospital beds. Emergency responders, health-care workers, and public 
health officials could be at special risk, and everyday life would be disrupted as a result of widespread 
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fear of contagion. The suggested actions include support for all phases of countering terrorist 

threats— intelligence and surveillance, prevention, protection, interdiction, response and recovery, 
and attribution—as well as ways to improve our ability to perform analysis and invent new 

technologies. For example, the nuclear threat must be addressed at the earliest stages, when 
intelligence and surveillance based on international cooperation are critical for preventing the 

manufacture and use of nuclear weapons by terrorists. For biological threats, the situation is reversed: 

An attack is relatively easy to initiate and hard to prevent, but there are many opportunities for 
technological intervention to mitigate the effects. In other cases, such as an attack on the electrical 

power system, it is possible both to make the attack more difficult and to ameliorate its effects after it 
has been initiated. 

The epidemiologic skills, surveillance methods, diagnostic techniques, and physical resources 
required to detect and investigate unusual or unknown diseases, as well as syndromes or injuries 

caused by chemical accidents, are similar to those needed to identify and respond to an attack with a 

biological or chemical agent. However, public health agencies must prepare also for the special 
features a terrorist attack probably would have (e.g., mass casualties or the use of rare agents). 

Terrorists might use combinations of these agents, attack in more than one location simultaneously, 
use new agents, or use organisms that are not on the critical list (e.g., common, drug-resistant, or 

genetically engineered pathogens). Lists of critical biological and chemical agents will need to be 

modified as new information becomes available. Potential biological and chemical agents are 
numerous, and the public health infrastructure must be equipped to quickly resolve crises that would 

arise from a biological or chemical attack. However, to best protect the public, the preparedness 
efforts must be focused on agents that might have the greatest impact on health and security, 

especially agents that are highly contagious or that can be engineered for widespread dissemination 
via small-particle aerosols. Preparing the nation to address these dangers is a major challenge to 

public health systems and health-care providers. Early detection requires increased biological and 

chemical terrorism awareness among front-line health-care providers because they are in the best 
position to report suspicious illnesses and injuries. Also, early detection will require improved 

communication systems between those providers and public health officials. In addition, state and 
local health-care agencies must have enhanced capacity to investigate unusual events and 

unexplained illnesses, and diagnostic laboratories must be equipped to identify biological and chemical 

agents that rarely are seen in some countries. Fundamental to these efforts is comprehensive, 
integrated training designed to ensure core competency in public health preparedness and the highest 

levels of scientific expertise among local, state, and national partners. 
STRATEGIC PLAN 

The strategic plan is based on the following five focus areas, with each area integrating 

training and research: 
 preparedness and prevention; 

 detection and surveillance; 

 diagnosis and characterization of biological and chemical agents; 

 response;  

 communication 

Preparedness and Prevention 

Detection, diagnosis, and mitigation of illness and injury caused by biological and chemical 
terrorism is a complex process that involves numerous partners and activities. Meeting this challenge 

will require special emergency preparedness in all cities and states. This plan will provide public health 
guidelines, support, and technical assistance to local and state public health agencies as they develop 

coordinated preparedness plans and response protocols. It also will provide self-assessment tools for 

terrorism preparedness, including performance standards, attack simulations, and other exercises. In 
addition, this will encourage and support applied research to develop innovative tools and strategies 

to prevent or mitigate illness and injury caused by biological and chemical terrorism. 
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Detection and Surveillance 

Early detection is essential for ensuring a prompt response to a biological or chemical attack, 
including the provision of prophylactic medicines, chemical antidotes, or vaccines. This plan will 

integrate surveillance for illness and injury resulting from biological and chemical terrorism into the 
disease surveillance systems, while developing new mechanisms for detecting, evaluating, and 

reporting suspicious events that might represent covert terrorist acts. As part of this effort, the state 

and local health agencies will form partnerships with front-line medical personnel in hospital 
emergency departments, hospital care facilities, poison control centres, and other offices to enhance 

detection and reporting of unexplained injuries and illnesses as part of routine surveillance 
mechanisms for biological and chemical terrorism. 

Diagnosis and Characterization of Biological and Chemical Agents 
It will create a multilevel laboratory response network for bioterrorism which links clinical labs 

to public health agencies in all states, districts, territories, and selected cities and counties and to 

state-of-the-art facilities that can analyze biological agents. This lab will provide around-the-clock 
diagnostic confirmatory and reference support for terrorism response teams. This network will include 

the regional chemical laboratories for diagnosing human exposure to chemical agents and provide 
links with other departments (e.g., Environmental Protection Agency, which is responsible for 

environmental sampling). 

Response 
A comprehensive public health response to a biological or chemical terrorist event involves 

epidemiologic investigation, medical treatment and prophylaxis for affected persons, and the initiation 
of disease prevention or environmental decontamination measures. This plan will assist state and local 

health agencies in developing resources and expertise for investigating unusual events and 
unexplained illnesses.  

Communication Systems 

Effective communication with the public through the news media will also be essential to limit 
terrorists' ability to induce public panic and disrupt daily life. During the next 5 years, this plan will 

work with state and local health agencies to develop  
a) a state-of-the-art communication system that will support disease surveillance;  

b) rapid notification and information exchange regarding disease outbreaks that are possibly related to 

bioterrorism;  
c) dissemination of diagnostic results and emergency health information; and  

d) coordination of emergency response activities.  
Through this network and similar mechanisms, the strategy will provide terrorism-related 

training to epidemiologists and laboratory in-charges, emergency responders, emergency department 

personnel and other front-line health-care providers, and health and safety personnel.  
IMPLEMENTATION 

Implementation will require collaboration with state and local public health agencies, as well 
as with other persons and groups, including: 

 public health organizations, 

 medical research centres, 

 health-care providers and their networks, 

 professional societies, 

 medical examiners, 

 emergency response units and responder organizations, 

 safety and medical equipment manufacturers, 

 office of Emergency Preparedness and other Department of Health and Human Services 

agencies, 
 other agencies, and 

 International organizations. 
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ULTIMATE OUTCOMES 

 The public health agencies and health-care providers will be prepared to mitigate illness and 

injuries that result from acts of bio-geochemical terrorism. 
 Public health surveillance for infectious diseases and injuries; including events that might 

indicate terrorist activity; will be timely and complete, and reporting of suspected terrorist 

events will be integrated with the evolving, comprehensive networks of the national public 
health surveillance system. 

 The national laboratory response network for bioterrorism will be extended to include facilities 

in all countries. The network will include the environmental health laboratory for chemical 
terrorism. 

 The public health departments will be equipped with state-of-the-art tools for rapid 

epidemiological investigation and control of suspected or confirmed acts of biological or 

chemical terrorism, and a designated stock of terrorism-related medical supplies will be 
available through a national pharmaceutical stockpile. 

 A cadre of well-trained health-care and public health workers will be available in every corners 

of the region. Their terrorism-related activities will be coordinated through a rapid and efficient 
communication system that links various public health agencies and their partners. 

CONCLUSION 

Thus, the latest threats and use of bio-geochemical agents against civilians have exposed the 
nation‘s vulnerability and highlighted the need to enhance our capacity to detect and control terrorist 

acts. A country must be protected from an extensive range of critical bio-geochemical agents, 
including some that have been developed and stockpiled for military use. Even without threat of war, 

investment in national defence ensures preparedness and acts as a deterrent against hostile acts. 

Similarly, investment in the public health system provides the best civil defence against bioterrorism. 
Tools developed in response to terrorist threats serve a dual purpose. They help to detect rare or 

unusual disease outbreaks and respond to health emergencies, including naturally occurring outbreaks 
or industrial injuries that might resemble terrorist events in their unpredictability and ability to cause 

mass casualties (e.g., a pandemic influenza outbreak or a large-scale chemical spill). Terrorism-
preparedness activities described in the strategic plan, including the development of a public health 

communication infrastructure, a multilevel network of diagnostic laboratories, and an integrated 

disease surveillance system, will improve our ability to investigate rapidly and control public health 
threats that emerge in the forthcoming century. 
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Abstract 
This article applies a mixed methods approach which included household surveys N=150; Personal 
observations and Interviews to understand water insecurity dimensions across informal and planned 
urban settlements in Minna metropolis. The study shows that water insecurity is driven by the lack of 
a consistent improved water source for households. Residents in the study area have so far respond 
resorted to finding solutions for their individual households rather than addressing the problem 
through community efforts. 
Keywords: Spatial, Household,Water, Insecurity, Minna  
 

Introduction 
In sub-Saharan Africa, population growth and urbanization have led to a disproportionate 

concentration of people in poor urban and peri-urban informal settlements, traditionally referred to as 

slums (UN Habitat, 2016). As water demand intensifies in the urban areas and especially informal 
settlements of SSA, water supply capacity is constrained by old and weak infrastructure outstripped by 

the scale of urban development and growth (Rouse 2014; Padowski, Carrera, & Jawitz 2016). And 
poor governance and weak institutions (Adams and Zulu 2015). Urban informal settlements have been 

found to be over ridden with poor sanitation, overcrowding, poverty and insecure housing tenure, 

poor water access which has resulted in the high occurrence of water related illnesses especially 
among children under the age of five. (Bartram et. al. 2014, Neelim 2011). 

Previous studies have highlighted disparities in water access across urban/rural geographies 
rarely highlighting the intra-urban disparities in water access. (Adams, 2018). More so similar studies 

have noted that statistics on urban water insecurity, fail to highlight water insecurity in informal 
settlements (Smiley, 2013). 

Data collection and Analysis 

Data was gathered primarily using a structured questionnaire. Furthermore, participant 
observations provided more context which informed which informed which informed the literature 

search in the background section. The target respondents were household heads, however in the 
event that they were unavailable, their spouses or a household member above age eighteen was 

interviewed. The questionnaires were administered in a face to face interview. The language of 

communication was primarily in English. However, in cases where the respondents were not fluent in 
English, Hausa (an indigenous dialect widely spoken in the study area was used). The questionnaire 

comprised of the following sections; Location; Demographic and Socio-Economic Characteristics; 
water sources; water access; water collection and storage; water usage. The survey data gathered 

was analyzed using SPSS version 21 software. Descriptive statistics was used to summarize the data 
while showing dimensions of water access across different settlement types; accommodation types. 

Field notes and excerpts from household interviews and community water point observations were 

used to contextualize and discuss the findings. The study was carried out during the dry seasons thus 
it did not capture the influence of the rainy season in coping with water insecurity. Three residential 

communities were found suitable within Minna metropolis as they were underserved areas in terms of 
government provision of piped water and a such residents in these communities were responsible for 

their water provision. And thus were suitable for the understanding of urban residents coping 

strategies towards water insecurity. Three communities were selected across planned and un planned 
(informal) settlements. These were Kpakungu, Sauk aka huta,  and Tunga low-cost. 
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Results 
The respondents were predominantly male (62.9%); as the study was targeted towards 

household heads and efforts were made to access as many of them as possible; as repeated visits 
were made to households during after conventional work hours and weekends to accommodate as 

many household heads as possible in the study area. However in some cases, female household 

heads were observed and in other cases due to the unavailability of the household heads at the time 
of the survey; their spouses were interviewed. More than half  (52.9%) of the respondents were aged 

21-40 years; while nearly a thirds (32.9%) were aged 41-60 years. The predominance of these age 
brackets among the sampled respondents may be further reflective of the urban settlement type and 

target population being household heads. There was an equal distribution of sampled respondents 
across planned and unplanned locations. Nearly two-thirds (60%) of the respondents owned the 

accommodation they resided in. 

Table 4.1:  Socio-Economic and Demographic Characteristics of the Respondents (N=140) 
Sex Frequency Percentage (%) 

Male 88 62.9 

Female 52 37.1 

Total 140 100 

Age Frequency Percentage (%) 

<20 14 10.0 

21-40 74 52.9 

41-60 46 32.9 

61-80 6 4.3 

Total 140 100 

Marital status Frequency Percentage (%) 

Married 82 58.6 

Unmarried 58 41.4 

Total 140 100 

Residential Location Frequency Percentage (%) 

Planned 70 50.0 

Unplanned 70 50.0 

Total 140 100.0 

Accommodation Ownership Frequency Percentage (%) 

Personal 84 60.0 

Rented 56 40.0 

Total 140 100.0 

Arrangement type Frequency Percentage (%) 

Planned 70 50.0 

Unplanned 70 50.0 

Total 140 100.0 

House hold size Frequency Percentage (%) 

1-4 persons 28 20.0 

5-9 persons 83 59.3 

10-14 persons 27 19.3 

15-19 persons 2 1.4 

Total persons 140 100.0 

Occupation Frequency Percentage (%) 

Artisan 3 2.1 

Civil servant 41 29.3 

Farmer 19 13.6 

Trader 28 20.0 

Unemployed 49 35.0 

Total 140 100.0 
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Monthly income (₦) Frequency Percentage (%) 

<50,000 53 37.9 

51,000-100,000 48 34.3 

101,000-150,000 21 15.0 

151,000-200,000 10 7.1 

201,000-250,000 2 1.4 

>250000 6 4.3 

Total 140 100.0 
 

Functional Water Source Attached to Accommodation 
Findings show that more than half (54.3%) of the respondents have functional water sources 

attached to their accommodation as shown in table 4.2. These water sources are either located in 
their homes or within the compound.  
 

Table 4.2 Water source attached to accommodation and Accommodation Ownership 
Functional Water 
source 

Accommodation Ownership  

Personal Rented Total 

Yes 48 16 64 

No 36 40 76 

Total 84 56 140 
 

Table 4.2 shows that more than half (57.1%) of the respondents that residing in their 
personal accommodation possess functional sources attached to their accommodation. While slightly 

above one-quarters (28.6%) of the respondents that reside in rented accommodations have functional 
water sources attached to their accommodations. These findings suggest that home ownership status 

has a direct relationship to of water sources attached to residence. 

Sources of Water 
A households primary water source is the main source of water for household needs;  while a 

secondary source is used as an alternative when the primary source fails or is unreliable, (Adams, 
2018).The findings showed that the respondents relied on multiple sources of water. The most used 

sources of water as reported by the respondents was the water cart pusher referred to as ―mairuwa‖. 

This was closely followed Boreholes which were either attached to the accommodation of the 
respondent or owned by a neighbor. The use of Boreholes despite the high cost of installation may be 

as a result of the year round availability as opposed to other sources which may fluctuate in response 
to the seasonal nature of the rains. 

Fig: 4.1 Sources of Water 

 



Our Changing Environment and Development edited by Jacinta A. Opara 
Metropolitan International University Press. ISBN 978-9970-9670-0-1(print);978-9970-9670-1-8(online) 

~ 117 ~ 

 

Source: Author‘s field survey (2018) 

The main source of water for households is usually referred to as the ―primary source‖; while 
the alternative source is the water used when the primary source is unavailable and this is referred to 

the ―secondary source‖ of water (Adams, 2018). The primary source of water used by the 
respondents was from both water cart pushers (Mairuwa) and boreholes within the compound. Table 

4.3 revealed that the planned and unplanned areas vary in their sources of water. Planned areas 

majorly relied on water from boreholes within the compound and cart pushers as their primary 
sources of water for house hold activities; while unplanned areas majorly relied on well within 

compound as their water source for various house hold activities. 
Table 4.3. Primary Sources of Water in Planned and Unplanned Areas 
Water Sources Planned Unplanned Total 

Water Cart Pushers (Mairuwa) 20 12 32 

Borehole within compound 21 10 31 

Public borehole 11 12 23 

Well within compound 6 15 21 

Neighbors well 4 10 14 

Commercial constructed borehole 2 5 7 

Neighbors borehole 3 3 6 

Public well 3 3 6 

Total 70 70 140 
 

Water Use and Storage  

Majority (70%) of the household have water storage capacity of <500 liters as shown in table 
4.5. The modal quantity of water used was ≤ 300 litres as indicated by 67.9% of the households 

sampled. The modal quantity of per capita usage of water among households‘ was≤ 34 litres. 

However, the average quantity used per household per day was 290 liters. Majority (71.4%) of the 
respondents had water storage capacity of less than 500 litres. While more than two thirds (67.9%) 

required less or equal to 300 litres for the household‘s daily consumption. Approximately 43% of the 
respondents had per capita daily water consumption of ≤ 34 litres. Majority (86.36%) of the 

respondents had water storage that lasted for 1-3 days. 
Table 4.5: Water Storage/Consumption 
Quantity of water stored per household (Litre) Frequency Percentage (%) 

1-500 100 71.4 

501-1000 28 20.0 

1001-1500 5 3.6 

2001-2500 2 1.4 

>2500 5 3.6 

Total 140 100 

Average quantity used per day  (liters) Frequency Percentage (%) 

≤300 95 67.9 

301-600 32 22.9 

601-900 5 3.6 

901-1200 6 4.3 

1201-1500 2 1.4 

Total 140 100 

Per capita quantity of water used per day (litres) Frequency Percentage (%) 

≤34 60 42.9 

35-69 35 25.0 

70-104 41 29.3 

105-138 1 0.7 

139-170 3 2.1 

Total 140 100 

Water last in house per day Frequency Percent 
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1-3  76 86.36 

4-6 10 11.36 

7-10 2 2.27 

Total 88 100.0 

   

Source: Author‘s field survey (2018) 
 

This compares favorably with definitions of sustainable water access which is determined 

 By a household‘s ability to have access to an improved water supply within 200 m in an urban or peri-

urban setting with a round trip of less than 30 minutes and a minimum per capita consumption of 36 
litres (GOM, 2012, p.32). 

Reuse of water 
Among the respondents, 14.3% of the respondents reported that they engaged in the reuse 

of water. The study showed that these respondents stored water from their laundry activities and 

used these for sanitary activities such as flushing toilets. 
Water Sourcing 

Questions were asked as to whether the members of households were involved in sourcing or 
fetching water outside their residences; nearly one-quarter of the respondents reported that members 

of their household engaged in fetching water. 
(48.6%) of the respondents showed that water is fetched by member of the house-holds, this 

indicates that nearly half of the respondents are physically engaged in fetching water either by 

fetching themselves using jerry cans and water cart, or carrying water container on their heads or 
walking to search water for cart pushers (Mairuwa). 

The study shows that the burden of fetching water was greater on the children within the 
household as 72.2% of the households who reported that family members were involved in fetching 

water from sources outside their homes stated that their children handled such tasks. Gendered 

dimensions were also observed as husbands in comparison with wives were more likely to be 
responsible for sourcing water for the household. 

A similar trend was also noticed among the children as male children were more likely to be 
engaged in sourcing water outside their residences in comparison to females. The personal interviews 

explained this in the excerpt below; 

―I prefer my daughters engaging in house chores within the house such as cooking and cleaning 
activities; while my sons can go out and fetch water. Among the newly married without children, I 
also understand that rather than a man unnecessarily exposing his wife on the street. He will go and 
source for water and let her manage the domestic activities within the home. Interview 12, Tunga 
Lowcost‖. 
Fig 4.3: Responsible for Fetching Water in House-Holds 

 



Our Changing Environment and Development edited by Jacinta A. Opara 
Metropolitan International University Press. ISBN 978-9970-9670-0-1(print);978-9970-9670-1-8(online) 

~ 119 ~ 

 

Source: Author‘s field survey (2018) 

Water Costs 
The monetary cost, of water used within the households on a monthly basis showed that 

nearly half of the respondents (48.6%) did not pay for water as they had boreholes or wells installed 
in the residences while others get to fetch from their neighbors at no financial costs. Among the 

respondents that paid for water, approximately on thirds (35.0%) paid less than N5000 to either 

mobile water vendors or at commercially borehole sales points. 
Table 4.6: Water Costs 
Cost of water used in house-hold Frequency Percent 

None 68 48.6 

₦1-5000 49 35.0 

₦6000-10000 15 10.7 

₦11000-15000 3 2.1 

₦16000-20000 1 0.7 

₦21000-25000 2 1.4 

₦>25000 2 1.4 

Total 140 100 

Source: Author’s field survey (2018) 

Fig 4.4 Method of Procuring Water 

 
Source: Author‘s field survey (2018) 
 

Some of the common indicators of water access are availability, , quality of source, time and 

distance and volume.( Adams, Boateng, & Amoyaw 2016; Majuru, Jagals and Hunter 2012.) The 
respondents were asked questions on method they adopt in fetching water to their various house-

holds and nearly half (42.9%) of the respondents  indicated that they fetch water using their heads, 
while nearly one-quarters (22.9%) make use of carts in getting water, (10%) make use of both cart 

and head, (9.3%) have their boreholes or wells directly piped to the house, (8.6%) make use of their 

hands to carry water, (3.6%) make use of carts and when not available, they make use of their 
hands, (0.7%) collect water using both hands and head, (0.7%) make use of head and cart, (0.7%) 

do not engage in fetching water as they make purchase of the water they use on a regular basis  
another (0.7%) of the respondents make use of their cars in fetching water, due to the distance 

between their homes and the source of water. 
The modal time to water source was between 1-5 mins as reported by 60.7% of the 

respondents, and the average waiting time at sources was 1-5 minutes as indicated by 66.4% of the 

respondents. Further analysis carried out showed that the modal time taken to get to the source of 
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the water is five minutes, average waiting time is nine minutes while the average number of trips is 

two minutes. More than half of the respondents, 66.4% reported that the made of an average of 1-5 
trips per day see table 4.7. 

Table: 4.7: Time Used in Procuring Water 
Average time to source Frequency Percentage (%) 

0 minutes 14 12.1 

1-5     minutes 85 60.7 

6-10   minutes 25 17.9 

11-15 minutes 4 2.9 

16-20 minutes 6 4.3 

>25   minutes 3 2.1 

Total 140 100.0 

Average waiting time Frequency Percentage (%) 

0         minutes 14 10.0 

1-5     minutes 93 66.4 

6-10   minutes 21 15.0 

11-15 minutes 7 5.0 

16-20 minutes 1 0.7 

21-25 minutes 2 1.4 

26-30 minutes 1 0.7 

21-35 minutes 1 0.7 

Total 140 100.0 

Average number of trips Frequency Percentage (%) 

0 14 10.0 

1-5 93 66.4 

6-10 17 12.1 

11-15 8 5.7 

16-20 6 4.3 

21-25 1 0.7 

>25 1 0.7 

Total 140 100 

Source: Author‘s field survey (2018) 
 

Table 4.8: Drinking Water Sources 
Source of drinking water Frequency Percentage (%) 

Borehole 60 42.8 

Pure water 48 34.3 

Mairuwa 14 10.0 

Bottle 9 6.4 

Well 9 6.4 

Total 140 100.0 

Drinking water per-day Frequency Percentage (%) 

1-30 67 47.9 

31-60 53 37.9 

61-90 13 9.3 

91-120 3 2.1 

121-150 4 2.9 

Total 140 100.0 

Cost of household drinking water per month Frequency Percentage (%) 

None 61 43.6 

₦5000 59 42.1 

₦11000-₦15000 2 1.4 

₦16000-₦20000 2 1.4 

₦21000-₦25000 2 1.4 
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₦5100-₦10000 1 .7 

₦6000-₦10000 13 9.3 

Total 140 100.0 

Water treatment Frequency Percentage (%) 

No 82 58.6 

Yes 58 41.4 

Total 140 100.0 

Source: Author‘s field survey (2018) 

Table 4.8. reveals that nearly half of the respondents 42.8% make use of boreholes as their 
main source of drinking water, this is closely followed by sachet water at 34.3%, a smaller proportion 

of the respondents purchase water from water vendors (Mairuwa) as they don‘t have access to 
functional boreholes or wells, 10% of the respondents make use of well water and 6.4% purchase 

bottle water for drinking. Findings from the drinking water sources of the respondents indicates that 

most of the house-holds (43.6%) do not spend on drinking water sources as they do not purchase 
water, rather they make use of water from wells and boreholes within and outside their compound. 

The average drinking water consumed in the households on a daily basis is 41 liters, Information 
obtained from the respondents as regard to the cost of drinking water reveals that nearly half of the 

house-holds sampled (42.1%) spends between (₦5000) while the smallest sampled population of the 
house-hold spends between ₦ (5100-10000). The average amount of money spent on drinking water 

source monthly by the house-holds is ₦5283. On the basis of water treatment, more than half of the 

respondents (58.6%) do no engage in water treatment while (42.4%) engage in different form of 
water treatment i.e. use of Alum, boiling or by filtration. 

Table 4.9: Drinking Water Sources in Planned and Unplanned Areas 
Drinking Water Sources 

 Borehole Bottle water Mairuwa Pure water Well Total 

Planned 17 7 8 38 0 70 

unplanned 39 2 6 10 13 70 

Source: Author‘s field survey (2018) 

Table 4.9 revealed that the planned and unplanned areas vary in the sources of sources of 

drinking water. while planned areas majorly relied on sachet water for their sources of drinking water 
while unplanned areas majorly relied on boreholes. Another spatial disparity in the sources of drinking 

water included in then findings that unplanned area still use well as a source of drinking water which 
was not reported in the planned areas. 

Responses obtained from the respondents in relation to drinking water sources in planned and 
unplanned areas, shows that, (42.9%) of the respondents indicated that they source their drinking 

water from borehole, this was followed by (34.3%) of which the respondents indicated that they 

purchase sachet water for drinking as their primary source of drinking water, (10%) purchase water 
from water vendors (mairuwa), (6.4%) make use of bottle water, while another (6.4%) of the 

respondents source their drinking water from the wells. This also indicate that respondents from 
planned areas uses more of sachet and bottle which is there major source of water this also indicate 

that they spend more on water than the unplanned area in the same way respondents of unplanned 

uses borehole as their major source of drinking water closely followed by sachet water, this also 
shows that is only in unplanned area that few numbers of respondents uses well as their source of 

drinking water. 
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Fig 4.5: Water Treatment Methods in Households 

  
Source: Author‘s field survey (2018) 

Figure 4.5 shows the representation of water treatment methods adopted by the respondents, 

the information obtained showed that majority (80.7%) of the respondent prefer boiling as a method 
of water treatment, (14.0%) indicated the use of Alum as method of water treatment and (5.3%) of 

the respondents prefers filtering as a method of water treatment. 
Social and health implication 

The social and health implication associated water procurement is discussed based on the 

data obtained from the respondents. 
Table 4.10: Social and health implication 
Conflict at point of collecting water Frequency Percentage (%) 

No 86 61.4 

Yes 54 38.6 

Total 140 100.0 

Conflict at home over the use of water Frequency Percentage (%) 

No 87 62.1 

Yes 53 37.9 

Total 140 100.0 

Reasons for conflict (N=53) Frequency Percentage (%) 

Based on first come first serve 23 43.4 

Fight over the number of containers an individual can fill 14 26.4 

Locking of water sources, schedule made 7 13.3 

Within the house as regard the use of water 9 16.9 

Total 53 100 

Source: Author‘s field survey (2018)  
Table 4.10 reveals that more than one thirds of the respondents had experienced conflicts at 

home or at the point of collection of water 37.9%; and 38.6% respectively. Among the respondents 
who have experience conflicts related to water; Nearly–half (43.4%) of the respondents have 

experienced conflicts based on accessing water on first come first serve basis. Nearly one-quarters of 

the respondents who experienced conflicts have experienced conflicts on the number of containers an 
individual can fill during their turn. While 16.1% of the respondents have experienced conflicts within 

the household regarding the use of water, lastly, 13.3% of the respondents have experience conflicts 
on water schedules and locking of water sources.  

I have had conflicts in my home as during times of scarcity, some of my family members still engage 
in washing of clothes when water is scarce and they should know they should refrains from such 
activities. 
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I feel if I meet younger persons at the borehole they ought to allow me take my turn to fetch water 
first especially that I am older than them rather than trying to struggle and fetch before me. 
 
Fig 4.6: Problems Associated with Fetching Water    

 
Source: Author‘s field survey (2018) 

The respondents attribute some adverse health problems to their involvement of fetching and 

transporting water to their homes; these include: Body pain as reported by 61% of the respondent‘s; 
Backaches as reported by 29% of the respondents (most of whom reported carrying water in 

containers on their heads); 6% of the respondent‘s reported experience of deformities, while 4% of 
the respondents have experienced arthritis. 

Fig 4.7: Other Diseases Experienced by House-holds 

 
Source: Author‘s field survey (2018) 

Fig 4.7 shows information pertaining other illnesses reported to have been experienced in the 

last three months by the members of the respondent‘s house-holds; More than two-thirds of the 
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house-holds (67%) have experienced typhoid fever in the last three months, more than one-quarter 

(28%) have experienced diarrhea while (5%) have experienced varied skin infections.  
Table 4.12: Coping Strategies 
Engage in water re-use (N=140) Frequency Percentage (%) 

Yes 57 40.7 

No 83 59.3 

Total 140 100.0 

Water re-use (N=57) Frequency Percentage (%) 

Re use of Laundry water to flush toilets 55 96.5 

Re use of Landry water for  washing of yards 2 3.4 

Total 57 100.0 

Migration (N=140) Frequency Percentage (%) 

Yes 55 39.3 

No 85 60.7 

Total 140 100.0 

Source: Author‘s field survey (2018) 

Respondents were observed to respond to water insecurity with water saving strategies such 
as reuse of water reported by 40.7% of the respondents. However a recurring reason among 

respondents that did not engage in reuse of water was that they could access the water from source 

rather than engage in reuse. Among the respondents that reported reuse of water; the major 
purposes were for sanitary purposes and washing of their yards. Almost all (96.5%) of the 

respondents who had reported reuse of water , used water that had been previously used for laundry 
to flush toilets while a few (3.4%) of the respondents reported reusing water for washing their yards. 

More than a third (39.3%) of the respondents were of their neighbor migrating due to water 

insecurity. 
Hypotheses Analysis and Results 

HO1:There is no significant relationship between accommodation type and functional water source.  
Table 4.13: chi-square analysis of relationship between accommodation type and 

functional water source.  
 Value Df Asymptotic Significance (2-sided) decision 
Pearson Chi-Square 11.053a 1 .001 *sig 
Continuity Correction 9.931 1 .002  
Likelihood Ratio 11.317 1 .001  
N of Valid Cases 140    

Significant at ≤ 0.05 

Table 4.13 revealed that there is a significant relationship (chi-square =11.05, p< = 0.001) 
between accommodation type and functional water source. Therefore, the null hypothesis that states 

that there is no significant relationship between accommodation type and functional water source is 
rejected. 

Conclusion 

Water Access showed that majority of the respondents have access to improved sources of 
water. However the large dependence on water vendors such as ―mairuwa‖ still points to 

vulnerabilities associated to water quality as such sources may be contaminated via transportation and 
household storage practices, as highlighted in a study by (Boateng, Tia-Aja, & Adams 2013) 
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Abstract 

Land represents the sojourn of man, it is the place where we live and carry out our lives activities. 
The world today is facing a serious challenge of pollution in diverse forms and land pollution is not an 
exemption. Land pollution deals with the introduction of harmful substances onto the land to such an 
extent that it affects the built environment and those that inhabit it. Land pollution results from the 
improper disposal of waste, mining, urbanization, agricultural chemicals, atmospheric decomposition, 
and soil erosion. This research seeks to look at the impact of Land pollution on the well-being of 
residents in Minna Metropolis with a view of proffering solutions to reduce the effects. The research 
adopted descriptive survey method and questionnaires were used as a tool to collect data. A total 
number of Eighty (80) residents in Minna metropolis participated in the survey. The findings reviewed 
that the major cause of land pollution in Minna metropolis is the indiscriminate disposal of Solid and 
Sewage waste. The research concluded that the heaps of waste on land serves as breeding grounds 
for disease carrying bacteria, pest, and vermin leading to diseases such as Malaria fever, Yellow fever, 
Lassa fever among others. The research recommended the creation of dump sites far away from 
residential buildings and the enactment of sanctions for offenders of indiscriminate waste dumping 
within Minna metropolis. 
Keywords: Atmospheric decomposition, Land pollution, Soil erosion, Urbanization, Waste. 

 

INTRODUCTION  
The impact of land pollution on the already deteriorating climate calls for serious worries. 

Every action and inaction on land affects both air and water. For instance, most developing countries 
depend largely on surface waters in their countries. When the rain falls, the heaps of decomposing 

wastes on land will be flushed into the rivers thereby polluting the water. More so, the action of wind 
moves some lightly weighted wastes and bacteria from pollution sites into air thereby contaminating 

the air (Deng, 2011). It is paramount that attention should be given to land pollution as it is with 

water and air. Pollution is the release of any substance onto the land in such that the quality of land is 
degraded or the land is defaced. Whatever has negative effect on the environment, health of human 

and organisms that live on land is land pollution. Cunningham and Cunningham (2012) in their 
definition stated that pollution is anything that makes the environment unsafe either through physical 

or social activities of humans thereby making the environment undesirable for living.  

There is a connection between land, water and air. If any of these is affected, their effects are 
usually felt (Hill, 2004). Land population accounts for one of the world‘s highest increasing 

environmental challenges which need urgent attention to reduce the challenges (Jonathan, 2018). 
Global warming effects is accelerating with great speed and until the early wide spread of its effect on 

land, required attention will not be taken to curb its menace (Hill, 2004). Environment can be 
degraded through several means ranging from dumping of refuge, defecation which defaces the land 

to other activities that removes the soil. When towns and cities develop, the land definitely will be 

polluted because of several activities that take place during urbanization. 
Man through knowledge has created so many materials over time for his comfort most of 

which depletes in value, get destroyed or faced out as a result of replacement. These materials are 
largely the human wastes generated in the environment. The land needs to be cleaned of these items 
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to enable a healthy environment for human. The addition of the wastes generated by human unto 

land is pollution (Chitchara 2012). Obafemi (2004) in his definition refer pollution to the release of 
harmful substances unto the environment (land). When these substances are released into the land, 

the health of those living around there becomes a concern. 
SOURCES OF LAND POLLUTION 

According to Woodford (2012), the land can permanently be changed through many ways 

such as when the soil is contaminated through application of agricultural chemicals and direct 
dumping of wastes on the land. Some of the pollutions on land can be seen physically while others are 

less visible especially the ones that takes place as deposition from the atmosphere. Land becomes 
polluted when polluted air (from other landfills) falls unto the land. There are many factors through 

which the land can be polluted. Some of them are:  
Household Wastes: When solid or liquid wastes are poorly managed, the environment is no safer 

for habitation. Wastes from humans in terms of feces and urine indiscriminately scattered on the land 

surface constitutes danger to the health of the environment. Pathogens are contained in human feces 
which makes it unsafe for the environment when poorly handled (Ogundele, 2008). 

The quantity of solid and liquid wastes that are produced from different households in Nigeria can be 
ascertained but research reviewed that urban centres are the highest producers of wastes and it 

amounts to 75% of monthly waste of the environment (Nnamani, 2000). 

 
Plate I:  Indiscriminate disposal of waste in Bosso Area of Minna Metropolis 
Source: Author‘s Fieldwork 2018. 

 
Plate II: Indiscriminate disposal of waste in Tunga Area of Minna Metropolis 

Source: Author‘s Fieldwork 2018. 
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Mining 

Activities are usually carried out around the world in order to extract mineral resources from 
the ground through different means all of which constitutes land pollution (Woodford, 2019). Most 

notable among all the processes of mining is the strip mining which involves complete extrusion of the 
soil thereby destroying the land and anything found on it.  

Open Defecation 

According to Essuman, 2015, the process of removing waste (especially feaces) from the body 
directly on land in an environment because of unavailability of toilets and latrines is referred to as 

defecation. The United Nations Children‘s Fund report on Drinking Water and Sanitation 2012 
reviewed that 2.5 million people globally do not have access to improved forms of sanitation and 1.1 

million of global population practices open defecation. Whatever makes anyone to pass feaces unto 
the land in any form without using proper sanitation facilities is a form of land population. 

                           
Pate III: Polluting the Land through Open Defecation 
Source: www.punchng.com 

Urbanization 
Urban development also constitutes land pollution either by expansion of existing villages into 

towns of towns into cities and mega cities. The activities that breed those expansion results in the 
land being polluted (Woodford, 2012). When people come to live together, the wastes generated are 

also together. Therefore, care needs to be taken to ensure proper channeling of urban wastes through 

creation of wastes disposal sites. 
Agricultural chemical 

The forests are widely destroyed through evergreen and technologically advanced agricultural 
practices which has turned most lands which were productive to regions now barren and laying bare 

(Hamid, et al; 2010). The quest for agricultural advancement through improved technology has 

contributed greatly to the pollution of the land. The unavailability of most of the technologies we have 
today provided the early men with no option other than to eat natural food from trees and surface 

waters from streams and rivers but when the population increased and the need to feed the 
increasing population arose, technologies were introduced and most of them pollutes the land (Hamid, 

et al; 2010). The ever increasing world‘s population saw the introduction of chemicals to enhance 

agricultural productivity. Yes, the productivity has increased but the land is left polluted by the 
application of chemicals. Most of these chemicals remain on the land as poisons even after harvest. 

One of such chemicals now banned from circulation is DDT (Heidi, 2008). 
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Atmospheric deposition 

When the air is polluted, pollutants do not remain in the air but are usually dispersed and 
therefore not concentrated to the level of being pollution to the air as compared to the ground upon 

which all the pollutants fall unto. When it eventually falls into rivers and water bodies, it is referred to 
as water pollution but any of such that falls unto the land causes land pollution. The pollution that 

occurs as a result of already polluted atmosphere by falling on the land is atmospheric deposition. 

There are different ways through which the land can be polluted atmospherically. Fumes and fuel 
spills from moving vehicles pollutes the land close to the road. Most times when the weather is hot, 

dust from paved and tarred roads are pushed unto nearby land surfaces thereby polluting such land. 
Also, the deposits made on land from leads that drop from vehicle engines don‘t easily dissolve or 

washed away within a short time. Some of them stay long on the earth‘s surface thereby leaving the 
land polluted (Woodford, 2012). 

Soil erosion 

Most of the definitions of land pollution are pointed to the fact that all actions that lead to 
land pollution cannot be reversed. Soil is not a stagnant or constant as usually referred to but rather 

changes to fit the activities that are carried out on it. Therefore any activity either by man or natural 
disasters that changes the condition of soil is referred to as land pollution ((Woodford, 2012). The soil 

also needs to be nurtured and prevented from being polluted. Any human action that depletes or 

defaces the soil in any form is tagged as pollution. Land pollution usually result into land degradation 
which is either caused by human activities or natural events like drought, volcanoes or floods. 

EFFECTS OF LAND POLLUTION  
The uniqueness of damages on land it‘s the unmovable nature of land when polluted. Unlike 

air that keeps moving or water that keeps flowing, when a portion of land is polluted, until cleaning 
takes place, that portion remain polluted (Woodford, 2012).  

Effect on human health: heaps of garbage on land serve as breeding grounds for disease carrying 

bacteria, pest, vermin (mosquitoes, rats, snakes etc.)  Outbreak of diseases such as malaria fever, 
yellow fever, Lassa fever, bubonic plague may originate from this source. There is need to carry out 

serious health checks of those living near polluted lands especially where solid and sewage wastes are 
dumped (‖illness linked to contaminated land,‖). When the land is polluted through contamination by 

some harmful chemicals, the air picks up some of the deposits that are in smaller particles which at 

times get stuck on human body resulting in some skin diseases and even obstruction of human 
breathing organs. So many diseases and infections are attributed to indiscriminate waste disposal 

through their closeness to crops planted on land for human consumption or by direct effect on human 
(Ogundele 2005). 

METHODOLOGY  

Data for this study were collected from primary and secondary sources. The primary sources 
of data collected were from physical survey and the administration of Eighty four (84) questionnaires, 

through Area Random Sampling Technique. This was used in the selection of the residents within the 
study area. 

A total number of Eighty four questionnaires were administered on respondents in this 
research, and eighty (80) questionnaires were returned which is 95% return rate of the questionnaires 

administered. The questionnaire was administered during the weekends in order to effectively reach 

the respondents. Descriptive method of data analysis using frequency table and percentages was 
adopted in this research. Results of the analysis were presented using tables and graphs such as pie 

chart among others.   
RESULTS AND DISCUSSIONS 

Perception of Land Pollution by Respondents 

  The perception of the respondents as relating to land pollution is crucial as this gives a clue to 
their awareness of the fact that the land is being polluted. The results revealed that 65% of the 

respondents perceive that the land is being polluted while 24% of the respondents do not perceive 
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any problem of land pollution in their neighbourhoods and 11% do not know if the land is being 

polluted at all as shown in Figure 1 below.  

  
           Figure 1: Perception of Land Pollution by Respondents  
              Author‘s Field work, 2018 

Knowledge of the Effects of Land Pollution on Individuals 
The resident‘s knowledge of the dangers of their actions and inactions will assist in providing 

solution to land pollution. The results as indicated in figure 2 below showed that 34% of the 
respondents are highly knowledgeable on the effects of land pollution while 58% of the respondents 

are knowledgeable on the effects of land pollution. 8% of the respondents in the study area are 

poorly knowledgeable on the effects of land pollution. 

34%

58%

8%

EFFECT OF LAND POLLUTION ON INDIVIDUALS

Highly Knowledgeable Knowledgeable Poorly Knowledgeable

 
          Figure 2: Knowledge of the effects of land pollution  

              Author‘s Field work, 2018 
Sources of Land Pollution in Minna Metropolis 

The sources of land pollution in the study area are traceable mainly to human activities in the 

area. The domestic activities in the area constitute the most prominent source of land pollution which 
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results from the indiscriminate disposal of solid and sewage wastes generated from households and 

factories which are being dumped on streets and close to people‘s homes. The sources of land 
pollution from the study area are indicated in figure 3 below. The result shows that waste disposal 

counts for 50% of the source of pollution in the study area, soil erosion constitutes 22%, atmospheric 
decomposition constitutes 11%, agricultural chemicals and urbanization covers 7% each while mining 

activities counts for 3% of the land pollution. 

waste disposal
50%

Mining activities 
3%

Urbanization
7%

Agricultural Chemicals
7%

Atmospheric 
Decomposition

11%

Soil Erosion
22%

Sources of land pollution 

Figure 3: showing Sources of land pollution in Minna Metropolis 
                                 Author‘s Field work, 2018 

Effect of Land Pollution on the Residents of Minna Metropolis 
The greatest threat of land pollution in Minna Metropolis is the outbreak of diseases which is 

as a result of the indiscriminate disposal of waste because the waste so disposed serve as breeding 
ground for disease carrying organism like Mosquitoes which is known for causing Malaria. Most of the 

respondents testify to the fact that they have suffered from Mosquito bites that has resulted to 

Malaria. From figure 4 below,28% of outbreak of diseases is caused by land pollution, less attractive 
environment 19%,17% of respondents are disturbed because of how it will affect children, 13% 

indicated that it contaminates water sources. Others are, 8% residents want to move from their 
environment as a result the effects, 8% reviewed that soil fertility is loss to land pollution. 4% 

landscape disturbance and 3% obstruction of free flow of traffic are all effects of land pollution  

 

Figure 4: showing effects of land pollution in Minna Metropolis 

 Author‘s Field work, 2018 
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CONCLUSION 

Most human activities here on earth take place on the land. The pollutants of air and water 
which have received commendable studies are all connected to the land. From the research, it was 

discovered that a neat land constitutes a clean air and water. The research ascertained that the major 
source of land pollution in Minna Metropolis is the indiscriminate disposal of both solid and sewage 

wastes. It also indicated that only 34% of the residents of the study area are aware of the effects of 

land pollution. Furthermore, it was reviewed that outbreak of diseases like malaria fever are attributed 
to the effects of land pollution. For better and healthy environment, the land should be well nurtured 

and prevented from any form of pollution. 
RECOMMENDATIONS 

1. The creation of designated waste disposal sites should be encouraged and situated far from 
residential areas. 

2. Laws should be enacted to sanction offenders of indiscriminate waste disposal. When the laws 

are enacted and sanctions meted on individuals, it will deter others from polluting the land. 
3. Public Private Partnership should be encouraged in waste management through recycling of 

waste int useful products thereby reducing deposits on landfills. 
4. Members of the public should be adequately educated and enlightened on the hazards of land 

pollution. 
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Abstract 
A study was conducted in semi-arid zone to evaluate the impacts of land reclamation on woody 
species regeneration at Keita and Laba districs of Tahua region in Niger Republic. Thirty (30) plots, 
each measuring 50mx50m in these transects were randomly selected for practical inventory. 
Questionnaires were administered to 50 purposively selected respondents in 5 villages of the study to 
ascertain the disappearance of some trees species and the impacts of land reclamation in the area. 
Data generated were analysed using Descriptive Statistics, Hubers‘Formula and Analysis of Variance 
(ANOVA) procedure of Randomized Complete Block Design RCBD using Statistical Analysis System 
(SAS, 2003). Results have shown that Vegetation, temperature, and rainfall recorded 50 (100%) 
occurrences each, while water source and wind speed formed 98 and 708% with 49 and 35 
occurrence. Woodlands increased more than 300% (10,000 ha in 1984 to 45,000 ha in 2002) against 
a reduction in the shrubby steppes of the 30%. The results also revealed that tree density varied from 
297 trees/ha for Land Reclamation site to 177 trees/ha for none intervention site. 13 families were 
encountered after 20 years of land reclamation; Mimosaceae had the highest occurrence of 254 which 
was 50.80% of the total number of species from all families recorded. It has been observed that there 
is the need for serious intervention to fight desertification in order to assure the sustainability of forest 
trees and success of the work done in a long term view. It was also suggested that studies of this kind 
should be encouraged so as to carry ever body along even the local inhabitants. 
Keywords:  Ecological, Effects, Land, Reclamation and Woody Species 

 

Introduction 
The causes of land degradation result from population pressure on land which leads to a 

shortening of fallow periods, the extension of cultivation into inappropriate marginal areas, cultivating 
in steep slopes, livestock‘s overgrazing, overexploitation of woody vegetation for fuel and 

construction, over exploitation of water resources, and intensification such as irrigation and the use of 

fertilizers and pesticides. All of these above can lead to land degradation by one or more of the 
following: deforestation, deterioration of vegetation cover and species mix, water erosion, soil nutrient 

depletion, salinization, soil toxification by pesticides and lowering of the water table and the drying up 
of streams and lakes. For example, FAO (1992) and Ola (1981) listed the following as causes of forest 

degradation and desertification: Traditional farming system in which portions of forest were 
demarcated, trees felled and burnt for food crop cultivation; timber and fuel wood extraction carried 

out within the natural forest ecosystem; uncontrolled bush burning; introduction of livestock into the 

forest. 
If land has been degraded, it is often possible to rehabilitate it and thus restore its utility 

possibly better than its original state. Knowing satisfactory perception of the threat, with enough 
funding and better technology whatever the cause of degradation may be highly reduced. Land 

restoration implies the rehabilitation of degraded land to a standard matching that of its original state.  

The only form of degradation which is permanent is the extinction of living species (Barrow, 1991). 
James et al., (1996) reported that Land Reclamation is a process by which previously unusable land is 

returned to a state whereby some use may be made of it. It usually refers to areas which were heavily 
contaminated or were geologically unstable and may now be used for civil engineering, construction 
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or limited growth such as sports fields which require high inputs to be maintained. The term 

reclamation is also used for the process by which land is gained from submerged coastal lands, finding 
special application in the polar system of the Netherlands, desert and wetland areas. Such reclamation 

is in conflict with the concept of ―ecosystem restoration‖ which aims to conserve such system as 
functioning units. 

Materials and Method 

Study Area  
Keita District, is located between 5°20‘ and 6°35‘ E of latitude and 15°10‘ and 14°20‘N of 

longitude, it is bordered in the north by Tchintabaraden District, in the South by Bouza District, in the 
East by Abalack, in the West by Illela and Tahoua Districts.(Keita Integrated Project‘s Report, 2007).  

Created by Decree n°65-09 of 30th April 1965, Keita is one of the seven districts of Tahoua region. 
Tahoua region covers a surface area of 106,677km² about 8% of the country total surface area. It 

borders the northern part of the Sokoto State of Nigeria and Keita is situated at 72 kilometers East of 

Tahoua, about 636 kilometers from Niamey, 288 kilometers from Sokoto town. With a land surface 
area of 4,862 km² approximately 4.5% of the Tahoua Region, Keita is in the Sahel sudano zone. Sahel 

is a continuous belt across West Africa passing from Mauritania in the West through Burkina Faso, 
Niger Republic, Chad, Cameroun and the Sudan in the East. It forms the southern fringe of the Sahara 

desert, a great desert which occupies about 20% of Africa‘s land surface area and claims about 50% 

of the lands of the North African countries of Morocco, Jamahiriya Arab Republic of Libya, Tunisia, 
Algeria and Egypt. 

 
 
Map of Niger Republic: Showing Seven Regions with Tahoua at the Fore Ground 

 
Map of Tahoau Region Indicating the Keita and Laba Districts as Areas of Study 
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Climate and Vegetation of Study Area 

The climate of Kieta is that of the Sudano-Sahelian type. The annual precipitation is 
concentrated within two or three months in a year, with an average of 300 to 500 mm per annum. 

Temperatures are usually very high. 
The insulation is very strong and the hydrometry very low, except during the rainy season. 

The average temperature is 28°C but sometimes it may reach up to 46°C in April. The relative 

humidity is 44% during August; the potential evapotranspiration is 2,450mm per year while 500 mm 
are registered from June to September. During the harmattan dry wind will be blowing in South-South 

West direction, lashing soil and its nutrients contents. This may leads to land degradation, severe 
damage to dry season crops and depletion in unprotected land. 

The vegetation is very sparse, dominated by indigenous tree species having physiological 
ability to adapt to Sahel conditions. They are mainly drought tolerant species. They include: Acacia 
senegal, Acacia raddiana, Acacia tortilis, Acacia seyal, Balanites aegyptiaca, Bauhinia rufescens, and 
Boscia senegalensis. Apart from the genus Acacia sub family mimosacea, family legumimoceae, the 
vegetative cover also includes herbs such as: Aristida mutabilis, Tephrosia spp, Cenchrus biflorus, 
Eragrostis tremula, Pennissetum mollissimum, Panicum laetum, Alysicarpus ovalifolius, Cynodon 
dactylon, Cymbopogon schoenanthus, Dactyloctenium cyperus (Keita Integrated Project‘s Report, 

2007). 

Experimental Procedures: 
Investigations were carried out during the rainy season to enable all species to be identified. 

The surface area of the 2 sites selected ―Laba and Keita‖ respectively were 600 ha and 500 ha (which 
corresponds to 6km² and 5km²) and were divided into transects (3 per site). The transects were 

chosen to cover all land- use types, reclamation techniques and the various physiographical units. 
Each transect plots was measured 50m X 50m, the first plot was at 300m from the village and the 

subsequent at 500m distance ,5 plot were randomly selected per transect. Thirty (30) plots randomly 

selected into two (2) sites (intervention and none intervention) were used for practical inventory. All 
woody species were recorded in each plot. Mature trees and regenerations (plants< 0.5m) were listed 

separately for each species. The inventory occurred on transects from the villages to the land 
reclamation site as described by Yamba (1994).  

Data Collection 

Data were collected on Ecological parameters such as: Vegetation, Temperature, Rainfall, 
Water source Wind Speed and direction. For disappearing species, data were collected using 

questionnaire in a survey of the same site to record information provided by the respondents. In each 
village questionnaire were administered to individual farmers or villagers using purposive sampling 

method that is only those who attained the age of 60 and above were selected. Parameters measured 

include endangered, extinct species and the present species that were still found in the study area, 
the causes of disappearance species and the possible solution of curtailing this menace. A total 

number of 10 respondents were taken from each of the randomly 5 villages selected from the area 
covered in this work. 

Data Analysis 
The data generated were analysed using Descriptive Statistics and Analysis Of Variance 

(ANOVA) procedure of Randomized Complete Block Design RCBD using Statistical Analysis System 

(SAS, 2003) Treatments means found to be significantly different were separated using Duncan‘s New 
Multiple Range Test (DNMRT) as described by Gomez and Gomez (1984). Herber‘s formula was used 

to calculate the woody volume in the study Area. 
RESULTS AND DISCUSSION     

In the Sahelian countries and Niger Republic in particular, the woody species occupy a 

significant place in the dynamics of the ecosystems and in the socio-economic life of the human 
population. So in Keita District the degradation of the terrestrial ecosystems became apparent during 

the drought years 1974 and 1984 as a loss of woody species along the valleys, plains, mountains and 
plateaus (Grouzis, 1988). The natural regeneration of the woody species is threatened by scarcity of 
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rain, their abnormal distribution in time and space along a south-north gradient in particular (Ozer and 

Epicum, 1995). 
Table 1 and 2 showed that 50 years before the intervention 33 woody species were 

encountered in Laba site which represented a total frequency of 300 but 20 years after Land 
reclamation, 30 woody species were recorded with 500 total frequencies. A total of 11 different woody 

species namely, Grewia villosa, Dichrostachys cinerea, Grewia bicolor, Ximenia americana, Ficus 
gnaphalocarpa, Grewia tenax, Commiphora africana, Indigofera oblongifolia, Hibiscus micranthus, 
Khaya senegalensis and Acacia ehrenberginia had completely disappeared from the study area (Laba 

site) probably due to 1974 and 1984 severe droughts. On the other hand, eight (8) different new 
woody species appeared: Prosopis juliflora, Parkinsonia aculeate, Moringa oleifera, Prosopis chilensis, 
Prosopis glandulosa, Euphorbia balsamifera, Acacia sieberiana, and Maerua crassifolia as a result of 
land reclamation. 

Whereas Table 3 showed some ecological parameters tendency after 20 years of Land 

Reclamation in Keita District. Vegetation, temperature, rainfall and recovery recorded with 50 (100%) 
occurrences each, while water source and wind speed formed 98 and 708% with 49 and 35 

occurrence. This result was in conformity with table 16 which showed that there was no significant 
difference among the five villages in the ecological impacts of Land Reclamation in Laba area. But in 

Table 4 it had been showed that there was no statistical difference between the five (5) villages of the 

study area in the ecological impacts of Land reclamation in woody species regeneration at 5% level. 
However, changes in land covers in Keita District were as a the result of combination of 

different factors (climate changes, land reclamation and demographic pressure). The environmental 
status before the beginning of Land Reclamation testifies the negative impact of climate and 

anthropogenic pressure on the ecosystems. In 1962 the slopes of the highlands were forested, but in 
1972 some signs of degradation were already evident. In1984 the forest completely disappeared. 

Between 1984 and 2007, assistance was given and those was a progressive recovery of the natural 

vegetation (Andrea et al., 2007). 
The diachronic land cover study showed that between 1984 and 2002 woodlands increased 

more than 300% (10,000 ha in 1984 to 45,000 ha in 2002) against a reduction in the shrubby steppes 
of the 30%. This tendency is supported besides the land reclamation, also by the progressive increase 

in rainfall, which was recorded as from the 1990s (Andrea et al., 2007). On the other hand woody 

vegetation restoration covered large areas on the slopes and also in the valleys as gallery forests. This 
trend on the slopes is particularly interesting where it not directly due to land reclamation (plantation 

in trenches) because it shows the effectiveness of the watershed approach and water management on 
plateaus and slopes.  

The results have showed in Table 5 that there was significant difference between Contour 

Earth Bunds and Trenches in height and diameter but no significant difference was recorded between 
the different types of land reclamation for the number of sprouts and exploitable stems. These results 

testified that contour Earth Bunds had influenced positively in woody species regeneration than 
trenches. The tables 2, 3(Abundance of Woody Species) and figures 1,2,3,4 (Growth Performance in 

Diameter and Height) above confirmed that Contour Earth Bunds had the highest efficiency than 
trenches. 

These results were in agreement with studies conducted in Keita District (FAO, 1995; Breman, 

and Kessler, 1995) which revealed that the effectiveness of Land Reclamation was focused on soil 
conservation and that the Contour Earth Bunds or Bench of Plateau had transformed the plateau, from 

a marginal resource for breeding to a main resource with great potentials, as demonstrated by the 
change in the existing practices of the local population and arrival of nomads population. This 

resource played an important role in the establishment of a more flexible and less vulnerable 

economic system. 
The Contour Earth Bunds of Glacis have been effective in reclaiming arable land previously 

subjected to desertification and abandoned. Even though, the poor quality of the soil would not allow 
yields comparable to those coming from the best arable land in the valley. The trees planted in the 
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area produced eight times more wood per plant, than the tree planted in the trenches and yielded 

twice as much fodder than the bench (Contour Earth Bunds) of plateau. The trenches have proven 
extreme efficiency in eliminating, or at least strongly reducing, the water erosion on arable lands and 

allowing agricultural activities on previously abandoned lands. The trees planted represent a valuable 
resource of wood for cooking and fodder. 

Height) and 2.7% have 20 to 30 cm. those percentage were greater than the Contour Earth 

Bunds (Bench) trees respectively 82.92 and 1.8% but the diameter class from 10 to 20cm and 30 to 
40cm for the Contour Earth Bunds‘ trees recorded the highest percentage 15.08 % and 0.2% than 

trenches trees 6.31% and 0% respectively. Those characteristics are similar for the growth 
performance in height class where Figures 2 and 3 showed that 92.79 of trenches trees had a height 

from 0 to 4m than the Contour trees 81.80% but in the other hand from 4 to 7 and 4 to 7m Contour 
trees recorded the highest percentage 16.4 and 1.8% than the trenches trees 7.21% and 0% 

respectively. 

SUMMARY AND CONCLUSION  
The results revealed that tree density varied from 297 trees/ha for Land Reclamation site to 

177 trees/ha for none intervention site. 13 families were encountered after 20 years of land 
reclamation; Mimosaceae had the highest occurrence of 254 which was 50.80% of the total number of 

species family recorded while Combretaceae and Caesalpiniaceae formed respectively 19% and 13% 

with occurrence of 95 and 66. Zygophilaceae constituted 7.4% and others families varied from 2.4 to 
0.2%. These results testified that Contour Earth Bunds performed very well in woody species 

regeneration than trenches. 
RECOMMENDATIONS 

There is a need for serious intervention to fight desertification which aggravated the poor 
conditions of regeneration at scenario in order to assure the sustainability and the success of 

intervention in a long term view. It was also suggested that studies of this kind should be encourage 

in association with the local inhabitants such that the impacts should be felt by many and they may 
realises the importance of land reclamation for them to contribute meaning fully towards afforestation 

and land improvement.  

Table 1: Woody Species before Land Reclamation 

Species Family Frequency Percent 

Acacia ataxacantha Mimosaceae 7 2.33 

Grewia villosa Tiliaceae 1 0.33 

Dichrostachys cinerea Mimosaceae 4 1.33 

Adansonia digitata Bombacaceae 6 2.00 

Grewia bicolour Tiliaceae 10 3.33 

Piliostigma reticulatum Caesalpiniaceae 11 3.67 

Ziziphus mauritiana Rhaminaceae 13 4.33 

Acacia raddiana Mimosaceae 15 5.00 

Balanites aegyptiaca Zygophyllaceae 23 7.67 

Anogeissus leiocarpus Combretaceae 20 6.67 

Ximenia Americana Olacaceae 5 1.67 

Acacia nilotica Mimosaceae 7 2.33 

Ficus gnaphalocarpa Moraceae 3 1.00 

Bauhinia rufescens Caesalpiniaceae 11 3.67 

Sclerocarya birrea Anacardiaceae 8 2.67 

Combretum glutinosum Combretaceae 12 4.00 
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Tamarindus indica Caesalpiniaceae 9 3.00 

Calotropis procera Asclepiadaceae 13 4.33 

Combretum micranthum Combretaceae 14 4.67 

Guiera senegalensis Combretaceae 15 5.00 

Boscia senegalensis Capparidaceae 16 5.33 

Faidherbia  albida Mimosaceae 14 4.67 

Acacia Senegal Mimosaceae 8 2.67 

Acacia laeta Mimosaceae 1 0.33 

Grewia tenax Tiliaceae 15 5.00 

Commiphora Africana Burseraceae 11 3.67 

Acacia seyal Mimosaceae 6 2.00 

Indigofera oblongifolia Papilionaceae 6 2.00 

Hibiscus micranthus Malvaceae 2 0.67 

Acacia ehrenbergiana Mimosaceae 2 0.67 

Azaradirachta indica Meliaceae 1 0.33 

Salvadora persica Salvadoraceae 2 0.67 

Khaya senegalensis Meliaceae 9 3.00 

Total  300 100.00 

 

Table 2: Woody Species After Land Reclamation 

Species Family Frequency Percent 

Acacia ataxacantha Mimosaceae 5 1 

Adansonia digitata Bombacaceae 8 1.6 

Piliostigma reticulatum Caesalpiniaceae 18 3.6 

Ziziphus mauritiana Rhaminaceae 10 2 

Acacia raddiana Mimosaceae 19 3.8 

Balanites aegyptiaca Zygophylaceae 37 7.4 

Anogeissus leiocarpus Combretaceae 1 0.2 

Acacia nilotica Mimosaceae 43 8.6 

Bauhinia rufescens Caesalpiniaceae 43 8.6 

Sclerocarya birrea Anacardiaceae 2 0.4 

Combretum glutinosum Combretaceae 23 4.6 

Tamarindus indica Caesalpiniaceae 4 0.8 

Calotropis procera Asclepiadaceae 3 0.6 

Combretum micranthum Combretaceae 42 8.4 

Guiera senegalensis Combretaceae 29 5.8 

Boscia senegalensis Capparidaceae 11 2.2 

Faidherbia albida Mimosaceae 37 7.4 

Acacia Senegal Mimosaceae 42 8.4 

Acacia laeta Mimosaceae 17 3.4 

Acacia seyal Mimosaceae 48 9.6 
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Azadirachta indica Meliaceae 9 1.8 

Salvadora persica Salvadoraceae 1 0.2 

Prosopis juliflora Mimosaceae 40 8 

Parkinsonia aculeate Caesalpiniaceae 1 0.2 

Moringa oleifera Moringaceae 1 0.2 

Prosopis chilensis Mimosaceae 1 0.2 

Prosopis glandulosa Mimosaceae 1 0.2 

Euphorbia balsamifera Euphorbiaceae 2 0.4 

Acacia sieberiana Mimosaceae 1 0.2 

Maerua crassifolia Capparidaceae 1 0.2 

Total  500 100 

 

Table 3 : Frequency of  Ecological parameters     

Parameters Frequency Percentage 

Vegetation increase      50          100 

Temperature decrease      50          100 

Favorable rainfall      50          100 

Recovery      50          100 

Water source available      49          98 

Low wind speed      35          70 

 

Table 4: Effects of Land Reclamation among the Villages  

          Villages Means     

            Laba  2.96     

            Mansala 1  3.264     

            Mansala 2  3.492     

            Takochi  3.55     

            Kelgress  3.53     

               SE ±  0.228     

               Sig   NS     

 
Table 5: Types of Land Reclamation and Growth Parameters 

        Type of Land Reclamation Height   Diameter   sprouts        Stems  exploitable                NbExS 

     

Contour  
Earth Bunds 3.24a    8.44a     2.84b                                2.48b                          2.48b 
     
Trenches 2.57b    7.69ab     2.77b                                 2.30b              2.30b 
     
SE ± 0.0649                                     0.2141                             0.1307                  0.1107  
     
Sig    *      *        NS                        NS               NS 

Means with the same letter in the rows and columns are not significantly different. 
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Figures 1, 2, 3 and 4 below represent Bar Charts to show and compare the variation in growth 

performance (Diameter and Height) for the two (2) types of Land reclamation. Figures 1 and 4 had 
shown that for diameter class, 90.99 % of the trees in Trenches have 0 to 10 cm stem diameter at 

DBH (Diameter at Breast Height) 
 

 
 

      

       

       

       

       

       

       

       

       

       

       

       

       

Figure 1:Trenches‘ Trees Growth Performance in Diameter class /Laba   

 
 

      

       

       

       

       

       

       

       

       

       

       

       

 

Figure 2: Trenches‘ Trees Growth performance in Height class /Lab 
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Figure 3: Contour.E.B. Trees  Growth performance in Height class  /Laba 
 

 

 

 

 
 

      

        

        

        

        

        

        

        

 

 
 

 
 

 

       

        
 

 
 

 

Figure  4:Contour.E.B.Trees Growth Performance in Diameter class /Laba 
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Chapter 17 
 

Determination of Soils Erodibility Factor (K) for Selected Sites in Nuhu 
Bamalli Polytechnic Zaria Samaru Kataf Campus Kaduna State 

 
Alhassan Yahaya, Aboshio Nehemiah and Elkanah Samuel Yayock  

Nuhu Bamalli Polytechnic, Zaria. 
 
Abstract 

Soil erodibility is the ability of water to detach and transport soil particles. It has been found that 
there are some factors that affect the erodibility of a particular soil, they include soil physical and 
chemical properties, which affect soil stability, an important soil property governing erodibility. Soil 
erodibility can be seen in relation to percentage sand content, percentage organic matter content, soil 
structure and permeability. Soil erodibility factor K represents both susceptibility of soil to erosion and 
the rate of runoff, as measured under the standard unit plot condition, which is erosion  plot 72.6ft 
(22.1 meters) long on a 9% slope, maintained in continuous fallow, tilled up and down till periodically 
to the soil. Soils high in clay have low K values, about 0.05 to 0.15, because they possess good 
resistant to detachment. Coarse textured soils, such as sandy soil have low K  values, about 0.15 to 
0.2  because of low runoff even though these soil are easily detached medium textured soils , such as 
the silt loam soils, have a moderate K values about  0.25 to 0.4, because they are moderately 
susceptible to detachment and they produce moderate runoff. The results that have been gotten from 
the laboratory work were used to evaluate erodibility by estimation using the erodibility Nomograph, 
which is a standard chart for estimation of erodibility. On the basis of the results obtained from this 
research work, the erodibility of the soils considered are given; Hostel A (0.029), and Girls Hostel 
(0.025). This gives Girls Hostel a little advantage over Hostel A and makes it best of the two soils as it 
respond least to erosion. However, both soils have equal tendency to be eroded because of their close 
erodibility values. Equal erosion conservation measures should be considered for both soils.  
Keywords Soils Erosion, Erodibility index, Erodibility factor, USLE 
 

Introduction 
Soil is defined as uppermost weathered and disintegrated layer of the earth‘s crust which is 

composed of minerals and several organic substances. In general this has a great depth, However the 

top 30cm soil varies from place to place, for instance some places has deeper layer of top soils, while 
some are shallow which is very useful both for human being and wild life. The top layer is 

continuously exposed to the actions of atmospheric activities, water and wind are the two main active 
forces which always tend to dislodge the top soil layer and transport them from one place to another 

which is termed as soil erosion (Suresh, 1997). 
The word erosion was derived from Latin word ‗erodere‘ which meaning is to eat away or to 

excavate. The word erosion was first used in geology for describing the term hollow, created by 

water. In addition to the erosion, several other terms were also introduced to express geomorphologic 
process caused by water and wind which are corrosion, abrasion and denudation (Penck, 1984). 

However, soil erosion is an integral part of agriculture. All over the world, wherever human 
being started the agricultural operations, there exists the problem of soil erosion in some extent. In 

addition the watershed area of several river in many places have disappeared as a result their 

exploitation and mismanagement. Soil erosion is a three phase phenomena consisting the detachment 
of individual soil particles from the soil mass and their transport by erosive agents such as running 

water, that is surface runoff and wind when sufficient energy is no longer available with the erosive 
agents to transport the particles, then the third phase called deposition takes place(Suresh, 1997). 
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Soil erosion is therefore defined as detachment transportation and deposition of soil particles 

from one place to another under influence of wind, water or gravity forces. Erodibility is the 
vulnerability or susceptibility of the soil to get eroded. Erodibility is the function of physical 

characteristics of soil and land management practices.  The physical characteristics of soil include the 
texture, structure, organic matter, land use pattern (Levy et al, 2001). The major environmental factor 

causing erosion being considered here is water. Different soils have varying erodibility values which 

determine the soil respond to water erosion, and this depends on the soil properties such as soil 
structure, organic matter, physical properties, permeability moisture contents, density or 

compactness, infiltration (Nyle, 2002). 
Soil erodibility factor K represents both susceptibility of soil to erosion and the rate of runoff, 

as measured under the standard unit plot condition, which is erosion  plot 72.6ft (22.1 meters) long 
on a 9% slope, maintained in continuous fallow, tilled up and down till periodically to the soil (NRCS-U 

SDA,K factor) the erodibility of soil depends primarily on the physical characteristics of the soils 

namely, nature and amount of soil aggregates, organic matter content and particle size distribution. 
These physical characteristics of soil are much affected by the land us (singh and Khera, 2008). 

Soil erodibility is an important index used in evaluating the soil sensitivity to erosion and it 
precise study and evaluation is important in understanding soil erosion regularity, predict soil loss and 

evaluate land productivity (www. Google.com) 

The soil erodibility index is usually given as the K-factor and can be found in the universal soil 
loss equation (USLE) (Wischmeier and Smith, 1987), which is given below: 

A=RKLSCP------------------------------- (ton/acre/year) 

Where  A= A represents the potential long-term average annual soil loss in tonnes per hectare (tons 
per acre) per year. 

R= R is the rainfall and runoff factor by geographic location 
K= is the soil Erodibility factor 

L= Slope length factor 

S= Slope gradient factor 
C= Cropping Management factor 

P= Conservation practiced factor 
Soils generally have been known worldwide to have been affected by erosion and the soils in school of 

Agricultural Technology; Samaru Kataf Campus is not an exception. The work aimed at determining 
the erodibility values of soil in location and Check the extent of erosiveness of soil in the institution. 

The research focuses on the evaluation of selected parameters such as organic matter content, soil 

structure, particle size, permeability and moisture content of the soil in the selected location of the 
institution which are major factor to consider in determination of erodibility 

Methods of Measuring Erodibility 
A good index used in determining soil erodibility should follow principles of uniqueness (types 

of soil corresponds to a certain erodibility value to reflect impact of soil property on erosion) and 

practicability (soil erodibility should be a qualitative numeric index and be easily measured 
(www.google.com) 

Numerous studies have been undertaken to establish statistical relations between soil 
chemical and physical properties and erodibility (e.g.Wishmerier and Smith, 1987; Meyer and Harmon, 

1984)(levy et al, 2001). One of the most outstanding and remarkable results was the erodibility 

Nomograph (Wischmeter and Smith, 1987) that related erodibility to percentage sand content, 
percentage organic matter  contents, soil structure, and permeability. 

http://www.google.com/
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Soil erodibility (K) factor nomograph in SI units. 
Table 1.0 Measurement of Erodibility Indices 

Erodibility index Calculation 
Dispersion ration (DR) ((% silt + % clay)after  dispersion of  soil in water) 

Modified clay (MCR) (% sand +% silt)/(% clay+% organic matter) 

Erosion Ration (ER) DR/colloidal content/Moisture equivalent ratio 
Source: (Middleton, 1930) 

The universal soil loss equation (USLE) (Wischmeier and Smith, 1987) also given a measure for it 
evaluation, given as: 

A=RKLSCP------------------------------- (2.13) (ton/acre/year) 

Where; A represents the potential long-term average annual soil loss in tonnes per hectare (tons per 
acre) per year. 

R  is the rainfall and runoff factor by geographic location 
K  is the soil Erodibility factor 

       L= Slope length factor 
S= Slope gradient factor 

C= Cropping Management factor 
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       P= Conservation practiced factor 

Another method involves the use of Regression equation describing relations between K (the 
soil erodibility factor and soil physical and chemical properties (Wischmeier and Smith, 1987). It is 

given as  
  

Where OM=Organic matter content% 

 M= Silt +Fine sand content 
 St= Soil structure code (very fine granular = 1, block = 4) 

 Pt= Permeability class test (rapid=1 to very slow=6) 
MATERIALS AND METHOD 

Study Area 
This Research was carried out on two selected areas within the premises of school of 

Agricultural Technology, Samaru Kataf Campus of Nuhu Bamalli Polytechnic Zaria. The Institution is a 

place of higher learning mainly concerned with field of study related to Agriculture .It is situated 
within Zango Kataf Local Government Area of Kaduna State .It lies between latitude 10o 20/N and 

longitude 7o45/E of the Guinea savannah zone which is characterized by the distimnct wet and dry 
season. The mean annual rainfall is about 180mm with relative humidity ranging from 12.3% to 9.5% 

while mean annual temperature ranges from 20oC to 37.5oC, the land have gentle uniform slope with 

vegetative cover consisting mainly of trees and shrubs. The area is characterized with socio-cultural 
activates such as commercial activities, farming etc. (KADP,2010). 

Soil Sample Collection 
Soil samples were collected from each of the study locations. The land area to be 

experimented was divided into four portions from which the samples was collected and taken to the 
laboratory to air dry before conducting the test. The method is applicable for both study areas. 

Map of the Study Area 

The map below shows the locations of the study areas.  

 
 

Materials 
The materials used in conducting this research include; 

i. Soil auger/Sampler: The soil samples were used for getting disturbed soil samples from the field. 

ii. Mortar and pestle: These were used for grinding the soil samples. 

Study Area Hostel A 

Study Area Girls Hostel 
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iii. Measuring cylinders: These were used for performing the particle sizes analysis test and also for 

measuring volumes of various solution 
iv. Beakers: they were used for pouring out solution  

v. Conical Flasks: These were used for titration during organic matter content test. 
vi. Spatula: This was used for taking soil samples of approximately small quantities 

vii. Electric weighing balance: this was used for measuring the weights of the soils samples to a 

relatively accurate figure. 
viii. Burette and Pipette: These were used for titration during the organic matter content test 

ix. Soil thermometer: this was used in measuring the temperature of the soil solution in measuring 
cylinder for the particle size analysis 

x. Hydrometers: This was used in measuring the relative densities of soil particles in solution for the 
particle size analysis. 

xi. Containers: they were used to collect soil samples from the field to the laboratory 

xii. Polythene bags: they were used to collect and store the soil samples after sieve analysis 
xiii. Sieves: used for sieving the soil samples from the study locations 

xiv. Stop watch: this was used for monitoring definite times during experiments. 
xv. Measuring tape: used for measuring the depth of soil for soil structure analysis 

xvi. Digger and shovel: these were used to dig and to sculpt out loose soil to determine soil structure  

Methods 
The collected samples as explained in 2.1 above was air dried, sieved and the various soil 

types were determined (sandy, clay, silt) through sieve analysis. The soil type was taken to chemistry 
laboratory of the institution where the analysis of the stipulated parameters were conducted and 

obtained. These parameters are as follows: 
Organic Matter Content Determination 

The organic matter content of soil is related to its organic carbon content. To measure the 

organic carbon content of the soil, the Walky Blanks Method was used. 
 0.5g of each of the grinded samples was poured into a conical flask. Then 10ml of potassium 

Heptaoxochromate Hydrogen (iv) (K2Cr2O7) was added into the conical flask containing the grinded 
soil samples. 20ml of concentrated hydrogen Tetrasulphate (iv) acid (Conc. H2So4) was quickly added 

in the conical flask. The solution was thoroughly mixed and was allowed for 30mins to cool down. 

100ml of distilled water was added into the flask and four drops of Ferion indicator was also added to 
the solution as titrated solution. A blank solution was also prepared, the difference in these solutions 

is that the blank solution is without a soil samples. 
These solutions were then titrated with ferrous Ammonium sulphate solution. The end point 

approaches when the solution assumes a greenish appearance, which gradually changes to green. 

The titration continued drop wise till the end point is reached when the solution changes from dark 
green to maroon red.  

The titer values were recorded and used in finding the organic carbon content of a soil which 
is given by the formula below: 

% organic carbon content =  

Where  

B  = Blank titre value 
T  = Titre value for each soil sample solution 

0.003  = Milli equivalent of carbon  
0.5N = Normality of Fe(NH4)So4 used. 

N.B: The blank titre value must be greater than the other titre value 

The organic matter content is calculated from the relation given below; 
% organic matter = % organic carbon x 1.724 
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Particle Sizes Analysis 

This deals with the relative proportion of sand, silt and clay of each sample. The method used 
for the particles sizes analysis was hydrometer method. 

50g of soil samples that had been passed through the 2mm sieve and was poured in a conical 
flask. 50ml of a disperser, sodium hexametaphosphates (calgon), was added to soil sample in the 

flask after which 100ml of distilled water was added. The solutions were mechanically shaken and 

stirred to allow the particles to disperse well but not done in such a manner as to reduce the sizes of 
the soil particles and was allowed for 24 hours. 

After this, the soil solution was turned into a 1000ml measuring cylinder and make up to a 
mark nearly full to the 1000ml mark. The hydrometer was then inserted into the cylinder and the 

solution made up to 1000ml mark after which it was removed with the palm over the mouth of the 
cylinder, the cylinder was shaken vigorously to allow saturation of the particles within the solution and 

was left. After 40 seconds, the hydrometer was introduced into the cylinder and allowed to stabilize 

before taking the reading. This was removed and the solutions were left undisturbed for 2 hours after 
which another reading was taken for each of these two processes. The first reading was used to 

calculate the percentages sand content while the second reading was used in calculating the 
percentage clay content. 

1st Temperature reading = T1 

1st hydrometer reading = H1 
2nd temperature reading = T2 

2nd Hydrometer reading = H2 
A correction factor in relation to the temperature was added to the hydrometer readings giving new 

value H3 and H4 respectively. 

% sand =    

% clay =  

Soil Structure Code 

The soil structure code was determined by digging the soil at certain depth and sculpting out 
the loose soil so that the depth of the soils structure was measures using measuring tape to get the 

soil structure depth. The columns of soil which was gotten as a result of measuring the depth were 
carefully examined by physically using the eyes. Cracks were checked, the relative sizes of the 

particles, aggregation bed forms and the entire structure in terms of grade, form and size were 
observed. The observations were graded according to the following codes  

Table 2.0      Soil Structure codes 

Soil    Very fine  Fine granular  Medium, coarse Blocky, platy 
Structure  granular     granular  massive

  

Code   1  2   3   4 
 

Source: (http//www.soil.WISC.edu) 

 
Table 2.1      Table showing soil structure sizes in term of diameters of particles 

  Angular Granular  Platy structure Prismatic and  
Soil  and  and crumb  (mm) width  columnar structure 
Sizes  sub-granular structure (mm)    (mm) diameter 
  block  diameter    
  structure   

Very fine <5  <1   <1 (very tiny)  <10 
Fine  5-10  1-2   1-2(thin)  10-20 
Medium 10-20  2-5   2-5   20-50 
Coarse  20-50  2-10   5-10(thick)  50-100 
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Very coarse >50  >10   >10 (very thick) >100 

Source: (http//www.soil.WISC.edu) 
Permeability Class Test 

Soil samples were put into a measuring cylinder of 250ml and 100ml of water added to the 
soils in the measuring cylinder. Observation was then made on the time taken for the water to move 

down through the soil in the measuring cylinder. The time was recorded and this was used to classify 

the soil permeability class according to the following class codes 
 Table 2.3        Permeability class code 

Class    Rate (mm/hr)   Code  

Very rapid   >250.00    1  
Rapid    130.01-250.00   2 
Moderately rapid   50.01-130.00   3 
Moderate   20.01-50.00   4 
Moderately slow   5.01-20.00   5 
Slow    1.30-5.00   6 
Very slow   <1.30    7 

Source: (R.suresh) 

Estimation of Erodibility Using Erodibility Nomograph 
The results gotten from the laboratory work were used to evaluate erodibility by estimation 

using the erodibility Nomograph, which is a standard chart for estimation of erodibility. The 

parameters used were very fine sand + silt content, sand content, organic matter content soil 
structure code and permeability class. The results from the Nomograph were then compared with the 

ones gotten from the regression equation to see the method that will be better for use in evaluating 
the erodibility of the soils in the institution. 

RESULTS AND DISCUSSIONS 
Organic Matter Content 

The organic matter content was determined for the soils been considered for this research. 

Below are results of the experiment: 
Table 3.0    Organic Matter Content 
Soil Series % Organic Carbon Average % Organic 

Matter 
Average 

Hostel A   
 
0.60 

  
 
1.40 

Sandy I 0.80 1.40 
Clay II 0.60 1.03 
Silt III 1.00 1.72 
Girls Hostel   

2.10 
  

3.60 sandy I 2.80 4.82 
clay II 2.20 3.80 
silt III 1.20 2.10 

 

Discussion 
The above table shows the % organic carbon and % organic matter of the two soils been 

considered. From the results obtained, it shows that Hostel A has the least % organic carbon and % 
organic matter than Girls Hostel when compared and vice versa. From this result, it shows that Girls 

Hostel has the tendency to erode faster than Hostel A because the higher the organic carbon and 

organic matter of a soil, the higher it erodibility and vice versa. 
Particle Size Distribution 

Particle size analysis was done on the two soils used for this research. Below are results of the 
tests been conducted? 

Table 3.1     Particle Size Distribution 
Soil Series Particle Size Distribution 

Sand Ave. Silt Ave. Clay Ave. Fine Ave. Silt Ave. 
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(s) Sand 
(AS) 

(St) Silt (C) Clay 
(AC) 

Sand 
(FS) 

Fine 
Sand 
(AFS) 

+ 
Fine 
Sand 

Silt 
+ 
Fine 
Sand 

Hostel A  

Sandy I 66.67  
64.00 

12.50  
13.83 
 

20.83  
22.16 

9.87  
9.37 

22.37  
23.20 

Clay II 64.67 14.50 20.83 9.57 24.07 

Silt III 60.67 14.50 24.83 8.67 23.17 

Girls Hostel  

Sandy I 52.63  
55.96 

21.10  
20.10 

26.27  
23.94 

10.17  
9.67 

31.27  
29.77 

Clay II 56.63 21.10 22.27 8.67 2 

Silt III 58.63 18.10 23.27 10.17 28.27 

 

Discussion 
The above table shows the particle size distribution of the two soils been considered. From 

the results obtained, it shows that Hostel A has the least number of particle sizes than Girls Hostel 
when compared. From this result, it shows that Hostel A has the tendency to erode faster than Girls 

Hostel because the leaser the particle size of a soil, the higher it erodibility and vice versa. 

Soil Structure Determination 
Soil structure determination was carried out for the two soils been considered for this 

research. 
Table 3.2 Soil Structure Determination 
Soil Series Soil Structure code Soil Structure Depth (m2) 
Hostel A  

Sandy I 3 Medium, Coarse, granular 22 

Clay II 2 Fine granular 20 

Silt III 1 Very fine granular 13 

Girls Hostel 

sandy I 3 Medium Coarse, granular 20 

clay II 2 Fine granular 16 

silt III 1 Very fine granular 14 

 
The above table shows the soil structure code of the two soils been considered. From result 

obtained, it shows that the two soils have similar soil structure code. Their only difference is the depth 
at which each soil structure was determined. Therefore they both have similar tendency to be eroded. 

Permeability Class Test 

The permeability of the two soils considered for this research was determined. Below are the 
results of the test conducted? 

Table 3.3  Permeability Class Test 
Soil Series Class Code Rate (mm/hr) 

Hostel A  

Sandy I Rapid 2 130.01-250.00 

Clay II Moderate 4 20.01-50.00 

Silt III Slow 6 1.30-5.00 

Girls Hostel 

Sandy I Rapid 2 130.01-250.00 

Clay II Moderate 4 20.01-50.00 

silt III Slow 6 1.30-5.00 
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Discussion 

The above shows the permeability class test for the two soils been considered. From the 
 results obtained, it shows that both soils have similar permeability. Their difference lies in the 

time taken for water to move through their pore spaces downward. From observation, Hostel A was a 
bit faster with difference of seconds compared to Girls Hostel. Therefore they both have similar 

tendency to be eroded. 

Erodibility Determination 
Based on the parameters found in the regression equation, which include organic matter 

content (%), % silt + Fine Sand, Structure Code and permeability Class, the erodibility was calculated 
for the two soils and the result are presented below: 

Table 3.4 Soil Erodibility Determination 
Soil Series % Organic 

Matter 
% Silt + 
Fine Sand 

Soil 
Structure 
Code 

Permeability 
Class Code 

Soil 
Erodibility 

Average Soil 
Erodibility 

Hostel A  

Sandy I 1.40 22.37 3 2 0.018  
0.030 Clay II 1.03 24.07 2 4 0.025 

Silt III 1.72 23.17 1 6 0.043 

Girls Hostel  

Sandy I 4.82 31.27 3 2 0.007  

Clay II 3.820 29.77 2 4 0.025 0.025 

Silt III 2.10 28.27 1 6 0.042 

 

Discussion 
The above table shows the over-all erodibility values for both soils been considered. From the 

results obtained through parameters such as % organic matter, % Silt + Fine Sand, Soil Structure 

code and permeability class, it shows that Hostel A has the highest erodibility values than Girls Hostel. 
This shows that Hostel A has the tendency to erode faster than Girls Hostel. 

Evaluated Erodibility Values as Compared to Estimated Values from the Erodibility 
Nomograph 

Based on the results of the experiments carried out, as indicated previously, the erodibility of 
the soil series were estimated using the erodibility Nomograph, which is supposed to be a standard 

chart for the estimation of erodimility of certain soil. The results of these estimations are as indicated 

below: 
Table 3.5 Comparison of Evaluated and Estimated Erodibilities 
Soil Series Kest Kev 
Hostel A 
(SCL) 

0.063 0.030 

Girls Hostel 
(SCL) 

0.058 0.025 

Where: Kest  – Erodibility estimated from the Nomograph 
  Kev – erodibility evaluated using the regression formula 

  SCL – Sandy Clay Loam (Silt) 
The erodibility values as estimated from the erodibility nomograph are close as the ones 

evaluated using the regressiom equations and in comparison, Hostel A shows the least erodibility 

value when estimated from the nomograph as compared to Girls Hostel, which has the least value as 
evaluated using the regression equation. These values still shows that these soils are almost equally 

likely to be eroded, so they must be given almost equal attention in terms of erosion conservative 
measures. 
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CONCLUSION AND RECOMMENDATION  

On the basis of the results obtained from this research work, the erodibility of the soils 
considered are given; Hostel A (0.030), and Girls Hostel (0.025). This gives Girls Hostel a little 

advantage over Hostel A and makes it best of the two soils as it respond least to erosion. However, 

both soils have equal tendency to be eroded because of their close erodibility values. Equal erosion 
conservation measures should be considered for both soils. 

Since there are seasonal variations due to physical, chemical and biological changes over the 
seasons, Erodibility is not constant, that is, it may change over time. For instance, after reclamation of 

a forest, soil erodibility will increase by loss of root materials and organic matter, and a reduction in 
soil life. On the other hand, soil erodibility may decrease over the years, by the development of a 

pavement of coarse resisting material through selective erosion of the finer particles (Bergsma, 1985). 

I therefore recommend that erodibility should be evaluated for these soil from time to time 
(say after 3 – 5 years) in case of change of values; also, other methods could also be used to evaluate 

erodibility and then the values be compared; and erodibility equations could be developed for the 
soils. 

Also, considering the topography of the soils to be sloppy, which indicates that the rate of 

run-off is high and will also increase the velocity of water flow, thereby detaching and transporting soil 
mass/particles, I therefore suggest that diversion channels and interception ditches be created/ 

constructed at both sides of the study locations so as to reduce run-off and to also reduce the velocity 
of water flow (run-off) which is the major cause of water erosion which is mostly considered in this 

research work. 
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Chapter 18 
Heavy Metal Assessments (Pb and Cu) of Municipal Sewage                               

Sludge in Maiduguri Being a Substitute of Inorganic Fertilizer 
 

F. Abba Mani., I.Z. Talha., and M.Y.Kundili 
Ramat Polytechnic,Maiduguri. 

Abstract 

Study was conducted in Ramat Polytechnic Teaching and Research Farm, Maiduguri. Untreated 
municipal sewage sludge from one of the sewage companies in Maiduguri (Langa-Langa Sewage 
Company) and soil treated with the sewage sludge after 2 weeks were assessed of content levels of 
two heavy metals (Pb and Cu); soil treatment levels were at 0g, 6g, 8g and 10g per kilogram soil. Also 
assessed for Pb and Cu was composite sample collected from the Farm. All soil samples and municipal 
sewage samples were subjected to laboratory analysis for Pb and Cu contents as well as soil physico-
chemical properties. Data collected was subjected to statistical analysis using Statistix 8.0. Generally 
the result showed that Municipal Sewage Sludge indicated insignificant trace levels of heavy metals 
(Pb and Cu) to even no trace or not detected in the case of Pb. Soil Pb and Cu contents were at trace 
levels and insignificant while soil physico-chemical properties were not significantly altered or affected. 
It was a relief to know and conclude that the municipal sewage sludge has trace or no Pb and Cu 
contents to cause contamination on farmlands and safe to use so far up to 10g/Kg soil; the use of 
sewage sludge cannot limit utilization of in farming practice. It is however, highly recommended that 
constant monitoring and assessment of municipal sewage sludges before application on farms soils. 
Keywords: Sewage, Sludge, Lead, Cupper 
 

Introduction 

Water supplied to household is used for many purposes other than drinking and food 
preparation; notably bathing and showering, flushing toilets and laundry. Except where drainages are 

not installed the used water drains to the local sewer and becomes sewage (Council of the European 
Committee 1991).Sewage is generated by residential, institutional, commercial and industrial 

establishment. It include household waste, liquid from toilets, bath however, kitchen sinks, and so 

forth: that is disposed of via sewers. In many areas, sewage also includes liquid waste from industry 
and commerce (Khopkar, 2004). Domestic waste water will contain both solid and dissolved pollutants 

including fecal matter, toilet papers and sanitary towels, urine, food residues and a variety of other 
contaminants. The sewer network usually also receives waste water from offices and from industrial 

premises; rain water from roofs and roads may also drain into the sewer networks (Council of the 

European Committee 1991) Sewage water is more than 99% water and is characterized by volume or 
rate of flow, physical condition, chemical and toxic constituents and the bacteriological organisms that 

it contains (Funk, 1960). The separation and draining of household waste into grey water and black 
water is becoming more common in the developed world with the grey water being permitted to be 

used for irrigating plants or recycled for flushing toilets. Most wastewater treatment processes 
produce a sludge which has to be disposed of, sewage sludge is capable of producing a large part of 

the nitrogen and phosphorus requirements of many crops it also contains useful concentrations of 

organic matter, it is more efficient and sustainable alternative to inorganic fertilizers and minerals 
used for growing crops for human and animal consumption. However, despite the benefits of sewages 

and sludges as organic fertilizers, they are often loaded with contaminants, toxics, boitoxics and heavy 
metals.This study assessed concentrations of Lead (Pb) and Copper (Cu) in municipal sewage sludge 

used for crop cultivation. The study assessed raw municipal sewage sludge and soil treated with the 

municipal sewage sludge at different rates of application and allowed to incubate for two (2) weeks. 
Materials and Method 

Study was conducted in Ramat Polytechnic Teaching and Research Farm Maiduguri, the soil 
has been classified as TypicUstipsamment- it is physically characterized as sandy loam (Rayar, 1983) 
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according to U.S.D.A soil classification (1975). The steady infiltration rate is 135mm/hr and average 

bulk density of the soil is 1.5g/cm3, (Grema and Hess, 1994). Soil samples were collected, prepared 
and labelled as prescribed by USEPA (2000). Soil Lead (Pb) and Copper (Cu) contents were 

determined at the Laboratory facility of National Food and Drug Agency and Control, Maiduguri Head 
Office. All other soil analysis was conducted at the Soil Science Laboratory of Department of Soil 

Science University of Maiduguri.Soil pH (soil reaction) was determined using the standard 

Electrometric method in water (1:2.5 distilled water suspensions); pH reading was taken with a glass 
electrode pH meter according to Thomas (1996).Soil Electrical Conductivity (EC) was determined using 

the Electrometric method in soil-water suspension (1:2.5); EC reading was taken with an EC meter 
according to Thomas (1996).Soil Exchangeable Acidity(EA) was determined by extracting the soil with 

KCL using the Extraction/Titration Method, McLean (1965).Soil Organic Carbon was determined using 
the wet oxidation method of Walkey and Black as reported by Sparks (1996).Soil Nitrogen (Total) was 

determined by Kjeldhal Method and Titrimery by Winkler, (1913) as described by Marc and Jacques 

(2006).Soil phosphorus was determined by Brey No. 1 Method, (Bray and Kurtz, 1945). Particle Size 
Analysis (Soil Texture) was determined by hydrometer method of Day, (1965) while exchangeable 

bases (cations) in the soil were extracted with 1N neutral ammonium acetate (NH4OAC) buffer 
according to Sparks (1996). The concentrations of Na and K were determined with the flame 

photometer while that of Ca and Mg by Atomic Absorption Spectrophotometer (AAS).Soil Pb and Cu 

contents were determined using Atomic Absorption Spectrophotometer (AAS) model AA-6800 
(Schimadzu), (Stover, et al, 1976). Pb and Cu contents of the untreated Municipal Sewage determined 

using Atomic Absorption Spectrophotometer (AAS) model AA-6800 (Schimadzu), (Stover, et al, 
1976).Untreated Municipal Sewage samples (the solid matter) were collected from Municipal Sewage 

evacuations by Langa-Langa Sewage Company with their Head Office in Maiduguri Monday Market. 
Samples were collected in three replicates in one of their dumping periods in a farm. There were four 

levels of treatments of municipal sewage, at 0g, 6g, 8g and 10g per kilogram soil at three replicates 

(totaling 12 samples). Soil composite samples of the entire farm were also collected randomly three 
times.  Experimentwas a completely randomized block design.All data collected were subjected to 

analysis using Statistix 8.0. Mean separation was done using LSD. 
RESULTS AND DISCUSSION 

Heavy metal content of municipal sewage Sludge and Composite Soil Samples. 

Table 1 shows the lead (Pb) and cupper (Cu) contents of municipal sewage sludge and the 
composite soil sample. The result indicated that there were no traces of Pb at mean Pb content of 

0.00mgkg-1 in the municipal sewage sludge while the composite soil sample indicated insignificant 
trace mean values of 0.07mgkg-1. In the case of Cu contents, municipal sewage sludge contained 

mean value of 0.04mgkg-1, also an insignificant level while the composite soil Cu content contain 

mean value of 0.40 mgkg-1. This simply implies that, there more Cu contents in composite soil 
samples and the municipal sewage sludge. The mean value indicate that there were no significant 

difference between the values. 
Table 1: Heavy Metal Content of Municipal Sewage Sludge and Composite Soil Samples. 

TREATMENT 
LEAD (Pb) 
(mgkg-1) 

CUPPER (Cu) 
(mgkg-1) 

Municipal Sewage Sludge (MSS) 
Composite Soil Sample (CSS) 
Means 
SE+ 
LSD (P< 0.05) 

0.00 
0.07 
0.03 
0.05 
0.03 

0.04 
0.40 
0.22 
0.03 
0.02 

 

Heavy Metal Contents (Pb and Cu) of Sewage Sludge Treated Soil 
Values of Table 2 shows the of Pb and Cu contents in soil treatments T1, T2, T3, and T4 with 

treatments of 0, 6, 8 and 10mg municipal sewage. Concentration of Pb though showed insignificant 
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values, T3 had the highest value. Mean values of Pb concentration were 0.00, 0.00, 0.13 and 

0.08mgKg-1 for T1, T2, T3, and T4 respectively.  
Soil cupper contents also had no significant values in all the treatments, even though T3 had 

the highest mean value of 0.49mgkg-1 Cu content. Mean Cu contents for T1, T2, and T4 were 
0.18mgkg-1, 0.42mgkg-1 and 0.18mgkg-1 respectively. Interestingly, T3 with 8g treatment of municipal 

sewage sludge had highest values of Pb and Cu contents. 

TABLE 2:Heavy Metal Contents (Pb and Cu) of Sewage Sludge Treated Soil. 
Treatments  
 

Lead (Pb) 
(mgkg-1) 

Cupper (Cu) 
(mgkg-1) 

T1 (0g of Sewage sludge) 0.00 a 0.18 a 
T2 (6g of Sewage sludge) 0.00 a 0.42 a 
T3 (8g of Sewage sludge) 0.13 a 0.49 a 
T4 (10g of Sewage sludge) 0.08 a 0.18 a 
SE 0.09 0.14 
LSD (P< 0.05) 0.02 0.04 

 
Physico-chemical properties of soil treated with municipal sewage sludge 

As shown in Table 3 show, the result of the effects of the various treatments of municipal 

sewage sludge on the soil physico-chemical properties which include soil pH, Electrical Conductivity 
(EC), Texture (Percent Sand, Silt and Clay), Percent Organic Matter (OM), Organic Carbon (OC), 

Nitrogen (N) and Phosphorus (P). The result shows that there were no significant effects amongst all 
the treatment tested at (P> 0.05) for the soil parameters tested. 

Generally, soils treated with sewage sludge at various levels including the control though 

insignificant were slightly acidic with pH ranging from 6.68 to 6.92. T1 though being the control with 
no 0g sewage had the highest value of 6.92 and T3 the lowest of pH with mean value of 6.68. Just 

similar to pH, soil EC had no significant differences all through the treatments, T1 and T2 had mean EC 
values of 0.50 and 0.55miliSeimens per centimeter while T3 and T4 had 0.56 and 0.55 mS/cm. These 

values according to Milwaukee (2015) are suitable for nursery and plant sensitive to acidity. 
Particle size analysis of all the treatment indicated that soil texture is sandy-loam soil, with no 

significant difference. Percent sand ranged between 65.50 and 72.67% for T1-4, mean percent value 

for silt particles was 10.80 all through the treatments while clay particles ranged between 16.53% and 
20.70% with T1 having the highest value.Mean values soil organic carbon (%) of the various did not 

show any significant difference withT3 suggesting the highest value of 1.67% and T2 the lowest at 
1.57% soil carbon content; 1.58% and 1.64% are the mean values of soil carbon content for T1 and 

T4 respectively. 

As shown in Table oil nitrogen and phosphorus contents all did not indicate significant 
differences amongst the different soil treatments. T1, T2, T3, and T4 showed mean nitrogen contents 

of 0.50%, 0.59%, 0.61% and 0.60% N and 4.55%, 5.96%, 4.66% and 5.96%P respectively. 
 

TABLE 3:Physico-chemical Properties of Soil Treated with Municipal Sewage Sludge. PER USE 

TREATMENTS pH EC (mS/cm) %SAND %SILT %CLAY %OM %OC %N 
 
%P 

T1 

(0g sludge) control 
6.92a 0.50a 68.50 a 10.80 a 20.70 a 2.73 a 1.58 a 0.50 a 4.55 a 

T2 

(6g sludge) 
6.84a 0.55a 72.67 a 10.80 a 16.53 a 2.17 a 1.57 a 0.59 a 5.96 a 

T3 

(8g sludge) 
6.68a 0.56a 69.33 a 10.80 a 19.87 a 2.88 a 1.67 a 0.61 a 4.66 a 

T4 
(10g sludge) 

6.76a 0.55a 69.33 a 10.80 a 19.87 a 2.82 a 1.64 a 0.60 a 5.96 a 

LSD 
(P< 0.05) 

0.01 0.01 0.02 0.01 0.02 0.02 0.02 0.03 0.04 
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Exchangeable ions (cations and anions) of soil treated with municipal  sewage sludge 

K+, Ca2+, Mg2+ and Na+ in the various treatments did indicate significant differences at less than 
0.05 as shown by Table 4. T1 (Control) only indicated the mean highest values of 1.43 and 3.22cmolkg-1 

for K+ and Ca2+ respectively but not for Mg2+ and Na+ with mean values of 3.63 and 0.57 cmolkg-1 
respectively. The mean highest value was only indicated of Mg2+ content for T2 with 3.77cmolkg-1 Mg2+ 

and showed the lowest values of soil Ca2+ and Na+ at 2.00cmolkg-1 and 0.43cmolkg-1 respectively. T3 

indicated the lowest values of Mg2+ soil content (3.43cmolkg-1) and highest mean content of soil Na+ 
(1.09 cmolkg-1). Treatment four (T4) with the highest municipal sewage sludge treatment of 10g only 

suggested lowest value in the soil K+ content with 1.10cmolkg-1 while Ca2+, Mg2+ and Na+ had 2.37, 3.43 
and 0.59cmolkg-1 respectively. 

TABLE 4:Exchangeable Ions (Cations and Anions) of Soil Treated with Municipal Sewage Sludge 
TREATMENTS K+ (cmolkg-1) Ca2+ (cmolkg-1) Mg2+(cmolkg-1) Na+(cmolkg-1) 

T1 

(0g sludge) control 
1.43 a 3.22 a 3.63 a 0.57 a 

T2 

(6g sludge) 
1.40 a 2.00 a 3.77 a 0.43 a 

T3 

(8g sludge) 
1.33 a 3.10 a 2.27 a 1.09 a 

T4 
(10g sludge) 

1.10 a 2.37 a 3.43 a 0.59 a 

LSD 
(P< 0.05) 

0.03 0.04 0.03 0.30 
 

Physico-chemical Properties of Research Farm (Composite Soil Sample) 

Table 5 shows that the soil physico-chemical properties of composite soil samples which result 
reveal that there were no significant differences among all the soil physicochemical properties as well as 

the exchangeable bases tested at P>0.05. 
TABLE 5:Physico-chemical Properties of Research Farm (Composite Soil Sample) 

Soil Parameters Values 

pH 6.66 
Electrical Conductivity 0.47mS/cm 
Sand 66% 
Silt 12.47% 
Clay 21.53% 
K+ 2.23cmolkg-1 
Ca2+ 2.13 cmolkg-1 
Mg2+ 4.03 cmolkg-1 
Na+ 3.05 cmolkg-1 
A1&H 1.23 cmolkg-1 
Organic Matter (OM) 3.02% 
Organic Carbon (OC) 1.75% 
Nitrogen (N) 0.80% 
Phosphorus (P) 5.48 

Summary, Conclusion and Recommendations 
Municipal sewage sludge commonly used as organic fertilizer on farms by farmers was assessed 

for heavy metal contents (Pb and Cu) and possible contamination of soil farmlands. Prepared seed beds 

Municipal were treated at various levels of municipal sewage sludge and allowed to incubate for two (2) 
weeks after which soil samples of treated seedbeds as well as composite soil samples of the entire 

research farm were assessed/analyzed for Pb and Cu contents and soil physico-chemical properties; also 
assessed/analyzed for Pb and Cu were samples of the sewage sludge. Generally in the soil samples, the 

Pb and Cu contents in the municipal sewage sludge were trace and insignificant and physico-chemical 

properties were not significantly altered or affected. Municipal sewage sludge samples also indicated 
insignificant trace levels of heavy metals (Pb and Cu) to even no trace or not detected in the case of Pb. 
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In the end of this study, it is a relief to know and conclude that the municipal sewage sludge has 

trace or no Pb and Cu contents to cause contamination on farmlands and safe to use so far up to 10g/Kg 
soil. The use of sewage sludge cannot limit utilization of in farming practice. 

Base on the assessment conducted of the heavy metals, T4 was the most attributed fertilizer to 
soils to enhance the productivity and mitigate acidity of agricultural crops. Hence, farmers are proposed 

to make use of sewage sludge to boost fertility of their soils since economic value of crop production and 

profit maximization is also a major factor in the economy of agriculture and farming. However, it is also 
highly recommended that constant monitoring and assessment of municipal sewage sludges before 

application on farms soils. 
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Chapter 19 
 

Biodiversity and Growth Pattern of Some Selected Fish Species                                     
in River Galma and Kubanni Reservoir,Nigeria 
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and 2M. Y.Abubakar 
1Ahmadu Bello University, Zaria, Nigeria  
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Abstract 

The study was conducted to assess the biodiversity, length-weight, and growth pattern of some 
selected fish species in river Galma and Kubanni reservoir. The gill nets used for the survey were 5 
monofiliament with mesh sizes of 1.5‖, 2‖, 2.5‖, 3‖, and 3.5‖ between July and December 2018. Data on 
length and weight, fish abundance were subjected to one-way analysis of variance and where significant 
difference exist Duncan‘s Multiple Range Test was used to separate means using SPSS 20.0.  The results 
revealed that River Galma and Kubanni reservoir had Oreochromis niloticus 100 and 13, mean weight 
52.93±3.41g and 426.43±74.5g, mean length 13.62±0.31cm and 31.21±2.12cm;  Clarias gariepinus 89 
and 7, mean weight 68.79±8.44g and 260.29±95.82g; mean length 19.12±0.68cm and 28.80±4.06cm;  
Pollimyrus petricolus 95 and 7, mean weight 11.49±0.69g and 12.56±3.05g; mean length 9.86±0.24cm 
and 9.20±0.49cm; Schibe mystus 70 and 3, mean weight 66.91±10.4g and 43.47±10.91g; mean length 
13.32±0.50cm and 15.67±0.70cm; Lates niloticus 93 and 11, mean weight gain 24.06±4.46g and 
840±382.32g; mean length 16.82±0.66cm and 35.42±4.75; respectively. Regulations guiding fishing 
activities in River Galma and Kubanni Reservoir should be enforced to prevent overfishing and fishing of 
juvenile fish. 
Keywords: Abundance, Galma, Kubanni, length-weight, species 
 

Introduction  

The fish species diversity is simply a measure of the number of fish species that constitute a 
biologic aquatic community, which is considered to be one of the most important aspects of community 

organization and structure (Dankishiya et al., 2013). Fish species richness and relative abundance 
describe key elements of biodiversity (Ali and Abubakar, 2015)  the fish diversity which is currently 

recognized worldwide shows 25,000 species, of which 10,000 species are found in freshwater 
ecosystems (Nazeef, 2017). Fish exhibits the greatest biodiversity among the vertebrates, with 

approximately 25,000 species (Nazeef, 2017). The African fish species diversities were observed by many 

researchers (Nazeef and Abubakar, 2013; Omowumi, 2015). 
Fish is any aquatic vertebrate animal that is covered with scales and equipped with two sets of 

paired fins and several unpaired fins (Getso et al., 2017). Fish are aquatic organisms which consist of gill 
bearing cranium but lack limbs with digits and are cold-blooded animals (Omotayo et al., 2019). The 

relationship between body length and weight of fish present so much importance in fisheries biology 

and the population dynamics where many stock assessment models require the use of Length-Weight 
parameter, knowledge of Length-Weight Relationship is useful for the prediction of weight from length 

values of the assessment of fish, stock assessment and estimation of biomass (Abeer et al., 2017). 
The length-weight relationships are also important in fisheries management for growth 

comparative studies for proper exploitation and management of the population of fish species, the 
length-weight relationship is very important (Godwin et al., 2015). A better concept of the life and 

growth parameters of the individual species is crucial for management of this freshwater fish, the length-

weight relationship and condition factor of fish has got significant role in fishery management length and 
weight data provide statistics that are cornerstones in the foundation of fishery research and 

management (Olanrewaju et al., 2017). Freshwater fishes display a range of morphological adaptations 
across a wide variety of physiological states and environmental conditions as a result of genetic 
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divergence and/or phenotypic plasticity (Stephen and Mark, 2016). 

Condition factor (CF) is an index reflecting interactions between biotic and abiotic factor in the 
physiological condition of fishes. It shows the welfare of the population during the various stages of the 

life cycle (Kareem et al., 2015). The condition factor can also be used in assessing the well-being of fish 
(Zamani-Faradonbe et al., 2015). Thus, condition factor is important in understanding the life cycle of 

fish species and it contributes to adequate management of these species, hence, maintaining the 

equilibrium in the ecosystem (Imam et al., 2010).  
Materials and Method 

The study area River Galma and Kubanni resevoir are located between latitudes 11º 4‖ 25‖N 

and 11º 10‖ 46‖ N and longitudes 7º 36‖ 55‖E and 7º 44‖ 12‖E, has an area of about 105 km2 (Ameloko 
and Omali, 2011). The reservoir is for dredging and other domestic prupose. The Galma Reservoir which 

is popularly called Zaria dam was constructed across the Galma Reservoir in 1975. The Galma Reservoir 

catchment area belongs to the north eastern part of Kaduna river basin which borders the Chad basin to 
the north. The Galma Reservoir is one of the main tributaries of River Kaduna. It has its headwaters 

near the north western edge of the Jos Plateau and falls near the Magami village into Kaduna plains. 
The main tributaries of Galma Reservoir are Shika River in the middle course and the River Kinkiba and 

Likarbu in its lower course. The Galma dam which is popularly called Zaria dam was constructed across 
the Galma Reservoir in 1975. The Reservoir is located between latitudes 11º 08‖N and 11º 15‖N and 

Longitude 7º 45‖E and 8º 00‖E). The lake has the following characteristics. It covers 18.8 hectares of land. 

Dam catchment area = 3200Km2. Gross storage capacity = 16.0 x 106m3. Maximum Dam height 
= 14.9m. Length of the Dam Crest = 640m. Length of the Lake = 32Km –35 Km at maximum flood 
water level. Water Supply Capacity = 872 million liters used for fishing and other domestic purposes 

(Butu and Bichi, 2013). 
Gill nets were set around 6.00pm – 6.30pm weekly and hauled around 6.00am – 7.00am. Fish 

were collected for a period of six months (July-December 2018) at River Galma and Kubanni 

Reservoir and transported in the cool of the day around 9am -11am with containers to the Hydrobiology 
and Fisheries Laboratory, Department of Biology Ahmadu Bello University. Fish samples collected were 

identified using text by Olaosebikan and Raji (2004) for morphological measurements were made on 
each of the selected fish speices, Oreochromis niloticus, Clarias gariepinus, Pollimyrus petricolus, 
Schibe mystus and Lates niloticus. Total Length (TL) of the fish was measure from the tip of the snout to 

the end of the caudal fin. Standard Length (SL) was taken from the tip of the snout to the end of the 
caudal peduncle. Both length measurements were done with measuring board and recorded in 

(cm). The fish were also weighed to the nearest gram. Body weight was taken using electronic 
weighting balance Sartorius AG Gottingen CP8201 model. 

Relative Abundance 

The relative abundance was calculated as follows: 

Relative abundance=   (Balogun, 2000) 

Length-Weight Relationships 

Data generated from body weight and weight measurement was used to determine growth 

pattern of fish species. The Standard Length (cm) was related with body weight of the fish using the 
equation: 

W= aL
b 

in logarithmic form: Log W= Log a + b Log L 

Where: 

W = Weight in gram (g) 
L = length in (cm) 

a= a constant being the initial growth index 
b = growth coefficient. Constant ‗a‘ represents the point at which the regression line intercepts 

the y-axis and ‗b‘ the slope of the regression line (Thomas et al., 2018). 
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Condition Factor (K) 

Condition Factor was computed according to Bagenal and Tesch (1987). 

K =  × 100  

Where W = weight of fry in g, L = length of fry in cm. 
Data Analyses 

Data collected on the body weight (g) and total length (cm) for relationships between body weight and 
total length were subjected to Analysis of Variance to determine the correlation and regression was used 

to estimate the values of the intercept (a) and slope (b) for weight and length relationship, and condition 

factor (CF) for each species was tested to determine significant difference (P<0.05) level. 
RESULTS 

Results in Table 1: showed that the total number caught was n= 393 specimens in River Galma, 
Oreochromis niloticus had the highest number of fish species sampled from location with the weight 

ranging from 4.70 to 173.60 (g) with the mean value 52.93±3.41 and total length ranging from 6.50 

to 21.50 cm with the mean value of 13.62±0.31cm. The estimated (a) intercept of regression is 0.5883 
of Oreochromis niloticus with the allometry coefficient of (b) value of 0.3283 which indicate that the fish 

species had negative allometric growth. The growth coefficient of (b) do not differ significantly (p< 0.05), 
the correlation coefficient (r) for Oreochromis niloticus was 0.9745. Clarias gariepinus weight ranging 

from 2.0 to 414.70 (g) with the mean value 68.79±8.44g and total length ranging from 7.40 to 38.80 
cm with the mean value of 19.12±0.68cm. The estimated (a) intercept of regression was 0.7053 of 

Clarias gariepinus with the allometry coefficient of (b) value of 0.3364 and does not differ significantly 

(p< 0.05). The correlation coefficient (r) for Clarias gariepinus was 0.9604. Pollimyrus petricolus weight 
ranging from 2.80 to 39.10(g) with the mean value 11.49±0.69g and total length ranging from6.30 to 

20.20 cm with the mean value of 9.86±0.24 The estimated (a) intercept of regression was 0.6653 of 
Pollimyrus petricolus, with the allometry coefficient of (b) value of 0.3205 which indicate that the fish 

species had negative allometric growth, the growth coefficient of (b) do not differ significantly (p< 0.05) 

with the Standard error of 0.04. The correlation coefficient (r) of Pollimyrus petricolus was 0.7224. Also, 
Schilbe mystus weight ranging from 5.30 to 225.0 (g) with the mean value 24.06±4.46g and total length 

ranging from 8.20 to 30.30 (cm) with the mean value of 13.32±0.50cm. The estimated (a) intercept of 
regression Schilbe mystus was 0.7264 of with the allometry coefficient of (b) value of 0.3191 which 

indicate that the fish species had negative allometric growth. The growth coefficient of (b) did not differ 
significantly (p< 0.05). The correlation coefficient (r) of Schilbe mystus was 0.8889. Lates niloticus, 
weight ranging from 17.00 to 310 (g) with the mean value 66.91±10.4g and total length ranging from 

12 to 29.50 (cm) with the mean value of 16.82±0.66cm. The estimated (a) intercept of regression was 
0.6990 of Lates niloticus with the allometry coefficient of (b) value of 0.3028. The growth coefficient of 

(b) did not differ significantly (p< 0.05).The correlation coefficient (r) of   Lates niloticus was 0.9195. 
 

Table 1: Diversity, length –weight, and growth pattern for species of fish from River Galma 

 
   Weight (g)   Length (cm)     

Species N Min Max Mean±SD Min Max Mean±SD A b r 

Orechromis niloticus 100 04.70 173.60 52.93±3.41 06.50 21.50 13.62±0.31 0.5883 0.3283 0.9745 

Clarias gariepinus 89 02.90 414.70 68.79±8.44 07.40 38.80 19.12±0.68 0.7053 0.3364 0.9604 

Pollimyrus petricolus 95 02.80 39.10 11.49±0.69 06.30 20.20 9.86±0.24 0.6653 0.3205 0.7224 

Schibe mystus 70 05.30 225.0 24.06±4.46 08.20 30.30 13.32±0.50 0.7264 0.3191 0.8889 
 
Lates niloticus 

 
93 

 
17.00 

 
310.1 

 
66.91±10.4 

 
12.30 

 
29.50 

 
16.82±0.66 

 
0.6990 

 
0.3028 

 
0.9195 

 
Total 

 
393 

         

n=Sample size; a, b= regression coefficients; r =Correlation coefficients 
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The Results in Table 2: showed that total number of fish species caught were 41 from Kubanni 

Reservoir Oreochromis niloticus had the highest number of fish species sampled with the weight ranging 

from 60.00 to1150 (g) with the mean value 426.43±74.50g and total length ranging from 16.00 to 43.00 
cm with the mean value of 31.21±2.12. The estimated (a) intercept of regression was 0.3473 of 

Oreochromis niloticus with the allometry coefficient of (b) value of 0.5965. The growth coefficient of (b) 
did not differ significantly (p< 0.05). The correlation coffiecient (r) for Oreochromis niloticus was 0.7464. 

Clarias gariepinus weight ranging from 25.00 to750 (g)   with the mean value 260.29±95.82g, and total 

length ranging from 19.00 to 52.52cm with the mean value of 28.80±4.06cm The estimated (a) 
intercept of regression was 0.9428 of Clarias gariepinus with the allometry coefficient of (b) value of 

0.2310. The growth coefficient of (b) did not differ significantly (p< 0.05). The correlation coffiecient (r) 
for Clarias gariepinus was 0.7903. Pollimyrus petricolus weight ranging from 6.10 to 30.10 (g) with the 

mean value 12.56±3.05g, and total length ranging from 7.0 to 11.40 cm with the mean value of 
9.20±0.49cm The estimated (a) intercept of regression was 0.7030 of Pollimyrus petricolus with the 

allometry coefficient of (b) value of 0.2467. The growth coefficient of (b) did not differ significantly (p< 

0.05). The correlation coefficient (r) of Pollimyrus petricolus was 0.8365. Schilbe mystus weight ranging 
from 21.70 to 55.60 (g) with the mean value 43.47±10.91g, and total length ranging from 14.40 

to16.80cm with the mean value of 15.67±0.70cm. The estimated (a) intercept of regression was 
0.9750 of Schilbe mystus with the allometry coefficient of (b) value of 0.1368. The growth coefficient of 

(b) did not differ significantly (p< 0.05). The correlation coefficient (r) of Schilbe mystus was 0.8738. 

Lates niloticus, weight ranging from 50.00 to 4300 (g) with the mean value 840±382.32 and total length 
ranging from 17 to71 (cm) with the mean value of 35.42±4.75. The estimated (a) intercept of regression 

was 0.6831 of Lates niloticus with the allometry coefficient of (b) value of 0.3203. The growth coefficient 
of b did not differ significantly (p< 0.05) with the Standard error of 0.16. The correlation coefficient (r) 

of Lates niloticus was 0.9491. 
Table 2: Diversity, length –weight, and growth pattern for species of fish from Kubanni Reservoir 

n=Sample size; a, b= regression coefficients; r =Correlation coefficients 
DISCUSSION 

The simple linear regression slope (b) of the fish species Length-Weight from River galma recorded 
during the period of the study fell within 0.3028 and 0.3364, kubanni also fell within 0.1368 and 0.5965 

This result contradicts the reports of Egbal et al. (2011) whose study showed that the b value of fish 

species from both Atbara River and Khashm el-Girba reservoir in Sudan were within the range of 2.2 and 
3.680 but in line with Getso et al. (2017) 0.1173 and 0.8058. From the result of the present study 

carried out in Kubanni reservoir and river Galma, reveal that Orechromis niloticus in both location 
0.5965 and 0.3283 respectively, agrees with (Nyaku et al., 2008; Omotayo et al., 2019). Disagree with 

Imam et al., (2010), Clarias gariepinus 0.2310 and 0.3367 do not conform to the result of Kalu et al. 
(2007), Matouke (2015) but in line with Okomoda et al. (2018). Pollimyrus petricolus from this study has 
b value of 0.2467 and 0.3205, this stands out to be a negative allomertric growth which disagrees 

(Omotayo et al., 2019).  M. anguilloides showed positive allometric growth pattern. Schilbe mystus has b 
value of 0.1368 and 0.3191 conforms to the report of Thomas et al. (2018); Uneke (2015) and Lates 
niloticus b- value was 0.3203 and 0.3028 agrees with Abeer et al. (2017) who

   Weight (g)   Length (cm)     

Species N Min Max Mean±SD Min Max Mean±SD a b r 

Oreochrmis niloticus 13 60.00 1150 426.43±74.5 16.00 43.00 31.21±2.12 0.3473 0.5965 0.7464 

Clarias gariepinus 7 25.00 750.0 260.29±95.82 19.00 52.52 28.80±4.06 0.9428 0.2310 0.7903 

Pollimyrus petricolus 7 6.10 30.10 12.56±3.05 07.80 11.40 9.20±0.49 0.7030 0.2467 0.8365 

Schilbe mystus 3 21.70 55.60 43.47±10.91 14.40 16.80 15.67±0.70 0.9750 0.1368 0.8738 
 
Lates niloticus 

 
11 

 
50.00 

 
4300 

 
840±382.32 

 
17.00 

 
71.00 

 
35.42±4.75 

 
0.6831 

 
0.3203 

 
0.9491 

 
Total 

 
41 
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reported that fishes had a negative allometric growth which implies that the fish is becoming tinnier as 

it increases in weight; hence, the fishes become slender. An isometric length-weight relationship on 
the other hand implies that the weight of these fishes increases at approximately the same rate as the 

length (Musa et al., 2016). According to Franco-Lopez et al. (2010) and Lawson (2010b), ‗b‘ value in 
fish can be affected by many factors such as gonad maturity, sex, food availability, health, seasonal 

variability of the environment, sample size, habitat suitability, growth increment, temperature and 

salinity of the environment, fishing activities, individual metabolism, age and maturity. In this study, 
the overall mean condition factor value. The r- value of Orechromis niloticus, Clarias gariepinus 
Pollimyrus petricolus Schilbe mystus and Lates niloticus in Kubanni reservoir were 0.7464, 0.7903, 
0.8365, 0.8738 and 0.9491; Galma Reservoir 0.9745, 0.9604, 0.7224, 0.8889 and 0.9195, respectively. 

This means that there was a high correlation between the total length and weight the fish in both 
locations. This is in conformity with Ikongbeh et al. (2012); Azua and Akaahan (2017) this is an 

indication that increases in length with corresponding increase in weight of the fish Augustine et al. 
(2016). 

According to Shinkafi et al. (2013) and Solomon et al. (2017), condition factor (k) is often 

used to describe the ―well-being or condition of fatness of the fish). Condition factor which could be 
used to reflect the health status of water bodies is influenced by factors such as age, sex, 

food availability, and environmental conditions. Low condition factor in fish may be attributed to poor 

environmental conditions and reduced availability of food and prey items (Atobatele and Ugwumba. 
2011). Condition factor less than 1 is desirable (Olufeagba et al., 2016). However, the condition factor 

recorded in this study ranged from k = 0.58-2.27, 0.31-2.46, 1.16-2.03, 0.73-1.35 and 0.64 - 1.85 for 
Orechromis niloticus, Clarias gariepinus Pollimyrus petricolus Schilbe mystus and Lates niloticus 
respectively for Kubanni Reservoir fish species which have no significant difference (P<0.05) likewise 
for Galma Reservoir k = 1.33-2.73, 0.35-1.73, 0.26-2.51, 0.24-1.39, 0.66-2.02 for Orechromis 
niloticus, Clarias gariepinus Pollimyrus petricolus Schilbe mystus and Lates niloticus the species defers 

significantly (P<0.05) respectively, this showed that the fish are in good condition (K > 1). This study 
agrees to the report of Abeer et al. (2017; Thomas et al. (2018). Findings of this study shows that fish 

species in Galma River and Kubanni Reservoir was in a better condition which could be attributed to 
availability of food and good water quality. 

Conclusion and Recommendations 

In conclusion, the study in River Galma and Kubanni Reservoir showed strong positive 
correlation Length-Weight Relationship across the five major species in the location and growth 

pattern of the selected fish species showed negative allometric value in the location indicating the 
growth coefficient (b< 3). Regulations guiding fishing activities in River Galma and Kubanni Reservoir 

should be enforced to prevent overfishing and fishing of juvenile fish. 
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Abstract 

Water safety plan as conceived by WHO can lead to prevention of pollution in each component of 
water supply chain which leads to ensuring safe drinking water. Risk assessment is one of the key 
components during the development of water safety plan, achieved by identifying hazardous events 
and estimating their risk toward implementing control measures. This study reports the risk 
assessment from catchment to consumers in Maiduguri water treatment plant in Northeast Nigeria. 
Tools such as the field visits, key informant interviews, questionnaire and water quality monitoring 
were used to identify the hazards and estimate their risk using semi-quantitative matrix. With the 
existing control measures, the study showed a total of 33 hazardous events 5 in catchment, 16 in 
treatment plant, 6 in distribution system and 6 at consumers‘ points. The risk score indicated 6 are of 
medium risk and 9 of high risk. Catchment activities, improper maintenance and lack of routine 
maintenance facilities in the treatment plant, pipeline damages in distribution lines, and consumers‘ 
lack of hygiene knowledge and awareness were found to be the major contributory factors which 
affect the desired quality. Participation and commitment by all stakeholders is a fundamental requisite 
to manage the identified health risks. 
Keywords: Water safety plan, Hazard identification Risk assessment, Maiduguri water treatment. 

 
Introduction 

The safety of drinking water supply depends on a number of factors including quality of 
source water, effectiveness of treatment, integrity of the water distribution that transports water to 

consumers and the consumers themselves in proper handling of the water [1]. This implies 

extensively polluted raw water sources require properly operated and maintained water treatment 
systems in order to distribute safe water to consumers. Inadequate management of drinking water 

distribution systems can lead to unsafe water at consumers‘ point which may lead to water borne 
illnesses. Safe water delivered at consumers point can also be made unsafe due to improper 

collection, storage and handling. Therefore WHO recommends implementing water safety plans (WSP) 
as the most effective way of guarantying the integrity of the water in each of the components in 

drinking water supplies system (catchment, treatment process, distribution systems and final users). 

Marroquin et al., [2], WHO [3] and Bartram et al., [4] emphasized that: 
―The most effective means of securing the safety of a drinking water supply is through the 

use of a comprehensive risk assessment and risk management approach that encompasses all steps in 
the water supply from catchment to consumer‖; such approaches are known as water safety plan‖ 
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Water safety plans are promoted and encouraged in the third edition of the WHO (2004) 

guidelines. The aim of the water safety plan is to protect public health and promote good practices 
such as preventing or minimizing water source pollution, reducing or removing pollutants through 

treatment processes and preventing its contamination during its storage, distribution and household 
connection and handling [4]. 

Figure 1: The basic elements in water supply system 

(Tool 2.2 adopted from Bartram et al, 2009) 
Catchment protection is the first stage in the production of safe drinking water [5]. When 

sources are managed effectively, subsequent treatment costs are minimized and risks of exposures 
resulting from failures in treatment procedures are reduced. The catchment water quality may be 

affected as a result of land use of the water sheds which causes diffuse and point source pollution [6]. 

These may include the discharge of waste water from industries, inflow of chemical fertilizers or 
livestock wastes and the inflow of domestic wastewater from municipal sources [5]. These activities 

may lead to progressive deterioration of water quality resulting in the exposure of served populations 
to health risks if adequate treatment barriers are not implemented before distribution. Hence, early 

management of hazardous events at catchment would be an effective preventive measure in relation 
to water quality incidents in the drinking water supply. 

Treatment process effectiveness requires proper operation and optimization, such as 

appropriate dosage of treatment chemicals; following standard operating and maintenance procedures 
and ensuring that all automated systems are working properly, and not adhering to these leads to 

contaminated water distributed to consumers. Many outbreaks of diseases have been reported that 
were due to failures within the treatment plant which could be avoided with simple risk management 

procedures [7]. 

          Distribution systems often receive too little attention despite disease outbreaks due to 
inadequate management of drinking water distribution systems (WHO, 2014). A Drinking water 

treatment plant can provide water that is safe for human consumption but its quality can be affected 
during movement through the water distribution system before arriving at consumers point [8, 9, 10], 

the most common faults were cross connections, back siphonages, damage to pipelines, pressure 
fluctuations, internal and external corrosion in the elements [2] and leakages allowing ingress of 

contamination which may endanger health of consumers.  

The aim of water safety plan is not only to identify and improve water quality problems 
related to catchment, treatment, and distribution, but also at consumers point, It was found that 

water treatment and supply utilities alone cannot ensure the provision of safe drinking water and 
protection against water borne disease as household plumbing systems, improper storage and 

handling also cause recontamination [6, 11]. These are attributed to consumers low perception on 

health risk and lack of knowledge on their responsibility for protecting drinking water quality, which 
can lead to inappropriate behaviour affecting the integrity of internal distribution system. 

             The concept of WSPs represent currently the modern system in the delivery of safe water 
and one of the several stages that is most likely to be adopted by water industries in the future [12], 

however, from its inception in 2004 to date, most experience with water safety plan development and 

implementation has been primarily in the developed countries, there is little documented experience 
of applying WSP in the developing nations [13]. In Nigeria, no information presently appears to be 
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available on research and application of water safety plan despite the municipal water systems‘ 

incapability to deliver satisfactory water to consumers [14]. This research work was intended for 
Maiduguri city, the capital of Borno State in Nigeria. Maiduguri is an arid zone in the northeastern part 

of Nigeria where on the average of 80% of the domestic consumers have been facing water shortages 
daily [15] and outbreaks of cholera, typhoid, and diarrhea occurring annually affecting peoples health 

and productivity. More recently, Maiduguri recorded outbreaks of cholera resulting in several loss of 

lives [16, 17].  
             Whilst there are many sources of drinking water in Maiduguri, Maiduguri Water Treatment 

Plant is one of the major sources covering about 60% of the entire metropolis. The integrity of this 
water supply is constrained by many factors in the catchment, treatment, distribution and consumers 

endangering the health of consumers. Based on previous studies by Dammo et al., [18] the source 
water quality parameters exceeded drinking water permissive limits, particularly nitrate (260-230 mg-

N03/l), phosphate (22-28mg/l) and Escherichia coli (13-24 n/100ml), and Amos et al., [16] found that 

the treated water from the plant is highly turbid showing 39NTU/l and colour showing 40 Hazen scale 
units/l of which these values were above the specified standards of WHO and NAFDAC (National 

Agency for Food And Drug Administration and Control). Regarding report on the distribution system 
and consumers, Aza et al., [19] noticed increased microbial load from treatment plant to the point of 

delivery to consumers and bacterial growth in some household storage systems which was attributed 

to improper handling of water. This justifies the present study with a view to supply safe water by 
Maiduguri water treatment facility through holistic approach from catchment to consumers and 

development of water safety plan. 
The development of Water safety plan and implementation involves eleven modules which are as 

follows: 
Module 1: Assembling the WSP team 

Module 2: Describing the water supply system 

Module 3: Identifying hazards 
Module 4: Assessing control measures and risks 

Module 5: Developing improvement plans 
Module 6: Defining control measure monitoring 

Module 7: Defining verification monitoring 

Module 8: Preparing management procedures 
Module 9: Developing supporting programmes 

Module 10: Planning periodic review of WSP 
Module 11: Revising WSP following incident 

           The overall WSP development and Implementation is a team work comprising of various water 

experts and water professionals forming a steering committee of (water scientists, surveyors, etc) 
requiring huge capital investment and support from government (Ministries and Agencies) as well as 

people responsible for polluting (such as farmers), management and its users. Thus this paper 
describes the results of risk assessment from catchment to consumers of Maiduguri water treatment 

plant which may serve as prominent guide for use in the development of the WSP. 
Materials and Method 

Study area 

Maiduguri, the capital of Borno State is located between latitude 10000` and 14000` north of 
the equator and longitude 11030`` and 14045` east of the Greenwich Meridian, the state lies some 

355m above sea level and it occupies a total area of 50,778 sq km, lying within the Sudan-Sahel zone 
of Nigeria, it is the largest town in the North-Eastern area of Nigeria. The relief of Maiduguri lies on 

the vast open plain which is relatively flat or gently undulating. The landscape is developed on the 

young sedimentary rocks of the Chad formation. This formation is overlain by sand drifts which may 
be up to 90 meters thick. The extensive plain contains no prominent hill and attains an elevation of 

about 350m above sea level [20]. 
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           The climate is characterized by two distinctive wet and dry seasons, which tend to be 

controlled by the inter-tropical discontinuity (ITD). The rainy season lasts for about five months (May-
October). Available rainfall data reveal that annual rainfall average ranges between 500mm and 750 

mm while the intensity of rainfall ranges from 0.002 mm/hr – 112 mm/hr. The mean temperature 
both seasonally and diurnally varies from 25°C – 36°C, the hottest months being March and April with 

values between 39.80°C and 40.70°C. The corresponding minimum temperatures of 20.60°C and 

32°C are in December and January [20]. 
 Maiduguri water treatment plant 

The Maiduguri water treatment facility was completed in 1986 [15] and is located in Maiduguri 
metropolis. The treatment plant is  one of the major sources of municipal water supply and was 

designed to treat  67,000m3/day  and pump 567,8117,676litres/day with flow of 775l/sec, the 
treatment plant has 32  ground reservoirs each with  capacity of 16,750m3, 2 over head concrete 

tanks with each capacity of 4,500m3, 4 flat bottom clarifier tanks, rapid gravity sand filters, chemical 

treatment section, power supply system PHCN and 2 generators of 1275KVA and high lift pumps [17]. 
Study design 

The study design is analytical and cross sectional and consists of laboratory analysis, questionnaire 
survey, field visits and key informant interviews. Questions for the questionnaire survey were drafted 

in March 2017 and administered till the middle of April, Key Informant Interviews and site visits were 

conducted through months of April and May 2017. The risk identification and analysis, data entry, 
results, discussion and conclusion were carried out since then. 

Laboratory Analysis 
Water samples were collected from raw water source (to determine the source of contamination), 

through various stages of the treatment processes, (to assess the effectiveness of treatment), and 
along the distribution at some selected points where consumers fetch their water (to assess the 

integrity of distribution) and samples at household taps and storage containers of consumers (to 

determine the possibility of recontamination from human contact). The samples collected were then 
subjected to physical, chemical and microbiological analysis to ascertain their quality following 

standard methods.  
Parameters measured 

i. Physical: turbidity, Temperature, Electrical Conductivity 

ii. Chemical: pH, total hardness, total alkalinity, iron, zinc, lead, calcium, potassium, sodium, 
total dissolved solids,  fluoride, chloride, sulphate, residual chlorine, nitrate, phosphate 

iii. Microbiological: faecal coliforms and total coliforms counts; in addition presence of some 
non-coliforms bacteria were also examined.  

Sampling number and locations are 

Physical and Chemical parameters: a total of five samples were taken for analysis, sampling 
location and their appropriate labeling are given below 

Sample A: Raw water sample from catchment 
Sample B: Aerated water 

Sample C: Coagulated water 
Sample D: Filtered water 

 Sample E: Final treated water 

Microbiological analysis: six samples were taken for total coliforms and faecal coliforms count (E. 
coli), and their locations are: 

Sample 1:  Final treated water at treatment plant,  
Sample 2:  3.5 kilometers away from the treatment plant at Gwange area household tap, 

Sample 3: At Gwange area household storage containers, (same house where sample 2 was taken), 

Sample 4:  8.5km kilometers away from Gwange area at London ciki public tap (end users), 
Sample 5: At London Ciki area household storage, 

Sample 6: At London Ciki public tap (same point as sample 4). 
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Note: Sample 4 and 6 were taken at the same location, but the samples were collected at different 

times; sample 6 was taken after 2 days of non supply (pipes were without water (empty); during this 
time some ingress of contamination through pipeline holes was seen arising from the open drains 

where these pipes were laid.).   
 

Consumers’ questionnaire 

Consumers‘ Questionnaire survey was carried out to explore the points of view and opinions 
on their quality perceptions. In addition, their socio-demographic characteristics, alternative sources of 

water and related aspects were also documented. Information was also collected on the regularity or 
otherwise of the level of water supply, health issues encountered in the past and present as a result 

of poor water supply, facts about the regularity of supply to consumers, type of household storage 
systems used, household treatment methods if any practiced, hygiene awareness and level of hygiene 

practiced, and also the extent of consumers knowledge regarding the treatment plant. 
Field visits: Sanitary inspection visits were conducted for the catchment, treatment plant, and 
distribution chain and at consumers‘ points, inspection such as catchment activities, areas surrounding 

water abstraction points, elements of treatment, structures and facilities of distribution network and 
household storage systems. 

Key informant interviews: Interviews were conducted with staff of the water works in various 

departments such as the administrators, operators, maintenance (electrical and mechanical) and 
commercials. Raw water source, treatment units/processes, various chemicals used for treatment, 

storage system, pumps and pumping, distribution system, available documents that describe the 
system (flow charts, operating techniques, etc.) control measures, historical water quality records 

(hazards events, outbreaks), quality assurance, laboratory, supporting programmes, management 
procedures, environmental effects, availability of trained staff, extent of water safety plan application 

and relations with the concerned official authorities (state ministries and agencies). 

Identification of hazards and hazardous events 
In accordance with the study design following Module 3,all the possible visible and hidden 

hazards that can compromise effective water delivery in terms of water quality and quantity, 
compliance with regulations, consumers‘ acceptance and damage to facilities have been looked into 

thoroughly. The following 3 types of hazards have been looked into: 

i. Physical Hazards (Denoted by P in the Matrix) 
ii. Chemical Hazards (Denoted by CH in the Matrix) 

iii. Microbial Hazards (Denoted by M in the matrix) 
The identification was carried out based on site visits for visual inspection; review of the 

materials used in treatment, structures and facilities of distribution and household storage containers), 

key informant interviews (assessment of historic information and events, predictive information based 
on seasonal changes and knowledge of particular aspects of the treatment and supply system) review 

of consumers‘ perceptions and water quality analysis results were all included in the hazards 
identification study. 

Risk Assessment 
Risk assessment is one of the key stages during the development of water safety plan. It is 

achieved by identifying hazards following Modules 3 and estimating their risk as described in Module 4 

which allows  prioritizing human and financial resources toward improving control measures as a 
strategy for reducing health risks [2] as part of water safety plan. One of the tools used in estimating 

risk recommended in the development of water safety plan is the semi-quantitative matrix method [6] 
which uses a point scale to measure risk of identified hazards in terms of probability of the hazards 

occurrence (likelihood) and the impact presented if the hazard occurs (consequences) [4]. These 

matrices are simple, and the results are easy to understand. In addition to risk assessment, these 
matrices also prioritize the events according to their level of risk, (high, medium, low) helping to op-

timize existing control measures or the implementation of new measures that reduce risk levels. While 
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assessing the risk, the Study objectives, identified hazards and hazardous events, and estimation of 

risk presented by the identified hazards and hazardous events. 
Risk estimation of all hazards identified  

For any hazardous event that can give rise to one, two or to all the three types of hazards, 
the risk associated is analyzed using semi quantitative matrix approach (Table 1) as described in 

Module 4 with a  score range of (1-9) in which the consequences or severity of a particular hazardous 

event has been rated from 1 to 3 ( from the lowest impact to the highest impact), in terms of health-
based, adequacy of supplies, damage to structures, compliance with regulations and aesthetics. 

Consequences 
i. Insignificant(no impact):Rating-1  

ii. Moderate impact (aesthetics, adequacy of supplies, damage to facilities):Rating-2 
iii. Catastrophic or significant impact (public health effect and compliance with regulations):Rating-

3 

 The likelihood or frequency of occurrence of a particular hazardous event has been rated from 
1 to 3 starting from the highest frequency to the lowest frequency in terms of possibility of the hazard 

occurring daily, weekly, monthly, seasonally and yearly. 
Likelihood 

i. Daily to weekly (almost certain): Rating-3 

ii. Monthly to seasonally (possible): Rating-2 
iii. Yearly and above (rare): Rating-1 

The knowledge of consequence and likelihood were derived based on the study design, (water 
treatment plant staff opinion, past events, previous studies and experience of Operation and 

Maintenance staff and review of consumers‘ survey and results of water quality analysis studies) 
Risk scoring 

Using semi quantitative method shown in Table 1, the risk presented by each hazard was 

scored against the likelihood and severity of the hazardous event; these were mathematically 
presented as: 

Risk = likelihood x severity 
First, the risk score was calculated completely ignoring all the control measures (activities or 

polices applied to mitigate risk) that actually are in place in the water supply system known as raw 
risk. site visits were conducted to identify the existing control measures and to assess the 
effectiveness of the control measures (validation), which was done by reviewing the maintenance and 

monitoring records, water quality results, consumers survey and field inspection. Then risk score was 
then recalculated and referred as residual risk taking into account all the control measures that exist 

in the system, keeping check on that particular hazardous event whether the control measure is 

effective based on the findings from the validation of the control measures, so the severity and 
frequency of that hazardous event becomes low which ultimately brings down the risk score of that 

hazardous event.  
Table 1: The matrix table used for estimating the risk 

 
Matrix 

Severity  categories 

I (1) II (2) III (3) 

 
 
Likelihood 
Categories 

 
A (3) 

 
M(3) 

 
H(6) 

 
H(9) 

 
B (2) 

 
L(2) 

 
M(4) 

 
H(6) 

 
C (1) 

 
L(1) 

 
  L(2) 

 
M(3) 

Risk score 
rating 

 
                Low  (< 3) 

 
    Moderate(3-6) 

 
 High(>6) 

Risk analysis definition parameters: 

Likelihood categories 
A= daily to weekly (almost certain) 

B= monthly to seasonally (possible) 
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C= yearly and above (rare) 

Severity categories 
I =significant risk/catastrophic: public health impact or regulation compliance impact, death or illness 

expected. 
II = medium: aesthetics or water quantity (consumers acceptance), damage to facilities 

III = NO impact or insignificant: 

Risk score categories 
High risk= urgent management attention needed  

Moderate risk = management attention needed  
Low risk = routine procedures and; 

Colours 
Low (L): < 3 (Denoted by Green Colour)  

Medium (M): 6-9 (Denoted by Yellow Colour)  

High (H): > 6 (Denoted by Red Colour) 
Results 

Where a total of 41 hazardous events were identified (7 in catchment, 21 in treatment, 7 in 
distribution and 6 in consumers),considering no control measures (raw risk) 21 are classified as having 

a high risk level, 18 as medium risk and 2 have a low risk level, When the existing control measures 

identified are considered and their effectiveness, the risk level (residual risk) for the events was 
reduced to 17 events at a high risk level, 16 at medium level and 8 at low level) and of the existing 

control measures (14) only 5 were effective in reducing the risk level, where for most hazardous event 
(27) especially at the catchment and consumers there were no existing control measures in place, 

thus the need for reinforcing existing control measures to improve their effectiveness and/or 
evaluating new measures in order to reduce risk levels. 

The hazardous events with the high risk level were mainly at the catchment and consumers 

points. At the catchment, hazardous events were associated with socio-economic activities (crop 
production, cattle rearing, open human defecation, domestic activities and recreations) for which no 

control measures were present as the catchment is not a protected zone. At consumers point of use 
most hazardous event were due to lack of hygiene awareness leading to improper collection, storage 

and handling of waters. Within the treatment plant, the hazardous events were due to facilities 

upgrade and maintenance, whereas along the distribution line, damages in drinking water pipes 
leading to the leakages and ingress of contamination were the major threat to effective conveyance of 

water to consumers. Table 2 presents the results of the risk assessment from catchment to consumers 
of the Maiduguri water treatment plant. 

Table 2: Risk assessment from source to consumers of Maiduguri water treatment plant system  
A. Catchment 

Hazardo
us event 

Issues to 
consider 
and hazards 
associated 
with. 

Raw 
risk 

Risk 
rating 

Basis for selecting the 
likelihood  of the 
hazard and its 
consequences 

Existing Control 
measure and its 
effectiveness  

Residual 
risk 

Risk 
rating  

  L
i 

C S    L
i 

C S H, M or 
L 

Cattle 
rearing 
around 
source 
water 

Cryptosporidi
um and other 
infectious 
organisms 
introduced 
into water 
(M) 

3 3 9 H Li: site visits, 
C: cryptosporidium 
infection may harm human 
health 

ECM: No 3 3 9 H 

 farming  
activities 

pesticide, 
nitrate 

3 3 9 H Li: Site visit, historical 
water quality showing high 

ECM: No 3 3 9 H 
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along the 
river bank  

washed into 
raw water 
(CH) 

nitrate 
C: nitrate, pesticides in 
high concentration harms 
health and incompliance 
regulation 

Human 
defecation 
into the 
raw water 

 E-coli, faecal 
coliforms 
introduced 
into raw 
water (M) 

3 3 9 H Li: site visit, human 
settlement present near 
raw water and no toilet 
C: faecal microorganisms 
may harm the public health 

ECM: No 3 3 9 H 

Dumping 
of refuse 

Solids, debris 
into water 
(P) 

3 2 6 M Li: site visit and key 
informant interview, 
C: debris into treatment 
plant system might clog 
filters, etc. 

ECM: Screens 
provided at intake 
side  
E: yes; no floating 
debris within 
treatment  

1 2 2 Lo 

Algal 
blooms 
during hot 
season. 

changing 
color, 
turbidity, 
taste and 
odour, and 
heavy algae 
growth in 
treatment 
tanks(M) 

2 3 6 M Li: site visits key 
informants survey 
C: records shows high 
turbidity  in the hot season 
affecting the aesthetics of 
water 

ECM: No 
 

2 3 6 M 

People 
bathing in 
the water 

Contaminatio
n of raw 
water (CH, 
M) 

3 3 9 H Li: site visits, historical 
records 
C: contamination from 
bathing 

ECM: No 
 

3 3 9 H 

Bokohara
m attack 
at intake 
side 

Interrupted 
pumping of 
water, loss 
operators live 
 

2 3 6 M Li: key informant interview 
(some villages around the 
intake side has been 
attacked several times) 
C: terrorist may harm plant 
operators at the raw water 
intake site 
 

ECM: soldiers 
deployed at intake 
side 
E: yes Several 
attack to villages 
near has been 
repelled with 
victory 

1 3 3 Lo 

B. Treatment 
 

Pre-
liming 
pump 
breakdow
n  

Temporary 
hardness and 
acidity 
removal not 
achieved  

3 2 6 M Li: site visits, water quality 
analysis. 
C: imbalance pH causes 
corrosion to pipes of 
treatment facilities 

ECM: No 
 

3 2 6 M 

Natural 
Aeration 
process  

Inadequate in 
achieving 
aeration 
benefit (CH) 

3 2 6 M Li: water quality analysis 
C: DO, odour and taste not 
removed (aesthetics)  

ECM: No 
 

3 2 6 M 

Alum 
pipe 
network  
clogging  

interrupted 
coagulation 
treatment (P, 
CH, M)  

2 3 6 M Li: operators interview (it 
takes 6 months before 
clogging occurs) 
C: loss of coagulation leads 
to untreated water 
Supplied to consumers 

ECM: Treatment 
process is halted 
to restore problem 
E: Yes 

1 2 2 Lo 

Frequent 
Alum 
pumps 
break 
down. 

Loss of 
coagulation 
treatment  (P, 
CH, M) 

2 3 6 M Li: it takes 3 months 
before it happens says 
operators, visual inspection  
reveals many broken alum 
pumps 
C: untreated water supply 

ECM: Treatment 
process is halted 
to restore the 
problem 
E: Yes (but 
frequent 
breakdown need 
to be stopped) 

2 2 4 M 

Trident Improper 3 2 6 M Li: sanitary  inspection ECM: fishing road 1 2 2 Lo 
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pipe 
clogged 

sedimentation 
(P, CH, M) 

C: leading to 
contamination 

is used to flush it. 
E:effective 

Trident 
pipe 
breakage  

Improper 
sedimentation 
(P, CH, M) 

2 3 6 M Li: sanitary inspection, 
discussion with plant 
operators 
C: : it reduces the rate of 
sedimentation leading to 
contamination 

ECM: 
Replacement is 
done for any 
breakage   
E: yes 

2 1 2 Lo 

Decantati
on pipe 
blockage  

Inadequate 
sludge 
removal from 
sedimentation 
tank (P, CH, 
M)  

1 2 3 Lo Li: operators interview 
(blockage occurrence is 
very rare) 
C: decantation pipe 
blockage only flushes 
sedimentation tank of 
flocculated material  

ECM: No 1 2 3 Lo 

Corrosion 
and algal 
blooms in 
sediment
ation 
tanks 

Contamination 
of treated 
water (CH, M) 

3 3 9 H Li: visual inspection, water 
quality results (increased in 
concentration of some 
water parameters). 
C: contaminated water 
supply affects health 

ECM: 
sedimentation 
tank is washed 
every 90 days 
E: no; problems 
observed by field 
visits 

3 3 9 H 

Frequent 
Back 
washing 
Pump 
failures    

Loss of 
backwashing, 
Clogging of 
filters which 
lead to 
reducing 
water quantity 
and quality 
(P, CH, M) 

3 3 9 H Li: discussion with plant 
operators reveals that 
C: it affects both quality 
and quantity of water  

ECM: problem is 
restored  with 
immediate action 
E: Yes but the  
frequent break 
down  need to be 
curtailed 
 
 

3 
 

2 6 M 

filter beds 
exceeded 
life span 

Improper 
filtration (P, 
CH, M)  

3 3  H Li: site visits and 
discussion with plant 
operators, water analysis 
results (increased in 
concentration of some 
water parameters). 
C: improperly filtered 
water supply to the public 

ECM: No 3 3 9 H 

Corrosion 
and algal 
blooms in 
Filtration 
tanks 

Contamination 
of water (CH, 
M) 

3 2 6 M Li: site visits and visual 
inspection. 
C: contaminated supply 

ECM: No 3 2 6  M 

Leakages 
in 
backwash
ing 
machine 
through 
gasket 

 reducing 
water quantity 
and corrosion 
(CH, M) 

3 2 6 M Li: visual inspection 
C: loss of water supply, 
damage to facilities 

ECM: No 3 2 6 M 

Head loss 
to know 
when to 
back 
wash. 

Loss of signal 
by operators 
the time 
required to 
back wash 
filter 

3 2 6 M Li: Visual inspection during 
site visit 
C:  irregular backwashing 
time. 

ECM: No 3 2 6 M 

Chlorine 
dosing 
pump 
break 
down 

Loss of 
disinfection 
(M) 

3 3 9 H Li: visual inspection  
C: supplying water without 
disinfecting affects public 
health. 

ECM: Manual 
chlorination 
E: No ( chlorine 
over dosing/under 
dosing indicated 
by consumers 

3 2 6 M 
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survey affecting 
aesthetics) 

Post-liming 
pump 
break 
down 

high acidity of 
treated water, 
corrosion 
(CH) 

3 2 6 M Li: Visual inspection 
C: aesthetics, damage to 
facilities 

ECM: No 3 2 6 M 

Contact 
tank 

High sludge in 
Contact tank, 
contamination 
of treated 
supply (P, 
CH, M) 

3 3 9 H Li: visual inspection, 
interview and water quality 
analysis (increased in 
concentration of some 
water parameters). 
C: supply of contaminated 
water 

ECM: No 3 3 9 H 

 
Undergro
und 
reservoir 

High sludge in 
underground 
reservoir, 
contamination 
of treated 
supply (P, 
CH, M) 

3 3 9 H Li: visual inspection, 
interview, water quality 
analysis (increased in 
concentration of some 
water parameters). 
C: supply of contaminated 
water 

ECM: No 3 3 9 H 

Pumping 
station   

Leakages at 
Pumping 
station  

3 2 6 M Li: visual inspection 
C: damage to pumping 
materials from corrosion 

ECM: No 3 2 6 M 

Laborator
y 
Services 

Substandard 
laboratory 

3 3 9 H Li: discussion with plant 
operators, visual inspection 
C: loss of quality control 

ECM: ICRC NGO 
is currently 
facilitating it. 
E: No (full 
analysis has not  
yet started) 

3 2 6 M 

Power Constant 
generator 
failure 

3 3 9 H Li: personal experience, 
staff‘s experience 
C:loss of supply, treatment 
failure 

ECM: standby 
generator  
provided by  
government, 
transformer with 
33KV by ICRC 
E: yes (constant 
power observed) 

1 3 3 Lo 

communi
cation 
with 
consumer 

Lack of 
communicatio
n between 
plant 
management 
and 
consumers 

3 2 6 M Li: consumers survey 
C: communication is 
essential in effective water 
supply, such as 
communication when there 
is leakage, outbreak, pipe 
burst, etc 

ECM: No 3 2 6 M 

C. Distribution 

Illegal 
connectio
ns (1) 

Loss of 
supply, drop 
in pressure  

3 2 6 M Li: site visits during 
consumers survey, 
consumers complaints 
review 
C: illegal connection 
affects water quantity by 
reducing pressure 

ECM: special task 
force assigned to 
cut-off any 
E: No (such 
connection 
observed and 
politics, 
sentiments 
involved) 

3 2 6 M 

Leakages Loss of water 
quantity, 
ingress of 
contamination 
(P, CH, M) 

3 3 9 H Li: visual inspection during 
site visit 
C: leakages allow 
contamination to enter 
pipe, reduces water 
demand, pressure and 
requires urgent attention 

ECM: repairs by 
staff immediately 
E: No; (so many 
leakages observed 
in site visits 

3 3 9 H 

Pipe 
bursting 

Loss of 
supply, water 

1 3 3 Lo Li:  it rarely happen; from 
plant operators 

ECM: action is 
taken immediately 

1 2 2 Lo 
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disaster  C:  it requires urgent 
attention  

to control it 
E: Yes; history of 
pipe burst is 
minimal with no 
serious 
destruction 

Pipes 
passing 
through 
drainage 
system 

Corrosion, 
Ingress of 
contamination 
from pipe 
perforations  
(P, CH, M) 

3 3 9 H Li: visual inspection of 
sites, water quality results: 
high turbidity(12.8NTU) 
and presence of 
Pseudomonas aeruginosa 
in collected water) 
C: public health concern. 

ECM: No 3 3 9 H 

Intermitt
ent 
supply 

Insufficient 
water 
quantity, 
ingress of 
contamination 
from pipe 
perforations. 

3 3 9 H Li: consumers survey 
C: water quality analysis 
shows bacterial 
contamination from storing 
water which is a threat to 
health 

ECM: No 3 3 9 H 

Gravity 
problems 

Loss of 
supply; that 
water does 
not reach 
some areas 
due to drop in 
pressure and 
causes 
insufficient 
water 
quantity. 

3 2 6 M Li: site visits, Consumers 
complain, 
C: due to gravity many 
areas are getting little or 
no water. 

ECM: No 3 2 6 M 

Construct
ion 
activities 

Blockages of 
pipeline with 
construction 
debris, 
breakages of 
pipeline 
allowing entry 
of 
contamination
.  

3 2 6 M Li: site visits, customers 
complaint 
C: loss of supply  

ECM: No 3  6 M 

D. Consumers 

Unhygieni
c practice 
during 
collection  

Introduction 
of microbial 
pathogen into 
water (M) 

3 3 9 H Li: visual inspection during 
consumers survey (drop of 
foreign materials into 
water), water analysis 
(presence of coliforms in 
water 
C: bacterial contamination 
affects the public health   

ECM: No 3 3 9 H 

 
collection 
vessels 
design 
for 
dipping 

Introduction 
of microbial 
pathogens 
from dipping 
hands (M) 

3 3 9 H Li: consumers 
questionnaire, site visits, 
water analysis results 
(presence of 
staphylococcus) 
C: public health concern 

ECM: No 3 3 9 H 

Lack of  
disinfecti
ng 
storage 
tanks 
regularly 

Allow algae 
growth and 
other 
microorganism
s 
(M)  

3 3 9 H Li: sanitary inspection 
visits, consumers survey 
showed low level of home 
treatment practices and 
water analysis showed 
bacterial in tanks 
(Corynebacteria Specie, 

ECM: No 3 3 9 H 



Our Changing Environment and Development edited by Jacinta A. Opara 
Metropolitan International University Press. ISBN 978-9970-9670-0-1(print);978-9970-9670-1-8(online) 

~ 179 ~ 

 

Bacillus Albus) 
C: not disinfecting storage 
tanks allows the growth of 
pathogens, thus effects on 
public health. 
 

Using 
dipper 
with 
short or 
no handle 
to collect 
water 

Possible 
contamination 
from dirty 
hands being 
immersed into 
water(M) 

3 3 9 H L: visual inspection during 
site visits, water quality 
results (presence of 
Staphylococcus albus in 
water) 
C: public health 

ECM: No 3 3 9 H 

Storage, 
and 
collection 
points 
accessibl
e to 
children  

Possible 
microbiological 
contamination 
by children 
introducing 
foreign 
materials into 
water (M).  

3 3 9 H L: consumers survey, 
visual inspection, water 
quality results(showed  
Escherichia coli in stored 
water) 
C:public health concern 

ECM: No 3 3 9 H 

 

Keys 
Lo: Low (denoted by green colour) 

H: High 

Li: Likelihood 
C: Consequences 

ECM: Existing control measure 
E: effectiveness of control measure 

M: microbiological hazards 
CH: chemical hazards 

P: physical hazards 

ICRC: International Committee of Red Cross 
Improvement plan/mitigation measures   

Table 3: proposed improvement plan for any risk that remains high even after the existing control 
measures has been installed 
Issue identified   Improvement required  Responsibility Time frame 

Farming  activities 
along the river bed  

Agricultural activities in the river bank 
should be moved away to some 
considerable distance away from the 
catchment. 

State Ministry Of 
Environment, Ministry Of 
Agriculture, Ministry Water 
Resources  

1 year 

Human defecation 
into the raw water 

Strictly prohibiting open defecation, 
Awareness programs to educate people 
about proper sanitary practices, Sanitary 
toilet should be provided to people at the 
catchment 

Ministry Of Health, State 
Ministry Of Environment, 

Uncertain  

Cattle rearing Cattle rearing should be restricted to some 
considerable distance away from the raw 
water intake side,  fencing to restrict them  

Ministry of Agriculture 
Environment And Water 
Resources 

1 year 

Dumping of refuse Awareness programs should be conducted BOSEPA 
LGA (Community Health 
Officers), local NGOS 

 Uncertain 

Recreational 
activities 

All recreational activities in and around the 
raw water source should be prohibited 

Ministry of Tourism And 
Culture, Water Resources 

6 months 

Seasonal variation  Alum dosage should be increased in the 
treatment process during hot season and 
use chemicals such as copper sulphate to 
control algae 

Water treatment plant 
management 

Immediately 
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Pre-liming pump 
breakdown  

Brand new, latest and strong pump should 
be provided 

Water treatment plant 
management 

1 year 

Aeration process 
ineffective 

Effective mechanical aerator should be 
provided 

 Water treatment plant 
management 

2 years 

Alum pumps break 
down 

 Latest strong alum pump should be 
installed 

 Water treatment plant 
management  

1 year 

Corrosion and algal 
blooms in 
sedimentation tanks 

Always maintain a balanced pH in the 
treatment systems, use copper sulphate to 
control algae and regular cleaning of the 
tank 

Water treatment plant 
management and 
operators 

Immediately  

Frequent Back 
washing Pump 
failure    

Latest backwashing machine should be 
installed 

 Water treatment plant 
management and 
operators 

1 year 

filter beds exceeded 
life span 

filter beds should be changed completely Water treatment plant 
management and 
operators 

Immediately 

Corrosion and algal 
blooms in Filtration 
tanks 

Always maintain a balanced pH in the 
treatment systems, use copper sulphate to 
control algae 

Water treatment plant 
management and 
operators 

Immediately  

Leakages in 
backwashing 
machine through 
gasket 

 Leakages should be controlled, by sealing 
the joint 

Water treatment plant 
management and 
operators 

Immediately  

Chlorine dosing 
pump break down 

Latest chlorine pump should be installed Water treatment plant 
management and 
operators 

6 months 

Post-liming pump 
break down 

Latest post liming pump should be installed Water treatment plant 
management and 
operators 

1 year 

Heavy sludge in 

Contact tank 

Should be evacuated completely Water treatment plant 

management and 
operators 

2 months 

Excessive sludge in 
Underground 
reservoir 

Should be evacuated completely Water treatment plant 
management and 
operators 

2 months 

Leakages at Pumping 
station   

All leakage point should be repaired Water treatment plant 
management and 
operators 

3 months 

Lack of 
communication 
between plant 
operators and 
consumers   

Communication system between plant 
operators and consumers should be 
enhanced(through area office) 

Water treatment plant 
management  

 
 
 
 Uncertain 

Illegal connections 
(1) 

Effort should be intensified by cutting off 
any illegal connection with no sentiment 

Water treatment plant 
management and staff 

Immediately 

Leakages All leakage point should be repaired Water treatment plant 
management 

Immediately  

Pipes passing 
through drainage 
system 

Drainage water should be evacuated on 
regular basis before water may reach pipe 
level,  

Ministry of environment Immediately 

Intermittent supply The design capacity  of the plant should 
increased by implementing the second 

Ministry of Water 
Resources, Water 

3 years 
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phase of the water supply to ensure 
constant supply 

treatment plant 
management 

Destruction of 
underground pipeline 
from other activities 
such as digging for 
road construction, 
Bridges, drainage 
evacuation etc. 

All block and destroyed pipelines should be 
repaired 

Ministry of Works, Water 
Resources 

2 years 

gravity problems  Design capacity of the plant should be 
increased by implementing Second phase 
of  the water supply to increase pressure 
so that water may rich consumers on high 
hill  

Ministry of Water 
Resources 

3 years 

unhygienic practice 
during collection  

Awareness program should be conducted 
to educate consumers  

Ministry of Education Uncertain 

 collection vessels 
design for dipping 

 Long handle vessels should be distributed 
to consumers and encourage them to 
support the use, if possible all collection 
vessels designed for dipping should be 
redesigned 

Ministry of Water 
Resources, Local NGOS, 
LGA (Primary health care) 
 
 

3 years 

Lack of cleaning 
storage tanks 
regularly 

Awareness programs to consumers to 
clean their tanks on regular basis 

Ministry of Water 
Resources, local NGOS, 
LGA (Primary health care) 

Uncertain 

Lack of  disinfection 
of storage tanks at 
home 

Awareness programs about dangers of not 
disinfecting tanks, distribution of aqua 
tablets, water guards 

Ministry of Water 
Resources, local NGOS, 
LGA (Primary health care) 

Uncertain 

Using dipper with 
short or no handle 

Awareness programs Ministry of water 
resources, local NGOS, 
LGA (Primary health care) 

Uncertain 

Storage, and 
collection points 
accessible to children  

Awareness programs Ministry of water 
resources, local NGOS, 
LGA (Primary health care) 

Uncertain 

 
Discussion 

The Maiduguri water supply has been compromised due to several human and natural factors. 
The raw water supply at the catchment showed high levels of nitrate and faecal pollution as indicated 

by the presence of E. coli. The treated water showed high turbidity and colour. The distribution 

system showed leakages which resulted in poor quality of the otherwise well treated water.  This 
study has carefully evaluated various hazards and hazardous events together with risk assessment 

using quantitative risk matrix. Further it was observed that at the consumer end the risk is higher as 
evident from increased coliforms presumably arising from household sources. In the communities, the 

hygiene is rather low as children dip their hands and also many of the water drawing cups are 

indiscriminately kept on floor or other unclean surfaces. From this point of view, the water safety plan 
comes handy to pin down the factors responsible for unhygienic conditions thereby proffering 

solutions for better water supply. 
Conclusion 

         In this study, risk assessment through evidence based analysis shows the importance of its role 

as a supporting tool for ensuring water quality, since it identifies the hazardous events, and the 
analysis of control measures provided evidence of the measures‘ effectiveness and identified the need 

for improving existing measures and formulating new measures to generate risk reduction as part of 
WSP‘s focus. Therefore participation and commitment of all stakeholders(water service providers, 

health, agriculture, water resources and environment entities, consumers, administrators, and 
catchment community) is a fundamental strategy to avoid/ reduce health risks by defining appropriate 
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mitigation plans (corrective actions, infrastructures, designs, supporting programs). Some viable 

mitigation plans are recommended to the water Treatment Facility managers. 
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Chapter 21 
The Arts of Waste to Wealth: Towards Environmental  

Sustainability in Nigeria 
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Abstract 
This paper examined the Arts of converting waste to wealth, towards environmental sustainability in 
Nigeria. The concepts of waste and waste management of reduce, re-use and recycle through various 
processes, particularly artistic processes were analyzed. Art as a concept and how artistic activities 
help to convert waste to wealth as well as invaluable contributors of some artists in the waste 
management and environmental sustainability were also analyzed. The paper also acknowledged the 
efforts of the Federal Government of Nigeria, through promulgation of decrees and establishment of 
various agencies and other legal frame works aimed at curbing the menace of poor waste disposal 
and ensuring a safe and sustainable environment. The paper concluded that, artistic activities, 
through junk collection and assemblage compositions are viable approaches to ensure a safe and 
sustainable environment. It was recommended that, visual artists should be involved in decision 
making, environmental policy formulation as well as planning, designing, redesigning and construction 
of urban renewal projects and programmers.  
Keywords: Arts, Waste, Wealth, Environment  

 
Introduction 

Our environments are rather enriched with uncared attitude of human activities which result 

in the littering of unwanted materials called waste. The so-called waste is rather unexploitable 
potentials that can become source of pleasure and wealth. According to Precious (2018) unminded 

resources have earned the name environmental waste instead of untapped natural wealth. 
The word waste in a passing evokes the feeling of negativity, degradation and unwantedness. 

A common understanding of waste is the unwanted by-products of human activities which are 

generated from and within the environment. William (2004) asserts that waste could be domestic, 
industrial; chemical, biological or toxic, depending on the source. Suffice to mention that, the world is 

full of human activities that have great impact on the environment negatively or positively depending 
on the mode of utilization, expression or exploitation. The impact of the human activities results in the 

increase of waste production, arising from rapid increase in population, exploitation and utilization of 

human and natural resources. Emukoha (2011) asserts that, man lives in an environment which posed 
complex problems. However, for him to survive in this environment, he must be able to solve several 

problems. This may include overcoming the threats posed by environmental waste. 
Akpan (2017) mentioned that one of such complex problems is environmental waste which 

threatened human health and survival. It is worthy of note that over the years efforts have been 
made towards curbing the menace of waste for the environmental sustainability. These may take 

different dimensions and approaches, notably, waste management. Waste management are the 

activities and actions required to manage waste from its inception to the final disposal; from the 
collection, transportation, treatment and disposal of waste, together with monitoring and regulation of 

the waste management processes. It is intended to reduce adverse effect of waste on human health, 
the environment or aesthetics. Waste management processes, are approached at different levels. 

Governmental; municipal solid waste which is the bulk of the waste that is created by household, 

industrial and commercial actions are handled by the government. The Federal Government of Nigeria 
has also put in place a legal frame work aimed at curbing environmental degradation. In 1987, the 

Nigerian Government promulgated the Harmful Waste Decree (HWD) which provides the legal 
framework for the effective control of the disposal of toxic and hazardous waste into any environment 
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within the confines of Nigeria. This was immediately followed by the creation of a regulating body, the 

Federal Environmental Protection Agency (FEPA) in 1988. FEPA is charged with the overall 
responsibility of protecting and developing the Nigeria Environment. To put this into action, a National 

Policy on the Environment (NPE) was developed. This is the main working document for the 
preservation and protection of the Nigerian environment. States and local Government Councils were 

also encouraged to establish their own environmental regulatory bodies for the purpose of maintaining 

good environmental quality as it applies to their particular terrain (Echefu and Akpofure,). 
The task of maintaining a safe and sustainable environment requires much more than the 

government alone. It calls for creative approaches by the individuals or groups. Owen (2011) opined 
that cycling and recycling of domestic and industrial waste together with their by- products should 

become a way of life, while virgin materials should be used in manufacturing of goods. According to 
the author, a safe environment will demand waste reduction and waste recycling industries which 

must have to largely replace garbage collection and disposal companies. 

Williams (2004) define recycling as the process of putting unwanted materials in the 
environment into a continuous use, beneficial to the ecological environment. Another important 

approach to waste management is junk collection by Artistic expression called Assemblage. This is 
indeed central to this paper. Assemblage is an artistic expression, defined by the arts of recycling or 

converting waste or discarded materials into a noticeable, appreciable and adorable piece, capable of 

generating economic, utilitarian and aesthetic values, aimed at a safe and sustainable environment. 
THE CONCEPT OF ARTS  

Scholars have attempted to define ―Arts‖ in different ways based on their view points. The 
word Arts is a generic word which expresses various ways of artistic or creative endeavors. Arts in this 

context refer to the artistic expression in visual forms which appeals to such sensory stimuli as vision, 
tactile, and emotions. Arts is a medium of expression, it has the power to both represent reality and 

express it (Mbelu, 2005). In the opinion of Akpan (2005). Arts is something that people feel has value 

because it is beneficial and expresses ideas. Arts has so many directions, serves so many purposes in 
such a variety of ways. 

A work of arts is simply a creation made by human hands, not by nature. It is part of man‘s 
inner nature to create, to communicate, to use symbols and to seek approval for these activities while 

first satisfying the inner need to ―make‖ something out of inanimate materials (Okonofua, 2009). The 

author added that, the artist makes things that are reflective of his desire rather than the demands of 
the audience. The artist make works that both serves his or her own need to express an idea through 

the use of particular materials and uses a visual language requiring the audience to interpret the 
usage and the skills of the artist. Nwoko (2005) observe that, Fine Artist uses vast numbers of 

materials, processes, and delivery systems to turn the personal visions and ideas into tangible, 

copyrightable and marketable creations that others can view, share and buy. According to Jensen 
(2001) Arts promotes the understanding and sharing of culture, social skills enhances the awareness 

and respect of others as well as perceptual and cognitive skills. 
Art according to the opinion of Umoru (2002), is a study and practice of both letters and 

forms. A practice which involves all human activities, yet a number of people are ignorant of their 
abilities and extent of their involvement in art activities. ‖indeed of all human studies and practices art 

is the most diverse in its usefulness to man and his environment. 

The scope of art touches mankind at several points; it is an integral part of all human 
activities. To streamline art therefore to a few master pieces of geniuses is to deprive human nature 

of its salient spices, which gives the vitality we deserve. Individuals make use of their school 
knowledge in their daily lives with the help of the skills and knowledge they have acquired in the field 

of Art (Art-2011). 

It is often said that ―artist create order out of confusion‖, turn undesirable to desirable. These 
assertions expresses in practical terms, the path way into converting junk collections into valuable 

pieces through assemblage composition which ultimately convert waste to wealth, for the 
sustainability of the environment. 
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THE CONCEPT OF WASTE MANAGEMENT 

 Waste management is of different concepts, approaches and hierarchy. Waste management 
involves scientific, artistic and technological approaches to waste control, disposal and conversion to 

other useful materials which are beneficial to man and the environment. The principle of waste 
management revolves around the ―3 Rs‖, namely, reduce, re-use and recycle. They are classified 

according to their desirability in terms of waste minimization. The aim of the waste hierarchy is to 

extract the maximum practical benefits from products and to generate the minimum amount of end 
waste (Reduce). The next steps is to seek alternative uses for the waste that has been generated (Re-

Use). The last stage in the hierarchy includes composting (Recycle). This hierarchical approach is also 
considered as material recovery or waste-to-energy strategy. 

The waste hierarchy represents the progression of a product or materials through the 
sequential stages of the pyramid of waste management. It represents the latter parts of the life-cycle 

for each product. William (2004) opined that, waste can be recycled by converting waste products and 

unwanted water through various technological processes into drinking water and other domestic, 
industrial and agricultural uses. 

Akpabio (1999), Udofia (2016) confirmed that, studies in the laboratory were shown that the 
discarded pseudo stem and fibre of Musa species can be utilized or converted into paper making and 

bio-alcoholic. Through systematic approach to waste management, waste products can be converted 

to wealth. According to Akpan (2015) wealth created through conversion of waste has to do with 
harnessing and sensibly packaging of waste resources at ones disposal. In other words, discarded 

waste could be as well be utilized to produce more useable items. Also, Obot (2014) explained that 
recently, animal feeds are produced from discarded periwinkle shells, bones of animals and fishes and 

other calcium related materials. In the field of Art, collected waste items are also creatively designated 
as ―found objects‖. 

An artist constantly, look more deeply into any object use or unused, and with a ―third. Eye‖ 

in order to relocate them and make them more appreciable and acceptable. Austin (2018) opined that 
found objects are gotten from the ground, forest, old or new areas. The essence of evaluating waste 

in the environment through whatever approach, is for safe and sustainable environment. 
WASTE MANAGEMENT IN ARTS 

We are products of our environment (society). What affects one, affects all. Therefore, the 

adverse effects of waste management and solutions should be a concern of all who resides in an 
environment. There is no gain emphasizing the facts that Government at all levels in Nigeria are 

making frantic efforts through legislations and other pragamatic approaches, towards ensuring a safe 
and sustainable environment. There is however, a clarion call for all and sundry to take active part in 

the environmental protection and sustainability. Artists as part of the environment cannot be an 

exception. It is worthy of note that artists have been in the task of sustaining our environment 
through his professional practices. Others see discarded materials as waste, while artists sees them as 

found objects. Waste dumps or disposals, are rather a ―super shop‖ for an artist where he goes to 
shop for found objects otherwise called junk collections. 

Found objects are discarded mechanical parts, house hold cans plastics, electrical unwanted, 
factory condemns, abattoir throw-away, super market empties, Cobbler‘s rejected; welders‘ cut-offs. 

Carpenter‘s cuttings, electronic use lessees etc. 

According to Esaak (2019) found (objects) can be anything organic or manmade. Such as 
scrapes of wood, stones, old shoes, backed beans cans and discarded baby buggy or any of the other 

84,000,000 items not have mentioned by names all quantity for inclusion in an assemblage. The 
author added that, whatever catches the artists eye, and fits properly into the composition to make a 

unified whole, is fair game. We all know that you are supposed to reduce, reuse and recycle, but for 

artists, reuse and recycle often have totally different meanings than they do for the rest of us 
(Harness, 2012).The contributions of arts in the environmental protection and sustainability can not 

be overemphasized. The process of gathering of found objects, other wise called fund collection is a 
pragmatic approach towards waste management in our environment. The aim of junk collection is 
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inert to the artist, but will soon be expressed through an artistic composition known as ―assemblage.‖ 

The artists‘ way of waste disposal better called waste exposal is definitive and infinite. The artists does 
not discard waste items rather, he sustains them in an amazing manner. The artist gives a more 

active life to once lifeless, discarded and forgotten objects, through assemblage composition. 
WASTE TO WEALTH (ASSEMBLAGE) 

According to Essak (2019), assemblage is a form of sculpture comprised of ―found‖ objects 

arranged in such a way that they create a piece. Assemblage is a contemporary artistic expression 
and technique which is definitively original. No assemblage work can be successfully copied because 

of the principles governing it production and rendition. Junk collection of ―found‖ objects is the first 
stage in the rendition of assemblage sculpture. Most of the rendition of assemblage composition 

occurs unconsciously. The artist may not need to conceive the work before gathering the materials. 
Often he conceptualize the piece by a flitching of eyes or a second look into an object or objects. This 

will then followed by a journey to no where ―that may end up in a waste dump, road sides, market 

square, mechanic workshops, in fact anywhere. The second stage will be display of the ―found 
objects‖ in the studio or workshop. At this stage, the artist will embark on ―journey to the world 

unknown‖ where he immersed himself into a deep contemplation, soliloquy and mental interaction, 
with himself and the‖found‖ objects. 

The third stage will be assembling of the various collections through welding and other 

methods to form a piece of his dream resulting from the mental interaction. Finishing, installation and 
display or exhibition concludes the process. Assemblage pieces adorns private homes, hotels, 

cottages, and other public spaces, both indoors and outdoors as well as in the collections of famous 
Museums and Art Galleries in the world.  

TREASURES OF WASTES 
It takes only the artist to turn waste into treasures. Whoever attempt it, is carrying out artistic 

activities, then he or she is an artist. ―In spite of our ignorance, it does not preclude us from what we 

do. ―We are by our actions artists in our own right, though our talents are latent‖ (Umoru -2002). 
Many contemporary artists have made impacts in the art of waste to wealth. A few will be mentioned 

in this paper. Notable amongst them are; 
THE LEGENDARY PABLO PICASSO  

Pablo Picasso must have long gone, but his master pieces lives on. Picasso‘s works expresses 

covertly or overtly, the prevailing circumstances of his time, his inner being, his emotions and 
thoughts in his works. His assemblage piece ―Dearth’s Head (1943), a bronze sculpture of a pitted, 

scabrous skull, Joie de vivre etc which he did during the word war II ―expressed his bleakest 
moment. Picasso‘s most famous assemblage work, entitled: ―Bull’s Head” (1942) was done during 

one of his wittiest period.―Bull‘s Head‖ is a sculpture made from a discarded bicycle saddle and 

handlebars. The work consists of two elements. The identity of the found objects, though not 
disguised, isn‘t emphasized. There is no attempt to play down the real-world identify of the 

constituent parts. Gibson (2011) asserts that the Bull’s Head sculpture reductiveness and simplicity 
draw attention to it. Concerning the sculpture, the author opined that ―At once both childlike and 

highly sophisticated in it‘s simplicity, its stands as an assertion of the transforming power of the 
human imagination at a time when human values were under siege. 

―Death‘s Head (1943), 

 
 

 
 

 

 
 

 
 



Our Changing Environment and Development edited by Jacinta A. Opara 
Metropolitan International University Press. ISBN 978-9970-9670-0-1(print);978-9970-9670-1-8(online) 

~ 187 ~ 

 

“ 
Bull’s Head (1942) 

 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 

 
 

MICHELLE READER  
Reader is noted for her famous work, ―Seven Wasted Men‖. The piece was made from one 

month of household waste from the family. The work is a portrait composition of a family from where 
she collected the junks. The material not only highlight a need to address the amount of waste each 

of us produces, but also tells the story of each individual through the things they discard: a child‘s 

drawings, a shopping list, a birthday card etc. The artist enjoys working with discarded household 
waste, recycled them into sculpture, also incorporating mechanical elements such as the working part 

of toys and clocks. To turn wastes into treasures, Reader also source her materials from city dumps, 
road sides and thrift shops. Her popular quotes ―I try wherever possible to use materials that are 

reclaimed, things with history that have been discarded and might otherwise end up in landfill.  
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―Seven Wasted Men‖ 

KEBREAB DEMEKE 

kebreab is an Ethiopian artist noted for his assemblage piece lilted: “jerekina” a word coined 
from his local dilate which means jerry can. The artist was bothered about the ubiquitous nature of 

discarded cans, which littered every nooks and crannies of his nation‘s landscape. To the artist, it was 
time to gather the once waste, to make them treasures, not just as waste management approach, but 

to make them treasurable. In this work, he shows the making of man made tree from a collection of 

Jerekina, now a source of inspiration for much of his works. 

 
―Jerekina‖ 

STAMISLAUS ODINAKA 

The artist specializes in painting from the Department of Fine and Industrial Arts, University of 
Uyo, Nigeria. He is a multimedia artist who has experimented on various materials to express his 

feelings in art. In this art project, the versatile artist embarked on series of junk collections of 
thousands of bottle-corks, ranging from plastic to light can corks of varied corks, stock on a two 

dimensional surface, to depict a city sized portrait of a forward looking advanced  man entitled; 

―Okonofua‘s Face‖ (2014). Okonofua is one of the most favorites art teachers in the University of Uyo 
Art School. This is the artists little way of evacuating the bio-degradables from the streets and 

neighborhood, towards, a safe and sustainable environment.  
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―Okonofua‘s Face‖ (2017) 

EDIDIONG JAMES 
Edidiong is a budding but prolific artist from Akwa Ibom State, Nigeria. He is dexterous in  the 

use of mix media to render sculptures. Tricycle popularly called (KEKE NAPEP) is a popular means of 

transportation by the middle class all over the cities and major towns in Nigeria today. In this piece, 
entitled ‖keke Rider‖ the artist tries to render a table-top 3-demensional sculpture made up of 

discarded welder‘s and mechanical parts, assembled in an assemblage piece. Collecting discarded 
materials from the junks and the streets is a practical approach to waste management, ultimately 

converting waste-to- treasure-to wealth. 

 
―Keke Rider‖ (2017) 
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JOHN AMANAM 

Amanam popularly called ―Immortal‖ by his contemporaries is an up-coming artist whose 
mixed-media city-sized sculpture entitled; “Tomorrow” (2017) has earned him a national award and 

fame. The piece made up of fibre glass half of the figure and found objects which x-rays the interior 
anatomy of an energetic, stout and stained looking middle-aged man.“Tomorrow” projects into the 

future, where technology will rule the affairs of men. Carefully and proportionately assembled, the 

artist collected mechanical parts to expose the skeletal half of a living being. The figure, deeply gazed 
into the found electrical mega bulb which he re-used to depict a globe, representing tomorrow‘s 

world. In achieving this work, considerable pieces of discarded materials were collected and re- used. 
This is a significant contribution to waste management and public space beatification. 

 
―Tomorrow‘s‖ (2013) 

OTHER WASTE MANAGEMENT EFFORTS BY THE ARTISTS 
Other waste management efforts approaches creditable to artist in the waste management; 

waste- to-wealth processes also include; 

WASTE PAPER RECYCLING  
According to Williams (2004) old news papers, waste newsprint and other papers which litter 

our streets, homes, offices, schools etc, should be effectively and efficiently converted. The artist 
collects the waste papers and re-uses them to produce an art piece through a process called papier 

Mache. Cut out papers and newsprints are also used to produce a piece called Collage. 
BROKEN BOTTLE RECYCLING 

The process of recycling could be employed into converting broken bottles and glasses into 

new ones. For example, glass plates, drinking glasses, car screen, decorative glass, flower vase are 
but a few products done by recycling of broken glasses. The ancient decorative material called Mozaic 

is one of the most fascinating approach to re-use the broken glasses. Broken coloured glasses 
carefully and artistically mounted are to create decorative piece on the wall. Today industrial mosaic 

tile are available for used to show advancement in technology. 

CONCLUSION 
Waste management can be achieved through diverse processes by different platforms; 

Governmental, Organizational, Communal as well as individuals. From the Harmful Waste Decree, to 
the creation of Federal Environmental Protection Agency (FEPA) in 1988 the Federal Government of 

Nigeria developed the national policy on the Environment to put into action the essence of 
establishing FEPA. FEPA empowered the States and Local Governments to establish their 

Environmental Protection Agencies, consistent with the demands of their terrain, as a follow-up to the 
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federal government‘s efforts. The 3 ‗Rs‘ reduce, re-use and recycle is a sine-quo-non for waste 

management. It could be approached industrially, mechanically and or manually. The artists are in the 
integral part of the process, carrying out the task in an amazing way. The Junk collection of ―found‖ 

objects is a unique way of ensuring a clean and safe environments and the end product which is the 
Assemblage Composition is the waste–to-wealth outcomes, towards a safe and sustainable 

environment.  

RECOMMENDATION  
Government of Nigeria and other various countries of the world, should embrace, encourage, 

appreciate, patronize and also include the visual artists in the policy making concerning environmental 
protection as well as public space and urban renewal planning designing, redesigning and 

constructions.  
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Chapter 22 
 

Environmental Pollution and Health Issues: A Proactive Approach to 
Environmental Sustainability in Contemporary Society 

 
Akerele, Stephen Segun and Ikhioya, Grace Olohiomeru  

Ambrose Alli University, Ekpoma 
Abstract 
Certainly, environmental pollution has adversely affected individual‘s health condition. Pollution of the 
natural environment exists due to human activities either through rural and urban drift. 
Industrialization and the rapid waste of urbanization and lack of adherence of development practices 
have resulted into negative environmental health problems. The main thrust of this paper is centered 
around environmental pollution and the associated health risks, proactive approach to environmental 
sustainability in contemporary society. The paper also discussed the approaches in combating health 
effects of environmental health hazards, waste management processes for environmental 
sustainability and the health risks associated with environmental pollution. The paper included that 
general environmental pollution arises due to constant human activities on the natural environment 
and this eventually allows bacterial and other microorganism to be comfortable in the polluted 
environment. It is on this premise that the paper recommended among others that proactive 
measures should be taken to ensure sustainable environment through the organization of health 
education programmes  
Keywords: Epidemiology, pollution, pollutants, proactive Environmental sustainability. 
 

Introduction 

The environment is the framework or basis in which lays the solid foundation for future 
development. Therefore the concept of environmental pollution should clearly demonstrate the critical 

need to protect the environment, be it land, water or air through practices that are sustainable and 
free form vagaries of human activities , growing pop0ulationb and the constant human activities on 

the environment have led to the systematic environmental pollution of the estimated global are half 

billion (500million) health issues as a result of pollutants arising from environmental pollution 
annually, 90% of the world‘s environmental problems according to (WHO, 2010), occur in sub-

Saharan Africa. Productive individuals are among the important high risk group involved in 
environmental pollution which occur as a result of human activities. This trend has continued to 

impose a formidable challenges and threats to countries. A lot of health hazards has been variously 

described as a serous menace to good quality of healthy living growth, productivity and Sustainable 
Development in African (Williams 2016). 

Deteriorating  health conditions of citizens in the sub regions of Africa over the decades could 
obviously be attributed to a number of factors such as; poor health practices, inappropriate health 

policies, poor knowledge of environment cleanliness which emphasis over reliance on curative 
measures rather than preventive measure of combating diseases in the environment. It has been 

noticed according to Davidson (2015), that the understanding of the epidemiology of environmental 

pollution and occurrence of health issues with specific reference to the interrelationship between 
socio-economic and socio-ecological processes are important risk indicators which should be focused 

upon by the anti environmental pollution services or operations in order to be successfully stein 
environmental pollution and the associated health problem scourge. In considerable of the negative 

effect of pollution and the associated health hazards priority attention has continually been directed at 

strengthening towards addressing environmental problems (Imeh 2002). The occurrence of 
environmental pollutions is as a result of the misuse, deliberate or accidental release of solid and 

liquid waste in the environment these human activities has been associated with potential health risks 
to human and ecological hazards and disasters Gregory (2017), posited that the realization of the 
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negative effect of environmental pollution and the corresponding health hazards has threatened a 

number of countries in sub Saharan Africa to introduce health related policies, legal and regulatory 
instrument as measure to mange or stem the problem of a environmental pollution are of the 

responses to this environmental pollution was the Cartagena convention, the UN‘s  Economic 
Commission Protocol in the Convention on Air, Land and Water Pollution. 

However, recent statistics from the World Health Organization (WHO), shows that in Sub-

Saharan Africa, 20% to 30% of respiratory disease and other commutable diseases may be 
exacerbated or caused by indoor and outdoor human activities.  These statistics is worrisome 

especially when are considers that Nigeria‘s accounts for about 20% of the population of sub-Saharan 
Africa.  

Health Risk and Environmental Problems from Natural Gas Flaring 
 Natural gas flaring is a discernable human influence on climate change that is associated with 

an increase in the concentrate of green house gases, including carbon dioxide (Clark 2015). This 

phenomenon is attributed to several human activities describing its negative effect. Today the 
diversity and complexity of this scenario definitely unite the twin problem of growing environmental 

pollution and its associated health hazards. It is glaring from all indications‘ that the cost of 
environmental pollution due to human activities are enormous. For instance, Allen (2016), observed 

that environmental pollution has directly damages health and reduces quality of life and potential life 

span and also capable of damaging natural communities, plants and animals and in the find analysis, 
transgresses national boundaries both in space and in time. The control of environmental pollution 

through natural gas flaring will be complicated mixture of individual and governmental actions and 
policies since the environment is a complex interaction of many ecosystems that need control 

measures. Most present and past government in nations of the world, particularly countries in 
developing nations of the world are particularly conscious of the environmental problems and the 

associated health hazards that are minimal to the health status of her citizens. Hence the 

consciousness informed the establishment of parastatals directly responsible for solving environmental 
problems in urban and rural communities.  

Environmental Pollution: A Growing Health Issue 
Environmental pollution is a monumental reflection of human activities on the environment 

and this has severally posed a lot of challenges to our nations development, (Greg 2016). There is a 

growing need for the protection of the human habitat from this emerging health hazards. In order to 
unveil the current trend of our environment and to take a proactive view and the requisite action 

corroborative effort by various stakeholders in environment is inpeit is imperative in this regards. 
Therefore, stakeholders commitment towards positive and cleaner development in protecting the 

environment need to be re-invigorated at all times. Due to the impeding negative effect and the 

subsequent health hazards associated with environmental pollution, attempts and ways to consolidate 
government efforts across the nations of the world has poured to be action-based plan for or an 

effective evolution and implementation of environmental laws. The healthy growth of socio-economic 
and socio-cultural development of most nations of the world largely depends on the extent to which 

the environment is protected. The capabilities to download and maintain mutual benefits for the well 
being of humanity in the environment is also attributed to the efforts various administration of past 

and present government in both developed and developing nations across the globe. Environmental 

pollution by virtue of human activities posed serious threat to the health conditions of the inhabitants. 
The corresponding negative effect of environmental pollution is the development of communicable 

disease such as diarrheal diseases, malaria schistosomiasis, bacillary and dysentery and all the likes. 
Environmental health hazards occurs through the human activities on land. Some of these activities 

according Raymond (2015), include; 

1. The dumping on land of improperly treated or untreated sewage and industrial wastes 
2. Unsanitary disposal practice of excreta and  

3. The indiscriminate use of chemical such as fertilizers, pesticides and other agricultural agents.  
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Environmental pollution which is often aggravated by raped urbanization and industrialization 

and by intensive petroleum activities particularly in the Niger Delta region in Nigeria has tremendously 
developed into a degenerative health problems. The decline in quality health condition of citizens in 

environmental pollution prone areas has subsequently created a negative impression that land-based 
activities (LBA) are directly responsible for individual poor health or death at individual. It is essential 

to develop proactive methods for identifying the preventive measures rather than curative measures. 

Significant improvement in the control of environmental pollution and maintenance of personal 
hygiene require certain underlying changes in peoples‘ behavior even though it is difficult. For 

instances, hygiene education could serve as a measure in changing people‘s behavior, attitudes, 
knowledge and skills 

Proactive Approach in Combating Health Effects of Environmental Health Hazards. 
As a determinant of individual health status, it is essential to develop approaches that are 

proactive in nature for identifying the effects of environmental health hazards. Collins (2016), 

maintained that environmental health is concerned with the control all physical, chemical and 
biological processes influences and such factors that exercise or may exercise by direct or indirect 

means. However proactive measure that may serve as variables that is capable of producing heighted 
indices of combating environmental health problems within a specific region in contemporary society. 

Essentially, a national and combine special environmental health program to educate individual and 

the associated health problems arising from environmental pollution is imperative. As a proactive 
approach in the environment its successful implantation will largely depend on a number of factors 

which include among others funds, man power, good administration in the effective management of 
the environmental health problems (Davidson 2015). Similarly, a good working relationship between 

community and other stakeholders of environmental issues will provide a sustainable environment for 
productivity. As a matters of fact, provision of capacity building initiative is paramount in other words, 

complementary social support and understanding is considered a parameter in ensuring sustainable 

environment. The crux of the issue is that, while environmental experts provide adequate 
methodology to expand the horizon of knowledge for combating environmental health problem due to 

human activities it is the desire of every individual to acknowledge the imperatives of environmental 
sustainability. 

Theoretically, many factors contribute to the several health issues in the environment, 

According to Kovda (2013), the urban and rural integration of people across various borders and their 
subsequent accumulation and deposition of pollutants are directly responsible for the filthy 

environment all over the world, Urbanization and industrialization are the primary factor that has led 
to the formation and accumulation of environmental health problems. Both solid and liquid wastes are 

components of pollution that may not be compatible for individual to co-habit in the environment. A 

proactive government will consider provision of adequate drainage system and after water ways and 
application of all forms physical efforts of individuals to control and discriminate disposal of solid and 

liquid waste in the environment all over the world particularly countries in sub-Saharan Africa are 
prove to environmental health problems due to excessive human activities. Problem of Environmental 

Pollution is seemingly a complex issue that requires scientific and technical approach. According to 
statistical data of United States Environmental Protection Agency (USEPA) the total annual municipal 

waste products has grown tremendously (Greg, 2016). In the Sub-Saharan Africa world, several 

packed foods are solid in nature. These food packed like, bread, cornflakes, salad creams and all the 
likes, constitute environmental effluent that may serve as pollutant when these items are carelessly 

deposited in the environment.  
           For the purpose improving socio-economic status of most nations of the world particularly the 

less developed nations has severally device means of utilizing these solid waste such as the 

application of the 2Rs (Recycle, Reuse and Reduce) to ensure that these solid waste are useful for 
other purposes. Environmental pollution in major cities of the world increases in quantity over time 

Margon (2016), observed that much of these wastes remain ungraded thus constituting a major 
source of environmental pollution and eventually leads to health hazards. 
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Health Risks and Environmental Pollution  

Until the last quarter of the 20th century, environmental pollution either in solid or liquid form 
were assumed to lead a primarily the major cause of ill health and eventual death of individuals (Cole, 

2015). Therefore, the study of environmental pollution can be considered a paradigm shift for these 
changing concepts in environmental and its associated health risks. Communicable diseases such as 

diarrheal, diseases, malaria, schostomiasis and a host of others and strike well in environment that is 

polluted due to constant human activities. Infectious diseases are capable of replication and 
proliferation in such polluted environment to the extent that it cut across a significant number of 

areas. This nomenclature according to clerks (2016), will prompt the outbreak of epidemic diseases. 
Since one can easily assume that environmental pollution is paramount to the micro-organism‘s 

existence and that the bacteria live as a free-living organism in a natural environment. It becomes 
very imperative to device measures that can alleviate the health risk. In view of these associated 

health challenges, public health implications, and the conceptual approaches to environmental disease 

prevention will to a large extent provide lasting solution to several environmental problems. Solid and 
liquid wastes are the major reservoir of bacteria, the bacterial are found in polluted natural 

environment worldwide. The study of Hurst (2017), confirmed that over 90% of all documented cases 
of health problems in developing countries of the world is as a result of human activities on the 

natural environment; This has severally call for serious health concern. Perhaps the most common 

man-made device that has been considered appropriate for solving environmental pollution is to 
ensure consistency in providing health education programmes in the Sub-Saharan Africa region. This 

man-made device, is considered adequate only if proper consideration is given by relevant 
stakeholders for effective consideration. Environmental pollution according to Collins (2016), poses the 

most serious health challenges as air movement is impossible to control. However, the following 
control strategies will to reasonable reduce health reduce health risk due to environmental pollution: 

- Prevention of exposure of susceptible individuals to environmental pollution prone areas. 

- Reduction in urban and rural drift (urbanization).  
- Management of solid and liquid waste by manufacturers and other individuals in the environment.  

- Relocation of wastes to an isolated environment and proper treatment of waste should be ensured 
at all times.  

- Application of the 3Rs (Recycle, Reuse and Reduce mechanisms should be intensified. 

Conclusion 
In conclusion, environmental pollution seems to have extensively studied the biology and 

sociology of human activity on the natural environment. Since from all indications, bacteria drive well 
in polluted environment to the extent that the natural environment is colonized by bacteria due to 

pollution. Individuals must need to be on constant guard or else microbes will mock his modern 

comfort zone and take over this comfortable environment. Quite uneasy truce; the power of bacteria 
in our natural environment due to human activities is never to be underestimated. 

Recommendations  
If environmental sustain ability is to be considered as a yardstick for effective healthy living, 

the following recommendations are made for consideration.  
 Sustained health education campaigns should be mounted to sensitize the residents in society on 

the importance of proper waste disposal.  

 Relevant stakeholders should have a matter of urgent consideration provide effective service 

delivery in evacuating all forms of wastes at regular interval  

 Effective mechanism such as organization of training programs on waste management activities 

should be intensified. 
 Facilities and equipment should be provided in the treatment of waste products   
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Chapter 23 
Modelling Inland Water Quality using Gis of Powai Lake  

A. Usman 
University of Maiduguri, Nigeria 

Abstract 
Powai lake has been strongly invaded by pollutants in which lead to the eutrophication in recent years. 
As a result, their residues in sediment, water and biota have been detected in the lake. This study 
investigated the effluent areas and evaluating the potential impact on aquaculture sites using 
Geographical Information System (GIS) tools concurrently with the conventional method. Water samples 
were collected for Pre-monsoon, Monsoon and Post-monsoon on a monthly basis. The finding 
revealed that productivity of the lake in term of nutrients varies with the season of the year. This 
research indicates the potential relationship between GIS and conventional methods of data obtained 
for water quality. The model has several significant uses such as provide information to policymakers 
for a more harmonized development for water quality in the future and provides data for aquaculture 
investment analysis to decrease the hazards caused by pollution. 
Keywords: GIS, Water quality, Pollution, Aquaculture, Powai lake 

 
Introduction  

Geographical Information Systems (GIS) are geographical computational systems which 

enable data acquisition, storage, integration, analysis and display of model results (maps or tabular 
outputs) (Burrough 1986, Wadsworth and Treweek 1999, Carocci et al., 2009, Khongpuang 2011). 

GIS has been used in many fields related to urban, rural, environmental planning, natural resource 
management, health and emergency planning, infrastructure organization, marketing, estate, 

agriculture and forestry, and coastal management (Liao and Tim, 1994). A GIS is usually organized in 
5 components including data, hardware, software, procedures and users. 

 
Fig. 1: Components of GIS 

The hardware provides the core processing power and input, storage, manipulation and 
display of results. The GIS software complements this and enables control of all activities in GIS such 

as capture, storage, database management, manipulation, analysis, modelling and display (Scholten 

and Lepper 1994, Eastman 1999). Data is perhaps the most critical component and can be divided 
into two types; spatial and attribute data. The spatial data is represented by raster and vector data 

structures (Nath et al., 2000) which describe the shape and geo-position of an object on the earth, 
whereas attribute data illustrates the qualities of those objects (Luc 1992, Eastman 2006, Khongpuang 

2011). The effectiveness of how GIS is applied depends upon the knowledge and understanding of 

the users who define the procedures and methodologies to be applied to any spatial problem 
(Burrough 1986, Liao and Tim 1994, Wadsworth and Treweek 1999). 

Working principles of GIS 
The working principle of GIS is outlined in Fig. 2. Input data is the primary material which 

usually comprises a variety of data types originating from maps, tables, databases, and data logger 
files, field instruments, satellite images or the Internet. The system employs these data and process 

under the control of users. The processing steps in GIS is usually known as capturing, encoding, 

editing, storing, retrieving, manipulating, analyzing and displaying. After processing step, the system 
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provides the outputs which can be displayed in similar form of input data such as reports, maps, 

images, tables, GIS models, data and database.   

 
Fig. 2: A conceptual diagram of a GIS.  

Source: Nath et al., (2000) 
The use of GIS for decision support in water quality 

GIS can be used as a powerful facility for assisting decision-makers in many fields. GIS 
can provide geo-referenced model outcomes and supporting information to entrepreneurs, developers, 

policymakers and regulators at a variety of spatial scales. When spatial models are developed by 

skilled end-users, they are of particular value in identifying optimized sites for aquaculture and zoning. 
There are many examples of studies applying GIS to aquaculture site selection (Kapetsky 1989, 

Kapetsky et al., 1990; Nath et al., 2000), or to contribute to the sustainability of aquaculture (Longdill 
et al., 2008), and for managing the development of fisheries  and  aquaculture  (Meaden  and  

Kapetsky 1991, De Freitas  and Tagliani,  2009).  

GIS models have also been used to identify suitable sites for aquaculture and coastal planning 
(Luis and Perez 2012, Latinopoulos et al., 2012), for shrimp site selection in coastal areas (Salam  et 
al., 2003; Giap et al., 2005; Rajitha et al., 2007), and for cage aquaculture (Ross et al., 1993; Halide 
et al., 2009). GIS has also been used for planning and management of inland aquaculture (Kapetsky, 

1997) modelling for carps and native species (Salam et al., 2005; Peredo-Alvarez, 2011), giant prawn 
(Hossain and Das, 2010) and catfish culture (Kapetsky et al., 1988). GIS has also been applied to 

define suitable sites for valuable shellfish culture in several regions including oyster (Buitrago et al., 
2005; Cho et al., 2012), scallops (Radiarta and Saitoh 2009, Radiarta et al., 2008) or to evaluate the 
impacts from environmental issues to aquaculture species  (Silva et al., 2011) and predicting 

production for cockle and mussels (Khongpuang 2011). 
Mathematical models for environmental modelling integrated with the GIS 

GIS can significantly enhance the management and visualization of ecological models as it 

provides a framework and tool for spatial mathematics, enabling encoding, spatial analysis, 
manipulation, and presentation of model outputs. The most applicable utility of GIS in aquaculture and 

natural resources management is as a Decision Support System (DSS), which is a computerized 
system based on calculating various alternatives scenarios and their calibrated values which aim to 

support decision-makers, planners, managers and stakeholders in resolving problems. A DSS has the 
benefit of adaptability, flexibility, economic efficiency, and support for modelling by decision-maker.  

DSS within GIS can be built for carrying a number of functions. 

Study area 
Mumbai, situated in the state of Maharashtra along the west coast of India, is a coastal 

megacity (with a population more than 10 million), as well as the commercial capital of the country. 
Along with the elevated population level, the region is also heavily industrialized, which adds other 

pollutant loadings to the region (Paramita 2012). Massive industrialization and urbanization in the city 

have harmful effects on the environment, especially the aquatic ecosystems. Powai is an artificial lake 
situated in northern Mumbai. Powai name after Farmaji Kavasji Powai Estate created for drinking 
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water purpose by constructing dams between two hillocks across Mithi River. Powai- Kanheri hill range 

forms the catchment area of the lake. Powai Lake is situated in the suburban area and the water is 
used only for non-potable purposes, that is, gardening and industrial purposes as the water quality 

has deteriorated. It is located between latitude 190 17' N and longitude 720 54' E with a total surface 
area of 2.10km2 and 35 meters above the mean sea level. It is a man-made lake build in 1891 and 

known as ‗Anglers Paradise‘ with a catchment area of 6.61km2, maximum depth of 12m and surface 

elevation of 58.5m. It is meant exclusively for angling and sports and is located about 27 Km away in 
the northeast of Mumbai city. This lake came into existence in the year 1891, when Mumbai 

Municipality got constructed a mansonary dam of 10-meter height between two hillocks across Powai 
basin to conserve the rainwater for drinking purpose, which later commonly known as Powai lake 

since it impounded in Powai area. However, the water in the lake was found inpotable because of 
indiscriminate use of the lake for various purposes by the local people and also due to the addition of 

domestic sewage. This lake was open for the general utilization of the natives and it is leased out to 

Maharashtra State Angling Association, Mumbai for angling in addition to conservation. The 
conservation of Powai Lake is in the interest of man as it‘s ecological, aquacultural and tourist value. 

One of the essential steps in the conservation of the lake is to restore the water quality by controlling 
pollution through different remedial measures. This lake has been included in the Central Government 

National Lake Conservation Plan. So this lake which has been build since 100 years ago has changed 

its form now (Fig. 3). 

 
Fig. 3: Google map of Maharastra State, Mumbai suburban and Powai lake 

Sampling stations 

Five sampling stations were chosen based on preliminary surveys of the lake and factors such 
as average depth, the volume of water, accessibility, security and various activities taking place in and 

around the lake. GPS was used to locate the coordinates of the station A (19.1259 N and 72.8979 E), 
station B (19.1330 N and 72.9030 E), station C (19.1263 N and 72.9032 E), station D (19.1285 N and 

72.9108 E) and station E (19.1213 and 72.9047) respectively (Fig. 4). 
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Fig. 4: Map of Powai lake showing the sampling stations 

Sampling frequency and duration of the study 

The period of the study was from November 2016 to October 2017. Monthly Water samples 
were collected in the morning before 9:00am. The water sample was collected in one-litre capacity 

sampling bottles in triplicate from five stations. A paddleboat was used for the sample collections. 
GPS support 

A handheld GPS (Global Positioning System) device was used to locate the stations in the 
field. Garmin orgon@650 used was able to receive signals from up to 12 satellites to calculate the 

position and planning the route to approach a target, therefore approaching a mark mainly relied 

upon compass and distance calculation functions generated from GPS.  
Arc GIS 10.3.Arc GIS developed by Environmental System Research Institute (ESRI) Redlands, 

California was used for analyzing the geographic data. It was used for making thematic maps, build 
up and edit geographic data, analyzed map information, sharing and discovering geographical 

information, using maps and geographic information in a range of various applications, and managing 

geographic information in a database. Arc GIS 10.3 was used for this study. 
Result and Discussions 

Resource and facility maps prepared based on the thematic and satellite data using interpolation 
model. The results revealed that Powai lake from google map using geo-referencing showed the 

current area as 15,427 m2 against 21,000 m2 from the inception of the lake.  

 
Fig. 5: Water temperature during post-monsoon season across the stations 
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Water temperature of the lake fluctuated during post-monsoon, monsoon and pre-monsoon 

season. Highest water temperature was in station A and D, and moderately at their radius, while least 
temperature was in station B, followed by station C and E (Fig. 5). 

       
Fig. 6: Water temperature during pre-monsoon season across the stations 

During pre-monsoon (Fig. 6), high water temperatures were in station D and low in station E, 

while station A, B, and C are moderately suitable temperature, in the radius of station E in which the 
most suitable for aquatic life. 

 
Fig. 7: Water temperature during monsoon season across the stations 

In the monsoon (Fig. 7), the high water temperature was in station A followed by station B, while 

station D was moderately suitable temperature, and the lowest temperature was in station C and E, in 
which the most suitable for aquatic life. 
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Fig. 8: Transparency during post-monsoon season across the stations 

Transparency of the lake fluctuated during post-monsoon, monsoon and pre-monsoon seasons. 
Highest transparency was recorded in station D, and moderately in station B, C, and E, while the least 

transparency was in station A (Fig. 8). Transparency was highest across the seasons because of the 
high water influx immediately after a monsoon rain. 

 
Fig. 9: Transparency during pre-monsoon season across the stations 

During pre-monsoon (Fig. 9), the highest transparency was recorded in station D and lowest in 
station A, while station B, C, and E are moderate. This is the lowest across the season, and this can 

be attributed to the decrease in water level in the pre-monsoon season.  

 
Fig. 10: Transparency during monsoon season across the stations 

In monsoon (Fig. 10), the highest transparency was recorded in station B and lowest in station E, 
while station A, C, and E are moderate. This is moderate across the season, and this can be attributed 

to the increase in water level in the monsoon season. 
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Fig. 11: Turbidity during post-monsoon season across the stations 

Turbidity of the lake fluctuated during post-monsoon, monsoon and pre-monsoon seasons. 
Highest turbidity was recorded in station B followed by station A, and moderately in station C and E, 

while the least turbidity was recorded in station D(Fig. 11).Turbidity was moderate across the seasons 
because of the relatively high water level immediately after a monsoon rain. 

 
Fig. 12: Turbidity during pre-monsoon season across the stations 

During pre-monsoon (Fig. 12), the highest turbidity was recorded in station E and lowest in 

station D, while station A, B, and C showed moderate turbidity. This was the highest turbidity across 
the season, and this can be attributed to the decrease in water level in the pre-monsoon season. 

 
Fig. 13: Turbidity during monsoon season across the stations 
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In monsoon (Fig. 13), the highest turbidity was recorded in station B followed by station D, and 

lowest in station A, while station C and E showed moderate values. This is the lowest turbidity across 
the season, and this can be attributed to the increase in water level and runoff discharge into the 

lake. 

 
Fig. 14: Variation in-depth during post-monsoon season across the stations 

Depth of the lake fluctuated during post-monsoon, monsoon and pre-monsoon season. Highest 

depth was recorded in station A, followed by station E, and moderate in station C and E, while least 
depth was recorded in station B (Fig. 14). Depth was moderate across the post-monsoon seasons 

because of the relatively high water level immediately after monsoon rains.  

 
Fig. 15: Variation in-depth during pre-monsoon season across the stations 

During pre-monsoon (Fig. 15), the highest depth was recorded in station A and lowest in station 
E, while station B, C, and D were moderate. This was the lowest depth across the season, and this 

can be attributed to the decreased water level in pre-monsoon season. 

 
Fig. 16: Variation in-depth during monsoon season across the stations 
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In monsoon (Fig. 16), the highest depth was recorded in station A followed by station E, and 

lowest in station C, while station B and E were moderate. This is the highest depth across the season, 
and this can be attributed to the increased water level and runoff discharge into the lake. 

 
Fig. 17: Post-monsoon season suitability score of Powai lake 

Three classes such as most suitable, moderately suitable and not suitable on the basis of 
requirements for water quality aquaculture using twenty-one (21) parameters, and the interpretation 

suitability classes for each factor was classified on a scale from 3 to 1. The result reveals that 

decrease in productivity can be attributed to a decrease in water level (Fig. 15). However, station E 
remain the most suitable site, station B as not suitable and stations A, C and D are moderately 

suitable (Fig. 17).   

 
Fig. 18: Pre-monsoon season suitability score of Powai lake 

Suitability score during pre-monsoon shows that water quality is moderately suitable in station 
B, C, and E, with station A as the most suitable while station E as not suitable (Fig. 18). There was 
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increase in the productivity leading to high accumulation of nutrients, causing eutrophication thereby 

reducing its productivity. 

                            
Fig. 19: Monsoon season suitability score of Powai lake  

During the monsoon season (Fig. 19), the water quality and the productivity improved 
covering the entire stations of the lake except for station D, which may be due to runoff discharge 

into the lake from the metropolis. Station A, B, and C were the most suitable while station E‘s greater 

radius was moderately suitable for aquatic life. 
Although GIS is useful as a freshwater spatial planning tool, the final suitability map is limited 

by some level of uncertainty in the application. However, the use of GIS tools is a necessity for the 
implementation of the Inverse Distance Weight (IDW) technique and for the integration of several 

data sets. At present, there is no standardized set of criteria and suitability indicators for freshwater 

aquaculture, although there is a need for their establishment and implementation (Frankic and 
Hershner 2003, Kapetsky and Aguilar-Manjarrez, 2007). Nevertheless, it is expected that our 

integrative approach to freshwater aquaculture will be applicable in other coastal water bodies, 
although scaling functions should be adjusted to environmental (physical and biogeochemical) site-

specific factors. 
The results obtained in this work of GIS for water quality are an agreement with work of 

Perez et al., 2005; Kapetsky and Aguilar-Manjarrez 2007, Rajitha et al., 2007, Longdill et al., 2008; 

Radiarta et al., 2008; Aguilar-Manjarrez et al., 2010. GIS is an important and cost-effective approach 
for developing countries and data-poor regions. Improved methods for data access, particularly 

remotely sensed data, will contribute to the change of scattered data points into more meaningful 
information, especially in developing countries where there is a scarcity of in situ data measurements. 

In addition, it will promote a more informed decision-making process for freshwater and coastal water 

quality management; and the use of better data and more sophisticated virtual technology. 
As reported by Callieri et al., (2014), productivity can be periodically observed even in deep 

subalpine lakes, as supported by nutrient pulses deriving from the mineralization of organic matter 
deposited along the lakeshore and released through runoff during rainfall events. Nutrients coming 

from the lake catchment area can stimulate phytoplankton growth, especially in eutrophic lakes 

(Morabito et al., 2012), and, combined with a seasonal increased in water temperature, it would 
facilitate nutrients proliferation (Olrik et al., 2012; Salmaso et al., 2015). Calm conditions are known to 

be advantageous for buoyant phytoplankton, which moves toward the euphotic zone in response to 
reduced turbulent mixing (Johnk et al., 2008; Zilius et al., 2014). 
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The GIS-based approach has to be always integrated with in situ observations. For instance, 

an obvious limiting factor in the use of GIS data in the study area is the impossibility of detecting and 
quantifying deep plankton blooms, due to cloudy condition around the lake (Salmaso et al., 2015). In 

this case, the absorption and backscattering properties of plankton cannot be detected due to lower 
penetration of light through the water column, since light is completely absorbed by the water column 

and the electromagnetic signal returning back to the satellite sensor is too weak to detect the 

presence of an algal bloom. 
Conclusion  

This study shows that information used in GIS have clearly identified the effluent areas in pre-
monsoon, monsoon and post-monsoon for water quality as revealed by the scoring model as station D 

and E, may be due to discharge from Renaissance Hotel and anthropogenic activities. The application 
of GIS model in the study for established spatial models for identifying suitable areas for aquaculture 

for the cage and pen culture in Powai lake, such as station A, B and C. This research showed there is 

a potential relationship between GIS and conventional methods data obtained for water quality. It 
provides data for aquaculture investment analysis to decrease the hazards caused by pollution, and it 

provides a model capable of application to wide-field scenarios and suitable for freshwater lakes. This 
work illustrated that the GIS image could play an essential role in simple empirical algorithms, 

particularly for Powai Lake, where data is limited to multispectral sensors. 

Overall, the study provides baseline data about the present status of water quality using GIS 
of the lake. The finding and observation of the present study will facilitate future monitoring of the 

lake ecosystem and also in developing an appropriate strategy for the conservation of the lake. 
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Abstract 
Sustainable development has become a central element in the work of national and international 
companies. From this perspective, the focus is more on protecting the environment and society and 
the paper stressed that we cannot deplete resources or create wastes faster than we and nature can 
recycle if we hope to live for a long term. Wastes management was discussed and is a sensitive area 
for organizations that need to survive.The paper discussed sustainability of waste management that 
would guide the works of building urban sustainable societies.It focused on sustainable waste 
management activities, the principles of sustainable development and the construction of 
sustainability indicator as a tool in aiding local authorities in decision making, monitoring and judging 
specific policies. The paper opined that it is necessary to understand how waste management system 
works and its operational demand in order to identify parameters, that based on the principle of 
futurity, equity and environment, we will be able to define sustainability inductors. 
Keywords: sustainability, environment, waste development, management, indicators.  
 

Introduction 
We all produce waste in mainly everything we do and these constitute the single large source 

of non-point air and water pollution in the country (Moraru et al, 2010). Once waste generation is an 

inevitable aspect of the process, it becomes a matter of urgent need to observe the process from 
generation to disposal in order to determine the areas of critical concern and tackle them to avoid 

pollution to a large extent and also preserve good health. Waste is every one‘s business and there are 
two major types of waste: solid or refuse and liquid or sewage which are classified as municipal 

(residential, commercial), agricultural and special (health care, household, hazardous waste, sewage 
sludge). Solid wastes are typically categories by the sector of the economy responsible for producing 

them such as mining, agriculture, manufacturing and industries (Ahmed 2014). 

In the context of sustainable development, waste management is an activity that shapes the 
environmental protection (Ivascu et al, 2014). Sustainability has become the model of development 

adopted at international level, whereby both organizations and people act in accordance with the 
principles and its amendments.  At the beginning, emphasis was placed on selective waste collection 

(Brunner et al, 2015). Currently there is intense concern for waste management and recycling. Waste 

management contributes significantly to the achievement of sustainable development. 
Waste management relates to materials produced by human activities and efforts generally 

undertaken to reduce their effect on health, the environment or aesthetic. Waste management can 
involve solid, liquid, gaseous or radioactive substances, with different methods and field expertise for 

each. Waste management practices are not uniform among countries for developed and developing 
nations, Regions (Urban and Rural areas) and sectors (residential and industrial). 

Management for non-hazardous, residential and industrial waste in metropolitan areas is 

usually the responsibility of local government authorities, while management for non-hazardous 
commercial and industrial waste is usually the responsibility of the generators. (Verdone and Filippis, 

2004). 
Sustainable Development 

By now, it is clear that security and living standard for the world‘s poorest people are 

inextricably linked to environmental protection (Ivascu et al 2014). A possible solution to this dilemma 
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is sustainable development, a term popularized by our common future, the 1987 report of the world 

commission on environment. 
It is a development that improves the quality of human life while living within the carrying 

capacity of supporting ecosystem (caring for the earth- IUCN-UNEP 1991). The sustainable 
development ensures the balance between the economic progress and natural resources consumed 

without endangering the natural balance of the planet. The challenge is to meet the present needs of 

the humanity without compromising its future development, its future generations, the means and the 
necessary resources to meet the actual and future needs (Cioa et al, 2015). The concept of   

sustainable development aims to combat the massive eco-industrial exploitation effects, being the 
only solution to keep within acceptable limits the environmental quality. This concept was presented 

for the first time in 1992 at the states and governments levels, at the world summit in Rio de Janeiro 
(United Nations Conference on Environment and development). The sustainable development has 

expanded on the quality of life, gaining conscious socio-political aspect: safety and security of 

supplies, the distribution of wealth between the developed countries and the least developed 
countries etc; holding as guideline, the concern to transmit a healthy planet to future generation. 

PRINCIPLES OF SUSTAINABLE DEVELOPMENT 
 Futurity: Man should not run activities at present that can cause future environmental 

degradation, unless the environmental resource compromised by the activities is replaced. 

 Equity: Current generations should have greater equality in access to environmental capital and 

should share the costs and benefits associated with human activity (e.g. Pollution, health care) in 

a more equitable manner (Mitchell, 1995) 
Therefore to be truly enduring, the benefits of sustainable development must be available to all 

humans rather than to just the members of a privilege group. 
 Public participation: It is an important aspect to be considered in new democratic government 

systems in developing world, especially when they are still in the process of structuring their 

public work service.  
 We all produce waste in mainly everything we do and waste is every one‘s business. If would be 

able to sustain economic growth, we will need to develop personal restraint or social institution to 

deal with   these problems. 
 Environment: The environment principal recognizes the value of the wider ecosystem as a 

resource worthy of conservation because people benefit from its use, and also because it has 

intrinsic value beyond human resource use, which deserves safe guarding (Mitchell 1995). 
 Indicators: Ideally, an index or an indicator is a means devised to reduce a large quantity of 

data down to its simplest form, retaining essential meaning for the questions that are being asked 

of the data. In short, an index is designed to simplify. In the process of simplification, of course, 

some information will not seriously distort the answer to the question (Ott, 2008). The 
construction of sustainability indicators take into account the response of a certain selected issue 

throughout one of the principles of sustainable development. 
THE WASTE MANAGEMENT PROCESS 

Waste management process usually relates to materials produced by human activities and the 
process generally undertaken to reduce their effects on health, the environment  or aesthetic. There 

are wide array of issues relating to waste management and those include:Waste generation, Waste 

minimization, Waste removal, Wastes treatment, wastes recycle and re-use, waste handling system 
(Storage, collection, transport and transfer), Landfill disposal, Environmental consideration,Financial 

and inletting aspect, Policy and regulation, Education and training, Planning and implementation  
 Waste generation (stream):Waste stream is a term that describes the steady flow of varied 

wastes that we produce, from domestic garbage and yard wastes to industrial, commercial and 

construction refuse. 

Waste generation rate have been increasing rapidly due to population growth, urbanization and 
industrialization, improved living standard, improved health care and due to globalization, a 
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number of new waste streams here emerged, especially e-waste and hazardous waste (UNEP, 

Division of Technology 2009). 
Human nature is such that waste generation cannot be avoided. The volume of waste generated 

is also dependent on the economic status of the people (EGSSAA, 2009, Zerbock, 2003). This is 
buttressed by the fact that higher incomes result in increased consumption patterns and further 

generation of more waste.  

 Waste handling system: Waste handling methods vary widely among different countries and 

regions. Domestic waste collection services are often provided by LGA or by private company for 
industrial and commercial. 

 Storage: Storage of solid waste appropriately, is one of the major steps of handling solid waste 

within our communities. 
Waste generated even in the home is usually diverse and needs to be held together in a 

receptacle until collection time is due. Storage should be on a short term basis only and should 
prevent the waste from being released to the environment. In some conditions, improper storage 

could be deemed disposal and could trigger more stringent regulation of the waste (USEPA, 

2008). 
These receptacles include polythene bags, propylene sacks, metal bins, cardboard box, old 

buckets, improvised galvanized containers and disposing wastes into pit dug at the back of the 
house.(Downmore et al, 201, Martin 2011).MEFN (2000) outlined certain criteria that should be taken 

into account when establishing and maintainingstorage  facilities for solid waste which includes: 

a. Storage facilities shall be created and established by taking into account, quantities of waste 
generation in a given area and the population densities. 

b. A storage facility shall be so placed that it is accessible to users. 
c. Storage  facilities to be set up by municipal authorities or any other agency shall be so designed 

that waste stored are not exposed to open atmosphere and shall be aesthetically acceptable and 
user friendly. 

d. Storage facilities shall be easy to operate and designed for easy handling, transfer and 

transportation of waste. 
e. Bins for storage of bio-degradable waste shall be painted green, those for storage of recyclable 

waste shall be painted white and those for storage of other wastes shall be painted black. 
f. Manual handling of waste shall be prohibited. If unavoidable due to constrains, manual handling 

shall be carried out under proper precaution with due care for safety of the worker. 

*Collection: Throughout most of sub-Saharan Africa, solid waste generation exceeds collection 
capacity. 

Modern collection and transportation of municipal solid waste involved many technical steps and 
emerging technologies in integrated waste management system (Hebertein and Morphy 2008). 

Basically, there are four modes of solid waste collection. These are: 
(i) Vacuum Collection in which waste is transported from home or commercial premises by vacuum 

along small bore tubes. In Europe and America, automated vacuum collections are in use. 

(ii) Curbside collection is the most common method of disposal in which waste is collected at 
regular intervals by specialized trucks. Waste is collected and transported to a regional landfill. 

(iii) Collection by communal system involves collection from public area and requires the 
participation of the residents who bring their refuse to a communal container or to an attending 

refuse collecting vehicle (upon belling)(Cointreau-Levine, 1994, Martin2011). These containers 

are therefore placed at certain vantage points where the population is high and the trailers 
accessible. 

(iv) House to house collection is provided in the high income areas where contractors charge 
stipulated fees for a weekly collection frequency. Each household has plastic containers with 

covers for waste storage (Anomanyo 2004). 

i. Transport and transfer:  Wastes, once collected is moved from source to another point 
(transfer station) for further transport to a treatment or disposal site. In the transport of waste, 
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vehicles or containers used for the collection such as skips, roll off /on, side loaders and tipper 

trucks in certain area are expected to be loaded and moved in such a manner that the contents 
do not fall, spill or leak(MEFN,2000) 

DISPOSAL: Disposal of waste at a dumpsite (open or ocean), land fill or incinerators (in most African 
Cities) is usually the final destination of solid waste. 

i. Open Dumping: For many people, the way to dispose of waste is simply drop it some place. 

Open, unregulated dumps are still the predominant method of waste disposal in most developing 
countries. Until recently, most of this torrent of waste was left in giant piles, exposed to the wind 

and rain as well as rats, flies and other vermin. People live and work on the mountain of refuse, 
scavenging for recyclable items or edible food scraps. 

ii. Ocean dumping: Until recently, many cities in the United State dump Municipal refuse, Industrial 
waste, sewage and sewage sludge in the ocean. Federal Legislation now prohibits this dumping. 

iii. Land-Fill: Disposal of waste in landfill involves burying the waste, established in abandoned or 

unused quarries, mining voids or burrow pits. This can create adverse environmental impacts such 
as wind-blown litters, attraction of vermin and generation of liquid leachate and gases.  (Mostly 

methane and carbon-dioxide). This gas can create odour problems, kill surface vegetation and as 
a Green House gas (Guerrero  et al, 2003). 

Landfills need to be constructed and operated in line with the EU landfill directive (impermeable 

barriers, methane capturing equipment) to avoid environmental damage. 
iv. Incineration: Incineration is a disposal method in which solid organic waste are subjected to 

combustion so as to convert them into residue and gaseous products. This process reduces the 
volume of solid waste up to 20 to 30% of the original volume. 

Types of incineration:  
a. Refuse Derived Fuel: In this refuse is sorted as it comes in to remove unburnable or recyclable 

materials before combustion. 

b. Mass Burn: Is to dump everything smaller than sofas and refrigerator into a giant furnace and 
burn as much as possible. This technique avoids the expensive and unpleasant job of sorting 

through the garbage for non-burnable materials but it often causes greater problems with air 
pollution and corrosion of burner grates and chimney. Incineration and other high temperature 

waste treatment systems are sometimes described as thermal treatments. Incinerators convert 

waste materials into heat, gas, steam and ash. It is used to dispose of solid, liquid and gaseous 
waste. Incineration is a controversial method of waste  disposal due to issues such as: 

i. Emission of gaseous pollutants and persistent organic compounds such as deoxins furans and 
PAH‘S which has been implicated in birth defects and several kinds of canceling. 

ii. Production of stream or hot-flue gases that introduced  into a thermodynamic cycle which  might 

be used  to turn into heat and electrical energy (Norbu et al, 2005). 
iii. Air-quality problems and the toxicity (iv) disposal of ash (contains Pb, Cd, Hg and As from such 

items as butteries) which can be placed in a landfill or used as aggregate for roads and other 
purposes (Nwanyao et al, 2009). 

iv. The cost effectiveness of garbage incinerators is also the subject of heated debate. 
v. Environmental safety of incinerators is another point of concern. The EPA has found alarming high 

levels of dioxin, furans, lead and cadmium in incinerator ash. 

Modern incinerators have many pollutant control devices that trap nearly all of the pollutants 
produced. However, tiny amounts of pollutants are released into the atmosphere,  including 

certain metals, acid, gases and classes of chemicals. Although incineration is often viewed 
unfavorably by the general public, it has several advantages. 

a. It provides for a significant reduction of both the volume and weight of solid wastes which in turn 

extends the available life of existing landfill. 
b. Common to countries where land is scarce eg Japan. 

c. A source of recovery facilities and can provide steam and electricity generation for the 
surrounding community. 
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PROCESSING AND RECOVERY 

Solid waste is not only rising in quantity but also changing in composition (From less organic 
matter to more paper, Packing  materials, plastic, glass, metal and other substances), which is 

exacerbated by low collection rates (Bortone and Bernstein 1993, Medina, 2002). 
The following methods are suitable for processing and recovering waste: i. Recycling ii. 

Biological reprocessing iii. Energy recovery (waste to energy) iv. Resources recovery v. Avoidance and 

reduction method. 
1. Recycling: At the beginning, emphasis was placed on selective waste collection (Brunner et al, 

2015), current, there is intense concern for waste management and recycling. This is a pre-
requisite for sustainable development in present and future. Recycling areresource recovery 

practice that refers to the collection and re-use of waste material such as empty beverage 
containers. These are collected and sorted into common types so that the materials from which 

the items are made can be reprocessed into new products (He et al, 2007). Therefore recycling is 

the reprocessing of discarded materials into new, useful products. Some recycling processes re-
use materials for the same purposes, for  instance old aluminum cans and bottles. Other recycling 

processes turn old materials into new products. Old tyres for instance are shredded and turned 
into rubberized road surfacing. Raw papers become cellulose insulation, Kitchen waste become 

valuable soil amendment and steel cans become new automobiles and construction materials. 

The benefits of recycling include. 
1. It saves money, energy, raw materials and land space while also  reducing pollution. 

2. It encourages individual awareness and responsibility for the refuse produced. 
3. It could cut our waste volumes drastically and reduced the pressure on disposal systems. 

4. Recyclinglowers our demand for raw materials eg. Recycling 1 ton of aluminum saves 4 tons of 
bauxite (AL ore) and 700kg (1, 540ib) of petroleum coke and pitch as well as keeping 35kg (77Ib) 

of aluminum fluoride out of the air. 

5. Recycling also reduces energy consumption and air pollution. Plastic bottle recycling could save 50 
to 60% of the energy needed to make new ones. Making new steel from scrap offers up to 75% 

energy savings. Producing aluminum from scrap instead of bauxite ore cuts energy use by 95% 
yet are still throw away more than a million tons of aluminum every year. 

i. Biological reprocessing: Recoverable materials that are organic in nature such as plant 

materials, food scrapes and paper products can be recoverable through composting and 
digestion process to decompose the organic matter. The resulting organic material is then 

recycled as mulch or compost or agricultural and landscape purposes.In addition waste gas 
from the process (such as methane) can be captured and used for generating electricity and 

heat. The intention of biological processing in waste management is to control and accelerate 

the natural process of decomposition of organic matter (Feng, 2010). There are different 
methods of which the ―closed methods‖ are more expensive, but less space demanding, faster 

and stricter in terms of process emissions control (Odours, bio-aerosols) (Zhang et al, 
2012).Composting, anaerobic digestion and mechanical- biological treatment produce 

emulsions (including greenhouse gases- CH4, N2O and CO2).  
ii. Energy recovery (waste to Energy). Energy recovery from waste is the conversion of non-

recyclable waste materials into usable heat, electricity or fuel through a variety of processes 

including combustion, gasification, pyrolyzation, anaerobic digestion and landfill gas recovery. 
This process is often called waste-to-energy. Energy recovery from waste is part of the non-

hazardous waste management hierarchy. Using energy recovery to convert non-recyclable 
waste material into electricity and heat, generates a renewable energy source and can reduce 

carbon emissions by offsetting the need for energy from fossil sources as well as reduce 

methane generation from landfills. 
Pyrolysis and gasification are two related forms of thermal treatment where waste materials 

are heated to high temperature with limited oxygen availability. The process usually occurs in 
a sealed vessel under high pressure. 
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Pyrolysis of solid waste converts the material into solid, liquid and gas products. The liquid 

and gas can be burnt to produce energy or refined into other chemical products (chemical 
refinery). The solid residue (char) can be further refined into product such as activated 

carbon. 
Gasification and advance plasma are used to convert organic materials directly to a synthetic 

gas (syngas) composed of carbon monoxide and hydrogen. The gas then burnt to produce 

electricity and steam.  
iii. Resource Recovery: Is a systematic diversion of waste which was intended for disposal for 

a specific next use. It is the processing of recyclables to extract or recover materials and 
resources or convert to energy.Resource Recovery is not only environmentally important but it 

is also cost effective. It decreases the amount of waste for disposal, saves space in land-fills 
and conserves natural resources. 

iv. Avoidance and reduction method:  An important method of waste management is the 

prevention of waste material being created, also  known as waste reduction.Methods of 
avoidance include (a) re-used of second hand products (b) Repair broken items instead of 

buying new ones. (c) Designing products to be refillable or re-usable (such as cotton instead 
of plastic shopping bags). (d) Encouraging consumers to avoid using disposal products (such 

as disposable cutlery). (e) Removing any food/liquid remains from cans and packaging and (f) 

Designing products that uses less materials to achieve the same purpose (for e.g. light 
weighing beverage can). 

CURRENT WASTE MANAGEMENT PRACTICES 
For many years, there has been a divide on how to deal with solid municipal waste (SMW). 

Some believe the answer is waste management which is the process of managing waste that is 
created and implementing disposal methods that reduce harm to the environment. The second 

strategy is waste reduction, which is the process of reducing the total amount of waste produced and 

also using waste for alternative purposes. The combination of the two strategies and a concept for 
sustainable green energy, rising energy prices and increasing worldwide commitment to reducing 

Green House gas emission and landfills are driving the development of new approaches to the 
management of solid waste. This system is called Integratedwaste management (IWM). 

The concept of IWM is now emerging as a mature strategy to cope with the ever growing 

complexities of handling large volumes of solid waste. The waste sector needs to grasp to this 
opportunity to contribute  to a greener economy and  sustainable development thereby  stimulating in 

a positive way the current economic  down turn (Bogner et al, 2007). 
Integrated solid waste management (ISWM) refers to the strategic approach to sustainable 

management of solid wastes covering all sources and all aspects, covering generation, segregation, 

transfer, sorting, treatment, recovery and disposal in an integrated manner, with an emphasis on 
maximizing resource use efficiency. The strength of an IWM concept is the combination of several 

technologies in one installation. This combination of pre-processing, mechanical and organic recycling 
and power generating technologies offers a synergy which would be unattainable if each technology 

was employed individually. This synergy leads to more energy and material recovery and maximum 
landfill diversion of up to 95%. 

According to most experts, integrated and sustainable solid waste management should not 

only be given top priority, but must go beyond  technical aspects to include various key elements of 
sustainability to ensure success of any solid waste project. Aside from project sustainable impacts, the 

overall enabling environment is the key feature determining performance and success of an integrated 
and affordable solid waste system. 

In an 1WM, the concept of ―Waste‖ is replaced by the concept of ―Resource‖, combined with 

a well-organized and controlled waste stream and controlled waste stream. 
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CENTRAL PRINCIPLES OF INTEGRATED WASTE MANAGEMENT (IWM) 

1. Waste Hierarchy: The waste hierarchy refers to the ―3R‖- reduces, re-use and recycle which 
classify waste management strategies according to their desirability in terms of waste 

minimization. 
Reduce- As a society, we should make less waste overall. For eg, we should consider buying items 

that have little or no package, recharge batteries etc. 

Re-use: We should re-use items we normally throw away. Fore.g, using paper lunch bags for 
multiple times instead of throwing them away after just one use. 

Re-cycle: We should be able to recycle items that are recyclable. 
2. Life Cycle of Products: The life cycle begins with design, then proceeds through manufacture, 

distribution and use and then follows through the waste hierarchy‘s stages of re-use, recovery, 
recycling and disposal. 

3. Resources Efficiency: The current global economic growth and development cannot be 

sustained with the current production and consumption patterns. Globally, we are extracting more 
resources to produce goods than the planets can replenish. Resources efficiency is the   reduction 

of the environmental impact from the production and consumption of these goods, from final raw 
material extraction to last use and disposal. The process of resource efficiency can address 

sustainability. 

4. PollutionPay Principle: The polluter pay principle is a principle where the polluting party pays 
for the impact caused to the environment. With respect to waste management, this generally 

refers to the requirement for a waste generator to pay for appropriate disposal of the 
unrecoverable material. 

SUSTAINABILITY INDICATORS FOR A WASTE MANAGEMENT APPROACH 
Several studies have been carried out with the aim of defining models of sustainable city 

development.  In 1993, the University of Leeds started the quantifiable city project with the aim of 

developing a generic meso-scale computer model of city processes focused on sustainable 
development objectives. The completed model will be used to investigate the interactions between 

city activities and their impact on the physical, ecological and human environment. In its final form, 
the model would facilitate the investigation and prediction of sustainability impacts producedby 

alternative future urban development scenarios. The model will act as a focus facility available as a 

planning tool for city policy makers and for other sustainability researchers wishing to test their 
research in a modeled environment (Mitchell 1995). Up to 1995, the quantifiable city project defined 

23 sustainability indicators directly or indirectly related to waste management issues. The method 
used to construct sustainability indicators in the present project is the same method used on the 

quantifiable city project. The PICABUE method derives its name from the seven steps that must be 

followed on the indicators construction, which are: 
a. Stake holders to reach a consensus on the principles and definitions of sustainable development 

that are used and the objectives of the sustainability indicator programme, 
b. Identify and select issues of concern; 

c. Constructed/select indicators of issues of concern; 
d. Augment indicators developed in the third step by sustainable development  principles identified in 

fourth step; 

e. Modify fourth step indicators to address Boundary issues; 
f. Develop uncertainty indicators from fourth step augmented indicators. 

g. Evaluate and review final sustainability indicators (Mitchell et al, 1995). 
The identification and selection of issues of concern for a waste management approach 

considers the principal phases and their specific characteristics of waste management activities. 

On the Quantifiable city project, quality of life is the principal sustainability goal. The Quantifiable city 
project identified six themes of quality of life: health; personal development; community development; 

security; physical environment; and natural resources, goods and services. 
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The present study identifies the phases of waste generation, storage, collection, 

transportation, treatment and disposal as the primary components of sustainability indicators on a 
waste management approach. By applying the third step of the PICABUE method and from the 

relevant literatures, reference indicators are then defined in each one of the six primary components. 
On the following step, the three main principles on sustainable development (futurity, quity 

and environment) are crossed with each reference indicator in order to identify sustainability 

indicators.  A futurity augmentation approach ―express the rate of consumption of a resource relative 
to the resource renewal or substitution limit‖ (Mitchell 1995). The achievement or not services/ 

facilities amongst different social and economic groups is sought by the equity principle augmentation. 
The environmental augmentation aims to identify how relevant ecological elements with 

resource value are being threatened by actions which involve environmental pressure. It is worth 
reminding that unlike the quantifiable city project development, the present study does not construct 

indicators based on public opinion survey and neither does it count on the evaluation of external 

collaborating groups during the phase of indicators evaluation. Indicators have been constructed 
based only on literature survey, and the review of them took in consideration of the indicators 

evaluation criteria pointed out by the PICABUE methodology. These eight criteria are relevant and 
scientifically valid, Sensitive to change across space and for groups; sensitive to change over time, 

supported by consistent data. 

CONCLUSION 
Economic growth makes possible a more comfortable lifestyle and results to higher waste 

production which must require personal restraint or social institution to deal with if we will be able to 
sustain the Economic growth. To accomplish the goal of human well-being and protecting the 

environment, sustainability has been a central theme or option all over the world. 
The principal phases on waste, management seen before are the stake points in defining 

sustainability indicators for waste management approach. How the waste management systems works 

with its operational demand was treated in order to identify parameters that based on the principles of 
futurity, equity and environment, sustainability indicators was defined. 
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Abstract 
This article focuses on the reliability of Remote Sensing (RS) and Geographical Information System 
(GIS) in the acquisition of basic data and methods that are used to monitor and manage vegetation 
resources for sustainable development. Vegetation change is a major environmental problem 
experienced in different land use types especially where land undergoes some changes due to 
uncoordinated practices. Landsat MSS satellite images, Landsat Operational land imager and field 
survey were the materials and methods used for the study. Results of the analysis revealed that 
woodland (6.5%) and crop/bare land (8.1%) experience a steady decreasing trend. The findings  
further showed that the annual rate of change for crop/bare land  is alarming culminating to about 
plus 50% within the period of study while that of woodland and grassland has been minus 15.59% 
and 3.9% respectively. This clearly suggests that vegetation resource in the study area is rapidly 
decreasing and therefore needs urgent attention. In view of the valuable status of vegetation cover in 
the provision of food, shelter, wildlife habitat, fuel, daily supplies of medicinal ingredients and paper, 
application of geospatial tools in the monitoring of its growth and development is indispensable. 
Keywords: Remote Sensing, GIS, Forest management, Vegetation change. 
 

Introduction 

For effective management of resources, three elements might be put together, that is 
information about the resources, relevant policies on how they may be managed as well as 

participation of all the stakeholders in the process. Forests are valuable resource that provides goods 
and services, such as, food, shelter, fuel and daily supplies that include medicine and paper. Forest 

helps in providing habitat for wildlife and also improves land quality (UNFCCC, 2007). Forests play an 

important role in balancing the Earth‘s CO2 supply and exchange. Khan and Naqvi (2000) argued that 
local people also gather various resources from forests for household use and cash income. In fact, 

most people depend on forest resources to earn their living; they obtain fruits, leaves and stem for 
food, medication and wood for house construction and fire. But these valuable resources are facing 

serious challenges today mainly due to population pressure, agricultural and industrial activates. 
Verburg et al, (2006) revealed that, as a whole in the world about six million hectares of forest lands 

have changed due to logging, agricultural, mining and other human activities. In another study the 

reasons behind forest degradation as revealed by Mulugeta and Melaku (2007) include the growing 
need for fuel wood and agricultural land and overgrazing by live stock, coupled with improper forest 

and land tenure policies. 
In view, of these and many other related problems our forest resource needs to be properly 

management so as to attain maximum satisfaction required from the resource and for the societal 

sustainable development. Goodland and Ledoc (1987) revealed that, to attain sustainable 
development of any resource, renewable resources (such as forest) should be used in a way that does 

not degrade them and non-renewable resources used so that they allow an orderly societal transition 
to renewable energy sources. Hence, sustainable development for any resource could only be 

achieved through monitoring and management. Moreover, since various categories of forest resource 
might usually experience spatio-temporal changes at local, regional and global scale of course, 

monitoring the health of forest is crucial for sustainability. Depletion of key species such as mangrove, 

removal of shade trees from a potential crop tree or disappearance of a large biota acting as  CO2 sink 
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all affect man and his environment in a negative way, which also necessitate the needs for monitoring 

and management of the resource.  
Research problem 

The major problem lies with the appropriate method to be employed to attain the desire 
objectives, but with the development of RS and GIS sustainable development of forest resource 

through monitoring and management of the resource become simpler. This is because since 1972 

when Landsat was launch, remote sensing technology has been used to monitor natural resources for 
proper management of the entire universe. 

Remote sensing is the science and art of acquiring information about a phenomenon; objects 
or surface features from a distant platform, usually a satellite or airborne sensor without direct contact 

to an object (Sonti, 2015). Satellite data obtain through RS are available at varying spectral, spatial 
and temporal resolutions and are useful to mapped broad forest types, detect and delineate major 

forest changes over time (Leckie, 1990). On the other hand, GIS is an essential tool for forest 

management because it answer the questions such as location,  condition, trends, pattern and 
modeling techniques that helps in forest management activities (Upadhyay, 2009). 

The use of these technologies either individually or in combination according to Anon (2015) 
spans a broad range of applications and degrees of complexity. Historically, Remote Sensing has been 

an important tool for vegetation resource data collection in various forms. Therefore, integrating data 

from different types of remote sensors for forest inventory is strongly encouraged (Leysen and 
Goosens, 1991). The structure of data obtained from RS permits its input into GIS environment for 

processing, analysis, mapping and display. At a global scale such as the vast area of the tropics large 
volume of data is required to identify and classify vegetation resource. Based on this, coarse 

resolution scanners with high temporal resolution are needed such as, NOAA AVHRR which has a 
twice daily over pass.  Figure 1 below shows the map of global vegetation cover classification as 

derived from AVHRR satellite. The figure shows that North America have been mainly dominated by 

evergreen and mixed forest, shrub and brush rangeland is found in Australia and some part of South 
America, North Africa, Arab land and some part of the middle Asia are dominated with barren ground 

while Tundra is found in the extreme end of North America and Northern part of Russia.   

 
Figure 1: Global vegetation cover classification 
Source: NASA (1994)  

The larger coverage and resolution of AVHRR enable its data to be used in deriving map of 

global biomes as shown in Figure 2, the dark blue and green areas represent dense vegetation while 
pink and dark red areas represent sparse vegetation. Other high resolution scanners that are used in 

global cover age are Landsat series and Spot which have repeated cycles of around two weeks. 
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Teuber (1990) and Stone et al (1991) stated that, Landsat TM imagery has been used in several 

efforts to interpret the accuracy of and even calibrate AVHRR imagery. Satellite data has also been 
used to monitor biomes production of coastal zones as shown in Figure 3 whereby about 825m pixel 

are covered with biomes with six channel optimization.  

 
Figure 2: Global biome map 

Source: NASA (1994)  

 
Figure 3: Coastal zone biomes map 
Source: NASA (1994)  

In fact, remote sensing and GIS technologies have been used to monitor changes in 
vegetation cover, resulting from large scale deforestation and other incidences such as, pests and 

pollution. The GIS technologies for forest management may be seen based on two broad and related 

aspects; the resource inventory and monitoring as well as analysis, modeling, and forecasting to 
support decision making. The two categories has been used in many part of the world and Nigeria 

such as; A study conducted by United States Environmental Protection Agency (EPA) using Landsat 
Thermatic Mapper (TM) imagery as reported by Hewitt (1990) that, the study identified sixteen 

distinct spectral classes of xeric riparian habitats which further aggregated in to three classes namely: 

water, riparian and non-riparian areas in the eastern Washington State of USA. Stone et al (1991) in 
Rondania of Brazil uses Landsat MSS of 1980 and TM of 1986 imageries to define area and 

deforestation rates for a study area of approximately 30,000KM2. The researchers found that 3168KM2 
of new clearing occurred between 1980 and 1986. Similarly, in United State of America Rock and 

Vogelmaun (1989) uses Landsat TM to assess and monitor damage in coniferous forests in the state 
of Vermount. The researchers found that the most useful spectral reflectance data were TM4 and 
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TM5, whereby the higher the ratio of the two bands (TM5/TM4), the higher the damage that had 

occurred. Landauer (1989) reported a three-year project initiated in Germany in 1986 to establish 
methods to detect, classify, and map forest decline using a combination of landsat MSS and airborne 

multi-spectral imagery. The result revealed that characteristics spectral signatures could be identified 
for different tree species (spruce, pine, and beech) depending on the degree of decline. 

In Canada, Holder et al (1990) pilot a project that linked a fire growth model with a GIS to 

evaluate its potential to minimize the costs of controlling and managing forest fires. The researchers 
present the capability of GIS in two part demonstration in which, the first part only GIS was used and 

in the second part a forest growth model was combined with a GIS. Wachiye et al, (2013) in Kenya 
also conducted a study on forest cover change and vulnerability analysis. In Nigeria Abdullahi et al 

(2017) uses remote sensing and GIS techniques to examine the role of rainfall on the spatio-temporal 
density of vegetation in Sudano-Sahelian Ecological Zones using NDVI data between 1998 and 2014. 

The researchers found that areas with high vegetation cover decreases by about 9.51%. Muazu et al, 

(2018) also conducted a research on the spatio-temporal trend of vegetation density in Northern 
Guinea Savannah Zone of Nigeria using Landsat imageries. Despite quite a number of studies were 

conducted on vegetation cover distribution, in Nigeria and elsewhere in the world and the important of 
forest resource in Bauchi State studies of this nature is very limited hence, this study focuses on the 

distribution and changes of vegetation cover in Bauchi state of Nigeria between 1976 and 2015 for 

proper monitoring and management 
Study area  

The study area lies between Latitude 9.498188oN and 12.521480oN and between Longitude 
8.729070oE and 11.023273oE (Figure 4). The population of the area is estimated to be 4,351,007 in 

1991, 4,653,066 in 2006 and projected population of 5,515,303 in 2011 (NBS, 2012). The study area 
falls within guinea savannah zone of Nigeria, vegetation cover of the area is dominated with woodland 

in the hills, lowlands and high land area, grass cover and crop land which give rooms for various 

agricultural activities and rearing of animals. The nature of the vegetation has been associated with 
the population pressure and characteristics of the climate in the area where by temperature is high 

throughout the year with a mean maximum of about 34oc and mean minimum of about 20oc The area 
has an average annual rainfall of about 1,104.5mm in 2005 and about 1,621.3mm in 2009. The 

annual mean Relative humidity at 1500 GMT reach about 35.2% and about 44.3% at 0900 GMT, 

annual mean radiation of the area is about 21.7mm while evapo-transpiration is about 5.3mm.  

 
Figure 4: Map of the study area 

Source: GIS lab, ABU, Zaria 
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Materials and method 

This study made use of Landsat MSS of 1976 and Land sat Operational Land Imager (OLI) of 
2015 with spatial resolution of 30m, these data was download from United State Geological Survey 

(USGS) achieve. 
Data Analysis 

The method of data analysis used for this study was based on Remote Sensing and GIS 

analysis using image classification techniques in Arcgis 10.2 environment. An image classification 
technique is the process of assigning pixels to various classes; it is the identification of the pattern 

associated with each pixel position in imagery (Mather, 1999). This study employed the use of the two 
most frequently used techniques that are; the supervised and unsupervised.  

Maximum Likelihood Classifier (MLC) of supervised techniques was use on the Landsat MSS 
imagery of 1976. A vegetation map of Bauchi State in 1978 develops by the Department of Forestry, 

Ministry of Animal and forest resources NIRDA were used as based map for generating of training 

sites. Their classification came up with seven land cover classes: Shrubbed woodland hills and 
mountain complex, Shrubbed woodland lowland complex, Woodland Shrubbed land, Shrubbed 

grassland and grassland Shrubbed, Woodland grassland, Riparian vegetation and Settle area/ 
cultivated land. In this study however, the classification scheme was modified to presents: crop/ 

barren land, grassland and woodland areas. During the analysis, the researchers examine the 

frequency of all spectral bands of the imagery using Histogram, Scattered plot, mean and covariance. 
As for the OLI imagery of 2015 due to vast extent of the study area which restrict the 

researchers from visiting the entire area of study Iso cluster technique of unsupervised classification 
were first carry out on the imagery. The advantages of unsupervised classification is its power of 

implementing the classification automatically without prior knowledge of the area by the analyst; and 
therefore the tendency of making human error is minimised because the software algorithm 

automatically show unique classes as distinct units. The disadvantages of unsupervised classification 

on the other hand include the limited control of the classification menu by the analyst, which may lead 
to producing classes that are not of interest to the analyst (Tso & Mather, 2009). Because of this 

limitation supervised classification were finally carry out on the already classify imagery using 
unsupervised classification to came out with the same classes as that of MSS imagery. 

To analyze trend of the forest and other vegetation cover in the study area, a table showing 

the area in Kilometer square and the percentage change for the study period measured against each 
class was developed. Percentage change to determine the trend of change was then calculated by 

dividing observed change by sum of changes multiplied by 100. In obtaining annual rate of change, 
the percentage change is divided by 100 and multiplied by the number of study year (39 years).  

Results and Discussion 

Identification of major vegetation covers classes. Figure 5 and 6 shows the ability of remote 
sensing and GIS to map and monitor the distribution and changes of land cover in Bauchi state of 

Nigeria. The results in figure 5 and 6 and Table 1 revealed that, woodland occupied the highest land 
area of about 65.3% in 1976 but decrease to about 58.8% in 2015, this was followed by crop/barren 

land with 17.8% in 1976 but it increased to 25.9% in 2015 while grassland which occupied the lowest 
area of only 16.9% in 1976 it decreases to 15.3% in 2015. These results indicated that, woodland in 

Bauchi state is the highest vegetation cover from 1976 to 2015, even though the area occupied by 

this type of vegetation is reducing while those occupied by crop/barren land is generally increasing. 
The findings of this study is in line with that of Hiernaux et al (2009) in Sudano-Sahelian Ecological 

zones of Nigeria; Sahebjalal and Dashtekian (2013) in Iran; Gadiga and Dan (2015) in Yobe and 
Abdullahi et al, in Sudano-Sahelian Ecological zones of Nigeria who study the spatio-temporal 

distribution of vegetation cover in their respective areas and finds that vegetation resources especially 

forest cover are continuously decreasing both in height and density. Hence, the findings of this study 
is tries to reveal that human activities especially farming is encroaching the available forest resource 

in Bauchi state. The maps produce in this study also shows how geospatial tools could be use to 
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conduct research even to areas that are difficult to reach by human transport system due to the 

density of vegetation cover or how they are dangerous.  

 
Figure 5: 1976 vegetation cover of Bauchi State                    

Source: Author‘s Data Analysis, 2018                      

 
Figure 6: 2015 vegetation cover of Bauchi State                    

Source: Author‘s Data Analysis, 2018                      
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Table 1: Arial extent of vegetation covers classes in the study area (1976 and 2015)  
PATTERN 1976                      2015 

 Area (Km2 ) Area (%) Area (Km2 ) Area (%) 
Woodland  31452.3 65.3 28319.7 58.8 
Grassland 8160 16.9 7374.2 15.3 
Crop/ barren land 8570.7 17.8 12489.1 25.9 
TOTAL 48183 100 48183 100 

 
Determination of percentage and annual rate of change. The results in Table 2 showed the 

percentage and annual rate of change of vegetation cover in the study area, it revealed that  the 

percentage change of crop/bare land within the study period has been raised by 50% while that of 
woodland fall by 39.97%. The annual rate of change within 39 years of the study for crop/barren land 

has been plus 19.5 but that of woodland has been minus 15.59 and minus 3.91 for grassland. The 
findings of this research is supported by that of Mua‘zu et al (2017) in Northern Guinea Savannah 

Zone of Nigeria (2018) who revealed that areas occupied by very high vegetation cover are 
decreasing at the rate of 7.67% while those occupied by Low density are on increased by 3.09%. This 

finding is therefore tries to indicate how crop/barren lands double all other categories of land cover, 

where it generally increases while other decreases.  
Table 2: Percentage change and Annual rate of Changes of vegetation cover classes in the study area 

(1976 and 2015)  
PATTERN Change          % change Annual Rate of Change 
Woodland  -3132.6 39.97 -15.59 
Grassland -785.8 10.03 -3.91 
Crop/ barren land 3918.4 50.00 19.5 
TOTAL 7836.8 100                                                   0.0 

 

Conclusion  

In this paper, the capabilities of remote sensing and GIS applications in the area of 
sustainable forest management have been reviewed. Despite the diversity of applications, however, 

significant conclusions can be drawn about the role of geospatial techniques in forestry and vegetation 
resource management. 

It clearly shows that vegetation resource especially woodland are on the decreasing trend in 
the study area at the rate of 15.59$ while crop/barren lands increases at the rate of about 50% within 

the study period. It is also concluded that vegetation resources especially forest are dynamic in 

nature, and are mostly affected by many coexisting processes such as deforestation, urbanization and 
wild fire  which need to be monitored and manage through modern technologies such as, remote 

sensing and GIS. 
Based on the findings of this research, it further revealed that geospatial technologies could 

be effectively used to address the problem associated with the changes that occur on the vegetation 

resources. 
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Chapter 26 
Water Quality Index of Powai Lake 
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Abstract 

Powai lake water quality in Mumbai (India) investigated in term of Canadian Council of 
Ministers of Environment Water Quality Index (CCME-WQI) to know the current pollution 
status of the lake. Twenty-one (21) physicochemical parameters were analyzed by standard 
procedures in five sampling stations (A, B, C, D, and E) monthly for a year. The result 
reveals that WQI scores (63.80) were unable to support the analyzed results simply because it 
is calculated using many parameters to assess the overall water quality. However, WQI did not 
differentiate the stations from one to another to a large extent, even though some significant 
differences for the entire months were observed. The results show that some parameters 
such as water temperature, turbidity, and total phosphate with carbon dioxide depend on 
monsoon as a result of the discharges into the lake. Thus, this study illustrates the necessity 
and usefulness of WQI for interpreting large and complex data sets regarding water quality as 
employed in the monitoring of the ecosystem, because it decreases the cost of monitoring of the lake. 
These results also suggest that continuous monitoring should be conducted to prevent pollution form 
industries and anthropogenic activities. 
Keywords: Water quality index, parameters, season, pollution, Powai lake 
 

Introduction 

An index is a single number that represents a large amount of data. For instance, the Water 
Quality Index (WQI) is a single numeric expression that interprets complex information obtained from 

any body of water, mostly related to water quality. Horton (1965) at the middle of the past century, 
was the first researcher to suggest the advantages of calculating a WQI and since then, many studies 

concerning water indexes have been reported elsewhere for lake environments (De la Mora et al., 
2005; Alobaidy et al., 2010), river flows (Yisa and Jimoh, 2010; Alobaidy et al., 2010) and coastal 

areas (Cocchi and Scagliarini, 2005; Love and May, 2007). These values are important when 

considering water use by humans and assessments for users or stakeholders. A WQI representing any 
water ecosystem can be affected by physical, chemical and biological factors (Nasirian 2007 and 

Simoes et al., 2008). 
Traditional monitoring approaches of water quality are based on comparisons of the 

determined variables with the local normative standards, which provide partial information on the 

overall quality (Pesce and Wunderlin, 2000). In order to rapidly and easily obtain the information of 
freshwater quality with a global vision, a water quality index (WQI) has been popularly applied in 

monitoring water quality of freshwater in recent years, such as Suquı´ıa River, Chillán River, Bagmati 
River, Turkey‘s Sapanca Lake, Aydugh-mush River and Terengganu River (Pesce and Wunderlin, 2000; 

Debels et al., 2005; Kannel et al., 2007; Akkoyunlu and Akiner, 2012; Hoseinzadeh et al., 2015; 
Suratman et al., 2015; Wei et al., 2016). It is proved that WQI is indeed a practical method 

considering critical environmental variables which represent the pollution conditions in water body 

(Simões et al., 2008; Wei et al., 2016). 
Several water quality assessment studies have been conducted by applying statistical 

techniques, such as the principal component analysis, which can aid in identifying natural or 
anthropogenic factors that can cause alterations in water quality (Petersen et al., 2001; Laureano and 

Navar, 2002; El-Iskandarani et al., 2004; Boyacioglu, 2006; Brito et al., 2006; Andrade et al., 2007; 

Vialle 2011; Guedes 2012; Selle et al., 2013; Vonberg et al., 2014). Some studies have applied this 
statistical technique to specifically propose a Water Quality Index (WQI), by using the weighted scores 
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of each analyzed water quality parameter (Toledo and Nicolella, 2002; Haase et al., 2003; Lobato et 
al., 2015). WQIs usually take into account general water parameters, such as dissolved oxygen, pH, 
temperature, turbidity, and NH3 concentrations, among others.  

Mumbai, situated in the state of Maharashtra along the west coast of India, is a coastal 
megacity (with a population more than 10 million), as well as the commercial capital of the country. 

Along with the elevated population level, the region is also heavily industrialized, which adds other 

pollutant loadings to the region (Paramita 2012). Massive industrialization and urbanization in the city 
have harmful effects on the environment, especially the aquatic ecosystems. Powai is an artificial lake 

situated in northern Mumbai. Powai lake, situated 55 meters above mean sea level (MSL) and located 
just outside Sanjay Gandhi National Park, was created by British India in 1891 at an initial cost of Rs 

6.5 lakh, as an emergency measure to augment the drinking water supply for the city by recharging 
the area's underground water table and by constructing two stone dams of 10 meters height across 

two hillocks. The water body spread was about 370 acres or 2.10 Sq kilometres (210 hectares) and 

the depth varied from about 3.05 m (off periphery) to 12.19 m at its deepest which has been reduced 
to 0.69 m to 6.90 m now due to constant siltation. Powai lake supplied about two million gallons of 

water to Bombay for domestic use. Therefore, the objective of this study is to apply WQI tools 
to evaluate changes in water quality of Powai lake during the period from 2016 to 2017. 

Powai lake is located between latitude 190 13' N and longitude 720 54' E with a total surface 

area of 2.10 km2 and 55 meters above the mean sea level. It is a human-made lake built in 1891 and 
known as ‗Anglers Paradise‘ with a catchment area of 6.61 km2, maximum depth of 12m and surface 

elevation of 58.5m. It is meant exclusively for angling and sports and is located about 27 Km away in 
the northeast of Mumbai city. This lake came into existence in the year 1891, when Mumbai 

Municipality got constructed a monsonary dam of 10-meter height between two hillocks across Powai 
basin to conserve the rain water for drinking purpose, which is commonly known as Powai lake since it 

impounded in Powai area (Kohil et al., 1998). However, the water in the lake was found in potable 

because of indiscriminate use of the lake for various purposes by the local people and also due to the 
addition of domestic sewage. This lake was open for the general utilization of the natives, and it is 

leased out Maharashtra State Angling Association, Mumbai for angling in addition to conservation.  
The conservation of Powai Lake is in the interest of man as it‘s ecological, aquacultural, and tourist 

value. One of the most important steps in the conservation of the lake is to restore the water quality 

by controlling the pollution through different remedial measures (Fig. 1). 
Sampling stations 

Five sampling stations were chosen based on preliminary surveys of the lake and factors such 
as average depth, the volume of water, accessibility, security, and various activities taking place in 

and around the lake. GPS was used to locate the coordinates of the station A (19.1259 and 72.8979), 

station B (19.1330 and 72.9030), station C (19.1263 and 72.9032), station D (19.1285 and 72.9108) 
and station E (19.1213 and 72.9047) respectively (Fig. 1). 

 
Fig 1: Map of Powai lake showing the sampling stations  
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Water Quality Analysis 

The samples were taken on a monthly basis between November 2016 and October 2017. 
Atmospheric temperature (A/T), surface water temperature (W/T), dissolved oxygen (DO), pH, and 

electrical conductivity (EC) were measured in situ by FB 61317, LT-II, and PC 510 model field 
instruments (fitted with thermometer) respectively. Biochemical oxygen demand (BOD) was 

determined by a modified Winkler‘s method.  Transparency (T) and turbidity (Turb) were 

measured using secchi disc and turbidity meter. Total solid (TS), total suspended solids (TSS) 

and total dissolved solids (TDS) were determined by filtration and then dried at 103–105◦C. 

Ammonia nitrogen (NH4
+-N), nitrite nitrogen (NO2

−-N), nitrate-nitrogen (NO3
−-N), and 

phosphorus (P) were determined by UV/VIS spectrophotometer 2080 system. Alkalinity, 

hardness, chloride, chemical oxygen demand (COD) and free dissolved carbon dioxide (CO2) 
were analyzed by titration method. All water quality analyses were performed according to 

Standard Methods for the Examination of Water and Wastewater (APHA, AWWA, WEF, 1998) 

and data were statistically analysed using one-way analysis of variance (ANOVA-IBM SPSS 
version 22), and the significant differences between the means were determined by Duncan‘s 

Multiple Range Test (DMRT). The significance level was made at P< 0.05. Data are as mean ± 
standard error of the mean. 

Water Quality Index 

Water quality index (WQI) created by Canadian water quality guideline for the protection 
of aquatic life (CCME, 2001) was used for assessment of water quality in the lake. The WQI is a 

mathematical instrument used to transform large quantities of water quality data into a single 
number which summarize different quality parameters. The WQI is an index of water quality for a 

particular use. Mathematically, the index is an arithmetic weighting of normalized water quality 
measurements. 

WQI is calculated using the following equation: 

F1 (Scope) represents the percentage of variables that do not meet their objectives at least once 
during the time period under consideration (―failed variables‖), relative to the total number of 

variables measured: 

  x 100.......... (1) 

F2 (Frequency) represents the percentage of individual tests that do not meet objectives (―failed 
tests‖): 

 x 100.......... (2) 

F3 (Amplitude) represents the amount by which failed test values do not meet their objectives. F3 is 

calculated in three steps. 
The number of times by which an individual concentration is greater than (or less than, when 

the objective is a minimum) the objective is termed an ―excursion‖ and is expressed as follows. When 
the test value must not exceed the objective: 

   -1.......... (3a) 

For the cases in which the test value must not fall below objectives: 

   -1.......... (3b) 

The collective amount by which individual tests are out of compliance is calculated by 
summing the excursions of individual tests from their objectives and dividing by the total number of 

tests (both those meeting objectives and those not meeting objectives). This variable, referred to as 
the normalized sum of excursions, or nse, is calculated as: 

 -1.......... (4) 

F3 is then calculated by an asymptotic function that scales the normalized sum of the excursions from 
objectives (nse) to yield a range between 0 and 100. 
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   ............ (5) 

Once the factors have been obtained, the index itself was calculated by summing the three 

factors as if they were vectors. The sum of the squares of each factor is therefore equal to the square 
of the index. This approach treats the index as a three-dimensional space defined by each factor 

along one axis. With this model, the index changes in direct proportion to changes in all three factors. 

The CCME Water Quality Index (CCME WQI): 

   ............ (6) 

The divisor 1.732 normalises the resultant values to a range between 0 and 100, where 0 represents 

the ‗worst‘ water quality and 100 represents the ‗best‘ water quality that has been most important for 
aquatic life preservation.  

Result and Discussions 
All the twenty one (21) parameters used this study were present except free dissolved carbon 

dioxide (CO2) that is available only in the month of Feb, Jun and Oct. pH, Biochemical Oxygen 

Demand (BOD), alkalinity, ammonia (NH4
+-N), nitrate (NO3

—N), total solid (TS), total dissolved 

solid (TDS) and total suspended solid (TSS) were within the recommended level for aquatic 

life (table 1). High level in ambient temperature (A/T), surface water temperature (W/T), 

transparency (Trans), turbidity, DO, chloride, total phosphorus (TP), nitrite (NO2
—N), 

Chemical Oxygen Demand (COD), conductivity and CO2 was recorded while low in ambient 
temperature, water temperature, transparency, turbidity, DO, hardness, COD and conductivity 

across the months. Lowest ambient temperature was recorded in the month of December and 

highest in May, there is no significance difference (p<0.05) in November and January; March and 
June; February, April, July, August and October while significant difference (p>0.05) in 

December, September and May. Lowest water temperature was recorded in December while 
highest value in March, there is significance difference (p>0.05) between all the study months. 

Highest transparency was recorded in September and lowest in May, November, September, and 
October are significantly difference (P>0.05) also with the rest of the months. Highest turbidity 

was recorded in May while lowest in September, there is significance difference (p>0.05) within 

the months except in November, January and August; December and July; and March and May. 
TS, TDS and TSS were low in February, November and January while there was high in August 

and March respectively. No significance difference (p<0.05) between May and August; November 
and March; and April was observed as compared with rest of the months for TS, TDS and TSS. 

pH was highest in  September and lowest in November, significance difference (p>0.05) 

observed in the entire months except in December, January and June; and April and May.  
Table 1:Monthly mean variation in Physico-chemical Parameters of Powai lake(Nov,2016 to Oct, 2017) 

Months A/temp (oC) W/temp (oC) Transparency 
(cm) 

Turbidity 
(NTU) 

Depth (m) TS (mg-1) TDS (mg-1) TSS (mg-1) pH Alkalinity  
(mg-1) 

Hardness   
(mg-1) 

Nov 26.33±0.25b 25.94±0.09c 38.26±1.41g 47.46±2.12d 4.26±0.28a 200±0.01a 20±0.00a 200±0.03c 7.12±0.01a 133.46±2.56e 138.80±1.80fg 

Dec 24.51±0.19a 23.75±0.12a 28.60±0.86d 34.33±1.37c 4.27±0.22a 210±0.00a 170±0.01c 60±0.01a 7.18±0.01b 127.73±0.80d 20.93±1.30a 

Jan 26.36±0.32b 24.31±0.03b 34.90±0.80f 47.26±1.73d 4.16±0.30a 190±0.00a 140±0.01c 50±0.00a 7.18±0.02b 128.13±0.94d 22.66±1.50a 

Feb 29.31±0.38d 29.12±0.33d 24.46±0.45c 57.33±1.13f 6.90±2.93b 180±0.00a 140±0.01c 60±0.01a 7.32±0.01c 109.06±2.63b 113.20±3.93c 

Mar 28.19±0.42c 31.34±0.12h 17.80±0.49a 85.66±1.68h 3.36±0.33a 240±0.01a 220±0.01d 80±0.02ab 7.38±0.00e 107.20±1.54ab 98.13±1.78b 

Apr 29.76±0.22d 31.24±0.03gh 20.10±0.31b 79.33±1.75g 3.28±0.32a 210±0.00a 170±0.01c 60±0.01a 7.44±0.02fg 106.80±0.69ab 99.20±1.24b 

May 32.39±0.16f 32.92±0.04i 16.96±0.29a 88.33±1.59h 2.83±0.35a 380±0.06b 170±0.00c 210±0.06c 7.47±0.01fg 116.26±2.22c 122.66±3.54d 

Jun 27.66±0.15c 29.42±0.03de 28.33±0.33d 52.53±0.55e 4.19±0.38a 250±0.01a 90±0.01b 150±0.01bc 7.18±0.01b 102.66±1.46a 152.26±5.44h 

Jul 29.92±0.25d 29.66±0.04ef 31.18±0.35e 33.93±1.49c 4.20±0.37a 190±0.00a 90±0.00b 90±0.01ab 7.38±0.01de 120.13±2.06c 135.73±2.61f 

Aug 29.82±0.22d 29.39±0.03de 26.10±1.01c 45.33±1.88d 4.06±0.36a 410±0.01b 90±0.01b 320±0.02d 7.40±0.00ef 110.40±0.94b 145.06±2.40gh 

Sep 31.16±0.18e 30.94±0.09g 42.36±0.81h 24.93±0.72a 3.95±0.37a 200±0.03a 90±0.12b 130±0.02ab 7.50±0.01g 149.06±2.08f 126.40±1.99de 

Oct 29.66±0.27d 29.82±0.04f 34.40±0.44f 29.73±0.81b 3.69±0.34a 180±0.00a 100±0.00b 80±0.01ab 7.34±0.01cd 215.73±1.40g 132.53±1.98ef 

Obj. 25-32 24-27 20-35 <30  <500 <500 30-200 6.7-9.5 50-300 30-180 

Means (±SE) in the same column having different superscripts are significantly (P<0.05) different 

Alkalinity was lowest in August and highest in October, and there is no significant 

difference (p<0.05) in December and January; February and August; March and April; May and 
July while rest of the months are significantly different (p>0.05). The highest value of hardness 
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was recorded in June and lowest in December, the month of December and January; March and 

April are not significantly different (p<0.05), while there is a significant difference in rest of the 
months. Chloride and total phosphate are low in December while high in May and October 

respectively (table 2), No significant difference (p<0.05) in February and April for chloride and 

significance difference (p>0.05) in May and October. In term of NH4
+-N, the lowest value was 

recorded in January and highest in September; there is significant difference (p>0.05) in 

December, January and July with the rest of the months.NO2
−-N was low in October and high in 

June, there is a significant difference (p>0.05) in June, August and October; and no difference in 

the rest of the months. NO3
−-N was highest in June and lowest in December, significance 

difference (p>0.05) was observed in December, February and May while it was an 

insignificant difference (p<0.05) in rest of the months. In term of phosphate, the highest value 
was recorded in October and lowest in March, there is no significant difference (P<0.05) across 

the study months except in February and October. Lowest DO was in May and highest in 

September, there is no significant difference (p<0.05) in the month  
Table 2: Monthly mean variation in Water Quality Parameters of Powai lake (Nov, 2016 to Oct, 2017) 

Months Chloride  
(mg-1) 

NH4
+-N (mg-1) NO2-N   (mg-

1) 
NO3-N  (mg-1) Phosphate 

(mg-1) 
DO (mg-1) CO2 (mg-1) BOD (mg-1) COD (mg-1) Cond. (µS/cm) 

Nov 64.00±2.46g 0.41±0.02bc 0.14±0.03b 2.73±0.15f 1.30±0.11a 5.49±0.17b 0.00±0.00a 3.70±0.36b 44.13±2.05bc 244.33±0.58d 

Dec 32.00±0.43a 0.28±0.01b 0.06±0.00ab 0.20±0.02a 0.17±0.03a 6.29±0.21cd 0.00±0.00a 4.38±0.44bc 14.26±2.63a 253.00±0.47e 

Jan 34.00±0.55ab 0.06±0.00a 0.05±0.01ab 0.63±0.03bc 0.49±0.00b 7.09±0.21e 0.00±0.00a 2.29±0.39a 12.80±0.47a 292.26±0.67g 

Feb 45.20±0.54f 0.37±0.07bc 0.03±0.00ab 0.76±0.01c 2.46±0.11e 6.32±0.34cd 6.80±1.01b 6.25±0.52d 42.66±3.74bc 288.86±1.19g 

Mar 44.00±0.64ef 0.40±0.06bc 0.12±0.03ab 1.85±0.23e 0.17±0.00a 6.72±0.29de 0.00±0.00a 7.63±031e 121.06±0.67h 283.13±1.23f 

Apr 46.13±0.56f 0.40±0.06bc 0.11±0.02ab 1.91±0.22e 0.18±0.00a 5.70±0.18bc 0.00±0.00a 5.33±0.53cd 123.46±0.49h 321.00±1.55h 

May 67.73±1.89h 0.43±0.03bc 0.02±0.00a 1.39±0.07d 2.09±0.07d 3.46±0.18a 0.00±0.00a 5.62±0.20d 112.53±2.77g 480.80±2.83j 

Jun 40.93±0.64de 0.36±0.02bc 1.29±0.10d 3.00±0.00f 0.45±0.01b 5.86±0.22bc 13.20±4.52d 6.41±0.23d 83.06±2.42e 370.46±2.01i 

Jul 38.53±0.60cd 0.66±0.09d 0.03±0.00ab 0.35±0.02ab 0.59±0.02b 10.80±0.31g 0.00±0.00a 6.36±0.37d 39.60±2.90b 602.73±4.33k 

Aug 38.26±0.61cd 0.33±0.06bc 0.28±0.03c 2.73±0.15f 0.47±0.03b 9.25±0.25f 0.00±0.00a 8.42±0.44ef 59.33±4.91d 177.26±2.11c 

Sep 36.80±1.87bc 0.48±0.08c 0.04±0.01ab 0.56±0.10bc 0.53±0.01b 13.81±029h 0.00±0.00a 9.02±0.44f 97.73±4.13f 157.20±1.26b 

Oct 32.53±0.56a 0.47±0.03c 0.01±0.00a 0.67±0.03bc 5.00±0.00f 6.72±0.24de 9.73±1.27c 5.92±0.53d 48.66±2.58c 142.13±2.22a 

Obj. 31-50 0-1 0-0.5 0.1-3 0.05-0.4 5-10 <3 <10 <50 150-500 

Means (±SE) in the same column having different superscripts are significantly (P<0.05) different of 

December and February; March and October; and April and June. For CO2, high concentration was 

present in June and low in February; there is no significant difference (P<0.05) in February, June, 
October and other months. Highest BOD was observed in September and lowest in January, and 

no significant difference (p<0.05) in February, May, June, July and October while rest of the 
months are significantly different (p>0.05). 

COD was high in April and low in January, and a significant difference (P>0.05) was 

observed in May, June, July, August, September and October compared to other months. 
Conductivity was low in October and high in July, with insignificance difference (P<0.05) in 

months of January and February; and significantly different with the rest of the months. 
Result and Discussions 

In this study, application of the water quality index approach to Powai lake has the 
objective of providing a valid and straightforward method for expressing the results of 

several parameters to more rapidly and conveniently assess the water quality. Combining 

different parameters into one single number leads to an easy interpretation of the index, 
thus providing an essential tool for management purposes. The CCME WQI rank, defines 

Excellent water quality as (CCME WQI value 95-100), Good (CCME WQI value 80-94), Fair 
(CCME WQI value 65-79), Marginal (CCME WQI value 45-64), and Poor (CCME WQI value 0-

44) respectively. The assigning of CCME WQI values to these categories is termed ―categorization‖ 

and represents a critical but somewhat subjective process. The categorization is based on the best 
available information, expert judgment, and the general public‘s expectations of water quality. 

WQI reveal that there was no significance difference between the sampling stations 
in general when the differences between station A, B, C, D and E were relatively in the same 

amplitude. WQI did not support the results of analysis of variance simply because it is 
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calculated using many variables to assess the overall water quality. This result is further 

supported by the findings of Ferreira et al., (2011), who used same method in estimating 
water quality using the WQI of the Canadian Council of Ministers of the Environment by 

including a large set of parameters and did not detect a significance difference between 
qualities of affected and unaffected sites from shrimp farms. Therefore, there is a clear need 

for the parameter selection and data reduction to clarify the ecosystem impacts. 

Data selection and reduction by omitting the unnecessary variables such as depth can 
be an option to make WQI simpler. In this study, twenty parameters were used to calculate 

WQI considering that these variables have impacts on the water quality (Bergheim and  
Brinker,  2003;  Sindilariu  et  al.,  2009a;  Koçer  et  al.,  2013). The WQI in this way yielded 

63.80 score, indicating the water quality is frequently threatened or impaired; conditions often 
depart from natural or desirable levels. However, WQI was not able to separate the reference 

station and the others to a large extent, though some significant differences for the entire 

months were observed. One explanation of this can be that since both urban and domestic 
waste are also sources of the parameters included in the calculation of WOI in rivers, streams 

and lakes (Carpenter et al., 1998; Mander et al., 2000; Neal and Jarvie, 2005;  Jarvie et al., 
2008 and  Moss, 2008)  it may not have clearly separated the affected sampling stations. 

The results suggested that water temperature, turbidity, and total phosphorus along 

with COD were more associated with the monsoon as a result of the discharges into the lake. 
A calculation of WQI based on these eight parameters classified the water quality as ―fair‖ 

water quality is usually protected but occasionally threatened or impaired; conditions sometimes 
depart from natural or desirable levels (average scores between 65 and 79 in annual period) 

whereas, other impacted points as ―Marginal‖ (the index scores between 45 and 64). These 
results seemed to be more accurate in terms of characterizations for conservation potentials. 

There were strong and significant relation between NH4
+-N, NO3

−-N and NO2
−-N 

concentrations and the index scores, indicating that they make a remarkable contribution to 
WQI. Even though an interference of point or nonpoint sewage and domestic discharges may 

not be ruled out, WQI provided a more precise approach than traditional in assessing the 
effects of effluents on the water quality in the lake. The better performance could be because 

TDS and TSS are the dominant fractions of TS, in catchments under the effect of diffuse 

discharges from industrial as well as treated and untreated sewage wastes of urban community 
(Neal and Jarvie, 2005; Jarvie et al., 2008). For a well thrive ecosystem, DO and BOD are 

critical to a certain degree (Sindilariu, 2007; Shamir et al., 2015), are dominated by COD as 
well as A/T and W/T, respectively (Foy and Rosell, 1991; Roque d‘Orbcastel et al., 2008; 

Mehet and Huseyin, 2014). Chloride can be removed up to 90-95% via aeration and 

distillation, but the removal of hardness is highly difficult (Sindilariu, 2007; Sindilariu et al., 
2009b); thereby the ratio of alkalinity may increase (Dalsgaard and Pedersen, 2011).  

The results suggest that a Powai lake WQI would be a useful approach for assessment of 

impacts on the receiving run-off, and NH4
+-N and NH2

+-N seem to be better indicators for organic 

pollution impacts as opposed to the suggestion of Simoes et al., (2008), who noted that 
eutrophication could be the typical indicator. Therefore, as a next step in the parameter 

selection we calculated WQI based on transparency and turbidity. WQI produced highly 

similar scores for all sampling months, significant difference between these two affected the 
productivity of the lake. However, WQI clearly separated the sampling months concerning 

their water quality status, and rated monsoon and post-monsoon as ―good‖ and ―medium‖ 
classes, respectively for all conditions and annual period, which also revealed by Fabiano, et 
al., (2008). An attempt at the index calculation (WQINH4, WQIcond) using only a single parameter 

(NH4
+-N or conductivity), which is actually an Environmental Quality Standard (EQS), resulted 

in higher water quality classes of the sampling stations than WQI. Moreover, WQINH4 

appeared to have a higher relation with WQI than WQIcond. Although WQINH4 had a good 
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association with WQI pre-monsoon, there was not a reasonable relation for all the sampling 

months when compared with monsoon. This may suggest that the EQS of NH4
+-N alone 

seemed to have been a good indicator for assessment of ecosystem impacts in Powai lake, 

but it was still insufficient for assessment of the entire water body probably due to 
interference of several other factors such as nitrification, dilution, diffuse loads from 

domestic waste activities, eutrophication, etc. 

Conclusion  
This study reveals CCME WQI indicates that water quality in the Powai lake can be classified 

as ‗Marginal‘ between November 2016 and October 2017. Water quality is frequently threatened or 
impaired; conditions often depart from natural/normal or desirable levels. Measured A/T, W/T, trans, 

turbidity, DO, chloride, TP, NO2
+-N, COD, conductivity and CO2 concentrations exceeded objectives 

on one, nine, two, ten, two, two, nine, one, six, one and three occasions respectively; however, these 

excursions were fairly small and likely reflect natural events. WQI calculation based on too many 

variables fails to differentiate the affected months from the discharges of waste. WQI 
calculation using few parameters will be a cost, time and effort-saving way that are a 

fundamental aspect of effective water quality monitoring. The index presents a more accurate 
way to evaluate the presence of aquatic activities in the ecosystem. The quality values showed a 

critical situation for some stations that could be used to support of managerial actions. WQI can be 

used in the evaluation of diffuse and point source control performances. The parameters shown to be 
affected by stations and months through their specific properties revealed that there is organic 

pollution in the lake and strongly suggests that the water body is maintaining eutrophic status, where 
there is continues eutrophication which is lethal to the aquatic organism. 
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Chapter 27 
 

Estimation of Aquifer Hydraulic Conductivity using Statistical Grain  
Size Analysis on the Floodplain of Imburu/Ngbalang Numan,  

Adamawa State, Nigeria 
 

B.A. Ankidawa1*, I.A. Kwami2 and S. Ajimati1 
1Modibbo Adama University of Technology,Nigeria 

2Gombe State University,Gombe,Nigeria 
Abstract 

The research is aimed at estimating aquifer hydraulic conductivity on the floodplain of 
Imburu/Ngbalang, Numan, Adamawa State, Nigeria. The Global Positioning System (GPS) Etrex 
Garmin was used to determine elevation across the floodplain. The results of elevation ranges 
between 141 to 150 m. Six statistical grain size (Kozeny-Carman, Hazen, Breyer, Slitcher, Terzaghi 
and USBR) methods were used to estimate aquifer hydraulic conductivity on the floodplain. The result 
of the particle size distribution shows that the floodplain sediments ranges from loamy sand to sand, 
this type of formation allows groundwater flow easily. The results of the hydraulic conductivity obtain 
using six different statistical grain size methods ranges from 1.55 x 10-3 to 2.02 x 10-4 which 
correspond to the hydraulic conductivity of clean sand to gravel. Clean sand to gravel formation allows 
free flow of groundwater to recharge the shallow aquifers on the floodplain especially during the dry 
season period. Hydraulic head distribution result shows that the northern part of the research area is 
discharge area while south eastern part of the research area is recharge area. 
Keywords: Aquifer; Hydraulic conductivity; Floodplain; Numan; Global Positioning System 
 

Introduction 
Groundwater is an important resource serving as a reliable source of water for irrigation, 

domestic and industrial purposes in many countries. Increase in population, food insecurity, rising 
economies, and poor water management are putting unusual pressure on the world‘s freshwater 

resources. Globally in semi-arid environment like northern Nigeria, the shallow alluvial floodplain 

aquifers are main source of water supply for domestic purposes and irrigation activities during the dry 
season period (Taylor et al., 2013; Yusuf, 2014 and Ankidawa et al,.2015). According to Holden 

(2012), groundwater storage constitutes approximately 97% of the world water resources. And most 
of the arid and semi-arid environments are dependent more on groundwater than the surface water 

during the dry season period. Hydraulic conductivity plays a vital role in groundwater processes 

especially groundwater flows into and out of aquifer system. Particle size distribution is the most 
important factor that governs the groundwater flows on the floodplain. The aim of the research is to 

estimate hydraulic conductivity on the floodplain of Imburu/Ngbalang Numan using statistical 
methods. 

The Study Area 
The study area is in Numan local government area of Adamawa state, Nigeria. Numan is 

located 30 miles (50km) from Yola opposite the mouth of the Gongola River and River Benue, which is 

the principal tributary of the Benue River and Gongola (Figure 1). The entire study area covers 
905km2 is located at Imburu/Ngbalang on latitude 90 291 1011 (9.48610) N, longitude 120 11 8.311 

(12.0190) E and 147 meters (482 feet) elevation above the sea level, the total land mass is about 905 
sq. kilometer.it has population of 91,549 according to national population census. Imburu‘s climate is 

classified as tropical. In winter, there is much less rainfall in Imburu than in summer. The average 

annual temperature is 27.80c in Imburu. In a year, the average rainfall is 921mm. The area has a 
semi-arid climate type characterized by wide seasonal and diumal temperature ranges. There two 

main marked tropical seasons in the area. The wet season lasts from April to October and has a mean 
rainfall of about 905mm with its peak in august and September (Yahaya, 2013; Binbol et al., 2006). 
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Between November and January, harmattan dust prevails in the area and pushes the Inter Tropical 

Discontinuity (ITD) to its most southerly latudinal position of 2-50N.By this period, most of Adamawa 
state experiences a comparatively stable dry continental air mass from the northeast and enhance 

rainfall is actually low. The dry season is from November to March. The average monthly temperature 
is 26.90C with a minimum value of 180C and a maximum of 400C (Binbol et al., 2006). 

 
Figure 1.Map of Numan Local Government Area showing the study area. 

 
Geology of the Study Area 

 The study area has good and favorable soil made up of alluvial and vertisol soils (Tukur and 

Adebayo., 1997). Gireh and Giroh (2013) reported that the vertisols of the Imburu/Ngbalang, Numan 
are derived from quaternary alluvium underlain by the Bima sandstones found on nearby level plain 

(Figure 2). However, (Mirchalum and Eguda., 1995) also reported that the Imburu/Ngbalang vertisols 
owe their origin from the olivine basalts of the Lunguda plateau. The vertisol soil is that which is 

present in depressions and low-lying areas and they are usually heavy-dark soils derived majorly from 

argillaceous sediments, rich in iron concentration with deep wide cracks when dry. This type of soil is 
structurally sticky, with colours between dark and gray. (Virmani, 1987) made reference to the high 

productivity of vertisols if managed properly and also their relative susceptibility to erosion. He 
recommended that soil and climatic parameters be studied alongside for better understanding of crop 

environment in the areas with vertisol. The authors noted that length of growing season is closely 

related to soil-water balance. characteristics of the soils as having a heavy presence of clay content of 
about 70% the vertisol soils; bulk density ranges from 1.25 to 1.40 mg/m-3 in fallow soils and 1.47-

1.52 mg/m-3 in cultivated soils; porosity of about 43% in fallow soils and about 40% in cultivated 
soils; soil moisture content extending between 65% - 80%. Generally, they are regarded as difficult 

soils to be cultivated owing to poor drainage, low nutrient and low organic matter contents. 
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Figure 2 Geological map of the Study Area 

Material and Method 

The Global Positioning System (GPS) Etrex Garmin were used to determine elevation across 
the floodplain of Imburu/Ngbalang. Ten Soil samples were collected, five (5) soil samples were 

collected from the floodplain, and five (5) samples were collected from River Benue and Gongola 
(outcrop) within Imburu/Ngbalang of Numan local government area in plastic containers for the 

purpose of laboratory analysis. At each sampling point, samples (embankment outcrop), were 

collected at every change of sediment/soil type from the top to the water level in the river (Figure 3). 
Photographic records with label scale and color chart are used for the purpose of description. A small 

coated plastic (to avoid rust) hand trowel were used for sediment sampling. 

 
Figure 3. Map showing soil sampling points 

Using a core sampler, soil samples were collected at depths 15cm depths respectively under each 
tillage system on the sites. The total sample in the core samples were transferred into nylon and were 

conveyed to the laboratory.  In the laboratory, the mass of each empty crucible was found, (M1). The 
soil sample was then transferred from the nylon into the crucible and then reweighed as (M2). The 

crucible with the soil samples were kept in the oven for 24 hrs at 105ºC for total dryness of the 

moisture in the soil sample. After, which the crucibles were then removed from oven and then 
reweighed as (M3). From this, the bulk density was calculated as mass of oven dried soil per volume 
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of core (g/cm3) and gravimetric water content as mass of water in the soil sample per mass of the 

oven dried soil. 
Determination of water content for the soil samples were carried out using gravimetric method. A 

60g portion of the samples collected oven dried at a temperature of 105ºC for 24 hrs. The initial 
weight of the container W1 was determined and 60g soil sample put up to half of the container and 

was weigh again as W2.  And it was put in the oven for 24 hrs at a constant temperature of 105ºC. 

After which the soil sample and the container were weighted as W3. 
The hydrometer method was used to determine the particles sizes analysis. 50g of soil sample 

from a 2 mm sieve was poured in a conical flask. 50 ml of sodium hex metaphosphate was added to 
the soil sample in the flask after which 100 ml of distilled water was added. The solutions were 

mechanically shaken and stirred to allow the particles to disperse well but not done in such a manner 
as to reduce the sizes of soil particles, and was allowed to stand for 24 hours. After 40s, the 

hydrometer was introduced into the cylinder and allowed to stabilize before taking the reading. The 

solution was kept for 2 hours after which another reading was taken using the hydrometer. The 
temperatures readings were taken for each of these two processes. The first reading of temperature 

(T1) and hydrometer (H1) were used to calculate the percentage sand content, while the second 
reading of temperature (T2) and hydrometer (H2) were used in calculating the percentage clay 

content. 

Statistical Grain Size Analysis Method 
Empirical methods were used to determine the hydraulic conductivity of porous medium 

materials from the grain–size analysis. The empirical methods are. 

  

Where K=hydraulic conductivity: g=acceleration due to gravity: v=kinematic viscosity: C=sorting 
coefficient: f(n)=porosity function, and de=effective grain diameter. The value of C. f(n) and de are 

dependent on different method used in the grain-size analysis. Porosity can be derived from the 
empirical relationship between porosity and the coefficient of grain uniformity (U) as follows: 
  

where U is the coefficient of grain uniformity and is given by: 

  

Where d60 and d10 are the grain size diameter in (mm) for which 60 and 10%of the sample 

respectively are finer. The empirical formulas which were formed on the same basis as represented in 
Equation (1) vary with C, f (n) and de. 

The different empirical formulas employed in this study are presented below: 

Hazen method 
  

Has a formula was originally developed for determination of hydraulic conductivity of uniformly 

graded sand but is also useful for fine sand to gravel range, provided the sediment has a uniformity 

coefficient less than 5 and effective grain size between 0.1 and 3mm. 
Kozeny-Carman method 

  

The equation is one of the most widely accepted and used derivations of permeability as a 

function of the characteristics of the soil medium. The equation however is not appropriate for soil 

with effective size above 3mm of clayey soil. 
Breyer method 

  

The formula is often considering most useful form materials with heterogeneous distributions and 

poorly sorted grains with uniformity coefficient between 1 and 20, and effective grain size between 

0.06 and 0.6mm. 
Slitcher method 
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The formula is most applicable for grain size between 0.01 and 5mm. 

Terzaghi method 

  

Where the Cr= sorting efficient of average value 8.4x10-3 is used in this study 

United State Bureau of Reclamation (USBR) method 
  

The formula is most suitable for medium-grain sand with uniformity coefficient less than 5 (Cheng 
and Chen, 2007). 

Groundwater level monitoring were carried out at the Imburu/Ngbalang floodplain. Ten (10) 

different borehole points were monitored manually on weekly basis to observe the groundwater levels 
on the floodplain during the dry season. The manual measurements of static water level in boreholes 

and depth to water table was taken by using tape meter. Stone was tight on the tape and inserted 
into the pipes down to the bottom of the borehole to determine the water levels. 

 
Figure 4.Map Showing the location of ten monitored boreholes in the study area 

Results and Discussions 
Elevation mean vertical distance either between the top and bottom of a fixed reference point, 

the elevation is mainly used when referring to Earth surface, while altitude or geopotential height is 
used for point above the surface, such as an aircraft in flight or a spacecraft in orbit, and depth is 

used for the point below the surface. The Global Positioning System (GPS) Etrex Garmin provide the 
co-ordinate and gives readings of North from 090279211 to 09032.1551 and East from 12000.7591 to 

12003.3291(Figure 5). The elevation across the floodplain ranges from 141 to 150 m. Most of the Site 

boreholes are shallow boreholes constructed on sedimentary rocks, metamorphic rocks and igneous 
rocks but igneous rocks are hard to find due to transformation that took place which make most of 

the igneous rocks changed to metamorphic and sedimentary rocks. Elevations indicate the distance 
above the reference of groundwater generally flows toward Imburu/Ngbalang, the regional discharge 

area and the hydraulic head conductivity connection between the River Benue and Gongola. 
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Figure 5. Topographic Map of the Study Area 

Particle Size Distribution 

Table 1 shows the results of the soil aggregates for the selected boreholes within the study 
areas of Imburu/Ngblange. Placing the respective percentages of sand, silt and clay particles on a 

textural triangle, the soil in the selected area can be classified into following textural classes. Soil 
aggregation is essential for the resistance of land surfaces to erodibility, and it influence the capacity 

of soils to remain productive. The results obtained from hydrometer method showed that sample BH1 

has higher percentage of sand show the value compared to other borehole. The percentage of sand of 
each soil sample from sample BH2 to BH10, range from 75% to 89%. Similarly, the clay content of 

samples BH6 and BH9 is higher than that of other samples while the silt contents of sample BH6 is 
higher than that of other samples. This result shows that some plots are most suitable for crop 

production than other. The highest value of bulk density of the soil is found in BH1 and it ranges 

between 1.58 to 1.73g/cm3 while the moisture content of the soil range between 19.15 to 53.85% 
which may be good for crops which require high soil moisture. 

Table 1. Particle Size Distribution 
Sample Name Depth cm %Sand %Silt %Clay Textural Classes B.D(g/cm3) %MC 

BH1 15 93 4 3 Sandy 1.73 19.15 
BH2 15 86 8 6 Loamy Sand 1.67 40.35 
BH3 15 89 5 6 Sandy 1.68 21.31 
BH4 15 87 5 8 Loamy Sand 1.63 53.85 
BH5 15 85 8 7 Loamy Sand 1.65 53.85 
BH6 15 75 15 10 Sandy loam 1.58 42.86 
BH7 15 85 8 7 Loamy Sand 1.65 33.33 
BH8 15 83 11 6 Loamy Sand 1.67 29.81 
BH9 15 87 3 10 Loamy Sand 1.6 28.44 

BH10 15 86 6 6 Loamy Sand 1.63 33.45 

The sieve analysis result show that the coefficient of uniformity, Cu range from 4.24 to 11.56 

while the coefficient of curvature Cc range between 0.2 to 7.81 (Table 2). The sieve analysis aides the 
classification of soil as loamy sandy and sandy loamy-soil for all the sample. Who concluded that high 

sand and low silt/clay content in the soil contribute to groundwater growth. The result of the hydraulic 

conductivity determined from the use of different empirical formulas is present in Table 2. 
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Locations Lithology 
D10 

(mm) 

D20 

(mm) 

D30 

(mm) 

D50 

(mm) 

D60 

(mm) 
U N Cc Hazen Korzeny Breyer Slitcher Terzaghi USBR Average 

BH1 Sandy 0.03 0.037 0.091 0.16 0.24 8 2.2 1.15 1.08E-05 5.4E-05 9.5E-07 0.00012 2.8E-05 2.4E-07 3.54E-05 

BH2 
Loamy 

Sand 
0.035 0.05 0.019 0.25 0.35 10 2.63 0.02 1.8E-05 6.8E-05 1.2E-06 2.6E-06 4.6E-05 4.8E-07 2.26E-05 

BH3 Sand 0.03 0.038 0.062 0.21 0.31 10.33 2.69 0.41 1.3E-06 5E-05 8.9E-07 0.00023 3.4E-05 2.5E-07 5.24E-05 

BH4 
Loamy 

Sandy 
0.041 0.081 0.08 0.18 0.22 5.36 1.64 0.7 1.4E-06 0.00015 1.9E-06 8.4E-05 4.5E-05 0.00011 6.44E-05 

BH5 
Loamy 

Sandy 
0.032 0.082 0.049 0.18 0.37 11.56 2.95 0.2 1.7E-05 5.6E-05 9.8E-07 0.00035 4.3E-05 1.5E-06 7.82E-05 

BH6 
Sandy 

Loamy 
0.033 0.061 0.19 0.25 0.14 4.24 1.4 7.81 7.9E-06 0.00015 1.3E-06 3.2E-05 2.7E-05 7.5E-07 3.68E-05 

BH7 
Loamy 

Sandy 
0.046 0.05 0.071 0.22 0.19 4.13 1.38 0.57 1.5E-05 0.00031 2.6E-06 6E-05 5.2E-05 4.7E-07 7.38E-05 

BH8 
Loamy 

Sandy 
0.039 0.047 0.058 0.2 0.25 6.41 1.86 0.34 1.5E-05 0.00011 1.7E-06 0.00011 4.1E-05 4.1E-05 5.33E-05 

BH9 
Loamy 

Sandy 
0.034 0.086 0.07 0.24 0.16 4.7 1.5 0.9 0.00911 0.00013 1.4E-06 4.3E-05 2.8E-05 1.6E-06 1.55E-03 

BH10 
Loamy 

Sandy 
0.02 0.06 0.061 0.017 0.14 7 1.99 1.32 4.3E-06 0.00026 4.4E-06 3.8E-05 1.1E-05 7.1E-07 5.32E-05 

Average                   9.20E-04 1.34E-04 1.73E-06 1.07E-04 3.55E-05 1.54E-05 2.02E-04 

 
Figure 6. Hydraulic head distribution map showing ground water flow direction. 
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The average conductivity determine value obtain using the six different statistical grain 
size methods ranges from 1.55x10-3 to 2.02x10-4 which correspond to the hydraulic conductivity of 

clean sand to gravel as reported by Freeze and Cherry (1979). Among the statistical grain size 
method, Breyer gave the highest values followed by Slitcher, Hazen, USBR, Terzaghi, Kozeny-

carman have the least value. The results of hydraulic conductivity determine from six different 

empirical formulas are present in Table 2 The hydraulic conductivity value got using six different 
statistical grain size method range from 1.2x10-2 m/s to 5.06x10-3 m/s which corresponds to the 

hydraulic conductivity of clean sand to gravel (Freeze and Cherry, 1979). 
Hydraulic Head Distribution 

 Groundwater flow take place from the south eastern and flows towards north southern 
part of the study area (Figure 6) and it flows from the north western towards the northern and 

also flows from the south eastern towards the northern. It also flows towards the eastern and 

north western part of the study area to the northern. The recharge area occurs in the western 
part of the study area around Sabon Pegi, in the south east around Kapalakan and in the north 

east around Ngbalang. The discharge area occurs around, kwakombe, kawan, Imburu of the study 
area. The hydraulic head distribution map indicates that the Imburu/Ngbalang are located in the 

recharges and discharge area (Ankidawa et al., 2018; Kwami et al., 2019). 

Conclusion 
Elevation on the floodplain of Imburu/Ngbalang ranges between 141 to 150 m. The 

monitored wells show that, in the dry season, the River is recharging the aquifer, but in the rainy 
season, the gradient is towards the River Benue and Gongola which indicates the main recharge 

and discharge source of the floodplain shallow aquifers during the dry season period. The particle 
size distribution shows that the floodplain sediments ranges from loamy sand to sand, this type of 

formation allows groundwater flow easily. Estimating the hydraulic conductivity of soils in terms of 

grading characteristics can relatively lead to underestimation or overestimation unless the 
appropriate method is used. For the studied samples, the best overall estimation of permeability is 

reached based on Breyer gave the highest values followed by Slitcher, Hazen, USBR, Terzaghi, 
Kozeny-carman have the least value of K. The result of the hydraulic conductivity obtained using 

the six different statistical grain size methods shows that the floodplain sediments is clean sand to 

gravel. 
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Abstract 

The design and size estimation of a stand-alone SPV system required to power a 1000 Watts SPV-
powered electric water boiler under Yola climate is hereby presented. The size estimation was 
based on measured performance values of a 20 Watts polycrystalline silicon solar module under 
Yola climate as against the use of values presented on the module data sheet under Standard Test 
Condition (STC). This became necessary considering the fact that solar irradiances at different 
locations across the world are generally less than the 1000 Wm-2obtainable at STC. The total load 
requirements for the SPV system, including lighting loads, was 1025 W. The estimated required 
daily energy demand of the system was computed and found to be 3.164 kWh/day. Size 
estimations of all the component parts that constitute the SPV system were carried out and the 
total estimated cost of the system design, component parts and installation was also computed. 
Keywords:  Electric water boiler, Size estimation, Solar Irradiance, Solar Module 

 
Introduction 

The growing demand to employ the use of solar photovoltaic (SPV) system for electricity 
generation as a substitute to fossil fuel conventional electricity cannot be over emphasized. Most 

electric water boilers available in different households in Yola and other parts of the country are 
powered by fossil-fuel powered conventional electricity. However, being a non-renewable energy 

source of electricity, it is bound to deplete with time. In addition, it has a disadvantage of 

releasing pollutants into the atmosphere at service stations, leading to global warming [1]. There 
is also a wide gap between the peak electricity generation capacity in Nigeria, which is very low, 

and the peak demand, which is very high [2]. As a result, the continuous increase in energy 
demand has caused conventional electricity to be under great stress, leading to intermittent power 

supply nation-wide. Moreover, it has been reported that the remaining recoverable hydrocarbons, 

from which fossil fuels form a part, will not be enough to meet the world energy demand by 2050 
[3].  This is a warning signal as there is possible risk of shortage and eventually depletion of this 

non-renewable energy source worldwide [4].   
This study is aimed at designing and estimating the size of an SPV system needed to 

power a 1000 Watts SPV-Powered Electric Water Boiler under Yola climate, north-east Nigeria. To 
this end, a 20 watts polycrystalline silicon solar module, with performance values at STC being Voc 

=22.05 volts; Isc=1.28 A; Vmax=17.5 volts; and Imax=1.14 A at solar irradiance of 1000 Wm-2, Air 

Mass (AM) 1.5 and cell temperature of 25 0C, was used. It is important to note that the solar 
module was characterized under Yola climate when the maximum solar irradiance was 780 Wm-2 

between 12.00 noon to 12.15 pm during summer period. Unlike at STC, different values of Voc= 
20.40 V, Isc,=0.80 A, Vmax=16.65 V, and Imax= 075 A were obtained  [5]. In the same vein, during 

winter period, the electrical parameters of the solar module were found to be; Voc= 18.85 V, 

Isc,=1.00 A, Vmax=16.00 V , and Imax=0.82 A when the solar irradiance was 741 Wm-2. These 
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values were being utilized in the design and size estimation of the SPV system for the electric 

water boiler.  
 

 
 

THEORY 

Components of Solar Photovoltaic (SPV) System  
 The following are components of SPV system design to safely meet the power 

requirements of a given load. They involve the design and selection of additional components as 
follows: voltage regulator or charge controller; inverters for converting DC to AC (A solar electric 

inverter is a component that converts); batteries used as back-up for SPV Systems; alarm and cut-
offs (disconnects); diodes and  resistors (for surge protection) [6].  

Design of a Stand-alone SPV System 

Figure 1 is typical design of a stand-alone SPV system with component parts. 
       Solar Irradiance Falling on a Poly-crystalline Silicon Solar Array 

   ,            
 

   
 

 

  
 

 
 

 

 
 

 
 

 
Figure 1 Block Diagram of the SPV System with Component Parts 

 

SIZE ESTIMATION OF STAND-ALONE SPV SYSTEM 
The Peak-Sun Hours 

 Peak-sun hours are important parameters used in estimating size of an SPV system [6, 7]. 
In order to determine peak sun hours for Yola, the pyranometer was placed at the solar module 

optimum tilt angle of 24 0 and oriented to the south during summer and winter periods. The 

readings of solar irradiances were taken every two hours, beginning from 6.00 am to 6.00 pm, 
from a radiation detector meter. Using the pyranometer, the solar irradiances on the radiation 

detector with time of day were obtained. 
Design and Size Estimation of SPV System 

  The performance values of the 20 W polycrystalline silicon solar module under Yola 
climate were employed in the design and size estimation of the required SPV system for the boiler. 

The required loads for the design include the electric water boiler load, which is 1000 W, and 

 CHARGE      
REGULATOR 

DC   LOADS 1000 W SPV-Powered Electric Water 
Boiler   
 

 STORAGE BATTERIES 

 INVERTER (Power 
conditioning system) 
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lighting loads of 25 W. The size estimation and cost estimates of component parts that constitute 

the SPV system have been presented [8]. This includes; sizing of SPV array, sizing SPV-battery 
bank, sizing of inverter, sizing of charge controller, sizing of system cable, 

 
 

Results and Discussions 

Peak Sun Hours for Yola 
Following the procedure presented in section 3.1, a graph of solar irradiance against time 

of day was plotted as in Figure 1. The maximum solar irradiances during summer and winter 
periods were found to be 780 Wm-2 and 741 Wm-2 respectively.  

 
 

Figure 2 Solar Irradiance (KW/m2) against Time of Day (h) during summer and winter Periods 
 

The space under the curve of the Radiation Detector Reading during summer {RDR(s)} 

was segmented into two right angle triangles at the extreme left and right sides and into four sets 
of trapeziums between these two triangles. The area under the curve was calculated to be 6.0. 

Subtracting the value of the area of the smallest trapezium at the base of the curve (0.018) from 
the total area gives 5.982 peak-sun hours. This was the peak-sun hours for Yola, determined 

during the summer period. For the RDR (w) during winter, the same method was used except that 

there was no any trapezium at the base of the curve since irradiances at 6.00 AM and 6.00 PM 
were found to be 0 W/m2 each.  So the peak sun hours for Yola during the winter period was 

found to be 5.498, which is equivalent to the total area under the curve. Hence, the average peak 
sun hours for Yola was 5.87.  This is approximately 6 peak-sun hours. 

The solar irradiances measured by the pyranometer were found to be higher at summer 
period than at winter period as could be seen the Figure 2. This was due to the location of Yola at 

the northern hemisphere. It has been reported [7] that areas located at the northern hemisphere 

are said to have more solar irradiance during summer period than during winter period. The 
shapes of the graphs obtained in Figure 2 are in line with the graph presented in literature [6].  

 
Size Estimation of SPV System for the Electric Water Boiler 

Size Estimation and Cost of SPV Array 

Table 1 Estimated PV Array Size and Cost Estimate 
  

 Fundamental requirements for size estimation of the SPV Array 
Solar module type: SUNSHINE SOLAR; AP-PM-20; 020 470 350 2015 
Power output of the boiler=1000 W, Power of inductive loads=25 W, Total power rating =1025 W, Hours of 

operation per day=2 h/day, Energy demand per day (Ed) =2050 Wh day-1, Efficiency of battery ( )=0.80, 

Efficiency of inverter ( )=0.90, Efficiency of charge controller ( )=0.90 , Direct voltage (Vdc)=24 V, The  

average values of Imax and Vmax are 0.785 Amperes and 16.325 Volts respectively. 

Parameter 
being estimated 

Estimation formula Substitution Estimated 
parameter value 

Required daily 

energy demand 
(ER) 

  

3.164 kWhday-1 

Average peak 
power (PAP)   

527.33 W 
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Total dc current 
(Idc)   

 A 

Number of 
modules in series 
(Nsm) 

  

2 

Number of 
modules in parallel 
(Npm) 

  

28 

Total number of 
modules (Ntm) 

  56 

Total cost of array 
in dollars (Adcost) 

  $1,536.64 

Total cost of array 
in Naira (Ancost)  

 

 

 

 

 
₦420,000.00 

 

 

Size Estimation and Cost of Battery Bank for the SPV System  

Table 2 Estimated Battery Bank and Cost Estimate 

 

 Fundamental requirements for size estimation of the battery bank 
Battery model type: 8A8DLTP-DEKA   

Days of autonomy ( =3 days, Energy demand , Capacity of the  

battery (Cb)=450 Ah, Battery voltage (Vb)=12 V, Dept of discharge (DOD)=80 %=0.8 

Unit cost of the selected battery in dollar (Bdcost)=$679.00, Unit cost of the selected battery in naira 
(Bncost)= ₦247,434.39. 

Parameter being estimated Estimation formula Substitution Estimated  
Parameter 
value  

Estimated energy storage  (Eest)   6.150 kWh 

Safe energy storage (Esf) 

  

7688 Wh 

Total capacity of battery bank (Ctb)  

 

 

640.66 Ah 

Total number of batteries in bank 
(Ntb)   

1.42 2 batteries 

Number of batteries in series (Nsb)  

 

 

2 

Number of batteries in parallel (Npb) 

  

1 

Cost of battery bank in dollars (Bbdcost)         $1,358.00 

Cost of battery bank in naira (Bbncost)   ₦494,868.78 

 

Size Estimation and Cost of Inverter Size for the System 
Table 3 Estimated String Inverter Size and Cost Estimate 

 Fundamental requirements for size estimation of inverter 

Inverter model type: 1500 VA (1.5 KVA) hybrid solar power inverter  
Direct Current Voltage (Vdc) =24 V 

Alternative Current Voltage (VAC) =240 V 
Power of the Inverter (Pi) =1500 W 

Unit Cost of the Inverter = 80,000.00 
Parameter  
being estimated 

 
   Estimation formula 

 
Substitution 

Estimated 
parameter Value 
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Power of non-inductive loads ( ) 

 

 
1025 W 

Power of inductive loads ( ) 

 

 
0.0 W 

Total power of the inverter 
  

1281.25 W 
 

Cost of the inverter in dollars (Idcost)  Cost price in dollars  ………… $219.532  

 
Cost of the inverter in naira (Incost) 

   
  Cost price in naira  

……….. 80,000.00  

 
Size Estimation and Cost of Charge Controller for the System 

 

Table 4 Estimated Size of Charge Controller for the SPV System 

 

 Fundamental requirements for size estimation of charge controller 

Charge controller model type: Xantrex XW-MPPT60-150 
Charge controller Voltage (Vcc) =24 V 

Charge controller Current (Icc) =60 A (dc) 
Unit Cost of Charge Controller in Dollars (Cdcost) =$223.92 

Unit Cost of Charge Controller in naira (Cncost) =₦81,600.00  

Parameter  
being  
estimated 

Estimation formula  Substitution Estimated 
parameter 
Value  

Required charge 

controller current (Ircc) 

X  Ircc=0.9 X 30 X 1.25  33.75 A 

Number of charge 

controllers (Ncc)   

0.5 1 

Cost of charge 

controller in dollars 
(Cdcost) 

  $223.92 $223.92 

Cost of charge 
controller in naira 

(Cncost) 

   

 
Size Estimation and Cost of the System Cable Sizes 

 
Table 5 Estimated Cable Sizes for the SPV System under Yola Climate 

 Fundamental requirements for cable size  
Cable type: Copper wire 

Resistivity of the copper wire ( )= 1.724 X 10-8 Ωm,   Module short circuit current ( ) =  

Fsafe =1.25; VdC= 24 V, VAC =240 V, Number of modules in parallel (Npm) =30, Efficiency of  

Inverter =0.90 
Parameter being 
estimated 

Estimation formula Substitution 
 
 

Estimated 
parameter 
Value 
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Cable size for PV modules 
through the batteries 
voltage regulator. 

=0.9 

=30 

=1.25 

L=1.5 m 
 

 X  

 
 

 
 

Area  

  

Irated=0.9X30X1.25 
 
  

 
 

Area A=  X 2 

34 A 
 
 

0.96 V  
 
 
1.83 mm2 
 
 
 

Cable size between battery 
bank and inverter. 

=24 V 

=85 % 

=134

4 W 
L=2.0 m 

 
 
 

 
 

 
 

 
 

 
 
 

 
  

 

0.59 1.0 A 

 
 
 0.96 V 
 
 
  2.44 mm2 

Cable size between inverter 
and load. 

= 

= 

=240 V 

L=2.5 m 

 
 

 
 

 
 

 
 
 

 
 

 
 

   3.23 A 
 
 
 
    9.6 V 
 
 
    3.1 mm2 

 
Table 6 Summary of the SPV System Components and Cost Estimates 

Compo-
nent 

Model Qty PV-Component Ratings Unit Cost (₦) Total Cost  (₦) 

P(W/Ah) I(A) V (V) 
Solar Module SUNSHINE 

SOLAR; AP-PM-
20; 020 470 350,  
2015 

56 20 0.785 24 7,500.00 420,000.00 

Battery 8A8DLTP-DEKA  2 450  12 247,434.39 494,868.78 

 
Charge- 
Regulator 

 
Xantrex XW-
MPPT60-150  

 
1 

 
……. 

 
33.75 

 
24 

 
81,600.00 

 
81.600.00 

Inverter  1   24 219.532  80,000.00 

Cable Wire-1 Cable size for PV 
modules through the 
batteries voltage 
regulator. 

         34 A, 1.83 mm2 and 0.96 V 
 
 
 

 

Cable Wire-2 Cable size between 
battery bank and 
inverter. 

              1.44 A, 2.44 mm2 and 0.96 V 
 
 
 

          
       
        25,000.00 

Cable Wire-3 Cable size between 
inverter and load. 

 
            3.23 A, 3.1 mm2 and 9.6 V 

 

Labour/ 
Services 

Estimated Cost of labour 
& services.  

               Estimated cost by a Licensed    Engineer 
in Yola.  
 
 
 

 

The total estimated cost of the SPV System is $3,022.61 or ₦1,101,468.78.    

CONCLUSION 
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            The design and size estimation of SPV system for the 1000 Watts SPV-Powered Electric 

Water Boiler was accomplished by using performance values of a single 20 W polycrystalline 
silicon solar module under Yola climate North-east Nigeria [5]. The average peak-sun hours for 

Yola was obtained outdoor during summer and winter periods and found to be 6. These peak-sun 
hours was used in estimating size of the SPV array in accordance with the report presented by 

Salameh [6]. Following mathematical formulations and estimation methods [8], a total of about 

56, 20 Watts poly-crystalline silicon solar modules were estimated to effectively power the electric 
water boiler and some lighting loads. The complete SPV array was estimated to be composed of 2 

modules in series and 28 modules in parallel. The system was also estimated to be composed of 2 
lead-acid batteries with a capacity of 450 Ah and 80 % Depth of Discharge each. The system 

requires one 240 Volts inverter and a single 33.75 Amperes charge controller. Cable sizes were 
also estimated accordingly. The total cost estimate for the SPV system required to power the 

electric water boiler and some lighting loads has been one million, one hundred and one thousand, 

four hundred and sixty eight Naira, seventy eight kobo (₦1,101,468.78). Considering the current 
exchange rate of the naira to a dollar in International market, this amount is equivalent to three 

thousand and twenty two dollars, sixty one Cents ($3,022.61). 
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Chapter 29 
Deforestation, Global Warming and                                                          

Climate Change in Nigeria 
 

Excellence Akeredolu  
University of Lagos 

Abstract 

Global warming and Climate change have contributed significantly to the state of environment and 
health of people around the world in the recent times. Today, climate change and global warming 
have become a subject of global interest and debate at various environmental fora. While some 
still doubt the reality of climate change in countries like Nigeria. Climatic evidences surrounding us 
shows that the earth climate is gradually changing. Anthropogenic activities such as deforestation 
have been identified as one of the major drivers of climate change in Nigeria. Deforestation 
reduces land viability and ability to support life. It degrades the whole ecosystem and disturb the 
environment. The main causes of deforestation are human activities such as road construction, 
agriculture and urbanization. The world today is suffering from scarcity of plants, wildlife, food, 
water, shelter due to deforestation. Climate change poses a serious threat to human health as the 
global temperature increases human struggles to cope with its effects. Rapid temperature increase 
is posing new heath challenges by the day as heat related sickness and diseases are on increase. 
In addition to the rising temperature, the changes in the rainfall patterns, breeding season as well 
as the reducing interaction between animals and plants have endangered many species putting 
them at the risk of extinction. In order to prevent further changing in the earth‘s climate 
responsible steps and pragmatic actions has to be taken. This chapter thus discuss the rate of 
deforestation, its environmental effect, the reality of climate change and positive actions that 
could be engaged to halt the current impact of climate change in Nigeria. 
Keywords: Climate Change, Climate regulation, Deforestation, Environment, Greenhouse gases, 

Global warming,  
 

Introduction 
Climate change is any significant change or long-term shift in the planetary weather 

pattern or average temperature typically over decades or longer period of rime (IPCC, 2014). 

Climate change results from both natural and anthropogenic processes such as volcanic eruption, 
gas flaring which alters the composition of the atmosphere (UNFCC, 2002).Global warming over 

the last 50 years has been recognized to be due to human activities that have released 
greenhouse gases (GHGs) such as carbon-dioxide, methane, nitrogen oxide etc. into the 

atmosphere (shi et al.,2016). The third assessment   report of the inter-governmental panel on 

climate change (IPCC 2001) concluded that the global average surface temperature has increased 
by 0.60c during the 20th century and this small rise in temperature has led to the heating of the 

earth atmosphere. The implication of this rise in temperature includes rise in the sea level, water 
erosion, increase in drought, flooding, windstorm, extreme weather condition and subsequently 

loss of biodiversity. Climate change as a matter of fact has emerged as one of the most 

challenging environmental issues in the 21st century (Iqbal and Ghaunri,2011; Mc Cright et 
al.,2013).  
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Climate change is expected to affect all countries across the world but the effect will be 

distributed differently among regions, nations, different age group and income groups but the 
effect of is expected to be more pronounced among the poor nations of the world(IPCC,2001). 

Lagos, Nigeria alongside with other five locations in like Haiti, United Arab Emirate, Manila in 
Philippines and, Kiribati has been identified as six most vulnerable places for climate change 

incidence (Law ,2019). Human activities are believed to have made an enormous contribution to 

global warming. Everyday human activities cause the emission of strong GHGs like C02, and 
methane which enhances the Green House effect. The growth of industrial activities has resulted 

in large scale deforestation as large number of trees are felled daily by the wood, paper and other 
industries without replanting. Massive deforestation has increased the amount of C02 in the 

atmosphere. Thus, the greenhouse effect has continued to increase unabated with lesser trees 
available to absorb the excess C02 . Forest play a huge role in the mitigation and adaptation to the 

impact of climate change and other environmental challenges. The ecosystem services provided by 

forests to the environment include climate regulation and nutrient recycling. (Fuwape,2003). 
Nigeria as the most populous country in Africa with a rapidly growing population of about 

180 million people is under pressure to place high demand on her land, forest in order to meet the 
ever-increasing needs of her teeming population in term of food, housing and raw materials for 

construction. It‘s so disheartening that Nigeria has lost over 90% of her original forest estate in 

the few decades due to this high demand. In Cross River State for instance, about 50% of the 
remaining tropical lowland rainforest once considered one of the most enviable in Africa, in terms 

of biodiversity richness has been lost in the last 40 years due to logging, clearing, burning and to 
collection of Non-Tree Forest Products (NTFP) most especially firewood. The original forest estate 

has shrunk to less than 6% in comparison with its value in the 1976 (Aju, 2008). 
Nigeria has the highest rate of deforestation in the world. Deforestation rate in the 

country is about 3.5% per year, translating to a loss of 350,000-400,000 ha of forest land per year 

(FAO,2016). Forest have been cleared for logging, timber export, subsistence agriculture and 
notably the collection fuel wood. Between 1990 and 2005 alone, the rest of the world lost 3.3% of 

its forest while Nigeria lost 35.7% of its forest cover (around 6,145,000 hectares) to deforestation 
(FRA,2015). 

In addition, some state governments are now removing the ‗protected area‘ status of 

forest estates without regard for the environment and the laws establishing such estates. The 
State Forest Departments have been unable to curtain the spate of requests to establish large 

scale oil palm and other plantations in forest estate (Popoola, 2016). 
Reality of climate change 

There has been a general rise in temperature throughout the country over the last few 

decades. Analysis of the instrumental records (1951-2005) by Aflesimama et al. (2010) showed 
that the mean temperature in Nigeria have been consistently on increase in the last six decades 

and have been rising significantly since the 1980s. Linear +warming within a 30 years averages on 
a decadal slice, further revealed changes in temperature by an average of 0.2oc. Temperatures 

were above normal by as much as 2oc in 1998 which is considered as the hottest year in the 
recent instrumental records. The mean annual variability and trend of rainfall over Nigeria in the 

last five decades has shown the existence of a number of inter-annual fluctuations that have been 

responsible for dry and wet years or extreme climate events such as droughts and floods in many 
parts of the country and at different times (Afiesimama et al., 2010). 

The period 1970-1990 was dry except between 1978-1980 and coincided with the 
Sahelian drought of early 1970s and 1980s. From 1990s to present, rainfall has been above 

normal. However, despite this general recovery in rainfall since 1993, the general trends show 

slight decrease in rainfall especially since 2001 and particularly in the extreme northern part, even 
though some locations have been experiencing some extreme rainfall events in the very recent 

years. Further analyses of these extreme events, which are critical for the country‘s water sector, 
are yet to be undertaken. (Oladapo,2014) 

Predicted climate scenarios 
Abiodun et al, (2011) using downscale Global Circulation Models (DCMs) of the IPCC 

predicted possible changes in the climate conditions in Nigeria, suggested that there will be an 
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increase in temperature over the entire country. One scenario indicates temperature increase of 

approximately 0.02oc per year from 2000 until 2100, while the other suggests greater temperature 
increase of approximately 0.04oc per year from now until 2050, and approximately 0.08oc from 

2050 till 2100. Both scenarios suggest a higher temperature increase over the inland regions 
compared with the coastal regions, with the level of the change increasing with latitude. Thus, the 

lowest values are seen in the coastal region and the highest in the northeast. Heat waves (when 

the maximum temperature is greater than 35oc for three days or more consecutively) are 
projected to occur more frequently over the entire country in the future. In the short grass 

savanna zone in the 2046-2065 time period the duration of heat waves is expected to increase by 
between 85% and 95%. These durations are projected to double for both scenarios between 2081 

and 2100.  
The future projections do not show an identifiable trend in rainfall when considering data 

at the national level, but some trends are evident at the regional level. Both scenarios predict a 

wetter climate in the south (at least 0.2mm per day south of 8oN), and a drier climate in the north. 
The highest rainfall variability in all zones occurs in July, and the variability is from about 

±2mm/day. Both scenarios predict a longer duration of the rainfall season (i.e. earlier onset and 
later cessation) in the future over mangrove, rainforest and tall grass savanna ecological zones, 

and a shorter rainfall season (i.e. early cessation) over the short grass savanna ecological zone. In 

both scenarios, the maximum expected increase in the rainfall season is approximately two weeks, 
and the maximum decrease is approximately one week. In the two future periods of 2046 to 2065 

and 2081 to 2100, a general increase in the number of days of rain, days with extreme rainfall and 
flooding are projected over most ecological zones, except in the northeast Sahel zone (Oladipo, 

2014) 
Trends in extreme weather events  

In view of the above-mentioned predictions it is not unreasonable to say that climate 

change will magnify natural disasters‘ severity in terms of intensity and frequency in Nigeria, but 
the nature and severity of the changes still need to be properly diagnosed. Increasing frequency 

of extreme weather events evident in terms of floods and drought in Nigeria is attributed to 
observed changes in the climate of the country. Major floods with return period of 100years, as 

witnessed in the country between August and September 2012, now take place every 10 or 20 

years. Flooding is becoming a more frequent phenomenon and can be so disastrous. As more 
intense rainstorms are projected to hit many parts of Nigeria because of climate change, there will 

simply be more water and catastrophic floods will become regular events. On the other hand, 
extreme droughts, linked to climate change, have become regular features in the northern part of 

the country. Climate change will result in increased variability in rainfall, predictably resulting in 

floods in some humid areas to the south in the country and decrease in precipitation in the 
savanna north. This may result in droughts and decrease in surface water resources in the north, 

with negative consequences on the surface and groundwater systems of the region. Significant 
changes in surface runoffs and groundwater flows in shallow aquifers have been linked to climate 

variability, with implications for permanent and seasonal water bodies such as lakes and 
reservoirs. While the exact trend remains unclear, there is evidence that some regions in the south 

may experience an increase rainfall while others, particularly in the north, may experience a 

decrease rainfall. The rapid shrinking of Lake Chad from about 45,000km2 in 1960 to less than 
3,000km2 in 2007 is attributed mainly to changes in the climatic conditions over the region 

towards increasing aridity. Freshwater shortage in the Lake Chad Basin has had severe economic 
impacts in the fisheries, flood recessional agriculture, livestock rearing and other wetland 

industries in the northeastern part of Nigeria. For example, it led to the failure of the overly 

ambitious south Chad irrigation project aimed at irrigating 67,000 ha for the production of rice, 
wheat and cotton. Over us$400 million worth of agriculture investments were more or less lost, 

and by 1984 the project disintegrated, leaving about 60,000 people with no secured means of 
livelihoods (Oladipo, 1993). Consequently, there has been severe food insecurity in the region and 

a proliferation of diseases. There has also been significant migration from the north of the Basin 
as ‗environmental refugees‘ have fled drought, increasing the pressure on natural resources and 

inciting social tensions, that is ball rolling into severe national insecurity of the region 
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(Oladipo,2012). The coastline of Nigeria is already undergoing pronounced morphological changes 

as a result of natural extreme events such as sea surges and tidal waves, and climate change-
inducted sea level changes.  

Accelerated sea level rise (ASLR) of 0.5-1m that is anticipated for Nigeria would mostly 
likely worsen these problems. With specific reference to the Niger Delta, it is estimated that with 

an accelerated sea level rise (ASLR) of about 0.5m, about 35% of the Delta could be lost. Absence 

of green tree is one of the main architects of our landscape degradation and vegetal destruction 
(FRA, 2015). The disappearance of trees has been linked to the increasing human population 

growth (IPPC, 2018). Loss of Arable land through deforestation has also been blamed for several 
community clashes in Nigeria most especially between the migrant Fulani herdsmen and the native 

land owners or crop farmers (Oladipo, 2014). An aggressive tree planting campaign could serve as 
a medium to address the challenging issues of Global warming and the menace of erosion and 

other ecological problem facing biodiversity in Nigeria. There is need therefore to shun the evil 

plague of deforestation through illegal felling of trees and unplanned utilization of the forest 
resources. 

Consequence of Climate Change and Global warming 
Climate change is one of the most critical global challenges of our time according to IPPC 

(2014). Recent events have emphatically demonstrated our growing vulnerability to climate 

change. Biodiversity in particular is under threat in most part of Africa, from a variety climate 
change, especially decrease in rainfall. Climate change impacts ranges from adverse effect on 

agriculture to further endangering food security, sea-level rise and the accelerated erosion of 
coastal zones, increasing intensity of natural and biological resources (Asfaw et al., 2015). 

Predictions of future climate impacts show that the consequences could vary from disruptive to 
catastrophic (Elbehri, 2015). Current climate models predict a global temperature increase of 1.4-

5.8oc by 2100. If nothing is done to reduce emissions (IPPC, 2014). The minimum warming 

forecast for the next 100 years is more than twice the 0.6oc increase that has occurred since 1900 
and earlier increase is already having marked consequences. Human induced climate changes 

have been responsible for the irreversible loss of biodiversity. If this trend continues, the ability of 
ecosystem to provide basic needs for food, water, timber, fiber and fuel will diminish. The current 

incidence of global warming is also considered to be a threat to biodiversity e.g. Coral Reef which 

is biodiversity hotspots will be lost in 20-40 years if global warming continues at the current trend 
(FAO, 2016). In 2004, an interaction team of scientists estimates that 10percent of species would 

become extinct by 2050 because of global warming (Oladapo, 2014).  
Climate change has led to phonological shifts in flowering plants and insect pollinators, 

causing mismatch between plants and pollinator population that lead to the extinction of both 

plants and the pollinator with expected consequences on the structure of plant-pollinator network 
(Forrest, 2015). Modification of inter-specific relationship such as competition, prey/predators, 

host/parasites or mutualist by climate change also modifies the community structure and 
ecosystem functions (Walther, 2010). At higher level of biodiversity, climate change can induce 

change in vegetation communities that are predicted to be large enough to affect biome integrity 
and shifts for 5-20% of the earth terrestrial Ecosystem, (Sala et al, 2005).Due to climate change, 

species may no longer be adapted to the set of environmental condition in a given region and 

could therefore fall outside its climatic niche. Bakkenes et al (2002) estimated that more than 16% 
of European landmass would have their local species losses exceeding 50% by 2050.  

Way forward 
In view of the above facts its evident that planet is set for one of the major environmental 

disaster in history as global warming will continue to cause extreme climatic changes such as 

melting of glacier, droughts, heatwaves, untimely precipitation and shifting of seasons around. 
The blanket of greenhouse gases will continue to grow thicker and denser by the day giving more 

warmth than required. The threat of global warming may become extremely serious if the current 
trend in greenhouse gas generation continues, there is need therefore to take proactive steps in 

reducing the greenhouse gas emission. 
Taking the following steps will help reduce the atmospheric Green House Gases emission 

to the barest minimum  
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1. Reforestation: Trees planting is vital for climate regulation and control, adding that to 

sustainable agenda of the United Nations, there is need for both the state and all NGO in 

Nigeria to collaborates and come up with a commitment to improve the environmental 

quality and empower the people as well as society at large to become steward of their 

environment in tree planting. Desist from activities such as indiscriminate felling of trees, 

poaching, bush burning that are capable of threatening status of biodiversity 

2. Use alternative energy:  Alternative source of energy that can be renewed. Renewable 

source is replenished by nature e.g. sun, wind and heat inside the earth which have 

tremendous potential for energy production and can easily substitute fossil fuel without 

releasing harmful emission and are environment friendly. There is need for alternative 

energy to help reduce demand for fuel wood and fossil fuel, research into green energy 

for sustainable energy must be supported by both Governmental bodies and well-meaning 

Nigerian. 

3. Going Green or organic: Consumption of green food, fruit and vegetables as alternative to 

conventional or special processed food should be encouraged. Families and children in 

schools should be taught to adopt organic life style. This should be introduced school 

curriculum at all levels from primary school to tertiary education.The populace should be 

taught that adopting an organic way of life is one of the first steps towards cleaning the 

earth of the chemicals it has been exposed to. It also helps the human body to get rid of 

toxic elements, thereby ensuring good health. In addition, it can play a major role in 

combating climate change and global warming. Organic farming requires less energy than 

what is required in conventional farming methods, which also lead to the depletion of 

organic matter in the soil. It increases nutrient cycling, reduces water runoff and soil 

erosion, and minimizes pollutants. Therefore, switching to organic goods is an effective 

way to reduce global warming. 

4. Water and Energy Management: the public should be educated to engage in activities that 

tend towards conservation of water especially for domestic use as energy is required to 

pump, treat, and transport water all over the world. In both the processes, harmful gases 

are released into the atmosphere that cause global warming thus, we must save water 

and in turn save energy. While shaving use mug rather running water, close faucets while 

soaping and rinsing clothes, upgrade older toilets with water efficient models, operate 

automatic washing machines and dishwaters only when they are fully loaded, water your 

garden during early morning or late evening, so as to reduce evaporation. 

5. Reject single use plastic: Reject offers that can encourage and promote single use of 

plastic materials 

6. Make use of biofuel, solar or wind power as environmentally friendly and alternative 

energy source rather than fossil fuel if the need arises 

7. Support partnership and multidisciplinary collaborations to promote environmental 

conservation education programs 

8. Reduce Vehicular Emission: Shun obsession and crazy desire for big sport utility vehicles 

(SUVs); which are major contributors of greenhouse gas emission. Maintain walking on 

short distance less than 500m or ride a bicycle. Fix or change faulty car exhausts. 

9. Reuse, Reduce and Recycle: Dispose waste properly and recycle as often as possible. One 

of the major threats of global climate comes from the massive waste generation by 

humans. The large amount of waste generated by us directly contributes to the emission 

of greenhouse gases and wastage of resources Reducing and recycling solid waste is an 

active way to reduce greenhouse gases emissions. It saves waste from ending up in 
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landfills where it produces greenhouse gases. The manufacture, distribution, and use of 

products as well as management of the resulting waste lead to greenhouse gases 

emissions. 

10. Need for research and further investment in weather prediction map and data 

Currently, there is paucity of basic inventory data, maps, yields and harvest records in 
Nigeria which could be used to forecast weather event and predict future forest condition. 

They are either poorly kept or out-rightly lacking; hence available information is outdated. 
In the case of Nigeria, forest statistics, like all others, are overly unreliable, even when 

available. There is need to update the country‘s forest and climatic data base in order to 

assess the current state and meet the future environmental challenge. .  
11. Need for a secured waste management system:  There is need for both the state and 

federal government of Nigeria to come up with measures of reducing carbon emission 

through waste management, removal of solid /electronic waste and dumpsites from our 

cities increasing the number of trees in our cities.  

12. Poverty eradication programs: To combat deforestation at all levels, poverty which is the 

principal driver must be addressed. 
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Chapter 30 
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Abstract 
Because of development models adopted by society for agriculture, livestock and industry, the 
range of pesticide applications is incessantly growing. The rapid increase in their use has resulted 
in enormous quantity of pesticides entering into the environment through numerous means. 
Pesticides are known to move from treated agricultural areas into the broader environment, and 
then they can reach to the non-target organisms. Once pesticides enter the atmosphere, they may 
be transported long distances. The escape of these chemicals into the atmosphere represents an 
economic loss to the user, inefficient control of pests, and introduction of possible environmental 
contamination. In this chapter, possible emission sources for pesticides in the environment, such 
as contaminated wastewater and fish ponds and agricultural lands are identified and summarized. 
Also discussed are the dominant processes of pesticide transfer in air, soil and plants such as 
absorption, adsorption, erosion, leaching, volatilization and degradation. It is recommended in this 
work that pesticide contamination in our environment should be reduced through use of safer, 
non-chemical pest control (including weed control) methods. In order to control water pollution by 
other elements such as contaminated waste water or industrial wastes, it is strongly recommended 
that the effluents should not be allowed to dump into water reservoirs without proper pre-
treatment. Further, the constant monitoring and analysis of water by appropriate regulatory 
agencies is essential to avoid any kind of water contamination. Regulatory agencies must ensure 
that  bottled water Industries are be located in ‗clean‘ zones and not in dirty industrial estates or in 
the midst of agricultural fields. 
Keywords: Contaminants, Pesticides, Environment, Impact 
 

Introduction  
Increasing world population has led to many efforts to satisfying its needs through the 

application of pesticides to control the quantity and quality of agricultural products. Pesticides are 
an indispensible element of agriculture. Increased use of pesticides has greatly facilitated 

agricultural production, reduced losses of stored grains, and has generally enhanced man‘s 

welfare. However, concern for the environment, for the most part has been relegated to the 
background.  

It has been reported that over 98% of sprayed insecticides and 95% herbicides (resulting 
from industrial scale pest control operations) reach a destination other than their target species, 

including non-target species, air, water and soil (Erhunmwunse, et al., 2012). According to 
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Leonila(2002), only 15% of the amount applied to destroy pests and pathogens hits the target. 

The remaining 85% are dispersed in soils and air which may lead to undesirable residues as trace 
contaminants of food, the environment and living tissues thereby causing food poisoning (Osman, 

et al., 2010). This organic substance which is becoming an emerging contaminant can result in 
irreversible damage to the environment and consequently the humans (Duncan, et al. 2014). 

Pesticides are potentially toxic substances, of which the presence and the effects on human health 

and the environment are not much known (Petrie, et al., 2015, Barcelo‘. 2012). 
In India, pesticide residues of organochlorine and organophosphorus pesticides, which are 

most commonly used in the country, were found in 17 brands of bottled water; both packaged 
drinking water and packaged natural mineral water, commonly sold in areas that fall within the 

national capital region of Delhi Agrawal et al., 2010). Among the organochlorines, gamma-
hexachlorocyclohexane(lindane) and Dichloride Diphenyl Trichloroethane, DDT were present above 

the permissible limits specified by the European Economic Community(EEC).DDT in particular can 

block potassium influx across the membranes of nerve fibres and causes increase negative after-
potentials. DDT also induces the mixed function oxidize system thereby altering the metabolism of 

xenobiotic and steroid hormones (Ademoroti, 1996). Recently, 23, 39 and 11 children died after 
consuming food contaminated with pesticides in India, China and Bangladesh respectively 

(Mahmoud, 2017). 

This paper therefore focuses on pesticides as an emerging contaminant in the 
environment. It reviews the literature on the sources, occurrences, fate and effects in the 

environment. It also emphasizes on the need for environment regulators, especially in developing 
countries, to implement policies that will ensure proper disposal and adequate monitoring of this 

contaminant in the environment. Under existing international laws, highly toxic, banned or 
unregulated pesticides are always exported to developing countries (Mahmoud, 2017).   

Pesticide input into the environment 

Hard Surfaces 
Point-source inputs of pesticides into the environment comprise of overspill from hard 

surfaces, commonly farm lands in rural areas, storage facilities or roads. The contamination of 
hard surfaces may arise from loading and washing of sprayers, inappropriate handling of tank mix 

left overs, leaking of faulty pipes and equipment, wrong storage of canisters. Accidental spills due 

to leaking tanks on the road to the field to be treated may lead to their persistence in the 
environment for a long time (due to long half-lives) (Reichenberger et al. 2007). For instance, 

lindane (usually sold under the trade name Gammalin 20) which is a popular pesticide is normally 
spilled during control of pests of kola, fishing and formulation of local insecticides and rodenticides 

(Ogunfowokan et al., 2012). Overspill may also result during treatment of seeds; formulation of 

lotions and creams and shampoos for the control of lice and mites (Scabies) in humans (Lawson et 
al., 2011).  

Other point-sources are runoff from farms in urban areas in homes, gardens and lawn, in 
and around the schools, business areas, and hospitals etc. Run off of pesticides from farmlands 

may be minimized by (a) measuring accurately, (b) maintaining application equipment and 
calibrating accurately, (c) mixing and loading carefully, (d) preventing backsiphoning and spills, (e) 

storing pesticides safely and securely, (j) disposing of wastes safely, (Reichenberger et al. 2007, 

Cessna et al. 2005). 
Wastewater and contaminated surface water 

Pesticides have been found in surface and underground water. They enter natural water 
from direct application for control of aquatic weeds, trash fish, aquatic insects, percolation and run 

off from farm lands, drift from industrial wastewater and discharge from waste waters from clean 

up equipment‘s used for pesticide formulation and application (FEPA, 1991).  
The factors affecting surface water contamination with pesticides and their residues include 

drainage, rainfall, microbial activity, soil temperature, treatment surface, application rate as well 
as the solubility, mobility and half-life of pesticides (Agrawal et al., 2010). Studies revealed the 

levels of selected pesticides in some surface water bodies in Nigeria as shown in Table 1.  
Table 1: Reported Levels of Some Pesticides for Surface Water in Nigeria 

Surface Concentration of  Pesticides on selected surface waters (µg/l) Reference 



Our Changing Environment and Development edited by Jacinta A. Opara 
Metropolitan International University Press. ISBN 978-9970-9670-0-1(print);978-9970-9670-1-8(online) 

~ 261 ~ 

 
 

water Aldrin 
 

Endrin Heptachlor Lindane (DDT) 

A 0.21±0.08  0.06±0.04   0.14±0.03   0.22±0.05   0.12±0.06   Ezemonye et al., 
2015a 

B Nil nil Nil 0.76±0.24  Nil (Ezemonye et al., 
2008 

C ND-16   2-28  1-21  1-150  nil (Ogah et al., 2015) 

D 3±1.4  0.9±0.2  5.0±2.2   13.0±3.3   Nil (Williams (2013c). 

E ND-0.85   nil ND-0.35  ND-3.15   0.61-3.04   
 

(Ibigbami et al., 
2015) 

F Nil 1.0±0.2  23.0±3.2   38.0±4.3   5.0±0.8   (Williams, 2013a) 

G 183±3  nil Nil Nil Nil Shinggu et al., 2015) 

H 3.75±0.01 mg/l  nil Nil Nil , 660±120  (Akan et al., 2015a 

A= Ogbese River Edo State B= Warri River Delta State C=River Benue at Katsina-Ala and Buruku D=Agboyi Creek Lagos  
E=Ogbese River Ekiti State, F=Tarkwa Bay Lagos Lagoon G=Biu Dam Reservoir Borno State H=River Benue Yola Adamawa 
State 

Source:  Joshua O. B, (2016) 

These water bodies are sources of water for direct drinking, cooking and other activities in 
some rural areas EU allowed limit for endrin in drinking water is 0.10 µg/l (Wikipedia, 2016b). 

Levels reported from studies exceeded this limit, implying potential hazardous exposure for 

aquatic organisms and humans. For citizens that engage in activities that involve direct drinking of 
the water; or if the surface water bodies are sources of public water supply without adequate 

treatment, this may pose greater potential hazards.  
Fish ponds 

Fishes are source of protein and food to a vast majority of world population. The presence 

of pesticides residues in water bodies make it a source of contamination to fishes and human who 
consume that fishes that bio-accumulate these pesticides in the marine and fresh water 

ecosystems making them unfit for human consumption. 
Table 2 presents the level of some pesticides in fish from a pond in Nigeria. Similar studies 

in other countries reported 0.027–0.045 ppb in fish from Lake Tashk in Iran (Kafilzadeh, 2015). 
Table 2:  Reported Levels of Some Pesticides Detected in Fish Pond in Osogbo, Nigeria 
Pesticide  Concentration in fish (µg/L) 

Aldrin ND-78.82  
Endrin 3.60-49.12  

Heptachlor ND-63.29   
Lindane ND-70.44  

Dichloro diphenyl trichloroethane (DDT) 7.37-66.66   

Source: Ogunfowokan et al., 2012) 

Osibanjo and Jensen (1980) reported that the deliberate killing of fish with Lindane and DDT was 

responsible for the high concentration values of these pesticides in fish samples. Human health is 
at risk of adverse effect through consumption of contaminated fishes. The acute effects of these 

pesticides in humans include gastrointestinal distress and neurological symptoms, such as tremors 
and convulsions (EPA, 2016b). 

Consumption, use and Sources Pesticides  

Based on their application, the diverse forms of pesticides include herbicides, insecticides, 
fungicides, rodenticides, nematicides, microbiocides, and plant as well as insect growth regulators 

(Meffe & de Bustamante., 2014). The data presented in Figures 1 reflects the estimates of global 
usage of some pesticides in general. The trend of application of different pesticides differs in many 

countries of the world. World-wide it is estimated that approximately 1.8 billion people engage in 

agriculture and most use pesticides to protect the food and commercial products that they 
produce. Approximately 5 billion kilograms of pesticides are applied worldwide per year (Alavanja, 

2009; Zhang et al., 2011) 
Estimates of global usage of pesticides  
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`  
 Source: (Agrawal et al., 2010) 

In the United States (US), over 2.54 million metric tonnes of pesticides are used each year 

and approximately 14.2 million metric tonnes are used worldwide (Repetto, et al., 1996). In 
Nigeria, Erhunmwunse, et al., (2012) reported that about 15,000 metric tons annually of 

pesticides comprising about 135 pesticide chemicals sold locally were imported during 1983-1990 

thus making the country one of the largest pesticides users in sub-Sahara Africa. In India, 
insecticides which form the highest share in total pesticide use and consumption in kg per hectare 

in the country are presented in Figure 2. 
In the year 2014-15 as seen in Figure 2, pesticide consumption was 0.29 kg/ha, which is 

roughly 50 per cent higher than the use in 2009-10. The increase in pesticide use was because of 

higher use of herbicides as cost of manual weed control had risen due to increase in agricultural 
wages (FICCI, 2015). However, per hectare use of pesticide in India was much lower as compared 

to other countries like China (13.06 kg/ha), Japan (11.85 kg/ha), Brazil (4.57 kg/ha) and other 
Latin American countries (FAOSTAT, 2017). Other high use intensity countries beyond 10 kg ha-1 

yr-1 include Surinam, Malta, Columbia, Palestinian, Korea and Chile (FAO, 2015). In Pakistan, the 
pesticides consumption stood at 5519 metric ton (active ingredient) as far back as 1992 (Abdul, et 
al., 1994). It has gained momentum very recently and will further increase with the adoption of 

zero-tillage technology in rice-wheat cropping system which involves sowing crops in undisturbed 
soil without ploughing or preparation  

Figure 2: Trend in consumption of Pesticides (technical grade) in India 

 
With the anticipated 30% growth of world population to 9.2 billion by 2050, there is a 

projected mandate to boost food production by 70% (Popp et al. , 2013; United Nations, 2004). 

Although non-chemical pest control tools have a vital role, there will be a continuing need for 
pesticide based solutions for pest control and food security in the future (Popp et al., 2013; 

Fisher., et al., 2012). The world population is mainly growing in developing countries such as 
Africa, South America and Asia. 

Fate and effects of Pesticides in the environment 

Pesticides are known to move from treated agricultural areas into the broader 
environment, and then they can reach to the non-target organisms. Once pesticides enter the 
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atmosphere, they may be transported long distances. The escape of these chemicals into the 

atmosphere represents an economic loss to the user, inefficient control of pests, and introduction 
of possible environmental contamination. When a pesticide is released into the environment many 

things happen to it. Figure 3 gives an illustration of the dominant processes of pesticide transfer in 
air, soil and plants which are discussed. 
Figure 3: Routes of entry of pesticides into the atmosphere and into surface and ground waters and 
mechanisms of pesticide transformation in air, soil and plants 

`  
(Source: Agrawal et al., 2010) 

Absorption and Adsorption of Pesticides in the environment  
Absorption is the uptake of pesticide molecules into plant tissues. This action removes the 

pesticide from the environment, and prevents the pesticide from becoming a water contaminant. 

Adsorption is the physical binding of pesticide molecules to soil particles. The strength of the 
bonds depends on the interaction of the pesticide‘s chemical properties, its concentration in the 

soil water, the soil pH and the composition of the soil (percent sand, silt, loam, clay, and organic 
matter) (Osman et al., 2010).After application, a pesticide may attach to the soil may not leach or 

runoff.   Some highly soluble pesticides bind strongly with soil. The amount of pesticide is held and 
made immobile by the soil is dependent on the amount of clay particles and organic matter that 

are in the soil (Kerle et al. 2007). Strongly adsorbed pesticide molecules may not leach or move 

unless the soil particles to which they are adsorbed move (erosion) with water. The longer the 
molecules of a pesticide are held, the more likely it is that microbiological degradation will occur, 

which reduces the risk of leaching and runoff (Osman et al., 2010). 
Adsorption is the binding of pesticides to soil particles. The amount a pesticide is adsorbed 

to the soil varies with the type of pesticide, soil, moisture, soil pH, and soil texture. Pesticides are 

strongly adsorbed to soils that are high in clay or organic matter (Osman et al., 2010). Most soil-
bound pesticides are less likely to give off vapours or leach through the soil. They are also less 

easily taken up by plants. For this reason you may require the higher rate listed on the pesticide 
label for soils high in clay or organic matter (Anonymous 2009, Tiryaki and Aysal 1999).  

Erosion  
Erosion is the movement of soil particles from the application site by heavy rains or excess 

irrigation. If the pesticide is adsorbed to the soil particle, the pesticide is also being moved off site. 

The movement in runoff water occurs when soluble or insoluble pesticides move from the 
application site across the soil surface, either dissolved or suspended in runoff waters (Anonymous 

2009). Pesticides dissolved or suspended in runoff water may quickly reach surface waters such as 
lakes, streams and rivers. The water solubility of a pesticide may determine how readily the 

pesticide will dissolve in water. A highly soluble pesticide has a greater potential of being washed 

from any surface it has been applied to. Solubility is usually expressed as the maximum amount of 
pesticide that will dissolve in 1 liter of water. Water solubility is measured in milligrams per liter 

(mg/l), which is equivalent to one part per million (ppm). The larger this number, the more soluble 
a pesticide is in water. 

Leaching  

Leaching to groundwater occurs when soluble pesticides move downward through the soil 
through cracks and pores to the groundwater.  A highly soluble pesticide will tend to readily leach 
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into groundwater. Soil normally filters water as it moves downward, removing contaminants such 

as pesticides. Soil and pesticide properties, geography and weather can influence the movement 
of pesticides (leaching). Pesticides that leach through soils may reach ground water (Toth and 

Buhler 2009). The factors affecting leaching include: Soil properties (organic matter, soil texture 
and soil acidity), pesticide properties (solubility, adsorption and persistence), pesticide application 

(rate of application and application method), and weather conditions. 

As a summary, the behaviour of pesticides in soils is governed by a variety of complex 
dynamic physical, chemical and biological processes, including sorption–desorption, volatilization, 

chemical and biological degradation, uptake by plants, run-off, and leaching. These processes 
directly control the transport of pesticides within the soil and their transfer from the soil to water, 

air or food. The relative importance of these processes varies with the chemical nature of the 
pesticides and the properties of the soil (Arias-Estevez et al. 2008). 

Degradation  

After application of pesticides, it begins to break down or degrade into simpler compounds 
which are usually less toxic. Each pesticide has its own speed of degradation, which depends on 

the active ingredient, the formulation, and environmental conditions (Anonymous, 2009). There 
are both benefits and drawbacks to a long degradation time. The longer a pesticide takes to break 

down, the longer it is present to control the insect, weed, or disease for which it was applied. This 

is called residual activity. One drawback to extended residual activity, or persistence, is that the 
pesticide may also be available for leaching or runoff over a longer period of time. 

The degradation of chemicals by light is called photolysis, or photodecomposition. 
Photolysis occurs on the plant, soil, water, or any other surface that sunlight reaches (Kerle et al. 
2007, Anonymous, 2009). 

Water also degrades pesticides by dividing large molecules into smaller ones, breaking 

them down in the process called hydrolysis. Hydrolysis of pesticides can occur on the soil surface, 

in the root zone, or whenever a source of water is available. Hydrolysis may be very active in 
warm water at or near the soil surface. As the water temperature cools at depths below the root 

zone, the rate of hydrolysis slows. In deep groundwater, hydrolysis slows dramatically. (Kerle et 
al. 2007) 

Microorganisms also break down or degrade pesticides after application. Most 

microorganisms such as bacteria, viruses, fungi, algae, and protozoa, live in the upper foot of soil 
where they find warm temperatures, moisture, and organic matter, and where they do most of 

their work degrading pesticides. Microorganisms are most active in soils having high organic 
matter. As the pesticide moves down below the root zone, microbiological degradation decreases 

because of less favourable living conditions for the microorganisms. 

Volatilization from the soil 
Volatilization is the process of solids/liquids converting into a gas, which can move away 

from the initial application site. This movement is called vapour drift. Vapour drift from some 
herbicides can damage nearby crops. Volatilization from moist soil is determined by the moisture 

content of the soil, and by the pesticide's vapor pressure, sorption, and water solubility. Pesticides 
volatize most readily from sandy and wet soils. Hot, dry, or windy weather and small spray drops 

increase volatilization. Where recommended, incorporating the pesticide into the soil can help 

reduce volatilization (Anonymous 2009). The rate of volatilization of pesticides from soil depends 
upon properties of the chemical and of the soil. On the other hand post application volatilization 

represents further significant pesticide input into the troposphere for several days/weeks after 
application (Glotfelty et al. 1989). 

Conclusion 

Pesticides are often considered a quick, easy, and inexpensive solution for controlling 
weeds and insect pests in both rural and urban landscapes. However, pesticide use comes at a 

significant cost. Pesticides have contaminated almost every part of our environment as pesticide 
residues are found in soil and air and in surface and groundwater across the world. Pesticide 

contamination poses significant risks to the environment and non-target organisms ranging from 
beneficial soil microorganisms to insects, plants, fish, and birds. The best way to reduce pesticide 

contamination (and the harm it causes) in our environment is to use safer, non-chemical pest 
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control (including weed control) methods. In order to control water pollution by other elements 

such as contaminated waste water or industrial wastes, the effluents should not be allowed to 
dump into water reservoirs without proper pre-treatment. Further, the constant monitoring and 

analysis of water by appropriate regulatory agencies is essential to avoid any kind of water 
contamination. Regulatory agencies must ensure that  bottled water Industries are be located in 

‗clean‘ zones and not in dirty industrial estates or in the midst of agricultural fields. 
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Chapter 31 

 

Spatio-Temporal Distribution of Heavy Metals, Soil Microbial Enzymes 
and their Relationship around  Bompai Industrial Area  

 
Mansur Abdul Mohammed 

Bayero University 
Abstract 

This research assessed the spatio-temporal distribution of some heavy metals, soil enzymes and 
their relationship. Field investigation and laboratory analysis were the main methods adopted as 
sources of generating data and analyses for the study. The study area was divided in two different 
locations as contaminated and control. Twenty samples were collected in each sampling location 
using composite sampling method from 0-15 cm depth. The properties investigated include: some 
heavy metals, phosphatase, urease, dehydrogenase, pH and soil temperature. The results of the 
analyses were subjected to statistical analyses using SPSS software and Microsoft excel to 
undertake t-test of means, correlation and regression at 95% confident limit. The results revealed 
that all heavy metals were found to be higher in the contaminated location and discovered that 
rainfall enhanced the dilution and leaching of the heavy metals in the soil, this resulted to the low 
mean values of heavy metals in the wet season. It was discovered that urease and 
dehydrogenases activities were found to be higher in the contaminated location which is attributed 
to the resistance of soil microbes to heavy metals toxicity coupled with high pH and temperature. 
The finding also revealed that phosphatase was negatively correlated with Cd (r = - 0.22) and Ni 
(r = - 0.09), while urease was negatively correlated with Cd (r = - 0.26*) and Ni (r = - 0.008). 
Finally, dehydrogenase was negatively correlated with Ni (r = - 0.03) and Zn (r = - 0.006). The 
results in indicate that the determination of the heavy metals and soil enzymes reflects the 
microbial activities in soils and are considered as soil quality indicators. The study recommends 
reduction of aerial contamination from industrial operation through establishment of private 
treatment plant so that the treatment system charge for the cost of treatment and monitoring for 
compliance are to be by government.  
Keywords: dehydrogenase, contamination, soil microbes, biological indicator, soil quality   
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Introduction 
Soil is a vital resource for sustaining basic human needs such as food, fibre and shelter 

(Branzini et al,, 2009). It serves as the key supplier of heavy metals to the hydrosphere, 
atmosphere and living organisms, and therefore plays a crucial role in cycling of metals in nature 

(Micheal and John, 2004). Metals released from various sources may finally reach the top soil, and 

their further fate depends on soil physical and chemical properties (Kabata–Pendias and Pendias, 
2002) such as pH, redox potential, organic C, clay content and cation exchange capacity (Oyedele 

et al., 2008). Once the metals enter in to the soil, they are strongly held by soil particles and there 
is little removal by plant uptake or movement down the soil profile. In low and medium 

contaminated soils, concentration of metals in crops is mostly not high enough to cause acute 
toxicity, but in the long run, it may cause chronic damage to human/ animal health (De Vries et 
al., 2007).  

The disposal of industrial effluent is a problem of increasing gravity throughout the world. 
In Kano metropolis huge amounts of effluents are generated from Bompai industrial areas which 

are discharged into the Rivers Getsi. The effluent/waste water has an important role to play in 
irrigated agriculture in view of the scarcity of fresh water resources for the purpose. Besides being 

a useful sources of soil nutrient, these effluents often contain high amount of various organic and 

inorganic materials as well as toxic heavy metals (Dawaki and Adamu, 2010). However, these may 
accumulate in the soil in excessive quantities over a long-term use. Subsequently, these toxic 

heavy metals may have a detrimental effect on the environment such as the contamination of 
surface and ground water,  as well as soil which would interfere with key biochemical processes in 

the soil such as the decomposition of organic materials, mineralization, nutrient cycling, enzymatic 
activities, detoxification of noxious chemicals, reduction in microbial diversity and activities which 

affect the capacity of soil to provide ecosystem services and cause health problem to human being 

and animals by entering the food chain Mohammed (2017). Soil microorganisms are regarded as a 
sensitive indicator of the changes occurring in soil ecosystem. Microbial activities used to quantify 

soil biological properties of which include soil microbial biomass C, soil respiration, and the 
activities of soil enzymes (Oliveira and Pampulha, 2006). Pollution effects on soil microbes are 

fundamentally related to the effects on crop plants, natural vegetation and ecosystem productivity.  

  Measurement of enzyme activity in soil is the most convenient technique for estimating 
microbial activity in heavy metal polluted soils and to integrate information about microbial 

community status (Zhi-xin et al, 2006). Soil microorganisms synthesize various enzymes which act 
as biological catalysts to facilitate different reactions and metabolic processes to decompose 

organic pollutants and release essential elements for both microorganisms and plants (Moeskops 

et al., 2010).  Wang et al. (2007) stress that enzymatic activities are substrate specific and do not 
reflect the overall metabolic activities of soil microorganisms, but they are considered to be 

sensitive indicators of biological activities in soil.  
Dehydrogenase enzyme represents an intracellular enzyme activity as it belongs to the 

oxido-reductases and is involved in redox reactions in respiratory metabolism, citrate cycle and the 
nitrogen metabolism (Castaldi  et al., 2004). This enzyme plays an essential role in the initial 

stages of soil organic matter oxidation by transferring hydrogen and electrons from substrates to 

acceptors (Monkiedje et al., 2006). Dehydrogenase activity has been referred to as an indirect 
indicator of the number and activity of soil bacterial populations. 

Phosphatases enzyme are groups of enzymes that catalyze the hydrolysis of phosphate 
from organic monoester linkages (Soboley and Begonaia, 2008). Phosphorous released from 

phosphatase action is important to the plants and microorganisms that depend on soil for their 

phosphorus requirements.  
Enzymes are sensitive indicators of heavy metal contamination (Oliveira  and Pampulha, 

2006). However, rate of reduction in enzyme activities varies from metal to metal, enzyme to 
enzyme and degree of metal contamination (Smejkalova  et al., 2003). Stuczynski  et al. (2003) 

observed strong inhibiting effects of Pb on urease and Zn on dehydrogenase, arylsulfatase, acid 
and alkaline phosphatase activities in soil. Yang et al. (2006) observed sensitivity of 

dehydrogenase activity in the following order: Hg > Pb > Cr > Cd > Cu, whereas order for urease 
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was Hg > Cd > Cr > Cu > Pb. Shuqing et al. (2006) also found a greater influence of Cd than that 

of Pb on  the alkaline phosphatase, urease and catalase activities  in contaminated soils. They 
further reported a significant decrease in invertase activity with Pb (1000 mg kg-1) and significant 

declines in phosphatase, urease and catalase activities with Cd (100 mg kg-1) in soils.  
Zhi-xin  et al. (2006) investigated the combined effect of Pb, Zn and Cd on alkaline 

phosphatase, urease, catalase and invertase activities and found that Pb had no significant 

inhibitory effect on these soil enzymes, whereas Cd significantly inhibited all the enzymes, and Zn 
inhibited only the urease. They concluded that urease was more sensitive to heavy metals than 

alkaline phosphatase, catalase and invertase. Karaka  et al. (2001) observed that Cd was  more 
toxic to catalase activity than the Pb. In another study, Stuczynski (2003) observed greater 

detrimental effect of Pb on urease, dehydrogenase, alkaline phosphatase and arylsulfatase activity 
than the Zn.  

Frac and Stefenia (2011) further investigated and demonstrated that after the initial 

increase of proteolytic activity, its slow throughout the study resulted from the diminution of 
organic nitrogen substances applied to soil with liquid dairy sludge. Similar results were obtained 

by Antonious (2009) who reported an increase in the urease, invertase and  p-nitrophenyl 
phosphate (acid and alkaline phosphatase) activities in soil with the application of sludge 

containing Pb, Zn and Ni within the safe limits. He further added that addition of sewage sludge 

improved soil structure and nutrient status with an increase in enzyme activity. However, the 
addition of sludges or composts with high metal contents reversed this effect in the 

dehydrogenase, phosphatase, urease and protease activities in soil (Karaca  et al.,  2010). 
Investigation carried out by Saviozzi  et al. (2002) proved a decrease in the dehydrogenase 

activity during soil incubation due to reduction in substrates. Karaca et al. (2010) indicated the 
stimulating effect of sewage sludge on the activity of acid and alkaline phosphatase which declined 

over time because of sludge contamination with Cd. 

Materials and Method 
The study conducted around Getsi River valley which passed through Bompai industrial 

area and  located Local Government Area, situated in the Northeastern part of the Kano city 
between latitude 12o 10ˈ N to 12o 12ˈ N and longitude 8o 33ˈ E to 8o35ˈE (Fig. 1)and covers the 

radius of 6 – 8 km from the city (Mohammed, 2010). The climate of the area is tropical wet and 

dry type, coded as AW by  Koppen, although  climatic change are believed to have occurred in the 
past (Ayoade, 1983; Adamu, 2014).  

 
Rainfall is very important element because of it deficiency during the dry season in a 

normal year which affect soil microbial processes in the area, the rainfall in the area normally 
started around June,  rich it‘s peak around August,  ceased round October and mostly the rains 

come in heavy showers (Tanko, 2004) which favored the activities of soil microbes thereby 
enhance the carbon input, rapid mineralization rate, dilution and mixing of  soil minerals  (Brady 
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and Weil, 1999),  this facilitate the leaching and run-off of the dissolved minerals in the soil of the 

area. 
The materials used in this work include global navigation system (GNS), soil auger and 

spade, polythene bags, marker, pH meter, electrical conductivity meter and Atomic Absorption 
Spectrophotometer (AAS, 210 VGP American Model). The experimental design was adopted 

whereby two types of population are recognized: Effluent affected locations where farmers used 

waste water directly from contaminated stream to irrigate their lands (contaminated location) and 
adjacent to it is control location where farmers use less contaminated ground water from 

boreholes and hand dug wells  for irrigation.  A goggle earth map (base map) was used in which 
ten grids (200 x 200m) was superimposed on each study locations of 1 km2.  In each of the 

sampling location, GNS was used to identify the actual grid marked on the base map and then a 
composite sampling techniques was adopted for soil sampling from 0 – 15cm depth. The soil 

samples collected were placed in to polythene bags, labeled appropriately, air dried and then 

taken to the laboratory for further analysis.  
Laboratory Procedures 

The laboratory procedure for determination of heavy metals, dehydrogenase, urease, 
phosphatase and pH were presented. 

Determination of Heavy Metals in the Soil 

The soil was digested through wet digestion method as described by Anderson (1974). 
Ten grams of air dried, grounded and sieved soil was weighted in a clean 300ml calibrated 

digestion tube and 5ml of concentrated sulpharic acid (H2SO4) was added in the fume hood and 
swirled carefully and the tubes were placed in the tubes racks and then placed in the block-

digester. Gradually, the temperature setting was increased from 60oC to 145oC for one hour. Five 
millilitre (5ml) of tri-acid mixtures (HNO3, H2SO4 and HCL) were added and then heated to 240oC 

for further one hour and kept overnight to avoid excessive foaming. Then filtered through 

Whatman No. 42 filter papers and stored in pre-cleaned polythene bottles for further analysis. 
Instrumentation: Atomic Absorption Spectrophotometer (AAS, 210 VGP, American Model) was 

used. The instrument was set up at a wavelength for each analyte as: Ni (232nm), Pb (220nm), 
Cd (229nm), Fe (260nm), Zn (214nm),  Mn (280nm), Co (229nm) Cr (358nm) and Cu (325nm). 

The flame was switched on and allowed to stabilized for about 10 minutes. The  digested and 

filtered samples were aspirated and the results were dispensed on the read out unit of atomic 
absorption spectrophotometer. 
Calculation: 

Heavy metal                                                                       (i) 

Where,  X= Absurbance 
  Y = Slope  

  V.F = 100 
  Weight of soil sample = 10g 
   (Sarkar and Haldar, 2005) 

Determination of dehydrogenase activity 

The dehydrogenase activity was analysed using tryphynyl tetrazolium chloride as a 

subtrate as described by Thalmann (1968) in the modification described by Nannipieri et al. 
(2003). Twenty grams (20g) of air dried soil was mixed with 0.2 g of CaCO3 and 6 g of the mixture 

was placed in each of three test tubes set. 1 ml of 3 % aqueous solution of Triphenyl tetrazolium 
chloride (TTC) and 2.5 ml of deionized water were added and the samples was incubated at 36oC 

for 24 hours. 10 ml of methanol was added and filtered after shaking. The red color intensity was 

measured by using a spectrophotometer (CECIL model no. 2010) at a wavelength of 485nm and 
the result being expressed in microgram TPF kg-1 d-1. 

Determination of alkaline phosphatase activity 
Alkaline phosphatase was determined using p-nitrophynyl phosphate as described by 

Nannipieri et al. (2003).  1 g of soil sample was mixed with 0.2 ml of toluene, 4 ml of modified 
universal buffer (MUB) at pH 11 and 1 ml of p-nitro phenyl phosphatase solution in a flask. The 

flask was placed in an incubator at 36 oC for 1 hour. 1 ml of 0.5 M CaCl2 and 4 ml of 0.5 M NaOH 
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were added and the soil suspension was filtered through a filter paper (Whatman no 42). The 

yellow colour intensity was measured at 400 nm wavelength using a spectrophotometer CECIL 
model no 2010. 

Determination of urease activity  
The urease activity was determined spectrometrically at wave lengh of 410nm, following 

the modified methods of Zantu and Bremner (1975) described by Nannipieri et al. (2003). 5g of 

moist soils was placed in to 50 ml volumetric flask and 0.2ml of toluene and 9 ml tris buffer were 
added and mixed. 1 ml of urea solution was added and mixed again for 10 – 40 seconds. The flask 

was stopped and incubated for 2 hours at 37oC. After the incubation, 35 ml of KCL-Ag2SO4 solution 
was added and swirled for 10 – 45 seconds and then cooled at room temperature. 50 ml of  KCl-

Ag2SO4 solution was added and mixed thoroughly. This procedure was repeated for the control 
sample but 1 ml of 0.2M urea solution was added after addition of 35 ml of KCL-Ag2SO4 solution. 

The ammonia released was estimated by 5 ml of boric acid indicators  was pippetted in to 

Erlenmeyer flask and also 20 ml of resultant soil suspension was placed in to 100 ml distilled flask 
and then 0.2g MgO and distilled thereafter 30 ml was collected in to Erlenmeyer flask and was 

titred with 0.005M H2SO4 and 1ml of H2SO4 (Sarkar and Haldar, 2005). 

Calculation: 

Urease activity (Mg u-N/kg)                                                  

(2) 
Where:- 

C = the measured NH4-N concentration, dwt  is the dry weight of 1 g moist soil, 5 is  the weight of 
used soil in the test and 50 is the total volume of the soil suspension 

 

 
 

Data Analysis 
The data obtained from the laboratory analyses were presented in tables and graphs. 

Statistical analyses was performed by Statistical Package for Social Science (SPSS) and MS Excel 

where descriptive statistics such as mean was used. Similarly, inferential statistic such as standard 
deviation and coefficient of variability were used to find the degree of seasonal variability of heavy 

metals and enzymes activities. 
The variability of the mean value of heavy metals and enzymes activities in contaminated 

and the control location using student t-test at 0.05 confidential level. The relationship between 
heavy metals and enzymes activities were assessed using pearson‘s correlation and also 

regression was used in clarifying the response of enzymes under different values of heavy metals 

at 0.05 level of confidence limit  (Buba, 2008;  Falola, 2008). The formula used for the 
determination of the variables are as follows. 

r                                                           (3) 

 where:- 

  Pearson‘s correlation coefficient 

  = values of heavy metals and enzymes 

   Values of heavy metals  

  = number of sample 

Regression equation was used to evaluate the functional parameter among the heavy metals and 
soil enzymes. 

                      (4) 

 Where:-  

  = Values of heavy metals. 
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  = values soil enzymes. 

 = intercept (constant)  

 = regression coefficient (slope) 

Results and Discusion 

Distribution of Heavy Metals in Area 
The mean values and standard deviation of heavy metals in dry and wet seasons are 

evaluated and presented in Table 1 which shows that there is spatial variability in the 

concentration of each individual heavy metals among the study locations. This shows that some 
heavy metals such as Fe, Cu, Mn and Ni are found to be higher in concentration in the study 

locations, while some have low mean values such as Zn, Co, Mo and Cd. The variability of the 
individual heavy metals in the studied area is probably attributed to the fact that their 

concentration in soil varies from one metal to another because some are relatively abundant in 

nature such as Fe and Mn, while some are rare and can be toxic even at low concentration such 
as Cd and Pb also depend on the concentration of heavy metal in the waste discharge in to the 

study locations (Lal, 2006). This is contended by Abdu et al.  (2010) who reported that some 
heavy metals like Cd, Fe and Mn dominated in biosewage sludge discharged in to the river which 

is used for irrigation in urban and per-urban irrigation system of Kano.  
The results obtained in this study indicates that the mean values of heavy metals were 

found to be higher than the mean values of the same metals obtained by Idodo-Umeh and 

Egbeibu (2010) who recorded the values of heavy metal (mg/kg)  in Benin city Nigeria this is 
probably due to the disparity in the anthropogenic activities and geological composition of soil  

between Benin city and Kano metropolis. Also mean values of heavy metals obtained in this study 
(Table 1) are higher than that,  of the studies conducted in Kano metropolis by  Bichi and Bello 

(2013) who recorded the mean values of heavy metals (mg/kg) as : Cr (6.8), Cd (2.80, Zn (13.4), 

Cu (7.8) Pb (10.0) Fe (2.2), Mn (4.7) and C0 (4.1). This indicates that there is gradual 
accumulation of these heavy metals in the study locations through various sources such as 

industrial and domestic waste discharge in to the locations. The results obtained in this study is in 
line with the results obtained by Chukulobe and Saeed (2014) who reported higher mean values of 

heavy metals in contaminated locations than their respective control locations and some selected 
dump sites  in Kano Metropolis respectively, this could be attributed to industrial and domestic 

waste released in to contaminated locations. 

Table 1: Distribution of Heavy metals in Bompai Industrial area 

    
Heavy metals (Mg/kg) 

      Study 
locations Seasons Statistics  Co Cr Cd Fe Mn Mo Ni Zn Pb Cu 

Bompai       
contamin-

ated 

Dry 

Mean 76.6 64.8 4.4 55.5 125.3 25.9 191.9 60.6 43.6 118.3 

±SD 9.3 10.1 0.6 5.3 15.3 2.4 22.3 6.7 3.8 10.1 

CV% 12.2 15.6 13.7 9.5 12.2 9.3 11.6 11.1 8.6 8.6 

Wet 

Mean 12.7 17.9 12.6 29.4 60.3 18.1 30.7 117.3 11.8 53.1 

±SD 4.2 7.0 3.4 14.0 9.2 5.5 6.9 29.6 3.4 5.8 

 
CV% 33.1 39.4 27.1 47.7 15.3 30.2 22.5 25.3 28.7 10.9 

Bompai                  
control 

Dry 

Mean 38.6 18.7 3.6 45.5 74.8 17.0 171.5 19.0 32.0 45.4 

±SD 1.1 1.5 0.9 6.0 3.3 3.0 12.1 1.3 3.0 3.0 

CV% 2.7 7.9 23.3 13.2 4.4 17.7 7.0 6.8 9.4 6.6 

Wet 

Mean 9.6 4.0 9.8 22.5 60.1 13.4 13.5 142.5 15.5 41.9 

±SD 1.3 0.9 1.0 2.1 7.8 4.0 6.2 38.0 5.2 12.4 

CV% 13.2 23.3 9.7 9.5 13.0 29.5 46.0 26.7 33.5 29.5 

Source: Field work (2015)         SD = Standard deviation, CV% Coefficient of variability and n = 20. 
 

 
Spatial-Temporal Variation of Some Heavy Metals Among the Study Area 

The spatial distribution of mean values of all selected heavy metals in the area (between 

contaminated and control locations) shows that high concentration of heavy metals were found in 
contaminated location than control location as shown on figure 2. This is probably attributed to 
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the industrial and domestic waste released in to contaminated location which contributed in 

contaminating or increasing heavy metals load in to the soil of the locations.  

 
        Fig. 2: Spatial distribution of heavy metals 

This is contended by Wuand and Okieimen (2011) who explained that, the major causes 
of the presence or increases load of heavy metals in the soil could be attributed to some factors 

such as discharge of industrial and domestic waste, sewage sludge and effluent. This is further 
supported by the fact that Bomapai contaminated location is affected by both industrial and 

domestic waste from city abattoir, Sabon Gari and Brigade quarters as well as heavy traffic flow 
along airport road which finally contaminates the stream.  This is adduced by Dawaki and 

Alhassan (2008) who reported that Bompai location is contaminated from waste water released 

from industries, domestic sewage sludge from densely populated part of the city center, Sabon 
Gari and Brigade quarters and the location is considered the busiest location in term of traffic flow 

compared to control location.  
The spatial variation in the mean values of some heavy metals between contaminated and 

the control location were evaluated using student t-test at  95% probability level. The analyses 

shows that there is significant difference in the mean values of all selected heavy metals under 
investigation between the contaminated and the control location with t-values and t-critical values 

as: Co (t = 58.7 and t-critical = 1.73), Cr (t = 11.62 and t-critical = 1.73), Fe (t = 8.81 and t-
critical = 1.73),  Mn (t = 5.2 and t-critical = 1.73), Mo (t = 5.12 and t-critical = 1.73), Ni (t = 5.23 

and t-critical = 1.73), Zn (t = 20.358and t-critical = 1.73) and Cu (t = 2.08 and t-critical = 1.73), 
while cadmium (t = 1.28 and t-critical = 1.73) and lead (t = 1.2 and t-critical = 1.73) which shows 

that no significant difference between contaminated and control location  at  95% probability 

level. 
Seasonal variability of heavy metals 

The seasonal variability of heavy metals between wet and dry season were evaluated and 
presented in fig 3 which revealed that the mean values of all heavy metals under investigation 

were found to be higher in the dry season than wet season except Cd and Zn in contaminated 

location which is found to be higher in wet season than dry season. High mean value of zinc in 
wet season is probably attributed to its high reactivity and low bioavailability. This is contended by 

Osakwe et al. (2012) who reported high level of zinc in the soil is due to its reactivity nature as 
lattice-bound metals  

which cannot easily be mobilized.  
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The low mean values of heavy metals in wet season may be attributed to the effect of 

rainfall which facilitate the dilution of heavy metals, oxidation reaction, leaching and runoff which 

are capable of removing heavy metals from the subsurface soil. This is observed by Delbari and 
Kulkarni (2011) who explained in their finding that, high concentration of heavy metals in dry 

season than wet season is due to changes in redox reaction, runoff and leaching which are 
facilitated by rainfall. This is contended by Lal (2006) who explained that seasonal variation of 

heavy metals influenced by runoff and leaching of dissolved heavy metals which is facilitated by 

rainfall. 
The seasonal variability of heavy metals were statistically evaluated using student t-test 

analysis and presented in table 2 which shows that there is significant difference in the mean 
values of all heavy metal between wet and dry season except Pb where no significant difference in 

the mean value between wet and dry season was observed (Table 2).  

Table 2: Statistical differences in mean values between wet and dry seasons 

 
Heavy Metals std err t-stat df p-value t-crit sig effect r 

Co 4.66 9.98 20.06 0.000000 1.72 yes 0.91 

Cr 5.71 4.55 20.32 0.000093 1.72 yes 0.71 
Cd 0.93 4.28 37.81 0.000061 1.69 yes 0.57 

Fe 2.92 8.43 35.51 0.000000 1.69 yes 0.82 
Mn 6.52 6.23 21.87 0.000001 1.72 yes 0.80 
Mo 1.69 3.39 37.95 0.000831 1.69 yes 0.48 

Ni 5.33 29.98 28.41 0.000000 1.70 yes 0.98 
Zn 9.34 9.64 31.55 0.000000 1.69 yes 0.86 

Pb 1.56 0.50 19.00 0.312075 1.73 no 0.11 
Cu 9.04 4.03 23.68 0.000252 1.71 yes 0.64 

 
Distribution of soil Microbial enzymes 

The soil enzymes were frequently used as an early indicator of changes in soil chemical 
properties resulting from soil management and environmental stresses in agricultural ecosystem 

(Chander et al., 2001). The enzymatic activities: Dehydrogenase, alkaline phosphatase, urease, pH 

and temperature were analysed and presented in table 3. The distribution of alkaline phophatase 
activities revealed that the mean values of phosphatase were found to be higher in contaminated 

location (0.117 mgPNP/kg ) than the  mean value in the control location (0.084 mgPNP/kg). The 
high activities of alkaline phosphatase in contaminated location is probably due to the high 

temperature in the location which greatly influence microbial processes. 
Table 3: Distribution of Soil Microbial Enzymes, Temperature and pH 

        Enzymatic activities     

Seasons Statistics   
Phosphatase (mg 

PNP/kg) 

Urease         (Mg u-

N/kg) 

Dehydroganase (mg 

TPF/kg) 

Temperature 

(oC) 

 pH 

(Kcl) 
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Bompai Contaminated Location   

Dry  Mean 
  

0.117 0.02 0.005 24.74 7.65 

 

Range 
  

0.105-0.13 0.013-0.026 0.003-0.0075 24.1-25.52 6.9-8.2 

Wet Mean 
  

0.038 0.0215 0.021 25.55 7.32 

  Range 
  

0.036-0.04 0.020-0.022 0.021-0.022 24.6-27.0 7.3-9.1 

Bompai Control Location   

Dry  Mean 
  

0.084 0.014 0.004-0.0053 21.64 7.11 

 

Range 
  

0.013-0.116 0.012-0.017 0.004-0.007 19.84-23.1 6.6-7.4 

Wet Mean 
  

0.036 0.017 0.011 25.52 7.03 

  Range 
  

0.03-0.044 0.016-0.018 0.011-0.012 24.0-26.0 6.7-8.5 

Field work (2015) 

       

The urease activities in the soil is responsible for the hydrolyses of urea fertilizer applied 

to the soil in ammonia (NH3 ) and carbon dioxide (CO2) with the constant rise in soil pH. This in 
turn, result in rapid nitrogen loss to the atmosphere through ammonia (NH3) volatilization. The 

values of urease  ranges from  0.013 to 0.026 Mg u-N/kg and 0.012 to 0.017Mg u-N/kg for 

contaminated and  control location respectively as shown in Table 3. The contaminated location 
have highest mean values of urease activities  0.020 Mg u-N/kg than the control locations  (0.014 

Mg u-N/kg). The dehydrogenase activity in the study locations ranges from 0.003 to 0.0075 mg 
TPF/kg and 0.0045 to 00075 mg TPF/kg  for contaminated control locations respectively as shown 

on Table 3. 
High mean values of  enzymatic activities under studies (phosphotase, urease and 

dehydrogenase) coincided with location with high mean values of heavy metals, this is probably 

attributed to the high  pH  and temperature (table 3) in the location which influenced the soil 
microbes to resist the toxicity effect of heavy metal from  affecting their diversity and activities. 

This is probably an evident that contaminated location where the mean values of enzymes 
activities are higher recorded higher temperature (Table 3) than control location where the mean 

values of enzymes are low. This is explained by Utgikar et al.  (2003) that soil with high pH and 

temperature  may contain high heavy metal without any sign of toxicity to the soil microbe. This is 
supported by Lal (2006) that the toxicity of heavy metals to soil microbes depend on the pH and 

temperature level which in turn affect the enzymatic activities.  
 

 
Relationship Between Some Heavy Metals and Enzymes Activities 

The effect of some heavy metals on enzymes and the nature of their relationship that 

exist between the variables was determined using correlation coefficient (r). However, coefficient 
of determination (r2) was used in determining the extent at which heavy metals affect or explain 

the variation of  enzymes in the study area.  The causes and effect of the relationship between the 
variable under investigation were also assessed using regression analyses in which regression 

equation was used in predicting the change among the variable as described by Pillai (2013). The 

relationship between heavy metals and the selected enzymes were evaluated and presented. 
Relationship Between Heavy Metals and Phospotase Activities  

The correlation analyses between heavy metals and phosphatase activity shows that 
phosphatase was negatively correlated with Cd (r = -0.22) and Ni (r = -0.09) and was positively 

correlated with Co (r = 0.20), Cr (r = 0.39*), Fe (r = 0.44*), Mn (r = 0.20), Mo (r = 0.37*), Zn (r 
= 0.23), Pb (r = 0.39*) and Cu (r = 0.44*) as shown on Table 4.  However, there is  significant 

relationship between phosphotase and  Cr, Fe, Mo, Pb and Cu at 95% probability level, while no 

significant relationship between phosphotase and Co, Cd, Mn, Ni and Zn at 95% probability level. 
The results obtained in this work is in line with the results obtained by Shuqing et al.  (2006) who 

reported a greater influence of Cd on phosphatase. This is further supported by Zhi-xin et al.  
(2006) who observes that Cd significantly affect the activities of all soil enzymes. 
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Table 4: Correlation Between Some Heavy Metals and  Phosphatase Activities 

Heavy metals    Correlation coefficient  (r) p-value 

Co 0.2066 0.2005 
Cr 0.3914 0.0125* 

Cd -0.225 0.1611 
Fe 0.4472 0.0038* 
Mn 0.2050 0.2043 

Mo 0.3766 0.0165* 
Ni -0.0920 0.5720 

Zn 0.2321 0.1493 
Pb 0.3913 0.0125* 

Cu 0.4478 0.0037* 

Source: Field work (2015)                                                * Significant at 0.05 

 
 The regression equation show that for every one unit increase in Co, Cr and Pb there 

would be a decrease in phosphatase activities because they are heavy metals with  negative b-
values, while for every one unit increase in  Cd, Fe, Mn, Mo, Ni, Zn and Cu there would be an 

increase in phosphatase since they are heavy metals with positive b-values as shown on Table 5.   
However, the variation in phosphatase was best be accounted for (32% and 45 % for dry and wet 

season respectively) by heavy metals leaving the remaining (68% and 55%) percentage to be 

explained by other factors as shown on Table 6.   

Table 5. Coefficient values of Some Heavy Metals in the Equation 

Heavymetals                                                                             Coefficient  values 

Intercept 2.178 

Co -0.003 

Cr -0.046 

Cd 0.046 

Fe 0.0008 

Mn 0.019 

Mo 0.049 

Ni 0.001 

Zn 0.003 

Pb -0.005 

Cu 0.012 

Source: Field work (2015)                                       * Significant at 0.05 

The coefficient of determination between heavy metals and the enzymes were evaluated and 
presented in table 6. 

 

Table 6: Coefficient of determination between heavy metals and soil enzymes  

Microbial Parameters R R Square Adjusted R Square 
Std. Error of the 

Estimate 

Dry Season 

Phosphotase (MgPNP/kg) .570a 0.325 0.092 0.0309552 

Urease (Mg u-N/kg) .765a 0.585 0.443 0.0035523 

Dehydrogenase (Mg TPF/kg) .583a 0.34 0.113 0.00258 

Wet season  

Phosphotase (MgPNP/kg) .682a 0.465 0.305 0.00254 

Urease (Mg u-N/kg) .957a 0.916 0.891 0.00122 

Dehydrogenase (Mg TPF/kg) .862a 0.743 0.666 0.00239 
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a.  Predictors: (Constant), Cu, Mn, Mo, Zn, Cr, Cd, Co, Fe, Ni 

b. Dependent Variable: Soil enzymes 

 

Relationship Between Heavy Metals and Urease Activity  
The correlation analyses between some heavy metals and urease activity shows that 

urease was negatively correlated with Cd (r = -0.26) and Ni (r = - 0.008) and was positively 
correlated with Co (r = 0.43*), Cr (r = 0.56*),  Fe (r = 0.48*), Mn (r = 0.46*), Mo (r = 0.50*), Zn 

(r = 0.43*), Pb (r = 0.52*) and Cu (r = 0.57*) as shown on Table 7. The p-values show that there 

is significant relationship between urease and Co, Cr, Fe, Mn, Mo, Zn, Pb and Cu at 95% 
probability level. However, no significant relationship was observed between urease and Cd, Ni. 

This indicates that the p-values for Cd and Ni are large, which revealed that the changes in urease 
activity was not significantly associated with changes in Cd and Ni in the soil, this implies that 

changes in urease activity was significantly associated with changes in Co, Cr, Fe, Mn, Mo, Zn,  Pb 
and Cu because they are heavy metals with the most significant coefficient. This indicates that 

these heavy metals significantly affect the urease activity in the soil of the area. 

Table 7: Correlation Between Some Heavy Metals and Urease Activities 

Heavy metals    Correlation coefficient  (r) p-value 

Co 0.436 0.0048* 

Cr 0.567 0.0001* 

Cd -0.266 0.0961 

Fe 0.480 0.0017* 

Mn 0.464 0.0025* 

Mo 0.503 0.0009* 

Ni -0.008 0.9582 

Zn 0.435 0.0049* 

Pb 0.525 0.0005* 

Cu 0.570 0.0001* 

Source: Field work (2015)                                          * Significant at 0.05 

 
 The regression equation  show that Cr, Mo, Ni and Pb have negative b-values which 

indicates that their increase would decrease the urease activity, while Co, Cd, Fe, Mn, Zn and Cu 
have positive b-values indicates that their increase would increase the urease activity as shown on 

Table 8. The coefficient of determination (r2) values are 0.59 and  0.92 (Table 6) for dry and wet 
seasons respectively, thus, this implies that heavy metals affect or predicted the changes in urease 

activities to 59% and 92% for dry and wet seasons respectively, leaving the remaining 41% and 

8% to other factors to explain as shown in Table 6.  
This indicates that urease activity strongly affected by heavy metals and is a sensitive 

biological property that can be used as an indicator of changes in heavy metals contamination. 
This is supported by Friedlova (2010) who reported high coefficient of determination (r2)  value  

(0.98)  between heavy metals and urease activity in soil and concluded that the effect of heavy 

metals on urease activity is not always identical since it depends on many chemical properties of 
soil (Nannipieri et al., 2003). 

Table 8:  Coefficient Values of Some Heavy Metals in the Equation 

Heavy metals                                                                         b- values 

Intercept 0.001555938 

Co 0.000142475 

Cr -2.40259E-05 

Cd 0.00079413 
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Fe 1.15994E-05 

Mn 1.18221E-05 

Mo -1.44837E-05 

Ni -4.43998E-05 

Zn 6.3386E-05 

Pb -8.54176E-05 

Cu 4.66835E-05 

Source: Field work (2015)                                          

Relationship Between Heavy Metals and Dehydrogenase Activity  
The correlation analyses between heavy metals and dehydrogenase activity shows that 

dehydrogenase activity was negatively correlated with  Ni (r = - 0.03) and Zn (r = - 0.006) and 

was positively correlated with Co (r = 0.05), Cr (r = 0.09), Cd (r = 0.10), Fe (r = 0.185), Mn (r = 
0.20), Mo (r = 0.33*),  Pb (r = 0.20) and Cu (r = 0.14) as shown on Table 9. However, there is 

significant relationship between Mo and dehydrogenase activity at 95% probability level as shown 
on Table 9, while no significant relationship observed between Co, Cr, Cd, Fe, Mn, Mo, Pb, Cu and 

dehydrogenase activity at 95% probability level.  

Table 9: Correlation Between Some Heavy Metals and Dehydrogenase Activities 

 

 

Heavy metals    Correlation coefficient  (r) p-value 

Co 0.0057 0.971 

Cr 0.0980 0.547 

Cd 0.1003 0.537 

Fe 0.1857 0.251 

Mn 0.1996 0.216 

Mo 0.3353 0.034* 

Ni -0.0300 0.853 

Zn -0.0062 0.969 

Pb 0.2013 0.212 

Cu 0.1483 0.360 

Source: Field work (2015)                                                 * Significant at 0.05 
 

  

The regression equation shows that Co, Cr, Fe and Zn have negative b-values which 
indicates that their increase would reduce dehydrogenase activity, while Cd, Mn, Mo, Ni, Pb and 

Cu have positive b-values which indicates that their increase would increase the dehydrogenase 

activity as shown on Table 10.  The coefficient of determination (r2) values are 0.34 and 0.74 for 
dry and wet seasons respectively (Table 6). This implies that the variation of dehydrogenase 

activity in the soil of the study location was best be accounted for by heavy metals to 34% and 
74% for dry and wet seasons respectively (Table 6) leaving the remaining percentage to explain 

by other factors.  

Table 10. Coefficient values of Some Heavy Metals in the Equation 

Heavy metals                                                                         b- values 

Intercept -0.0093253 

Co -5.587E-05 

Cr -5.025E-05 

Cd 0.00038198 

Fe -2.886E-05 

Mn 2.4795E-05 
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Mo 0.0003387 

Ni 1.6617E-05 

Zn -1.685E-05 

Pb 0.00012812 

Cu 1.9635E-05 

Source: Field work (2015)                                   * Significant at 0.05  

 

Conclusion 

From the findings, it was concluded that there is gradual accumulation of some heavy 
metals in the study locations and the seasonal variation of heavy metals is due to rainfall effect 

which facilitated the dilution of heavy metals, oxidation reaction, leaching and runoff which are 

capable of removing heavy metals from subsurface. Higher enzymatic activities in contaminated 
area is due to high pH and temperature in the area. Seasonal changes in moisture and 

temperature have significant effect on the activity of soil microbial enzymes. Therefore, despite 
the resistant of soil microbes to heavy metals toxicity due to pH and temperature levels, heavy 

metals levels are strongly antagonist to the activity of soil enzymes because they affect/predicted 

the variation of heavy metals and soil enzymes. The determination of heavy metals and soil 
enzymes in soil reflect the microbial activities in the soil and are sensitive biological indicators of 

heavy metals contamination in soil and could be considered as soil quality indicators. 
Recommendations 

From the findings the following recommendations were made in the area 
i. Planning water use by the farmers, irrigating at times when waste/pollutants are not 

released by industrial and domestic sources,  since some metals like zinc (Zn) and copper 

(Cu) predominated in domestic sewage sludge.  

ii. Sustainable soil management practices should be encouraged like minimum tillage, 

improve drainage and application of organic fertilizer which improves the structural 

stability of the soil, thereby reducing the solubility and availability of heavy metals in soil 

for  plants bioaccumulation in the area and also improve soil quality. 

iii. Adequate drainage networks and water  stabilization pond should be constructed and 

connected to all effluent/waste water channel around the industrial area and major 

domestic sewage line so as to stabilized the raw waste/effluent thereby the toxicity effect 

of heavy metals to soil ecosystem will be reduced. 

iv. Policy should be enacted to urge  all the industrialists in collaboration with environmental 

agencies like pollution control and ministry of environment to invest on the project like 

phytoremediation, electrical kinetic and construction of tube wells and boreholes these 

can mitigate and ramediate the contaminations level of heavy metals in the area.  
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Chapter 32 

Biodiversity: Importance, Threats and Conservation 
 

Audu Habu 
College of Education, Akwanga, Nigeria 

Abstract 

This paper defines biodiversity and how biodiversity is measured. Biodiversity is fundamentally 
divided into genetic diversity, species diversity and ecosystem diversity. The basic measure of 
biodiversity is species richness. It also looks at the distribution of biodiversity. It is not evenly 
distributed on the planet and it is most concentrated in the tropics. The paper looks at the 
importance of biodiversity and why biodiversity conservation matters. It looks at the contribution 
of biodiversity to modern day agriculture and human well-being. Biodiversity supports the 
ecosystems services that supply benefits to people. Importance of biodiversity includes the 
provision of food, medicines and industrial materials. Among the factors that contribute to 
biodiversity loss are population growth, poverty, deforestation and habitat degradation. A brief 
review of the approaches to biodiversity conservation shows that protected-area system is the 
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main method of biodiversity conservation and has increased over the years in both number and 
size and now cover 13 percent of the world‘s land area. 
Keywords: Biodiversity, Conservation, ecosystem, Threats 

 
Introduction 

Biodiversity is a contraction of ‗biological diversity‘ and is used to describe the variety of 

life. Biodiversity is the variety and variability among living organisms and ecological complexes in 
which they occur. Diversity can be defined as the number of different items and their relative 

frequency. For biological diversity, these items are organized at many levels, ranging from 
complete ecosystems to the chemicals structures which are the molecular bases of heredity. 

Hence, the term comprises different ecosystems, species, genes and there relative abundance 
(OTA, 1987). Biodiversity comprises all species of plants, animals and microorganisms, the 

ecosystems and the ecological processes of which they are parts. It is the term used to describe 

nature‘s variety, including both the number and frequency of ecosystems, species or genes in a 
given assemblage (McNeely, 1988). Biodiversity is considered by some to be the same as species 

richness; some consider it as species diversity, while many consider it to be the complete variety 
of life on this planet (Takacs, 1996). According to the International Convention on Biological 

Diversity (2003), ―Biodiversity‖(biological diversity) means the variability among living organisms 

from all sources, including among other things, terrestrial, marine and other aquatic ecosystems 
and the ecological complexes of which they are part including within species-diversity, between-

species diversity and ecosystem diversity. Biodiversity is fundamentally and categorically divided 
into three related levels of biological organization which are:  

Genetic diversity: This is the variability in genetic composition among the populations and 
individuals of the same species of plant or animal. It is simply the variation of genes within species 

and population (Fielder & Jain, 1993). 

Species diversity: This is the variety of species or the living organisms. It is quantified in terms 
of Species Richness, which is the total count of species in a defined area or Species Abundance, 
which is the relative numbers among species. If all the species have the same equal abundance, 
then the variation is high hence high diversity, however if the one species is represented by 70 

individuals and the rest by 1 species each then diversity is low. 

Ecosystem diversity: This means habitat diversity per unit area (Fielder & Jain, 1993). 
Biodiversity serve as the very bases of human existence and economic development because it 

plays a significant role in the way ecosystems function and in the many services they provide 
(Dushyant & Mishra, 2011). These services include nutrient and water cycling, soil formation and 

retention, resistance against invasive species, pollination of plants, and regulation of climates as 

well as pest and pollution control by ecosystems (Dushyant & Mishra, 2011). 
Conserving of biodiversity is the use of biological resources in ways that do not diminish or 

destroy the variety of genes and species or important habitats and ecosystems (Attuquyefio & 
Fibril, 2005). Conservation of biodiversity could be in situ (protection, maintenance and 

management of variety of life forms in their real habitat) e.g. game reserve or ex situ (collection of 
some species or their populations and communities in areas away from their real habitat) e.g. zoo 

(Okorodudu-Fubara, 1998). 

Measuring Biodiversity 
The most basic measure of biodiversity is species richness (S), a total number of species 

of a particular taxon (e.g., birds or grasses) that characterize a particular biological community, 
habitat, or ecosystem type (Colwell, 2009). Species richness is a simple count of species and does 

not take into account the abundances of the species or their relative abundance distributions. 

However, species diversity takes into account both species richness and species evenness. 
Species diversity is the number of different species that are represented in a given 

community or a habitat. Species diversity consists of three components namely species richness, 
taxonomic or phylogenetic diversity and species evenness. Species richness is a simple count of 

species, taxonomic or phylogenetic diversity is the genetic relationship between different groups of 
species, whereas species evenness quantifies how equal the abundances of the species are 

(Tuomisto, 2010). 

https://en.wikipedia.org/wiki/Abundance_(ecology)
https://en.wikipedia.org/wiki/Relative_species_abundance
https://en.wikipedia.org/wiki/Species_evenness
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If the species richness of a sample is taken to represent the species richness of a given 

habitat, properties of the sample, particularly number of species of one or few individuals, can be 
used to estimate the species richness in the population from which the sample is drawn (Chao, 

1984).The components of species richness are combined in diversity indices (Smith & Wilson, 
1996) and the most common used diversity indices in ecology are Shannon diversity and Simpson 

diversity. 

Where is Biodiversity? 
Terrestrial biodiversity is usually more concentrated near the equator (Gaston, 2000) as a 

result of the warm climate and primary productivity. Biodiversity is not equally distributed on the 
planet, and it is most rich in the tropics. The tropical forest ecosystems contain about 90 percent 

of the world's species, and cover less than 10 percent of earth's surface (Young, 2003). Along 
coasts in the Western pacific, marine biodiversity is usually highest, were sea surface temperature 

is highest and in the mid-latitudinal band in all oceans. Biodiversity increases from the poles to 

the tropics for a wide variety of terrestrial and marine organisms, often called latitudinal diversity 
gradient (Hillebrand, 2004). The latitudinal diversity gradient (LDG) is one of the most commonly 

recognized patterns in ecology (Hillebrand, 2004). Biodiversity generally tends to concentrate 
in hotspots (Myers, Mittermeier, Mittermeier, Da Fonseca, & Kent, 2000). A biodiversity hotspot is 

a biogeographic region with significant levels of biodiversity that is threatened by human activities. 

Biodiversity has been increasing through time however, it may likely decrease in the feature 
(Rabosky, 2009).  

In Africa, it is estimated that Zaïre is the richest nation in term of biodiversity. Although 
South Africa has a much richer flora, mainly as a result it unique Cape flora. Other countries that 

show great variation in habitats, and are therefore internationally recognized for biodiversity, are 
Cameroon, Nigeria, South Africa, Tanzania, Uganda and Kenya (IUCN, 1990). 

In Nigeria, species of animal and plant are distributed differently within the country‘s 

vegetation ranging from the mangrove along the coast in the South to the Sahel in the North. A 
total of about 7895 plant species identified in 338 families and 2,215 genera have been recorded 

in Nigeria. There are about 22, 000 vertebrates and invertebrates species. Of these, about 20, 000 
are insects, 1, 000 are fishes, 247 are mammals, 123 are reptiles (Federal Government of Nigeria, 

2001) and 894 are birds (Ezealor, 2001). Also about 1,489 species of micro-organisms have been 

recorded. This ranks Nigeria as one of the richest countries of Africa in terms of biodiversity 
(Federal Government of Nigeria, 2001). 

Biodiversity Conservation 
Conserving of biodiversity is the use of biological resources in ways that do not diminish or 

destroy the variety of genes and species or important habitats and ecosystems. Conservation of 

biodiversity could be in situ (protection, maintenance and management of variety of life forms in 
their real habitat e.g. National park) or ex situ (collection of some species or their populations and 

communities in areas away from their real habitat e.g. zoo) (Okorodudu-Fubara,1998).  
 

Why Does Biodiversity Matter? 
Biodiversity supports the ecosystem services that supply benefits to people (UNEP, 2007). 

The loss or degradation of biodiversity and ecosystem services tends to affect poor people most 

directly as they are the most dependent on local ecosystems and often live in places that are most 
vulnerable to change in ecosystem (UNEP, 2007). Following the Millennium Ecosystem Assessment 

(MA, 2005a), which strongly supported the concept of ecosystem services, biodiversity can be 
conserved because of its role in providing supporting (e.g. nutrient cycling, soil formation), 

provisioning (e.g. food, wood and fiber), regulating (e.g. climate regulation, flood regulation) and 

cultural (e.g. aesthetic, spiritual) services. Among the reasons why biodiversity is conserved are: 
Food 

One of the importance of biodiversity conservation is the gene pool of wild plants which is 
available to support the narrow genetic base of these established food crops, providing disease 

resistance, improve productivity and different environmental tolerances (Redford & Stearman, 
1993). During times of food insecurity, particularly during times of low agricultural production or 

cyclical food gaps or periods of climate induced vulnerability, biodiversity provides an important 

https://en.wikipedia.org/wiki/Poles
https://en.wikipedia.org/wiki/Tropics
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safety-net (Johan, Brian, & Bruce, 2004). People around the world mostly depend on these species 

for their food, shelter, and clothing (Myers, 1990).  
Forests, savannah woodlands and coastal mangroves make meaningful direct contribution 

to the nutrition of the rural poor in Nigeria. Biodiversity in forests serves as a source of ripe fruits, 
vegetables, and different types of leaves that can be used as dietary supplements. For instance, 

the leaves of baobab tree (Adansonia digitata) are used in the preparation of soup. The flower is 

eaten raw, the seed also provide flour which is very rich in vitamin B and protein and can be used 
as baby food (Gebaur, El-Saddiq, & Ebert, 2002), while the seeds of Pakia biglobosa are used for 

making delicious sauce in Northern part of the country. Also, various types of food sourced from 
the wild include bush meat, snails, periwinkles, fish, as well as wild fruits such as bush mango, 

edible kola, nuts, vegetables of various types and also condiments and health-related foods such 
as hot leaves, varied species of spices, honey from bee hives, mushrooms and scent leaves 

(NFNBR, 2015). 

Medicine 
People have long used biological resources for medicinal purposes. Biodiversity provides 

an important source of medicinal resources and play a vital role in the discovery of drugs 
(Mendelssohn & Balick, 1995). About 80% of human population globally, depends on medicines 

from nature for primary healthcare (Chivian & Bernstein, 2008). The World Health Organization 

estimates that in many developing countries up to 80% of the population depends on biodiversity 
for primary health care and the loss of biodiversity has been linked to the increased emergence 

and transmission of infectious diseases with deleterious impacts on human health (Keesing et al., 
2010).  

Biodiversity has supported the health needs of millions of Nigerians for over a long period 
of time.  For instance, the bark of Faidherbia albida/ Acacia albida tree is used to cure diseases 

such as cough, pneumonia, vomiting and diarrhea while the leaves and the gum are used for the 

treatment of haemorrhage and ophthalmia. Various parts such as the roots, flowers, pods and the 
seeds are used in the treatment of influenza, toothache, and rheumatism. Some other known 

medicinal plants in Nigeria includes Mango (Mangifera indica), Hogplum (Spondias monbin), Arrow 
poison (Strophantus hispidus), Goatweed (Ageratum conyzoides), Pawpaw (Carica papaya), Siam 

weed (Eupatorium odoratum) (Bhat, 1985). 

Industrial Material 
Biodiversity provides a wide variety of species used by many industries (Beattie & Ehrlich, 

2004). For instance, wood, a commodity used globally is still largely gotten from the wild. It is 
used for construction and as raw materials for timber and paper industries. Nigerian native plants 

such as Terminalia superba (Afara), Nauclea diderriichi (Opepe), Mahogany and Iroko have been 

of continued importance as raw materials for timber industries. They are also used for the 
construction of buildings and furniture. Latex, which is produced by rubber tree, also serves as a 

raw material for rubber industries for the production of plastics, gums, cables etc. 
 

 
Agriculture 

Biodiversity provides the ―natural capital‖ for ecosystem services, ecological processes 

such as the maintenance of watershed services, soil fertility, pollination, seed dispersal, nutrient 
cycling, natural pest and disease control (Jackson, Pascual, & Hodgkin, 2007). All these rely to a 

greater or lesser extent on biodiversity, or components of it processes that are critical to the 
maintenance of agricultural systems (Benton, 2007). Greater plant species diversity increases soil 

nutrient remineralization, usage and efficient retention which leads to greater productivity and 

minimizes nutrient loss through leaching in the ecosystem (Tilman, Wedin, & Knops, 1990). The 
soil‘s nutrient status is further improved and made readily available by species such as earthworms 

which mix and aerate it. Most of today‘s modern crop and livestock species are derived from their 
wild relatives and it is estimated that products derived from genetic resources (including 

agriculture, pharmaceuticals etc.) is worth $500 billion per annum (Ten Kate &Laird, 1999).   
Six species of the edible yams in Nigeria i.e. Dioscorea alata, Dioscorea bulbifera, 

Dioscorea cayensis, Dioscorea dumentorum, Dioscorea esculenta and Dioscorea rotundata occur 
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naturally with each having wild types and significant genetic diversity. However, Dioscorea 
cayensis, Dioscorea esculenta, and Dioscorea rotundata are the only popularly cultivated species 
and gained more attention from both the researchers and the farmers (Sarumi et al. 1996). Others 

include West African rice (Oryza sativa), Bambara groundnuts (Vigna subterranea), Kersting‘s 
groundnut (Macrotylomageocarpum), African yam bean (Sphenostylis stenocarpa), and winged 

bean (Psophocarpus tetragonobus). A number of these crops still exist however; some are being 

lost due to the lack of a conservation plan for them and the preference to the improved hybrid 
species (NFNBR, 2015). Also insects like bees play a vital role in agriculture as pollinators of crops, 

aside the production of honey. 
Research, Education and Monitoring 

The available knowledge of biodiversity is still inadequate to ensure proper management, 
and only by further scientific research are we likely to learn new and improved methods for 

managing it (Simon, Stuart, Richard, & Adams, 1990). Natural habitats serve as living laboratories 

to learn how to get better use from biological resources, how to maintain the gene pool of 
biological resources, and how to renew dilapidated ecosystem.  

In Nigeria, ecologically and culturally important sites like National parks and Game 
reserves are used for research into ecology and for comparisons with other areas under different 

system of use (Ezealor, 2001). 

Recreation 
Most people derived recreational value from biodiversity through leisure activities such as 

bird watching, hiking in the country side, natural history study, hunting and fishing for pleasure 
rather than necessity. People also value such areas for films, photographs or literature based on or 

using wildlife, natural habitats and natural features, tourism, ecological field study and other 
scientific features (McNeely, 1998). Many people from other parts of the world are attracted by 

the terrain and wildlife of Africa, and this is a major foreign exchange earner for many countries, 

most notably Kenya (Simon, 1990). 
 In Nigeria, National parks, wild life parks and bird sanctuary are also used for recreational 

purposes such as tourism and birdwatching (Ezealor, 2001). Although, touristic activities must also 
be carefully regulated to ensure that they do not undermine the biodiversity on which they are 

based (Simon, 1990). 

Cultural Values 
Most of the areas with the highest biological diversity on the planet are inhabited by 

indigenous and traditional people, providing a strong link between biological and cultural diversity 
(Perrings et al., 2010). Indigenous people use a very wide range of lesser known species and 

often possess deep ecological knowledge that helps maintain the ecosystems in which they live 

(MEA, 2005). Most cultures view themselves as an integral part of the natural environment 
therefore have respects for other living organisms.  

The recognition of the interaction between biodiversity, culture and natural heritage in 
Nigeria has earned the country some level of international recognition, leading to the listing of 

Osun-Osogbo grove in Osun State as a World Heritage site (NFNBR, 2015). Some forests areas in 
Nigeria are set aside and protected by rural communities for cultural purposes (Ezealor, 2001). 

Also, inland Lake People around Lake Kainji, Hadejia-Nguru, Lake Chad, Oguta Lake and the 

Benue floodplains, are familiar with freshwater fishing, fresh water fish processing and water 
resources utilization and management (NFNBR, 2015). 

Causes of Biodiversity Loss 
Biodiversity is important to human development as a result of the goods and services it 

provides. However, it is being lost due to a number of factors, including uncontrolled conversion of 

land, pollution, unsustainable harvest of biological resources and introduction of invasive species 
(Christ, Hillel, Matus, & Sweeting, 2003). Factors responsible for the loss of biodiversity include but 

not limited to the following: 
Habitat Degradation 

Increased rate of biodiversity loss and environmental degradation are clearly attributed to 
human activities. Based on the Millennium Ecosystem Assessment, major habitats including 

forests, grasslands and coastal zones have been heavily impacted by human activities leading to 
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their degradation (Millennium Ecosytem Assessment, 2005). Farming, which covers about 36% of 

the potentially suitable land surface of the globe, is the major cause of habitat degradation and 
loss (FAO, 2010). Habitat degradation is caused by human activities such as mining, clear-cut, 

logging, trawling, urban sprawl and introduction of invasive species or by natural environmental 
change due to factors such as volcanic eruption and climate change (Sahney, Benton, & Falcon-

Lang, 2010). With more than half of the world‘s population now dwelling in urban centers, urban 

sprawl has also contributed to the degradation and loss of many habitats (Usman & Adefalu, 
2010).  

Agricultural expansion is a primary cause of habitat degradation in Nigeria as it is 
associated to vegetation destruction and short fallow period. For instance, most of the montane 

forest patches of the Cross River National Park-Okwango division are seriously degraded through 
subsistence agriculture and overgrazing resulting to serious sheet and gully erosion (Ezealor, 

2001). 

Population Growth 
Human population is expected to grow to nine billion by the year 2050. Population size; 

growth and density are often regarded as important factors in explaining the loss of species 
(Cincotta & Gorenflo, 2005). Biodiversity is generally threatened most where population density is 

highest, and regions rich in endemic species have higher-than-average population densities and 

population growth rates. This is true in many parts of Asia and Africa where humans and 
threatened species are often concentrated within the same geographical locations (Vié, et al. 

2010).Threat to biodiversity is likely to rapidly increase in regions where human population growth 
rates are high due to the predicted increase in demands for resources of a growing population in 

these regions (Vié, Hilton-Taylor, & Stuart, 2010). Many countries in the developing world are 
facing rapid growth in population, with related pressure on natural habitat and their native fauna 

and flora (Soderstrom, Kiena, & Reid, 2003).  

More than 70 percent of Nigerians live in rural areas where they depend on agriculture 
and other natural resources for their survival (FEPA, 1992). Population pressure, high intensity of 

logging, illegal exploitation, agricultural expansion and collection of fuel wood has continued to 
pose serious threats to the Nigeria‘s biological resources (Federal Government of Nigeria, 2001).  

Deforestation 

Logging and conversion to agriculture or grazing are the main cause of deforestation in 
the tropics. Of the roughly 16 million km2 of tropical rainforest that originally existed worldwide, 

less than 9 million km2 remains today (MEA, 2005). The current rate of rainforest loss is debated, 
with different estimates ranging from around 60 000 km2 to 130 000 km2 per year. In tropical 

Africa, forest loss is severe in West Africa, montane areas of East Africa, and Madagascar, 

however, substantial forest still remains in the Congo Basin (Laurance, 1999). According to NEST 
(NEST, 1992), forest destruction in Nigeria, stood at the rate of about 600,000 hectares per year. 

Nigeria has one of the highest rates of deforestation in the world, having lost around 410,100 
hectare per year over the period 2005 to 2010 (Batta, 2013). Deforestation, farming and 

exploitation of forest resources for survival are among the leading causes of the destruction of 
Nigeria‘s rain forest. These activities are threatening the existence of species among which is the 

white-throated monkey (Cercopithecus erythrogaster) and Cross River Gorrila (Gorilla gorilla diehli) 
endemic to Nigeria (Okorodudu-Fubara, 1998). 
Pollution 

Pollution can lead to the reduction, and even loss of some keystone species which in turn 
can result to the destruction of the entire ecosystem (Guruswany & Hendricks, 2007). Pesticide 

and fertilizer effluents from agriculture and forestry, industry including mining and oil or gas 

extraction, sewage plants, run-off from urban and suburban areas, and oil spills, are examples of 
pollutants that harm biodiversity directly through mortality and reduced reproductive success, and 

also indirectly through habitat degradation (MA, 2005a). 
One of the threats to biodiversity in Nigeria is environmental pollution due to oil 

exploration. In the Niger Delta region of Nigeria, where most of the oil explorations take place, 
there have been a considerable environmental pollution and forest degradation due to spillage 
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(Adelana et al., 2011). Other minerals whose mining also caused environmental degradation in 

Nigeria include tin, coal, iron ore and gemstone. 
Desertification 

Desertification is a type of land degradation where by a relatively dry land region becomes 
increasingly arid, typically losing its water bodies as well as vegetation and wildlife (Geist, 2005). 

Dry lands occupy approximately 40–41% of Earth‘s land area and are home to more than 2 billion 

people (Johnson et al., 2006). It has been estimated that some 10–20% of dry lands are already 
degraded, the total area affected by desertification being between 6 and 12 million square 

kilometers that about 1–6% of the inhabitants of dry lands live in desertified areas, and that a 
billion people are under threat from further desertification. 

It has been estimated that between 50% and 75% of Bauchi, Borno, Gombe, Jigawa, 
Kano, Katsina, Kebbi, Sokoto, Yobe, and Zamfara States in Nigeria are being affected by 

desertification. These states, with a population of about 35 million people account for about 35% 

of the country‘s total land area (FRN, 1999). Based on estimate, Nigeria is losing about 35,000 
hectares of landmass to desertification annually and that such conditions are expected to be 

advancing southwards at the rate of about 0.6km per annum threatening the existence of both the 
terrestrial and aquatic biodiversity in such region. Desertification in northern Nigeria has been 

evidently linked to greater extent human activities such as large-scale land clearing for agriculture 

and river damming, but is also exacerbated by periodic drought (Hollis, Adams, & Aminu-Kano, 
1993). 

Invasive Alien Species 
Invasive alien species are also considered one of the main threats to biodiversity globally, 

and are dispersed through poor planned economic introductions, air transport, hull-fouling and 
ballast water from ships, as well as trade in pets, garden plants and aquarium species (Reise, 

Olenin & Thieltges, 2006). They have infested and affected native species in almost every 

ecosystem type, in all regions; including marine ecosystems and affect native species mostly 
through predation, competition and habitat modification with particularly acute effects on the 

terrestrial biodiversity of small islands (McGeoch et al., 2010). In Africa, almost all countries are 
affected by invasive alien species. In 2004, the IUCN–World Conservation Union identified 81 

invasive alien species in South Africa, 49 in Mauritius, 44 IN Swaziland, 37 in Algeria and 

Madagascar, 35 in Kenya, 28 in Egypt, 26 in Ghana and Zimbabwe, and 22 in Ethiopia (IUCN, 
2004). 

In Nigeria, alien invasive species such as Chromolaena odorata (Linn), a weed species, 
Lantana camara, a multi-taxon hybrid swarm and water hyacinth, Eichhornia crassipes (Mart), a 

fresh water weed are considered as threats to biodiversity due to their effect on native species 

(Lowe, 2000). Most of these invasive weeds smother out the native species into extinction while 
others produce allellopathic substances that eliminate other species around them (Adebayo & Uyi, 

2010). 
Poverty 

African livelihoods depend to a great extent on free and accessible variety of biological 
resources (Hazell 2001). This direct reliance is associated to the narrow manufacturing or 

industrial base in Africa (World Bank 1992). In the event of declining productivity due to 

environmental degradation, there would be few alternative of income readily available. Huge 
external debt and low prices for agricultural and primary materials contribute to poverty and 

almost certainly also have great consequences on the environment (Biodiversity Support Program, 
1993). 

Ogwumike and the World Bank 1999-2005 reports clearly show a rising profile of Nigerian 

population living below poverty line from 43% in 1994; 66% in 1996 to over 70% in 2004 (Eze, 
2009). Also, national dept increased from $26 billion to $70 billion, dept servicing increases from 

10% to 50%, unemployment increases from 11.8% to 24%, youth unemployment increases from 
9% to 50%, GDP growth decreases from 11% to 6% among others economic woes, hence 

increasing poverty rate from 54% to 71% in the past six years (The Nation, 2015). Also, bribery 
and corruption are usually additional problems because funds that would have being used to fuel 
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development in the country for all Nigerians were used to fund the lifestyle of a few. The 

implication of these is negative environmental effect among other consequences. 
Approaches to Conservation of Biodiversity  

A wide range of various conservation-oriented approaches have been enacted over the 
past century, from local and regional scale activities, such as protected area establishment, ex-situ 
conservation, recovery planning for species and ecosystems, specific threat management (e.g. 
disease, fire), and biodiversity off-sets, to global scale inter-governmental policy developments 
such as the Convention on Biological Diversity (CBD) and the Convention on International Trade 

on Endangered Species (CITES) ( Whittaker et al., 2005). However, protected areas  have been 
the main approach of  international conservation strategies since the beginning  of the twentieth 

century (Adams, 2004) and  have increased over the past 20 years in both number and size and 
now cover 13 percent of the world‘s land area (IUCN, 2011). 

In Nigeria, protection of habitats and species has long been practice by various cultures, 

through preservation and other distinctive habitats for religious, ceremonial and or hunting 
purposes (Aminu-Kano & Marguba, 2002). In an attempt to conserve biodiversity in Nigeria, 

protected-area system has been employed as one of the most efficient ways to mitigate the 
impact of humans on the remaining biological resources (Nature Conservation Sector 2006). 

Hence, there are7 national parks, 445 forest reserves, 7 strict nature reserves, 1 biosphere 

reserve, more than 20 natural regeneration plots, more than 200 permanent sample plots, 32 
game reserves/sanctuaries, 3 fish parks, and 3 Ramsar sites. Governmental agencies like ministry 

of environment and National park service in collaboration with non-governmental organizations 
(NGOs) such as Nigerian conservation foundation, worldwide fund for nature (WWF), and royal 

society for the protection of birds (RSPB) embarked on various projects to help in the conservation 
of the nation‘s biodiversity (Ezealor, 2001). 

International Conventions on the Conservation of Biodiversity 

Conservation of biodiversity is an important international issue. Nigeria has signed all 
international convention on biodiversity and tries to meet their obligations in an attempt to 

sustainable management of it vast biological resources. Some of these treaties are: 
 Convention on International Trade in Endangered Species of Wild Fauna And Flora(CITES) 

 Convention on Biological Diversity (CBD)  

 The United Nations Convention on the Law of the Sea (UNCLOS) 

 Rio–de-Janeiro under the United Nations Conference on Environment and Development 

(UNCED)/ Earth Summit  

 The Ramsar Convention on Wetlands of international importance.  

 African Convention on Conservation of nature and natural resources.  

 UNESCO programme on Man and biosphere (Olubisi & Gideon, 2012). 

Nigeria’s Biodiversity Conservation Efforts 
The Nigerian government enacted different environmental policies in the past years in an 

attempt to address environmental issues such as floods, droughts, forest fires and industrial 

chemical effluent. Some of the enactments of the Nigerian government concerning its environment 
are: 

The Forestry Ordinance of 1937; the Eastern Region Forest Law of 1955; The Wild 
Animals Preservation Law (Western Region) of 1959; The Forestry Ordinance with Amendment 

(Northern Nigeria) of 1960; The Wild Animals Law (Northern Region) of 1963; The Wild Animals 
Law (Eastern Region) of 1965; The Forestry Amendment Edict (Western State) of 1969; The Sea 

Fisheries Decree of 1971; The Sea Fisheries Regulation of 1971; The Forestry Amendment Edict 

(Western State) of 1973; The Wild Animals Law Amendment Edict(North-Eastern State), 1975; 
The Wild Animals Law Amendment Edict (Kano State),1978; The Kanji Lake National Park Decree, 

1979; The Endangered Species Decree of 1985; National Conservation Strategy for Nigeria, 1986; 
The Natural Resources Conservation Council Decree, 1989; Federal Environmental Protection 

Decree of 1980 and National Parks Decree, 1991(Robert, 2000). 

Conclusion 
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Biodiversity comprises all species of plants, animals and microorganisms, the ecosystems 

and the ecological processes of which they are parts. It is important to human development as a 
result of the goods and services it provides. However, against the background of poverty and poor 

institutional organization it is being lost due to a number of factors, including uncontrolled 
conversion of land, pollution, unsustainable harvest of biological resources and introduction of 

invasive species (Christ et al., 2003). In response to the threats to biodiversity conservation, there 

has been a sharp increase in the number of protected areas in recent years, were the highest 
levels of protection, effectively protect large areas of land from human use and productivity 

(Ferraro & Hanauer, 2011). While protected-area system is the main approach to the conservation 
of biodiversity although no matter how spacious, the protective area network has primarily failed 

to halt biodiversity loss (Mace et al., 2010).  
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Bayero University, Kano, Nigeria 
Abstract 
Vegetation cover change has been, and still is a problem that needs to be critically assessed in 
Northern Nigeria. The aim of this study is to assess dynamics of vegetation in the dryland of 
northwestern Nigeria with a view to contributing to the debate on re-greening.The study used 
time series low resolution remotely sensed SPOT VEGT data obtained from http://free.vgt.vito.be. 
Image differencing technique was used to detect vegetation activity between 1999 and 2014. Two 
co-registered multi-temporal SPOT VEGT images of 1999 and 2003; 2003 and 2007; 2007 and 
2010 as well as 2010 and 2014 were overlaid to detect changes, one at a time. The result shows 
that 2.7% of the vegetation cover remained unchanged in the study area between 1999 and 2014. 
It further reveals that vegetation activity in general increased by 0.74% covering about 868.7km2 
and declined by 5.80% covering about 6880.90 km2. In terms of vegetation cover dynamics, the 
results show the following: decrease of 0.2% and increase of 0.03% between 1999 and 2003; 
decrease of 1.2% and increase of 0.02% between 2003 and 2007; decrease of 0.01% and 
increase of 2.87% between 2007 and 2011 while 2011 and 2014 recorded the highest decrease of 
21.9%.  This study observed widespread negative NDVI values and general browning of 
vegetation in the study area. However, these changes varied widely across the area. Continuous 
monitoring of vegetation activity is strongly recommended in northwestern Nigeria using fine 
resolution satellite imageries since most of the present assessments in the area used coarse data. 
Keywords: Woody vegetation, NDVI, SPOT VEGT, Terrestrial Ecosystem 

 
Introduction 

Vegetation is a key part of terrestrial ecosystem that plays an important role in global 
environmental change research (Yanling and Peng, 2012). Several studies including Salami (1995), 

Ecklundh and Olsson (2003), Salami and Balogun (2006); Eniolorunda, Abdulrahim and Yelwa 

(2008), Garba (2008), Ati et al. (2010), Andela et al. (2013), Gadiga, Adesina, and Orimoogunje, 
(2013) have reported that vegetation is greatly changing at a pace much faster than usual over 

the last half century in the African drylands. Several studies including Herrmann and Tappan 
(2013) and Brandt et al., 2016) have also reported loss of biodiversity, especially the woody plant 

species in the savanna regions. In particular, Herrmann and Tappan (2013) detected an increase 

of woody vegetation density, but mainly in the shrub layer, while the number of trees decreased in 
central Senegal. Dardel et al. (2013) reported negative vegetation trends in western Niger (around 

the Fakara region) and in central and eastern Sudan. Gascon, da Fonseca, Sechrest, Billmark, and 
Sanderson (2004) also added that the majority of the earth‘s land surface has been colonized over 

the last few tens of thousands of years and was increasingly affected by the agricultural revolution 

around 10,000 years BP, and the industrial revolution in more recent times. This poses a serious 
global challenge of all times; hence the need for proper investigation of vegetation especially in 

the dryland due to its fragility and importance. 
Literature is replete with studies on vegetation dynamics and mapping of forest 

degradation (Omuto, 2011; Kim, Ursula, Dech and Kuenzer, 2014; Mbow et al., 2015). Vegetation 
vitality or chlorophyll activity indices from low to moderate resolution remote sensing are widely 

used to study large scale changes and patterns in vegetation productivity (Wessels et al., 2012). 

Understanding vegetation patterns, trends and rate of change from remote sensing is essential for 
understanding human effects on ecosystems and underpinning natural resource management 

practices including where possible rehabilitation measures can be effectively employed for 
preservation and may help for effectiveness of different management approaches (Prakasam, 

2010). Since the emergence of civilian satellite programme in 1972 and as technological advances 

are making data increasingly affordable, remote sensing methods are the most widely used 
technologies for monitoring vegetation trends (Deering et al., 1975, Wessels et al., 2007 & Walker 

et al., 2014). 
In recent years, vegetation change using remote sensing has become a major research 

content of global environmental change (Fabio, Coops, Khlopenkov, Trishchenko, Riffler, and 
Wulder, 2012). Vegetation dynamics assessment can provide valuable information about global 

warming (Pettorelli, Vik, Mysterud, Gaillard, Tucker, Stenseth 2005), phenological change (White, 

http://free.vgt.vito.be/
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de Beurs, Didan, Inouye, Richardson, Jensen, O‘Keefe, Zhang, Nemani, van Leeuwen,  et al., 
2009), crop status (Tottrup, and Rasmussen, 2004), land degradation, (Metternicht, Zinck,  
Blanco, Del Valle, 2010) and desertification (Symeonakis, and  Drake, 2004). However, Barbosa 

(2006) stated that few studies have assessed temporal and spatial patterns in great detail in the 
drylands, and that most of them have assessed seasonal and spatial variations in vegetation 

activity as a function of rainfall in Africa. 

Research conducted on vegetation dynamics in northern Nigeria were also on micro 
scales, except Mashi (1998), FORMECU (1998), Garba (2008) and Brandt et al. (2016) which were 

on regional scale. Vegetation dynamics in Northwestern Nigeria has been insufficiently 
investigated and considering the fact that the area is vast and therefore factors causing vegetation 

dynamics may vary and occur at different intensities, there is need for continuous investigation of 
the dynamics of vegetation in the area. Based on the fact that research on the dynamics of drier 

areas is critical to support regional conservation efforts (Liu, Wimberly, and Dwomoh, 2017). This 

study therefore assessed vegetation cover dynamics in the dryland of northwestern Nigeria using 
SPOT VEGT NDVI of 1998 to 2014 in order to provide recommendations for monitoring and 

conservation of plants in the region. The NDVI is used in this analysis despite its incontestable 
shortcomings in line with (Langanke et al., 2012) who noted that the data is still a useful platform 

for analysis of dryland changes. Meneses-Tovar (2011) reported that NDVI is an indicator of 

vegetation health, because degradation of ecosystem vegetation, or a decrease in green, would be 
reflected in a decrease in NDVI value. The index however, is now indispensable in the Earth 

system research although  it cannot give more accurate density measurements, detailed 
descriptions of species composition and regeneration capacity (Lykke, Fog and Masden, 1999). 

Study Area 
Northwestern Nigeria is composed of three distinct geographic entities: Sokoto-Rima 

Basin, the Kano Region and the North Central Highlands (Udo, 1970). Of the Nigeria‘s total land 

area of 923,768 km2, northwestern region occupies a total of 226, 662 km2. The dryland of Nigeria 
constitutes the Sudan and the Sahelian savanna with typical low rainfall and sparse vegetation. 

Mortimore and Adams (1999) revealed that in Nigeria, the drylands are located north of latitude 
12° N. The study area lies within latitudes 12° N and 14° N and longitude 3° E and 10.35° E. It 

covers six states namely: Jigawa, Kano, Katsina, Zamfara, Sokoto and Kebbi. This study however 

covers Jigawa, Katsina, Zamfara and Sokoto (Fig. 1).  
Climate of northwestern Nigeria is the tropical wet and dry type. It is coded as ‗Aw‘ by 

Koppen climate classification in which distinctive wet and dry seasons are caused by the 
fluctuations of the ITCZ (Inter-tropical convergence zone) or the ITD south to north to bring rainy 

season and north to south to bring dry season. The ITCZ separates humid maritime (mT) air mass 

originating from the Atlantic Ocean and dry desert air mass (cT). The ITCZ follows the apparent 
movement of the sun, (northwards in April – July and southwards in September – October). 

Average annual rainfall in dryland of Nigeria varies from 500mm in the northeastern part to 
1000mm in the southern sub-area, but it is unreliable in many parts (Hess, Stephens, and 

Thomas, 1996). Unpredictability and unreliability characterize the pattern of rainfall in the area 
(Mortimore, 2001). In addition to high inter-annual variability, the rainfall regimes of dryland of 

Nigeria are highly concentrated in few months, often intermitted with violence of storms. Thus, 

the region is, by nature, prone to recurrent and sometimes intense and persistent periods of 
drought (Mortimore and Adams, 1999). 
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Figure 1: Dryland of northwestern Nigeria 

 

The vegetation type of northwestern Nigeria is of the West African type which follows the 
pattern of rainfall distribution. The northwestern Nigeria falls within Sudan Savanna zone of 

Nigeria, distinguished by large expanse of grasslands with widely spaced trees of varying heights 
and diversity. The Sudan savanna belt is found dominating the Sokoto Plains across to the Chad 

Basin, covering over a quarter of the country‘s land area. It is found in places with rainfall of about 

600 - 1000 mm and 4 - 6 months of dry season. The vegetation is made up of grasses 1-2 m high 
and often stunted trees. Some of the most frequent trees in this environment are Hyphaene 
thebaica, Parkia biglobosa, Adansonia digitata, Faidherbia albida, Tamarindus indica, and Borassus 
aethiopum, Prosopis africana, Balanite aegyptiaca, Acacia nilotica and exotic species such as 

Azadirachta indica, Eucalyptus camaldulensis and Cassia siammea.  

Materials and Methods 
Primary source of data for the study is time series SPOT VEGT data of Nigeria for 1998-

2014 which was downloaded from the Belgian Research Institute VITO web at 
http://free.vgt.vito.be.  The SPOT VGT 10-day synthesis NDVI (S10) data are available at a 

resolution of approximately 1 km x 1 km.  The maximum value composite (MVC) technique was 
used in this study to remove atmospheric moisture, cloud and simple haze in the SPOT VEGT NDVI 

imageries of 1998 and 2014. The original 10-day SPOT NDVI composite data covering the period 

from 1998 to 2014 were aggregated to monthly data in image calculator tool in IDRISI selva 17.0. 
Observations with the highest NDVI values were selected and new image created (monthly 

maximum value composites). The monthly maximum value NDVI composites were generated from 
543 (10 day synthesis NDVI) imageries covering April 1998 to May, 2014. The monthly images 

were then used to generate the annual composites using the same method. The formula for this 

analysis is:  
NDVIi= max (NDVIij)-----------------------------------Eq1 

 
Where NDVIi was the NDVI of the i-th month and NDVIij was the NDVI of the j-th 10-days in the 

i-th month. 

 

http://free.vgt.vito.be/
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MVC technique was selected because it effectively eliminates: the undesirable in sequence 

of solar zenith angle and viewing angle, concentration of water vapour, aerosols and cloud-free 
conditions in time series imageries (Holben 1986). One advantage of MVC which this study utilised 

is that only the highest NDVI value in a predefined compositing period (typically: 10 days) is 
retained (Atzberger and Eilers, 2011). 

The image differencing technique was used in this study to determine the nature, rate and 

extent of vegetation change in the dryland of northwestern Nigeria. Image differencing was 
selected because it is a point-to-point operation that subtracts the NDVI indices instead of raw 

pixel values from one another. Its advantage is that it takes into account the difference of 
radiance values of pixels between two different dates (Lillesand, Kiefer and Chipman, 2007). 

Image differencing in this work involved the overlay of co-registered SPOT VEGT 
imageries of 1999 and 2003, 2003 and 2007, 2007 and 2011, 2011 and 2014 in Erdas imagine 9.2 

to produce four residual change maps of the study area. In order to avoid uncertainties inherit in 

long term NDVI data, four years interval were chosen for the vegetation changes analysis (Peng et 
al. 2015). Mathematically, the difference image is: Id(x, y) = I1(x, y) - I2(x, y), where I1 and I2 

are images from time t1 and t2 and (x,y) are coordinates and Id is the difference image. Changes 
of 20% were considered as threshold for the analysis in line with Liu, Li, Li, and Motesharrei 

(2015) who reported that threshold or less can be considered in dryland ecosystem as the 

minimum. The produced images were then imported into ArcMap environment to produce final 
change maps.  

Results and Discussion 
Nature and Rate of Vegetation Change  

Overall, the result of this study reveals that inconsistent changes have occurred on 
vegetation on this transect over the past 16 years (between 1999 and 2014). The nature of these 

changes shows there has been an increase in vegetation (positive change), decrease in vegetation 

(negative change) and no change. The change detection analysis using NDVI indicated that 
vegetation decreased throughout the period of this study. Despite slight increase of vegetation 

activity by 0.74% covering about 868.7km2 within the period, the area lost about 5.80% covering 
about 6880.90 km2 in the dryland of northwestern Nigeria (Table 1). About 2.7% covering 3124.6 

km2, however, remained unchanged. 

Table 1 show that between 1999 and 2003 vegetation decreased by 0.2%,  between 2003 
and 2007 vegetation decreased by 1.2%; between 2007 and 2011 vegetation decreased by 0.01% 

and by 21.9% between 2011 and 2014 (Table 1). The highest decrease of vegetation (21.9%) 
was recorded between 2011 and 2014. Despite general decrease of vegetation activity in the area, 

period 2007-2011 recorded the highest increase of 2.87%. This value, though well above the 

average of 0.74% of sixteen years studied, is not a success story as the lowest increase of 0.03% 
was observed in 1999-2003 and 2011-2014. The inconsistency is certainly not good for the region 

which already suffers from degradation of all forms.  
Table 1: Change Detection Values of Vegetation in the Dryland of northwestern Nigeria between 

1999 and 2014 
Situation 1999-2003 2003-2007 2007-2011 2011-2014 Average   

km sq. % km sq. % km sq. % km sq. % km sq. % 
Decreased 229.8 0.2 1422.5 1.2 29.3 0.01 25841.9 21.9 6880.9 5.8 
Some 
Decrease 87143.0 74.0 92625.3 78.6 28673.4 24.3 85467.4 72.5 73477.3 62.4 
Unchanged 5097.5 4.3 3452.9 2.9 3279.2 2.8 668.8 0.6 3124.6 2.7 
Some 
Increase 25316.3 21.5 20292.9 17.2 82460.6 70.0 5800.0 4.9 33467.4 28.4 
Increased 32.2 0.03 25.0 0.02 3376.7 2.87 40.9 0.03 868.7 0.74 
Total 117819 100 117819 100 117819 100 117819 100 117819 100 
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Figure 2 (a-d): Change Detection Maps of Vegetation between 1998 and 2014 

 

Period between 2007 and 2011 (decrease of 0.01%) and (increase of 40.9%) is 
comparatively the most active interms of vegetation vigour. When compared with preceding 2003 

and 2007, vegetation increased by 2.85% (Table 1). Great decrease of vegetation between 2011 
and 2014 occurs perhaps due to rainfall variability in the study area. Several studies including (Le 

Houerou, 1996; Peñuelas et al., 2009; Gill et al., 2015) have reported that lag in onset of rainfall 

affects vegetation phenology and biomass production and influence yearly NDVI. According to Le 
Houerou (1984 the mean above ground net primary production is strongly correlated with mean 

annual precipitation in Africa. Olusegun and Adeyewa (2013) have also revealed that the long-
term yearly pattern of NDVI is dependent on the climatic characteristic in the North East Arid zone 

of Nigeria. Vanacker et al. (2005) also revealed a temporal association between climate and 
vegetation production in sub-Saharan Africa. Deforestation may have worsened the situation 

particularly because massive wood fuel extraction occurs in almost all study locations and 

commercial logging in Zamfara State, Nigeria. This supports Brandt et al., (2016) who reported 
selective commercial logging in the area. 

Spatio-temporal Change of Vegetation between 1998 and 2014 
Change detection maps based on NDVI are good visual indicators of vegetation dynamics 

in an area. Figure 2 (a-d) showed NDVI change detection maps of the dryland of northwestern 

Nigeria between 1999 and 2014. It reflects the patterns of vegetation change of the study area 
as: decrease (red), some decrease (pink), unchanged (white), some increase (light green) and 

increase (dark green). Figure 2a showed change of NDVI between 1999 and 2003 with a mixture 
of some decrease and some increase over the study area. It showed that the study area is 

dominated by some increase and some decrease in vegetation activities. However, dotted 
decrease appears between latitude 120N and 130N and longitude 40E and 60E. Figure 2b showed 
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huge concentration of some increase between latitude 13.50N and 140N and longitude 40E and 60E 

between 2003 and 2007.  
There was also significant decrease in vegetation activities between latitude 12.50N and 

13.50N and longitude 40E and 70E between the 2003 and 2007. Figure 2c showed significant 
increase in vegetation activities over large area in the dryland of northwestern Nigeria between 

2007 and 2011. From the figure, most parts of the study area except latitude 120N and 140N and 

longitude 40E and 60E show significant vegetation improvement. There was however abrupt 
decrease in vegetation activities in large areas of the region between 2011 and 2014 (Figure 2d). 

Except some few increases around latitude 120N and 13.50N and longitude 40E and 70E, the area 
significantly lost vegetation within this period.  

The browning trends shown in this study may be due to many factors including the 
conversion of grassland to agricultural land and the replacement of woody species by shrubs and 

grasses as well as vegetation response to seasons in the area. This is in line with Herrmann and 

Tappan (2013) who revealed that the fluctuating growth and declining trend of vegetation in the 
large parts of West Africa may be due to large scale conversion of grasslands to agricultural lands. 

Gibbs et al. (2007) who reported that agricultural expansion has been the most important 
proximate cause of recent forest loss, accounting for 80% of deforestation worldwide, primarily 

during the 1980s and 1990s.  

The decline in vegetation activity in the study area is also related to distinct seasonal and 
year-to-year fluctuation of rainfall. According Li et al. (2004) and Boschetti et al. (2013) rainfall 

anomalies are mainly responsible for vegetation productivity in West Africa because long wet 
season support the predominance of biomass from grasses, forbs and shrub which influence the 

NDVI. According to EC-FAO (2003) the effect of rainfall on vegetation of Nigeria is such that it 
tends to thin out as one move from the rainforest of the south to the Sahel savanna of the 

extreme northern Nigeria.  

Selective harvesting of plants for medicine and fuel wood is another factor taking toll on 
vegetation in northwestern Nigeria. This has worsened the situation particularly because massive 

wood fuel extraction occurs in almost all parts of study area. This supports Breman and Kessler 
(1995) who reported that human management (e.g. cutting, burning, conservation and grazing 

pressure) also plays an important role in woody cover dynamics in the Sahel. 

The greening is largely due to increases in crown size of vegetation in the area in line with 
with Axelsson and Hanan (2017) that previously documented increases in woody vegetation cover 

with rainfall is more consistently a result of increasing crown size than increasing density of woody 
plants in the African savannas. The study also does not support the outcomes of many researchers 

including Herrmann and Taffan (2003); Herrmann, Anyamba, and Tucker (2005); Olsson, Eklundh, 

and Ardo (2005); Hountondji, Sokpon, and Ozer (2006); Mortimore et al., (2006); Dardel et al., 
(2013); Brandt et al., (2014); Brandt et al., (2015); Spiekermann, Brandt and Samimi, (2015) as 

well as Brandt et al., (2016a; 2016b) who reported that the recovery of vegetation in the Sahel 
and parts of northern Nigeria is as a result of increase of woody plants in the area. 

Local techniques of vegetation management such as Farmer Managed Natural 
Regeneration and Agroforestry were also responsible for large scale reforestation and greening of 

the study area. FMNR is a cost-effective technology for raising more trees on the farms hence this 

finding is in line with Rinaudo (2010) who revealed that the large scale greening in West Africa is 
as a result of farmers‘ innovation of regenerating trees from stems of underground stumps. 

Mortimore et al. (2006) reported that indigenous communities in Maradi and Kano Regions 
practiced the system of protecting naturally regenerating trees on farms. This led to the increase 

of trees on farms and parklands in Northern Nigeria (Popoola, 2014) as this study suggested. 

Conclusion 
Vegetation dynamics in this study is primarily seen as changes relating to Normalised 

Difference Vegetation Index (NDVI). The chlorophyll activity based (NDVI) from low resolution 
remote sensing data was used to show vegetation productivity changes on temporal and spatial 

scales in the dryland of northwestern Nigeria. Findings of the study showed that NDVI for area 
ranges from 0.15 to 0.41. Furthermore, the results showed that NDVI fluctuates on temporal scale 

across the study area. Years 2004 and 2010 have the highest average NDVI values while 2014 has 
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the lowest. Both spatial and temporal trends of NDVI in the study area revealed negative although 

it fluctuate slightly above observed average. The trends affirm earlier findings that NDVI was more 
sensitive to herbaceous vegetation changes and short-term precipitation variations in the drylands 

(Herrmann and Tappan, 2003). This study hence concluded that that the trends of vegetation 
dynamics in the region are not of sustained productivity but a mixture of improvement, gradual 

decline and disappearance of vegetation.  

Recommendations 
1. Further monitoring of vegetation change is strongly recommended for northwestern Nigeria 

using fine resolution satellite imageries since most of the present assessments conducted in the 
area used coarse data. This will provide detailed and accurate information for environmental 

policymaking and decision.  
2. Future studies on vegetation change assessment for the dryland of northwestern Nigeria should 

utilise Fast Fourier Transform (FFT) algorithm (which has proven to be a powerful tool for 

smoothing). This is because with a noise free image (perhaps low noise), more reliable 
information will be provided for detailed investigations in the study area. 
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Abstract  

This assessment discusses some of the activities that go into the making of the soil survey, 
practically. It covered the concept, objectives, types, stages and overall uses of soil survey. Soil 
survey concept was looked from different opinions and understood that it is an effort to describe, 
classify and planned on soil differences and similarities for the purpose it was intended. The 
fundamental objective has been noted to identify map units by classifying the key soil 
components, soil characteristics and their relationship with the environment and overall 
ecosystem. Three (3) different types of soil survey were covered in this regard namely (a) Detailed 
survey, (b) Reconnaissance survey, and (c) Detailed-reconnaissance survey. These have leaded to 
the detail consideration of eight (8) different stages, which are historical survey, site description, 
soil description, digital soil mapping, land/soil evaluation, soil risk assessment survey, 
recommendations and application of recommendation. The environmental soil dimensions, which 
also have direct and indirect connections to these broad stages include soil assessment, land 
evaluation, remote sensing, soil mapping, visual soil assessment, soil homogeneity, soil 
heterogeneity, artificial soils, indoor soils, soil anisotropy, soil atmosphere, soil pollution, soil 
contamination, soil thatch layer, soil crust layer, soil pedestals layer, soil armour layer, soil water 
and soil pedon. Understanding these broad soil and environmental terminologies as well as other 
components, which are covered in this paper will provide opportunities useful in the classification 
of soils according to their taxonomic classes, identification of the key environmental problems for 
better solution, understanding the current status of a given soil/environment for sustainable food 
security, exploration of different sets of natural resources, recommendation processes for well-
built economy and poverty eradication, and guide to the proper land use management and 
planning.  
Keywords: Soil Survey: Concept, Objectives, Types, Stages and Uses 

 

Introduction 
The term environment denotes conditions, circumstances or surroundings (Olokesusi, 

1987; Evuti, 2018) and hence, can be perceived differently based on varied technologies. For 
instance a soil scientist or geophysicist may define an environment different from a geographer 

which therefore invariably reflects different interests. Generally, an environment encompasses 

both organic and inorganic things that are of immense value to man which comprises soil, water 
and air as its major components (Eneh and Agbazue, 2011). It constitutes things or materials 

referred to as resources, which occur naturally over the surface of the earth. This indicates that 
the environment is not a static configuration of the earth‘s surface but a dynamic system over 

which man in his quest for livelihood plays a vital role (Owolabi, 2000). This dynamic system 

entails that the environmental resources include soil, atmospheric, water, vegetation, human, 
mineral and land, desert, Arctic and Antarctica as well as other components of sphere that are 
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connected to them. The survey of these resources has been considered as part of sustainable 

economic development, and could offer many opportunities in creating sustainable jobs (Usman 
and Kundiri, 2016). This has been also noted throughout the history of Soil Science and its 

sustainable developments over years (Yaalon and Berkowicz, 1997; Hartemink, 2009). Thus, 
environmental resources can be considered as assets that are used not only to reduce poverty but 

also to serve as an effective means for the sustainable human developments (Usman, 2013). This 

highlighted the usefulness of thrash-out the theory of soil survey as applicable to the digging of 
environmental resources for sustainable economy. This theory of soil survey has been considered 

as an important mechanism that could help in the proper assessment and exploitation of the 
overall environmental resources (Soil Survey Staff, 2014).  

Soil survey describes the individualities of the soils in a given area, classifies the soils 
based on a standard system of taxonomy, plots the limits of the soils on a map, stores soil 

property information in an organized database, and makes forecasts about the aptness and 

limitations of each soil for multiple uses as well as their likely response to management systems 
(Soil Science Division Staff, 2017). This theory is mostly used in developmental planning compared 

with other natural resource surveys, and applies the principles of Soil Science which draws heavily 
from geomorphology, theories of soil formation, physical geography, and analysis of vegetation 

and land use patterns. However, soil survey or soil mapping is the process of classifying soil types 

and other soil properties and environmental resources in a given area together with geo-encoding 
such information in a broader description (Minasny and Mcbratney, 2015). This means that the 

study of the natural environment with special reference to the soil and environmental resources 
provides information on the spatial distribution of major soil types, their properties, potentials and 

responses to management (Soil Survey Staff, 2010; Usman, 2013). Soil map is a major product of 
soil survey, and is mostly used in developmental planning compared with other natural resource 

surveys (Carré et al., 2007). This indicates its application to the principles of Soil Science which 

draw heavily from geomorphology, theories of soil formation, physical geography, and analysis of 
vegetation and land use patterns (Omuto et al., 2013). Nonetheless, the most important data for 

soil survey are acquired by field assessment, remote sensing and laboratory analyses (FAO, 1963; 
Hudson, 1992). According to USDA (1993), soil survey data collected based on these areas can be 

shown on maps. These maps are considered to consist of many individual descriptions, which 

indicate the location and limit of different soils, and which have the same symbols as map unit 
(Soil Science Division Staff, 2017). 

The geological concept of soil survey could be considered in two ways round – the field 
and laboratory assessments, and these have been in discussion quite long time ago. However, the 

broader and more commonly useful concepts of soil survey were being developed by some soil 

scientists, especially Hilgard (1906) and Coffey (1912) in the U.S. as well as other soil scientists 
worked in Russia (Basinski, 1959). The vital information for expressing these broader assessments 

came from the fieldwork of soil survey during the first 10 years of its operations in the United 
States (USDA. 1993). The concept of the solum and the A-B-C horizon nomenclature were 

becoming vital to pedologists and soil surveyors (Tandarich et al., 2002). In this regard, the most 
significant advance toward a more satisfactory idea of soil was made by Coffey (1912) after 

Hilgard (1906). Thus, the soil was considered as a hierarchical system based on the unique 

characteristics as ―a natural body having a definite genesis and distinct nature of its own and 
occupying an independent position in the formations constituting the surface of the earth‖ (Cline, 

1977). This has provided more advanced idea of considering the soil body as a natural body 
comprised of solids (minerals and organic matter), liquid, and gases that occurs on the land 

surface, occupies space, and is characterized by one or both of the following: horizons, or layers, 

that are distinguishable from the initial material as a result of additions, losses, transfers, and 
transformations of energy and matter or the ability to support rooted plants in a natural 

environment (Soil Survey Staff, 2014). This also includes the combined processes, geneses and 
pedogenic formations, which covered the additions, losses, transfer, and transformation in soil 

medium (Simonson, 1959). Therefore, soil survey has been grounded in scientific principles that 
can be described by the factors of soil formation and by the relationships between landscapes, 

landforms, and soils (Jenney, 2009). The soil-forming factors are responsible for the genetic 
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development of soil profiles (Usman, 2013). The relationships between landforms, landscapes, and 

soils are used to comprehend the foreseen patterns of natural soil bodies in the environments 
(Fitzpatrick, 1980). The basic objective of soil surveys is the same for all kinds of land, but the 

number of map units, their composition, and the detail of mapping differ with the intricacy of the 
soil patterns and the specific needs of Soil Survey (Soil Science Division Staff, 2017). To this end, 

this paper was formed primarily to discuss the concept, objectives, types, stages and uses of soil 

survey as an instrument of exploring and observing key components of environmental resources 
for economic development.  

 
Concept of Soil Survey 

Different opinions on the concept of soil survey: from where? to where?   
Developments and manipulations of land resources have brought many considerations 

that looked to have breached the extent and scope of soil survey as it was considered previously. 

Although this overview may be seem in different opinions largely due to problems such as 
contamination, pollution, oil spilling, turbidity and other related environmental issues (Omuto et 
al., 2013). Nonetheless, it is believed that soil survey can be considered as a concept with many 
functional services, stages, types and objectives depending on which application one is followed 

(Hudson, 1992; USDA, 1993). According to Pendleton (1926) soil survey is an attempt to point out 

and classify soil differences and similarities in order that the soil may be handled and fertilized as 
intelligently as possible. This opinion provided an outlook of the fact that the concept of soil 

survey must treat soil and environmental components of spare in both homogeneous and 
heterogeneous forms to help generate useful information wisely. Baeyens (1949) considered that 

such concept must be genetic and totalitarian or authoritarian. This means that it must consider all 
the components of soil environment including the factors of soil formation, processes, and 

interactions at both surface and subsurface soil – the profile and its pedogenic components (Soil 

Survey Staff, 1951). Macvicar (1969) made a very useful contribution and conclusively regarded it 
as the ‗basis for the classification of soils‘ where the soil class is defined in term of certain soil 

properties. This means that soil survey is depended on the basis of its objectives as for example 
according to Macvicar (1969) – the behavior of a crop, such as maize, depends upon the 

interaction of a number of factors, only one of which is the condition of the soil (because a soil 

class does not describe climatic and other ‗non-soil‘ phenomena, it can seldom be regarded per as 
a land capability unit); however, the land capability classification depends upon rational use being 

made of information concerning all the factors which influence the form of land use in question. 
This means a separate classification of land is required for each form of land use based on soil, 

climate, vegetation, and other data which their respective classifications provide (Macvicar, 1969). 

Aubert (1985) looked at the concept from the insitu and exsitu points of view, and emphasized 
that it is both the field and laboratory study of soils, which is strictly based on grouping individual 

soils into units defined by their characteristics, properties, and evolution, dements which permit 
the expression of their specificity, the role they play in ecosystems, and their possibilities for 

utilization; while mapping is performed to show the spatial distribution of these defined units. Foth 
(1990) explored it as the systematic examination, description, classification, and mapping of soils 

in an area, and his definition objectively combined the concept as step by step analysis of soils 

from assessment to overall classification and description. This also embraced the description of 
surface soil characteristics, classification of surface soils according to a standard system of 

classification and predictions about the behaviour of soils according to its formation as well as 
evaluating the morphological and genetic properties and materials of sub-surface soils (Soil Survey 

Staff, 1999). According to Usman and Usman (2013), soil survey can be looked as a concept of 

assessing, mapping and evaluating or classifying the real surface bodies of soil as well as the real 
properties and soil components, which are strictly related to these surface soil bodies. 

The 21st Century development in Soil Sciences has involved many soil and environmental 
scientists in the discussion and detail understanding of the concept was supported by for example 

the Food and Agricultural Organization (FAO) and United State Department of Agriculture (USDA) 
among others. According to FAO (http://www.fao.org/ soils-portal/soil-survey/en/) soil survey is a 

systematic study of the soil of an area including classification and mapping of the properties and 

http://www.fao.org/
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the distribution of various soil units. According USDA-NRCS (https://www.nrcs.usda.gove) soil 

survey is the systematic examination, description, classification, and mapping of soils in an area. 
Regardless of which of these two concepts is considered in a given soil survey study, it has been 

understood by Usman et al (2013) that combine the idea together with geomorphic surface soil 
approach could help to assess and collect adequate soil survey information. This combined idea is 

believed to be more profitable in assessing the key soil and environmental components of 

ecosystem which are dynamic indicators capable of changing under different agronomic activities 
(FAO, 2008). These sets of definitions entail that the theory of soil survey comprised of mapping 

of the soils, characterization of the mapping units, classification of the mapping units, correlation 
to other soil surveys and interpretation of soil suitability for various land uses. 

By and large, our generalized opinion is that a soil survey can be considered as a 
component of soil that deals with the systematic inspection, examination, description, assessment, 

explanation, evaluation, consideration, reviewing, classification, categorization, reporting and 

mapping of soils in an environmental area. This theoretical and practical examination has been 
recognized to achieve its objectives together with a modern scientific tool called remote sensing 

(Liang, 2004; Melesse et al., 2007). This remote sensing is regarded as a skill and science of 
deriving useful information from imagery and other data acquired from a distance (Xie et al., 
2008; Yufeng et al., 2011).  This technique provides the theoretical and practical understanding 

and hands-on experience necessary to enable soil/environmental scientists to generate valuable 
information that can assist with primary maps for diverse analyses and evaluations (Melesse et al., 
2007). The maps, together with examinations and analyses, empowered soil survey to serve as a 
guide to proper and accurate description, definition, classification and interpretation of various 

uses of environmental components for ensuring soil quality, food security, water quality, 
environmental security, and environmental management services (Soil Survey Staff, 2010). Great 

deals of previous works (Fitzpatrick, 1980; Olson, 1981; Finch et al., 2002; Lemke et al., 2003; 

Certini, 2006; Yufeng et al., 2011; Abdelfattah, 2013; Usman et al., 2017; Usman, 2018; Usman et 
al., 2019) on this development have been documented, and provided valuable resourced 

information for present and future environmental economic development. Thus, soil survey 
requires understanding of some basic key terms, which are quite useful in addressing the 

properties and materials of soil and its components as well (Table 1).  

 
Table 1: Key soil survey terms, description and sources 
Key soil survey 
term 

Description Sources 

Soil pedon Soil pedon was considered as the smallest volume that can represent 
the soil at a given site (polypedons: a group of pedons). Notable, if 
the variation of soil appears to be random from site to site, pedon is 
defined as the soil in an area of 1m to 2m, but if the soil shows any 
cyclical changes which recur with a linear interval of 2m to 7m, the 
pedon includes one-half the cycle of variation. 

Soil Survey Staff 
(1999) 

Soil Assessment Soil assessment refers to evaluation of soil properties as appeared in 
the field or analyzed in the lab. Soil Assessment focuses on the 
matching of the specific soil requirements of the land use with the 
properties of the soil. Most of soil assessments have been made for 
agricultural land uses and cropping systems, but the same principles 
could be applied for other applications. 

e.g. Burke et al. 
(1986) 

Visual Soil 
Assessment 

Visual Soil Assessment is defined as a direct evaluation of those soil 
properties, which are visible by the naked eye and which can be 
evaluated directly in the field. The method was found profitable in 
assessing the key soil ‗states‘, which are dynamic indicators capable 
of changing under different management regimes and land-use 
pressure. It also included the description of surface soil 
characteristics, classification of surface soil components according to 
a standard system of classification. 

FAO (2006); EU 
(2010) 

Soil 
classification 

Soil classification is a system of separating soil properties into broad 
groups, each group with broadly similar behavior.   

Atkinson (1993) 

Land evaluation Land evaluation is the process of predicting land performance under 
specific uses. Soil knowledge plays a key role in land evaluation, 
because soil is one of the most important components of the land 
resource. 
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Soil mapping or 
digital soil 
mapping 

Soil mapping is the term often used to describe the process of 
understanding and predicting the spatial distribution of soils through 
digital techniques. It is a process that involves collecting field 
observations (including recording soil profile descriptions), analysing 
soil properties in the laboratory, describing landscape characteristics, 
and, ultimately, producing soil maps. The approach makes use of 
some applications that can be used to describe and map the soils. 
The idea is to make soil survey, classification and land evaluation as 
objective as possible. 

Omuto et al. 
(2013) 

Soil 
homogeneity 
and 
heterogeneity 

Soil homogeneity is a physical characteristic of soil which can be 
assessed on field with having similar properties over a large surface 
area, whereas soil heterogeneity can be considered as soils with 
different physical characteristics within a short distance over wide 
environmental resources. 

Usman (2013) 

Soil anisotropy This can be regarded a term that means a soil might have different 
physical properties when measured on different direction (e.g. 
physical, chemical and hydraulic properties of soil may be different 
using different test and observation methods). 

Usman (2013) 

Soil thatch layer Soil thatch layer is a mat-like layer made up of dead roots, stolons, 
rhizomes, and to a lesser degree, grass clippings that accumulates 
on the soil where turf-grass is planted, and prevents water from 
reaching grass roots, harbours insects and diseases, and blocks light 
penetration. 

IPM for Park 
Districts (2004) 

Soil caliche 
layer 

Soil caliche layer is a layer of soil in which the soil particles cemented 
together by lime (calcium carbonate, CaCO3) and usually found as a 
light coloured layer in the soil or as white or cream-coloured 
concretions (lumps) mixed with the soil. 

Master Gardener 
Manual (1998) 

Soil crust layer Soil crust layer is defi ne as a thin (e.g. < 1cm – 10cm thick) surface 
layer of soil particles bound together by living organisms and/ or by 
minerals into horizontal ―mat‖ or small polygonal plates.  

Franks et al. 
(2002) 

Soil termo layer Soil termo layer refer to columns of soil standing on top surface soil 
horizon resulted from the activities of soil organisms. 

Usman (2013) 

Soil pedestals 
layer 

Soil pedestal layer refer to as the column of soil standing from the 
eroded surface protected by a cap of resistant materials such as 
stones, or root. 

FAO-SWALIM 
(2007) 

 

In another dimension, soil survey has been noted to constitute a valuable resource 
inventory that is linked with the survival of life on the earth, and which involved the practical 

application of remote soil sensing in it (Xie et al., 2008). However, the technological 
advancements in the field of this remote sensing and geographical information system (GIS), have 

been a boon for accurate and imagery soil/environmental surveys. This necessitates the need to 

understand some common terminologies, which describe the role of remote sensing in soil survey. 
This also includes the use of digital soil maps, which can be used to depict soil functions, ability of 

soil to fulfill particular functions and offer reliable information useful in spatial planning programs 
(Lagacherie et al., 2007; Minasny and Mcbratney, 2015; Taghizadeh-Mehrjardi et al., 2019). The 

important models under this digital mapping which have been in discussions among the soil 

scientists include the Multinomial Logistic Regression (MnLR), Artificial Neural Networks (ANN), 
Support Vector Machine (SVM), Decision Tree (DT), Random Forest (RF), Bayesian Networks (BN), 

and Sparse Multinomial Logistic Regression (SMnLR) (Taghizadeh-Mehrjardi et al., 2019; Sharififar 
et al., 2019). The main features of these models are (a) the use of soil survey outputs (field and 

profile observations and soil maps) as a key input, (b) the orientation towards modelling and 
computer applications, and (c) the outputs that go beyond the production of soil maps (mostly 

raster/pixel-based) (Omuto et al., 2013). This entails that the remote sensing for soil survey 

applications, can provides the theoretical understanding and an improved scientific experience 
necessary to enable soil/environmental scientists to use remote sensing data to generate an extra 

data useful in planning initial mapping, update mapping and analysis and correlation. However, 
the key terminologies, which are important component of these processes and at the same time 

need to be noted in any type of soil survey, are observed below (Lagacherie et al., 2007). These 

terminologies are components of Proximal Soil Sensing (PSS) which has been defined as the use 
of ground-based sensors for field measurement methods (In-situ or mobile) and ex-situ or 

stationary field measurement methods (Table 2: Mouazen, 2013). 
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Table 2: Terms and definition of the key components of Proximal Soil Sensing (PSS) 

Term Definition  

Proximal This term refers to sensors that measure soil data in order of centimeters to few meters and 
thus considered as soil sensor or human sensory. This means that the sensor is moved by 
human or detected via his organs such as eyes (visual) or norse (smelling).   

Remote This term refers to sensors, which are distant and isolated in order of few meters to hundred 
meters and thus, are called satellite assets.  

In situ This term is used to define sensors that can be used in the measurement of soil with 
specification to the field-based assessment in natural position (natural volume) of soil. 

Ex situ This term is used contrary to In-situ where the soil is removed from its natural position 
typically to the lab for a specific analysis and evaluation, thus associated with soil sampling, 
crushing, sieving, drying, weighing and overall physic-chemical analyses. 

Invasive This term is used to define the sensor that is contained within the soil volume. This means 

that the sensor worked within the soil not outside the soil volume but is attached with 
another sensor (e.g. computer) where the data us being recorded.  

Non-
invasive 

This term is used mainly for a sensor that works outside the volume of soil. 

Passive This term is used to define sensors that operate in soil with a specific detector system. Thus, 
the soil is either the direct source of the signal or reflecting a naturally generated signal. 
Typical examples are heat energy, gamma-ray energy and natural light.  

Active This term is used for the systems that will have a source and detector, and as such, is 
contrary to passive. Example included the reflection of energy applied to the soil by the 
system‘s source is measured by a detector. 

Mobile This term is refers to sensors that have the ability to move from one part of the soil volume 
to another. This means the sensor is skilled enough to move across and measure the soil 
data.  

Stationary This term is used contrary to mobile and as such the senor is stationary not able to move 
from one point to another but has the ability to measure soil properties around (e.g. 
capacitance probe).  

Objectives of Soil Survey 

Soil survey played a key role in providing all the necessary information needed to improve 

the sustainability and economic achievements of many sectors including agriculture, industry, 
engineering, education and health (USDA, 1993). This role that soil survey played in human 

development has been achieved through some sets of objectives, which were derived from various 
studies and developments in Soil Science (Hartemink et al., 2001; Usman and Kundiri, 2016). 

However, the conceptual and technological advances are making soil survey more reliable, 
cheaper and useful (Soil Survey Staff, 2010). The practical purpose of soil survey is to enable 

more numerous, more accurate and more useful predictions to be made for specific purposes in 

the absence of location-specific information about soils (FAO, http://www.fao.org/soils-portal/soil-
survey/en/). The key objective of soil survey is to generate detailed information about the soil 

genesis, properties, processes and origin so as to understand and provide description about the 
soils resources of the area (USDA, 1993). Commonly, the fundamental objective of soil survey is to 

define map units by classifying grouped elements that are a function of soil characteristics, their 

relationship with the environment and their evolution. However, this can be divided further into 
different set of objectives depending on the nature and purpose of a given soil survey (FAO, 

http://www.fao.org/soils-portal/soil-survey/en/):     
a. Determine the pattern of the surface and subsurface soil cover 

b. Divide this pattern into relatively homogeneous units  

c. Map the distribution of these homogeneous units – to enable accurate and reliable 

prediction of the soil properties, and  

d. Characterize the mapped units in such a way that useful description can be made about 

their land use potential, management requirement and future opportunities  

Generally speaking, the overall consideration regarding the above set of objectives is to 

generate detailed soil information based on the components e.g. presented in Table 3. 

Table 3: Soil components and description of the key activities  
Soil components  Description of the key activities 
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Surface soil factors Climate, parent materials, biota, topography and time 
Surface soil characteristics Rocks outcrop, gully land, mountain area, shrubs cover etc 
Landscape Position on the landscape, size area in the landscape 
Capacities Cropping land, pasture, vegetable, suitability for irrigation, floriculture, 

construction, wildlife and water infrastructure, engineering potentials and 
hazards 

Properties of Soil Map 
Units 

Physical, chemical and biological properties, which include the following 
properties and materials   

Soil texture and stoniness  
Soil structure Soil structure, agronomical valuable structure (shape of soil aggregates) 
Soil moisture and 
consistency 

 

Soil porosity, bio-porosity  
Soil depth Soil depth, thickness of humus horizon and effective soil depth 
Soil wetting Presence and percentage of soil wetting, water stagnation on soil surface 
Groundwater table Depth of groundwater table 
Soil crust/crack Crust and cracks formation 
Soil colour Soil colour, estimation of humus content, number and colour of soil 

mottles 
Soil pH Estimation of soil pH, plant requirements 
Carbonate in soil Presence of carbonates, depletion of carbonates by plants 
Parent rocks Estimation of soil properties from parent material 
Soil rooting  Root development, rooting depth, obstacle to root development 
Soil biota Biological activity, number of earthworms and the depth of occurrence 

 

Types of soil survey 
The knowledge of soils, combined bio-physical and chemical properties, factors and 

processes of their formation, genesis and distribution, is primarily required to improve the 
management of agriculture and its fundamental productions (Brady and Weil, 2014), although 

other aspects of economic developments are also included such as engineering, architecture and 
sports. The most important way to achieve this knowledge scientifically is by adapting the 

techniques of soil survey (FAO, 2006; FAO-SWALIM, 2007; Soil Survey Staff, 2010). These 

techniques can be applied in three (3) different types of soil survey discussed below (Aubert, 
1985): (a) Detailed survey, (b) Reconnaissance survey, and (c) Detailed-reconnaissance survey.   

Detailed Soil Surveys: Digital soil survey is also called ‗detailed mapping‘. This type of soil 
survey considered elaborating maps, which are highly structured and genetically quite 

homogeneous, and are stand to cover very precise, detailed studies. However, such limits of 

precision are very theoretical, and are hard to apply to practical situations since calculations of the 
gain in precision are difficult due to the use of aerial photography and additional satellite imagery. 

Reconnaissance Soil Surveys or Maps: These maps are based on observations and results 
obtained from traverses conducted throughout the study region and on known elements of factors 

of formation, as well as relationships which have been established during the course of the 
investigation between the observed soils and those diverse environmental factors. The maps 

under this type of survey are less elaborated but cover large area of land in a more rapid way. It 

deals with wide range of soil types, and is quite useful in a new environment where agricultural 
development and engineering activities are planned for general purposes.      

Detailed-Reconnaissance Soil Surveys: Detailed-reconnaissance soil survey is also called 
Semi-detailed maps, which are surveys primarily carried out using traditional procedures, but the 

precision of observation, at least theoretically, corresponds to one observation per cm of the map. 

The maps under this type of survey constitute components of both detailed and reconnaissance 
surveys. This means that the environments identify with superior land potentialities are assessed 

in detail while those that have less importance are assessed based on reconnaissance surveys.  
Stages of Soil Survey 

In order to perform the successful soil survey exercise, the assessment of soil should 
follow the stages recommended for the accomplishment of the main objective of soil survey 

(USDA, 1993: FAO, 2006; Soil Survey Staff, 2014). However, looking at the detail information in 

these three (3) documents, we believed that the following stages would be use as a guide to 
successful soil survey relevant to the digging environmental resources for sustainable economic 

development.  
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Stage 1: Historical Survey  
History provides very vital information about the major agricultural and non-agricultural 

activities carried out previously by other people who have lived in the intended study area. The 

purpose of this survey is to identify potential activities that affect the soil, at present and in the 
past, including the culture, norms and values of people with regards to soil management, types of 

crop they planted, land use and yield performances.      

Stage 2: Site description  
Site description is the most vital component of soil survey that supports the surveyor to obtain 

all the necessary soil information needed for the execution of detail soil survey. The purpose of its 
execution is to enable the surveyor to obtain an understanding of the major environmental 

characteristics and of the inherent environmental climatic conditions of the site. The general 
information needed to achieve this stage can be examined as follows:  

a. Geography: indicate properly the geographical site location of your study according to 

the international standard – e.g. FAO-UNESCO soil map of the world, national map or 

even using a local map depending on the nature of the study. Example Dutse, Jigawa 

State, Nigeria. 

b. Climate: indicate the current status of climate condition of the area mainly – 

temperature, rainfall, relative humidity, wind speed and direction as well as soil climate 

condition such as aridic, udic etc.; weather condition. Meteorological data record can be 

obtained from the nearest local metrological station.    

c. Geology: indicate the origin, nature and condition of parent materials; geological 

formation (period of time related to land age classes). 

d. Topography: indicate the elevation related to slope – length and gradient, shape e.g. – 

concave, convex, linear, straight, flat, level etc; pattern e.g. – uniform, irregular, complex. 

e. Geomorphology: indicate the general physiographic description of the area e.g. – 

alluvial fan, dryland, fadama, river terrace, plain ridge, cultivated land etc.  

 Landform of the surroundings: Use the guidelines for soil description to allocate 

the percentage slope of your area.  

 Erosion and deposition: indicate the appropriate type of soil erosion occurs – water 

erosion (sheet or rill or gully), wind erosion, dry mechanic erosion, mass movement; 

deposition of soil particles related to over-wash by water or over-blown by wind. 

 Surface characteristics: rock outcrop, stoniness, sealing, gullies, crusting, 

compaction, cracking, miscellaneous, sand dune, etc.     

f. Hydrology and water economy: indicate the water table levels, surface runoff; 

drainage characteristics – slow, medium, rapid, drainage classes – very poorly drained, 

poorly drained, well drained, and excessively drained.  

g. Flora and fauna: indicate the type of vegetation – forest, pasture, crops, fallow, shrubs, 

grasses, grazing etc.; soil fauna – any evidence of past and present biological activities 

and their biodiversity 

h. Land use: describe the type of land use activities in the area – e.g. type of soil tillage, 

irrigation, soil and water management forms, type of fertilizer use etc.             

Stage 3: Soil description   
Soil description is the heart of soil survey and intended the cover the detail description of 

the potential inherent soil properties inform of physical, chemical, biological, hydraulic and 
ecological. The description can be considered under two dimensions namely – surface soil 

description that is only limited at the top surface soil and the subsurface soil description that can 

be extended to several underground soil horizons.  
a. Soil sample: describe what type of sample you want to collect and also for what purpose 

– there are disturbed and undisturbed sample. 
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b. Soil profile fit: describe all the horizons accordingly, used Munsell Colour Chart to 

describe the colour formation of your horizons, describe soil texture, structure, consistency 

and biological components (roots, grasses, debris or any form) accordingly.  

c. Chemical analysis: assess and describe Nitrogen: N, Organic matter: %OM, Organic 

carbon: %OC, soil pH, ECEC (calcium: C+2, magnesium: Mg+2, potassium: K+1, sodium: 

Na+1 plus acidic cations: hydrogen: H+1, aluminum: Al+3, percentage Base Saturation 

(%BS).     

Stage 4: Digital soil mapping  
Digital soil mapping is a component soil survey that provides additional vital information of 

geographically referenced soil database based on quantitative relationship between soil data 
obtained from site description and soil description i.e. field database and laboratory database. It 

can be defined as a collection of several environmental factors that can identify and explain the 

nature and conditions of the specific areas of soil components. It helps provides an illustration of 
the spatial distribution of soil properties and certify the uncertainty of soil prediction of a given 

study site. It can be used to create the initial soil survey maps, re-explain the analyzed soil 
properties, generate further soil interpretations and upgrade the present and past soil survey 

information.       

Stage 5: Land/soil evaluation 
Land/soil evaluation is another important component of soil survey that deals with the 

assessment of land/soil performances when used for a specific agricultural purpose, involving the 
interpretation and understanding of the combined historical analysis, site description, soil 

description and digital soil mapping. It helps provides the proper prediction of land performance 

for diverse agricultural production. It also guides to present sustainable strategic land use 
decisions for the proper management and improvement of land suitability and capability for many 

environmental benefits.         
Stage 6: Soil risk assessment survey 

Soil risk assessment survey deals with the assessment of the potential soil related 
problems that affect the quality and fertility of agricultural soils, and are limitations in the intended 

soil survey because of their absence in the designed site-soil-specific evaluation. The important of 

this risk survey is to identify those specific soil problems that are risk to land suitability and 
capability for agricultural production. Some of these specific soil problems are presented in Table 

4. 
Table 4: Soil problems and description  
Soil problems Description 

Contamination Soil contamination may be defined as the concentration of chemicals pesticides 
and chemical elements in the soil in a situation whereby it becomes more than 
normal as a result of anthropogenic human activities.  

Pollution Soil pollution is simply referred to an accumulation and build-up of toxic chemical 
compounds resulted from the activities of man and caused adverse effect on soil 
properties, human, animal health, plants and soil biota. 

Acidity Soil acidity is a measure of the degree of concentration of acid compounds in 
soil, and is measured on the pH scale.  

Salinity Soil salinity can be referred to as the presence of salty particles accompanied 
brackish molecules in soil. 

Compaction Soil compaction is the process of increasing soil density and removing air, usually 
by mechanical stress and forces.  

Drought This is a prolonged period of absence of rainfall leading to low moisture content, 
total soil aridness and dryness.    

Dust Dirty, fine, dry powdery materials consisting of tiny particles containing 
pesticides, contaminated materials and other unwanted wastes (harmful to eyes, 
lungs etc.) lying on the surfaces.   

Land/soil sliding The movement of a mass rock, soil particles, land debris and earth materials 
down a sloping area.   

Erosion The wearing away and removal of surface soil particles by water and wind.  

Falling rocks The adversity of direct quantities of rock falling freely from mountain areas.  

Flooding The overflowing, rising and covering of a large amount of water that submerges 
the dry land surface  
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Hydro-collapsible soil The unsaturated soils that can fall down in large volume covering significant area 
of land – known as meta-stable soils.    

Karst landscapes The topographical surface land structures formed from the termination of soluble 
rocks such as limestone and gypson, characterized by caves, sinkholes, 
underground streams in a region of high rainfall intensity. 

Soil 
Liquefaction/Shaking 

A phenomenon that occurs in saturated soils leading to sinking and tilting of soil 
materials causing complete surface soil damage, earthquakes and tsunamis.    

Night Fire Fire burning surface soil materials in the night. 

Bush burning The anthropogenic act of setting fire on forest, vegetation, grazing land.  

Subsidence of 
organic soils 

The unexpected falling of the ground‘s soil surfaces that occurs when organic 
soils are drained for agriculture and other purposes.  

Water saturated soils The water content when all pore spaces are filled with water  

    

 

 
Stage 7: Recommendation  

Following the completion of the detail soil survey and detail soil analyses, progress can be 
made to provide highly skilled recommendations, which are sustainable for better soil and 

environmental management. These recommendations should strictly limit to the key objectives of 
the survey and the results of its finding.      

Stage 8: Application of Recommendation  
Considering the recommendations provided by the surveyors and the results of their 

findings, the final stages of soil survey should be putting the recommendation into practices and 

solving the potential problems outlined from the survey.    
Uses of soil survey 

Soil surveys can be used for wide range of benefits including – farm managements, building 

establishment, road construction, soil conservation techniques, water quality development, 
environmental observation and rehabilitation, forest regeneration and many local and regional 

area planning developments. This overview has been well documented in many texts and 
researches in the field of Soil Science. However, working through some of these documents (e.g. 

Aubert and Tavernier, 1972; Dent and Young, 1981; Hudson, 1992; USDA, 1993; FAO, 2006; Soil 

Survey Staff, 2014), we are able to come out with the following set of uses, which would be useful 
in understanding the broad economic benefits of soil survey.  

1. Soil survey information can be used to predict or estimate the potentials and limitations of 

soils for many specific uses such as agriculture, housings, road construction etc 

2. Soil survey exercises include an important part of the information that is used to make 

workable plans for land management, soil fertility and soil quality rehabilitation. 

3. Soil survey provides predictions based on the assessment carried out and serves as a 

basis for judgment about land use and management for areas ranging from small tracts to 

regions of several million acres 

4. Soil survey provides evaluation along with economic, social, and environmental 

considerations, which can be used to predict and make valid recommendations for wide 

range of land uses and managements potentials.  

5. Soil survey information is important for planning the specific land uses and practices 

needed to obtain specific results to improve water and forest quality for agricultural and 

horticultural production.  

6. A soil survey can indicate the limitations and potentials of the soil, land, forest and 

vegetation areas for development of recreational areas for other similar purposes.  

7. Soil survey information can be used by a landscape architect when designing for 

construction of a given area 

8. Soil survey information can be used by contractor in planning, grading, and implementing 

an erosion control program during construction 
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9. Soil survey information can be used by a horticulturist in selecting suitable vegetation for 

the production diverse horticultural plants 

10. Soil surveys provide the basic information needed to make decisions about land 

management, including those operations that must be combined for satisfactory soil 

performance.  

11. Soil survey information is useful in planning, designing, and implementing an irrigation 

system for a successful farm production management.  

12. Soil survey provides knowledge of the characteristics of the soil that could help in 

determining the water application rate, soil amendment needs, leaching requirements, 

general drainage requirements, and field practices needed to maintain optimal soil 

conditions for plant growth 

13. Soil surveys are also helpful for locating possible sources of sand, gravel and other 

important rock minerals for variety of buildings and construction purposes.  

14. Soil surveys are an important component of technology transfer as they are needed to 

move knowledge from agricultural research fields and plots to other areas 

15. Soil surveys allow us to identify areas that have soils that are similar to those in the 

research fields for many other benefits. Knowledge about the use and management of 

soils is spread by applying experience from studied areas to areas that have similar soils 

and related conditions.  

16. Soil survey helps us to acquire knowledge of the relationships between soils and 

deficiencies of many other important soil nutrients such as phosphorus, potassium, 

nitrogen, magnesium, and sulfur, copper, boron, manganese, molybdenum, iron, cobalt, 

chromium, selenium, and zinc. 

17. Soil survey also helps us to know the relationships between soils and some toxic chemical 

elements, and offers us an opportunity to manage and control them for better production 

18. Soil survey through Land Valuations Soil (LVS) contributes significantly to the 

understanding of land value and its application to other important components of 

ecosystem.  

19. Soil surveys and interpretations are used in assessing farmland for taxation and 

equalization, in appraising land for loans, and in guiding land buyers 

20. Soil surveys help in tracing the true history of land, species, and human record of a given 

area 

According to Omuto et al. (2013), some of the major categories of these uses as directly 
applicable to both primary (obtained from observations in the field or in a laboratory) and 

secondary (derived from the primary data) data information include: 
a. Agronomic assessment: Soil information is used to develop recommendations for best 

management practices, including determining the need for, and amount of, fertilizers, or 

other inputs, improving soil productivity, assessing land suitability for crop production, 

estimating crop yields, determining irrigation needs and scheduling, selecting appropriate 

crop types, calculating productivity, etc. 

b. Engineering applications: Soil information is used in urban planning, evaluation of 

construction materials, site selection, foundation design, design of water conveyance and 

flood control structures, etc. 

c. Hydrology and Hydrogeologic assessments: Including groundwater prospecting, 

groundwater and surface flow characterization, water pollution, modelling floods and 

droughts, 

d. Environmental assessments: As assessment of natural phenomenon including climate 

modelling, land degradation assessment, sediment transport and deposit into water bodies, 
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global circulation, vegetation dynamics, modelling heat and carbon sinks, pollution control, 

environmental impacts, reclamation, remediation, etc. 

e. Policy decisions: Especially for national planning, resources allocation, economic 

development, when, where, and what crop or vegetation to promote, conservation of 

natural resources, formulation of laws and regulation of use of natural resources, 

preservation of environment, etc. 

Conclusion 

Observation from a limited review in a specific subject area on the concept of soil survey 
has been covered in this synopsis contribution, but is not conclusive; still we feel that some 

important tutorials can be drawn. The general consideration we suggest, also emphasized by 
USDA (1993) and Soil Survey Staff (1951, 1999, 2010, and 2014) is generating the detailed 

information about the soil genesis, properties, processes and origin so as to understand and 

provide description about the environmental resources of a given area. This assessment showed 
that the digging of these environmental resources using the idea of soil survey is advisable. This 

variety of literature enables information on widespread soil and environmental resources to be 
obtained for small, medium and large areas based on the objectives intended. Review literature 

provided here is hence a useful source of information to evaluate the properties, genesis and 
resources of soil, water, forest, vegetation, and overall environmental ecosystem. However, this 

information cannot be used without necessary equipment available and affordable for its practical 

application. In our perspectives, combine both theory, practical concept and advanced soil survey 
equipment, would strongly help in achieving any kind of objective set to attain in conducting soil 

survey assessment. In this overview, the approach will enable the proper assessment, 
classification, characterization and evaluation of the general environmental resources at all level.  
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Chapter 35 

Impact of Climate Change on Natural Systems  
 

Robert Walpole Nwanguma 
  University of Uyo 
Abstract  

Human‘s continual use of fossil fuel has increased the concentration of green house gases in the 
atmosphere resulting in the increase of the surface temperature of the earth. For example, level of 
carbon dioxide, a powerful greenhouse gas have risen by 35% since 1750 largely from the burning 
of fossil fuel, such as coal, oil, natural gas. With more greenhouse gases in the mix, the 
atmosphere acts as a thickening blanket and traps more heat thereby increasing the surface 
temperature of the earth in what is known as global warming. This increase in global temperature 
has altered the configuration of other climatic parameters, such as precipitation, humidity, wind 
and solar radiation, resulting in the overall effect of climate change. The events in the world today 
that have been very deleterious to man and his environment are all attributed to serious dramatic 
changes in climatic patterns. It is on this note, this paper tries to examine the impact of climate 
change on Natural System, and various strategies to mitigate and adapt to this phenomenon. 
Keywords: Adaptation, Climate change, Greenhouse gases, Mitigation, Natural system. 

 
Introduction  

One of the greatest and most serious environmental challenges facing the 21st century is 

the phenomenon of Climate Change. Most of the events in the world today that have been very 
deleterious to man and his environment are all attributed to serious dramatic changes in climatic 

patterns. Climate Change has induced flooding, hurricane, drought which accounts for 75% of the 
world‘s natural disaster with earthquake exacting a comparable to (Mayer, 2001). Climate Change 

has altered the frequency, magnitude and geographic distribution of Climate related hazards, 
including flooding, drought, heat waves, which in turn have created patterns of extreme weather 

conditions and increase in the intensity of Climatic variables such as temperature, solar radiation, 

wind, precipitation and humidity (IPCC, 2007; Ahmad and Ahmed, 2000). The phenomenon of 
global warming is responsible for the Climate Change.  

The United Nations Inter-governmental Panel on Climate Change,  arrived at a consensus 
that the world-wide average atmospheric temperatures increased significantly during the last 
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century (Mayer, 2001). The average annual global temperature between 1880 and 1998 are 

graphed in Fig 1.1  
 

 
 

 

 
 

 
 

 
Fig. 1 Climate change over the last one hundred and forty years (Roaf: 2001) 

Although there is an observable and considerable year to year variation, taking a good 

look from the overall trend, it is certain that the temperature is rising. It is also observable that 
the 14 warmest years over this time span are clustered within the last 20 years of the 20th century 

with 1998 being the warmest year in recent history. These data, according to (Mayer, 2001)  have 
led most scientists to arrive at these three conclusions:- 

1. Over very long periods of time, global temperatures have varied greatly, rising as much as 

80C between glacial and inter-glacial periods. 

2. During the past 118 years, average global temperatures have intended to increase and are 

continuing to increase. 

3. On average, the Earth‘s atmosphere is warmer now than at any other time in the last 

1000 years. Furthermore, the rate of atmospheric warming is greater now than at any 

earlier time during the past 1000 years. 

To buttress this further, the World‘s Meteorological Organization, WMO, came up with 
evidence that led credence to the reality of the global warming phenomenon as follows:- 

(i) The global average surface temperature rise in the twentieth century is the highest 

increase in any century during the past 1000 years. 

(ii) The hottest years in 143 years during which we have instrument reading have all been 

since 1990 with the three hottest being 1998, 2001, and 2002. 

(iii) Alpine glaciers everywhere are retreating rapidly and Mt. Kilimanjaro has lost 85% of its 

famous ice cap.  

Warming of the Climate System is unequivocal, and scientists are more than 90% certain 
that it is primarily caused by increasing concentration of green-house gases in the atmosphere, 

that are being produced by human activities, such as deforestation, burning of fossil fuel, such as 

coal, Natural gas and oil (IPCC, 2007).  
Greenhouse gases especially carbon dioxide, methane, chlorofluorocarbons (CFC‘S)   and 

nitrous oxide have the property of allowing the passage of short-wave length solar radiation from 
the sun through the earth‘s surface, but absorbing the re-radiated radiation (at lower temperature 

and longer wave length) from the Earth. The natural occurrence of these gases in the atmosphere 

with the exception of the chlorofluorocarbons, CFC‘S has helped to make the Earth habitable by 
maintaining an average temperature of 33 degrees, Celsius  (or 33oC) comfortable enough to 

sustain life on Earth as we know it. However, since the beginning of the Industrial Revolution, 
human activities have added more and more of these gases into the atmosphere, for example, 

levels of Carbon dioxide a powerful greenhouse gas have risen by 35% since 1750 (Manstrandrea 

and Schneider, 2009), largely from the burning of fossil fuel, such as coal, natural gas and oil. 
With more of these greenhouse gases in the mix, the atmosphere acts as a thickening blanket and 

traps more heat, thereby increasing the surface temperature of the Earth in what is known as 
global warming, which is the cause of Climate Change. 

The United Nations Framework Convention on Climate Change defines climate change as:  
 A change of Climate which is attributed directly or indirectly to human 
activity that alter the composition of the global atmosphere and which in 
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addition to natural Climate variability observed over comparable time period 
(UNFCCC, 1993).  

By this definition, UNFCCC tries to make a distinction between climate change attributable 

to human activity that has altered the atmospheric composition and climate variability attributed to 
natural causes (IPCC, 2001).  

  The United Nations Framework Convention on Climate Change, UNFCCC is an 

International treaty negotiated at the United Nations Conference on Environment and 
Development UNCED, informally known as Earth Summit held in Rio-de Janerio, from June 3 to 

14, 1992. The objective of the treaty is to ―stabilize greenhouse gases concentration in the 
atmosphere at a level that would prevent dangerous anthropogenic (i.e. human induced) 

interference with the Climate. 
Impact on Natural Systems  

In the field of ecology, a natural system is one that exists in nature, independent of any 

human involvement. The natural systems consists of all the physical and biological 
materials and their intertwined processes. 

Impacts on Agriculture and food supply 
(i) Impacts on crops  

Changes in temperature, and the intensity and frequency of extreme weather 

patterns coupled with the amount of Carbon dioxide would have significant impact 
on crop yield. 

(ii) Impact on livestock 

Heat waves which are expected to increase as a result of Climate Change could 

threaten livestock. In the United States, it has been reported that some more than 

5,000 animals have been lost as a result of heat stress from Climate Change 
(CCSP, 2008). 

(iii) Impact on fisheries 

Because many marines life have certain range of temperature under which they 

can survive, increase in temperature could only result in the extinction of some 

species (Field et al, 2007). 
Impact on Ecosystems 

(i) Changes in the timing of seasonal life cycle events  

Many species respond to the changes in the climate of their habitat which influences 
their time of migration, blooming and mating. With climate Change, this would affect 

those variables (USGCRP, 2009). 
(ii) Food web disruptions 

The effect of species extinction due to climate change could trigger off a serious 

imbalance in food-web that could affect other range of wild organism (ACIA, 2004). 
(iii) Extinction Risk 

Dramatic change in the Ecosystem, and possible destruction of the habitat could be 
an important factor in species extinction. 

Impact on Forest                                                                                                                                                                                                           
(i) On forest growth and productivity 

Climate change will affect the frequency and intensity of forest related disturbances, 

such as wild fires, storms, and the prevalence of invasive species (USGCRP, 2009). 
Since Climate Change, increases the intensity of temperature and precipitation, the 

productivity of forest could be affected. 

Impact on Transport Infrastructure 
(i) On roadways 

With higher temperatures, road pavement could soften and expand. In very high 
traffic environment, pot-holes could develop, leading to the destruction of the road 

platform. This extreme heat situation could also threaten the bridge joints (NRC, 

2008). 
(ii) On vehicles 
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Increase in temperature cause over heating of the vehicle engine, and the 

deterioration of tires. 
(iii) On railways 

Increase in temperature can cause rail tract to expand and buckle. This could cause 
de-railment and destruction of life and property. 

(iv) On air transport 

Increase in precipitation and flooding can disrupt air-travel, damage facilities and air 
transport infrastructure. 

(v) On marine transport 

Extreme precipitation events could induce flooding that would close shipping 
channels, and also could create increased run-off that could cause silt and debris to 

build up leading to shallow channels. These phenomena could affect marine 
transport aversely (FHWA, 2008). 

Impact on coastal areas 
(i) On sea level rise 

During the 20th century, global sea level rose by roughly seven inches (approx. 

175mm). Sea level rise can cause subsidence, where the land mass is sinking, sea 
level rise is known to be higher than the global average (USGCRP, 2009). 

(ii) On storm surge and precipitation 

Areas within the coastal region are highly vulnerable to increase in the intensity of 
storm surge and heavy precipitation. This could damage property, disrupt transport 

systems, destroy habitat and threaten human health and safety (USGCRP, 2009). 
(iii) On coastal Water temperature 

During the last century, coastal waters warmed and are likely to continue to warm in 

the 20th century. This warming may lead to severe changes in the coastal ecosystem, 
with serious effects on the species that inhabit these environments (USGCRP, 2009). 

(iv) On ocean acidification 

With the rising concentration of carbon dioxide in the atmosphere there is an 

increase in the oceanic absorption of carbon dioxide which leads to acidification of 

the ocean layer, through a chemical reaction that reduces the pH of the ocean 
making it more acidic. A more acidic ocean would certainly affect the health of many 

marine species (USGCRP, 2009). 
Impact on the Energy sector 

(i) Temperature, Energy demand and supply 

In the hot humid tropics, Climate Change is likely to increase electricity demand for 
cooling during heat waves (USGCRP, 2009). 

(ii) On water availability and Energy 

The amount of water needed to produce electricity could be affected by climate 

change. This could be more challenging in areas where water is already scarce, 

since energy and water systems are connected. Energy is needed to pump, 
transport, and treat drinking water and waste water (CCSP, 2007). 

 
 

(iii) On sea level rise, storm surge and extreme events 

Sea level rise and more frequent intense storm could disrupt energy production 
and delivery by damaging electricity infrastructure, and fuel delivery, 

infrastructure and equipment, power plants or storage facilities. 
Impact on Human health 

(i) On heat waves 

Heat waves can lead to heat strike and dehydration (CCPS, 2008). A warmer climate 
is expected to increase both the risk of heat related illnesses and death and worsen 

conditions of air quality (CCSP, 2008). 
(ii) On extreme weather events 
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Climate Change will likely exacerbate the frequency of extreme weather events, 

such as floods, droughts and storm that threaten human safety and health (CCSP, 
2008). 

Climate Change may allow the spread of some diseases more easily. 
Adaptation and Mitigation 

 Mitigation 

Mitigation refers to various deliberate interventions and policies to reduce the emission of 
greenhouse gases which are known to be contributory to the Climate Change and global 

warming (Ogbonna and Allu, 2011; Oni and Akingbohungbe, 2011). Mitigation is all about 
taking action to reduce greenhouse gas emissions.  

 Adaptation 
By definition, Adaptation is ―Adjustment in natural or human systems in responses to 

actual or expected Climate stimuli or the effects.  It refers to actions taken to minimize or 

manage the predicted impacts of Climate Change. 
While Mitigation addresses the cause of Climate Change, with the aim of reducing 

emission of greenhouse gases, adaptation addresses the effect of Climate Change with the 
aim of finding solutions, or developing strategies to reduce vulnerability and increase 

adaptive capacity to impacts.  

 
Table 3 Terms to describe characteristics of systems that are pertinent to Adaptation (Smit et 

al., 1999) 

Sensitivity: Degree to which a system is affected by or responsive to climate stimuli (note that sensitivity 

includes responsiveness to both problematic stimuli and beneficial stimuli). 

Susceptibility: Degree to which a system is open, liable, or sensitive to climate stimuli (similar to sensitivity, 

with some connotations toward damage). 

Vulnerability: Degree to which a system is susceptible to injury, damage, or harm (one part—the 

problematic or detrimental part—of sensitivity). 

Impact Potential: Degree to which a system is sensitive or susceptible to climate stimuli (essentially 

synonymous with sensitivity) 

Stability: Degree to which a system is not easily moved or modified. 

Robustness: Strength; degree to which a system is not given to influence. 

Resilience: Degree to which a system rebounds, recoups, or recovers from a stimulus. 

Resistance: Degree to which a system opposes or prevents an effect of a stimulus. 

Flexibility: Degree to which a system is pliable or compliant (similar to adaptability, but more absolute than 

relative). 

Coping Ability: Degree to which a system can successfully grapple with a stimulus (similar to adaptability, 

but includes more than adaptive means of ―grappling‖). 

Responsiveness: Degree to which a system reacts to stimuli (broader than coping ability and adaptability 

because responses need not be ―successful‖). 

Adaptive Capacity: The potential or capability of a system to adapt to (to alter to better suit) climatic 

stimuli or their effects or impacts. 

Adaptability: The ability, competency, or capacity of a system to adapt to (to alter to better suit) climatic 

stimuli (essentially synonymous with adaptive capacity). 

These definitions of systems characteristics are based on widely (but not unanimously) held conventions. 

They focus on distinguishing generic properties and do not include factors that might influence the state of a 

property or the forms it might take. The terms ―climate stimulus‖ and ―system‖ are used as established 

earlier. 

Recommendations  

There are two responses to or approaches to address the issues of climate change, 
namely by removing its causes, and secondly by controlling the effects. These actives are 

generally referred to as Mitigation and Adaptation. 
In mitigation, we should try to play down on any activity that increases the concentration of the 

greenhouses gases in the atmosphere. 
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Efforts should be made to reduce the use of fossil fuel as a source of energy. Alternative 

energy should be developed such as Wind and Solar Energies. 
Another strategy is to increase the tree planting activities. Forestation can help to absorb the 

atmospheric carbon dioxide. This would help to reduce the quantity of carbon dioxide in the 
atmosphere. 

In Adaptation, we have to device relevant strategies to adapt to the various forms of 

impacts of climate change in our natural system. 
Conclusion 

The phenomenon of climate change is anthropogenic, i.e. it is man-made. So long as 
there is man inhabiting the earth, the climate change will continue, as man would always engage 

in activities that would throw up greenhouses gases into the atmosphere. 
Adaptation and Mitigation remain the only option available to man to deal with issues of climate 

change.  
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Chapter 35 

 

Environmental Pollutants and Toxicants: Effects and Eliminations for 
Better Tolerance by People in a Community 

 
Osagiede Isoken Florence and Agbonlahor Nafisa Loveth 

Ambrose Alli University, Ekpoma, Nigeria. 
Abstract 

Environmental pollution was defined in this paper as any discharge of materials or energy into 
water, land or air that may reduce the quality of life. Toxicants are found in things like cosmetics, 
medicine, heavy metals, household cleaners, etc. Types of toxicants are carcinogen – cancer 
causing chemicals and mutagen – mutation-causing chemicals. Due to industrialization, 
introduction of machines and other activities in the society, the environment is exposed to 
pollutants resulting in disasters. There is also the indiscriminate discharge of untreated industrial 
and domestic waste, spewing of particulates and airborne gases into the atmosphere without 
considering potential consequences have resulted in a lot of environmental pollutants resulting in 
disasters throughout the world. This paper therefore looked at the causes, various effects of 
pollution and toxicity on individuals differently; how absorption takes place and the possible way 
of elimination of toxicity. Though some environmental contaminants are difficult to avoid like 
breathing of polluted air etc., elimination or amelioration of these factors may require societal 
action, such as public awareness and public health measures. It concluded that the environment 
we live in is an enormously complex system that has no steady state due to both natural events 
and the activities of society. It was therefore recommended among others that awareness should 
be created by government agencies on the different types and effects of pollutants and toxicants, 
so that the need to keep the environment clean, free of pollutants will be realized by the people. 
Keywords: Pollution, Environment, Toxicity, Absorption, Elimination. 
 

Introduction 
Human lives in an environment that contains a vast multitude of chemical agents that 

affect not only human, but many other species as well. A pollutant is a substance or energy 

introduced into the environment that has undesired effects, or adversely affects the usefulness of 
a resource (Wikipedia, 2019). According to Wikipedia (2019), pollution is the introduction of 
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contaminants into the natural environment that causes adverse change. As the world‘s population 

continues to grow, so does the amount of potentially toxic substances that are released into the 
ecosystem. Major forms of pollution are: Air pollution, plastic pollution, radioactive contamination, 

light pollution, noise pollution, littering, soil contamination, water pollution, visual pollution and 
thermal pollution. 

       Environmental pollution as stated by Coker (2019), is any discharge of material or energy into 

water, land or air that causes or may cause acute or chronic detriment to the earth‘s ecological 
balance or that lowers the quality of life. Pollution may cause primary damage, with direct 

identifiable impact on the environment, or secondary damage in the delicate balance of the 
biological food web that are detectable only over long time periods. Environmental pollutants are 

chemicals that have ended up in the environment as the result of human activities and that are 
hazardous to health (Finnish Institute for Health and Welfare, 2019). 

      There can be no doubt that humans and other species develop illnesses in response to 

environmental exposures to pollutants. The industrialization, the introduction of machines for 
household work and motorized vehicles and the explosion of the human population, have led to 

the increase in the production of goods and services; this in turn led to increase in waste by–
products. There is also the indiscriminate discharge of untreated industrial and domestic wastes 

into waterways, the spewing of thousands of tons of particulates and airborne gases into the 

atmosphere, the throwaway altitude towards solid wastes, and the use of newly developed 
chemicals without considering potential consequences have resulted in a lot of environmental 

pollutants resulting in disasters throughout the world (Coker, 2019). 
       This paper therefore will look at environmental pollutants and toxicants, types, their causes, 

effects, how these effects can be reduced or eliminated from the system for a better and safer 
environment in a community. 

Meaning of Pollution and Contamination 

       Pollution/Pollutants and Contamination/Contaminants are chemical levels that are judged to 
be above those that would normally occur in any particular component of the environment 

(Richards, 2008). Contamination could simply be defined as the presence of unwanted or foreign 
substances. Contamination is just the introduction of the foreign materials while pollution is the 

after effects (Pokuri, 2015). Richards (2008) added that the term pollutant is commonly taken to 

refer to any chemical as producing or having the potential to produce actual environmental harm, 
whereas the term contaminant has no implication of harmful. Environmental Protection Agency 

(EPA) has categorized pollutants; however, the classification is redundant and allows one to place 
any specific chemical pollutant into more than one category. 

*Agricultural chemicals 

* Air pollutants 
* Biological contaminants 

* Carcinogens 
* Chemicals 

* Extremely hazardous substances 
* Microorganisms 

* Radiation 

* Soil contaminants 
* Water pollutants 

* Toxic substances (Persistent Bio accumulative Toxic Pollutants, Persistent Organic 
Pollutants). 

Types of Pollutants and Toxicants 

      Pollutants are the elements, molecules and particles involved in pollution – life can be harmed 
when exposed to these materials, and the effects of them on humans and plants are well known. 

Pollutants can be introduced into the environment in many ways, both naturally and by humans. 
Primary pollutants are omitted directly into the environment, while secondly pollutants are formed 

from primary pollutants and external factors. 
Different types of pollutants include 

 Nitrogen oxides  (NOx) 



Our Changing Environment and Development edited by Jacinta A. Opara 
Metropolitan International University Press. ISBN 978-9970-9670-0-1(print);978-9970-9670-1-8(online) 

~ 324 ~ 

 
 

 Sulfur oxides (SOx) 

 Particulate matter (PM) 

 Ground level ozone (Oz) 

 Volatile organic compounds (VOCs) 

 Mercury (Hy) 

 Peroxyacyl nitrates (PANs) and more. 

Toxicants 

Toxicants are found in things like cosmetics, medicine, household cleaners, pesticides, 

detergents, heavy metals and a number of other manufactured chemical products. There are 
several types of toxicants: carcinogens are cancer – causing chemicals. Mutagens are mutation – 

causing chemicals (Tylermiller & Hackett, 2011). 
Causes of Environmental Pollutants and Toxicants 

Environmental toxicants and hazardous contaminants are simply toxic substances in the 

environment and comprise a wide range of chemical or physical agents released into the 
environment that can contaminate the abiotic components of ecosystem, example, animals, plants 

and microbes (Puspendu, 2017). According to Wikipedia, (2019), there are many sources of 
environmental toxicity that can lead to the presence of toxicants in our food, water and air. These 

sources include organic and inorganic pollutants, pesticides and biological agents, all of which can 

have harmful effects on living organisms. Unclean water and poor sanitation remain the most 
potent environmental causes of illness worldwide. 

 
Effects of Environmental Pollutants and Toxicants 

The burden of avoidable disease is disproportionately felt by the residents of poor 
countries, with attributable disease burdens often 10 – fold higher or more than that seen in 

wealthier nations. Reasons for the disproportionate effects felt in developing countries include a 

lack of modern technology, weak protective environmental laws and regulations, a lack of 
awareness, and poverty. Nonetheless, residents of wealthy countries are also affected by air 

pollution, poorly designed urban environments, flooding, and lead poisoning, and so on, and thus 
environmental health is truly of global concern (Briggs, 2003). 

Industrial chemical contaminants affect health everywhere. Of the more than 30000 

chemicals commonly used today, fewer than 1% have been studied in detail as to their health 
effects and toxicity, and our understanding of the effects of simultaneous low – level exposure to 

hundreds or thousands of chemicals is rudimentary at best (William, Melanie & Raymond, 2014). 
William et al, 2014 also stated that air pollution has been found to be a top – ranked problem in 

nearly every country undergoing economic transition. 
The level of effect (s) of any chemical, on any one particular population of human and 

species, maybe different from another in that community. Toxicants can be poisonous and they 

may be man–made or naturally occurring. Richards (2008), stated that toxicity depends on many 
factors: 

 Species 

 Age 

 Gender 

 Exposure route 

 Form and activity of the chemical 

 Concentration or dose 

 Bio availability 

 Primary route of exposure 

 Ability to be absorbed 

 Metabolism 

 Distribution within the body 

 Excretion 

 Presence of other chemicals. 
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A great deal of research has been devoted to the study that various pollutants have on 

the endocrine system. Many have shown that some chemicals can mimic natural hormone and/or 
block hormone receptors(e.g., some pesticides, dioxins, environmental discharges of hormones). 

These types of chemicals have been called ―endocrine disrupters‖, and they as well as others may 
have long–term consequences on population growth, environmental tolerance, and genetic 

diversity (Hinton, Kullman. Hardman, Volz, Chen, Carney & Bencie, 2005). 

Pollutant induced mutations can have effects on populations, especially if they are made 
up of a small number of individuals. The smaller the populations gene pool, the less its genetic 

variation, and the population will be more prone to a reduction in the number of individual and 
possible extinction (Richards, 2008). 

      Environmental toxicant can affect the growth and dynamics of the population in a community. 
Acute toxicity according to Hinton et al (2005) can result in an increased rate of mortality. Chronic 

toxicity can result in decreases in birth rate (natality). The increase or decrease in the population 

of any one species in a community may result in changes in the size of other populations within 
that community. For example, if one species in a community serves as an important food source 

for another, excess mortality due to toxicity in that food source will lead to a decline in the 
dependent population due to decreased food supply to sustain population growth or current 

population size. If the species can physically relocate, it may emigrate to find a more suitable 

environment. Similarly, immigration into the community may occur when conditions are more 
favorable.  See figure 1 below. 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 
 

 

Figure 1: Factors affecting population growth. 
Source: Courtesy of SOFIA/USGS in (Richards, 2008). 

 
Toxicants and Responses in a Population of Individuals. 

There can be observing biological variation in individual response in a population to the 

same dose of chemicals. Take for example a hypothetical group of 100 individuals exposed in 
exactly the same manner to a chemical in the air that typically produces respiratory irritation (e.g., 

sulfur dioxide). Consider hypothetically also that the concentration of that chemical in the air is the 
same for each person and that each person receives the same internal dose. There will be a bell-

shaped distribution curve that theoretically never reaches 0 or 100 percent (%) (Arts, Mommers & 
de Heer, 2006). This is illustrated in figure 2 below. 
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Figure 2: Slopes of dose-response curves. 

Source: Courtesy of the Toxicology and Environmental Health Information programme of the 
National Library of Medicine, U.S. Department of Health and Human Services. 

      This bell-shaped curve demonstrates that within this hypothetical population, the majority of 
responses to the toxicants are similar (some coughing and eye irritation); however, because of 

biological variability, some individuals may be more or less susceptible to the effects of exposure. 
The individual toward the left of the curve may have only a barely perceptible sensation of eye 

irritation, with no tears or coughing. These individuals appear to be less susceptible and can be 

referred to as ―resistant‖ or as ―hypo responsive‖. See figure 3 below. 
Responses to the Same Dose 

 
Figure 3: Responses to the same dose. 

Source: Richards (2008). 
Similarly, according to Arts et al (2006), there are other individuals who are very 

susceptible to this exposure and respond intensely; they are shown on the right of the curve, and 

they will likely experience severe coughing, tightness in the chest, and difficulty in breathing. 
These individuals are referred to as ―sensitive‖ or as ―hyper responsive‖. The responses have a 

typically Gaussian distribution and can be expressed as plus or minus one or two standard 
deviations of that mean. One standard deviation includes 68% of the individuals, and two 

standard deviations include 95% of the individuals. See figure 4 below. 
Distribution of Responses 
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Figure 4: Distribution of responses. 

Source: Courtesy of the Toxicology and Environmental Health information programme of the 
National Library of Medicine, U.S. Department of Health and Human services. 

Absorption of Toxicants 
A systematic effect is produced when a toxicant defeats barriers to absorption and enter 

into the internal compartments of the body; otherwise, all effects are confined to the site of 

exposure, that is, all toxicity will be local (e.g. irritation to skin or respiratory tract). An orally 
consumed toxicant, or one that enters into the respiratory system, is not considered to be 

―internal‖ until it moves across the epithelial cellular membranes that line the respective systems, 
thus gaining entry into the internal fluid compartments of the body (Richards, 2008). 

     Usually, toxicants enter the body through one of these three systems: 

1. The respiratory system: The lungs are an important entry point for toxic gases, solvents, 

aerosols, and particulates. Pulmonary tissue is highly vascularized and has a large surface 

area for toxicant absorption. 

2. The gastrointestinal system: The gastrointestinal tract has a large surface area 

(approximately 300m2 in adults. The pH, which can influence the absorption of many 

chemicals, is variable, ranging from approximately 1-3 in the stomach to approximately 6 

in the small intestine. 

3. The integumentary system: The skin is not highly permeable to most water-soluble 

chemicals, but lipid-soluble compounds are well absorbed via passive diffusion. Damage to 

the integrity of the skin increases absorption and may lead to greater systemic toxicity 

(Richards, 2008). See figure 5 below. 
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Figure 5. Absorption of a toxicant 
Source: Richards (2008). 

Elimination of Toxicants 
The term elimination encompasses all of the processes that are used by the body that lead 

to a decrease in the amount of toxicant. These processes include the following: 

 Renal elimination 

 Fecal elimination 

 Pulmonary elimination 

 Bio transformation 

 Elimination via minor routes (e.g. sweat, milk, hair and nails). 

The more rapid the elimination from the body, the less likely there will be a concentration 
of toxicant over time that has the potential to produce injury to the cells and tissues of the body. 

Elimination refers to the removal of an absorbed toxicant through both excretion and metabolism. 
Excretion is the removal of systemic toxicants through specific excretory processes, such as 

urinary elimination. 

It is through the excretory processes that most of the elimination of toxicant takes place. 
The Kidneys (through urine), the gastrointestinal tract (through the feces and bile), and the lungs 

for volatile substances are the most important excretory routes for the elimination of toxicants 
(Ekins, Nikolsky, & Nikolskaya, 2005). 

The process of metabolism (bio transformation), which results in the chemical alteration of 

the toxicant, occurs primarily in the liver; however, metabolism by other tissues (extra hepatic 
metabolism) may be important as well. Often, only minor chemical alteration of the toxicant 

molecule and subsequent conjugation with an endogenous molecule (which is most often the 
case), such as an amino acid or sugar, is required to facilitate elimination. 

Minor routes of elimination according to Ekins et al (2005) include: 

 Saliva 

 Milk 

 Sweat 

 Tears 

 Semen 

 Hair 

 Nails 

 Eggs (for birds) 

 Placenta 

Ekins et al (2005) stated that toxicants could be transferred from mother‘s milk to the 

nursing infant as well as from cow milk to people. Because milk contains a relatively high 
percentage of fat, therefore these chemicals would diffuse from body fat to plasma to mammary 

gland and be excreted into milk.Some toxicants that are eliminated via sweat may, if present in 

sufficient quantities, cause skin irritation. Those that are eliminated to some extent in saliva are 
usually swallowed, thus prolonging residence time in the body. 

Although there is negligible elimination via hair and nails, some chemicals such as mercury 
and arsenic may be found there using detection methods that have been developed primarily for 

forensic purposes. 

The placental does not move toxicants from maternal compartments to fetal 
compartments. It normally function as an interface, providing oxygen and nutrients to the fetus 

while eliminating fetal metabolites and carbon dioxide. Maternal elimination of toxicants via the 
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placental route can result in a redistribution of chemicals from maternal tissues to fetal tissues. 

Simple diffusion provides the mechanism to drive lipophilic and low-molecular- weight chemicals 
across the placenta. 

For some birds, history has shown the elimination of toxicants via the eggs, while posing 
little hazard to the mother, may result in greatly endangering the chances of survival of 

young.Some environmental contaminants are difficult to avoid (the breathing of polluted air, the 

drinking of chemically contaminated public drinking water, noise in open public spaces); in these 
circumstances, exposure is largely involuntary. Elimination or amelioration of these factors may 

require societal action, such as public awareness and public health measures. 
Some environmental hazards are associated with specific individual human behaviours, 

which in principle can be changed. In the absence of clean water and sanitation, simple hand 
washing with soap has been shown to dramatically decrease the rates of infectious diseases such 

as diarrhea, pneumonia, and impetigo (Luby, Agboatwalla, & Feikin, 2005). Occupational 

exposures to pesticides, fertilizers, and microbial pathogens can be minimized by the use of 
protective gear, careful application techniques, and the provision of water and soap for 

decontamination. Irrigation not only improves crop production but also provides conducive 
environment for the expansion and transmission of water borne diseases such as schstosomiasis. 

In this case, reducing body contact with water will decrease rates of disease (Luby et al, 2005). 

In conclusion, our environment as stated by Richards (2008) is an enormously complex 
system that has no steady state. It is changing continuously due to both natural events and the 

activities of society. As health educators, we need to support efforts, create awareness to 
rationally deal with environmental issues and recognize that what may at the moment appear 

insignificant may later develop into a public health concern. Recognition of potential problems and 
rational approaches to problem solving early on is always preferable and more cost-effective than 

retrofitting our efforts to a situation that has developed into a global monster. 

Recommendations 
After observing the effects and possible elimination of pollutants and toxicants, the 

following are recommended for safety of people in a community. 
1. Awareness should be created by government agencies on the different types of    

pollutants and toxicants and their harmful effects. When this is created, people will now 

realize the need to restructure their way of living by keeping the environment clean and 

free of pollutants; knowing what to eat and get in contact with. 

2. Creating a safe, secure environment free of harmful chemicals, smokes from vehicles, 

machines and generators. This can be done by watching out for not road worthy vehicles 

by government officials, to control/remove vehicles that generate carbon monoxide in the 

air, thereby polluting the air. Machines and generators should be serviced regularly to stop 

their harmful effects. 

3. Government has to take pollution as a matter of special interest. Pollution is caused due to 

introduction of contaminants into the environment via air, water and soil. The following 

series of steps are recommended to address issues related to water pollution, improper 

waste disposal, air and vehicular pollution, industrial pollution, etc. 

i. Taxing polluting vehicles 

ii. Promotion of cleaner production processes 

iii. Comprehensive amendments to waste management rules, including solid waste, plastic 

waste, hazardous waste, bio medical waste and electronic waste. 

iv. Promotion of public transport network of metro, buses and promotion of carpooling, lane 

discipline, vehicle maintenance. 

v. Revision of existing environmental standards and formulation of new standards for 

prevention and control of pollution from industries/factories. 
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Chapter 36 

Reflections on Off-Grid Hydrokinetic Energy Potential                                  
and Rural Development in Nigeria 

 
Salau Wahab 

Federal University, Kashere, Nigeria 
Abstract 
The quest for national development cannot be overemphasized. In a bid to balance between 
material resources and manpower development, there is need for sustainable energy supply. 
National grid is one of the medium of generating electricity in Nigeria. It seems to be common 
practices to have unstable power supply in Nigeria. Hydrokinetic energy is one of the viable means 
of sustainable energy and rural development in Nigeria. Hydrokinetic Mini Grid energy generation 
is an alternative technology of using running water in a flowing stream, river, ocean or irrigation 
canal to supply electricity. This can be developed to develop rural settlement. This paper examines 
Hydrokinetic energy for sustainable power supply and rural development in Nigeria. There is need 
to adopt and develop technology to sustain Social-economic development of the nation especially 
to develop the micro society of the nation where majority of population of Nigeria are residing. 
The socio-economic development of any nation rest on energy sector because Energy is a pivot to 
manage various sectors of our economies. This article reports on how to make use of renewable 
energy to develop our nation. The work also seeks to develop techniques that will reduce 
operations of impounding large hectare of land and to develop hydrokinetic Mini Grid energy 
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production in order to control flood and improve the quality of the environment through 
ecosystem conservation. It is crystal clear that Nigeria has many water resources sites and vibrant 
ecosystem that can accommodate hydrokinetic energy supply if properly managed especially in 
rural areas to boost socio economic potentials of the locals. 
Keywords: Reflections, Off-grid, Hydrokinetic, Energy, Potential, Rural 

 

Introduction 
Nigeria is one of the vast developing countries in Africa with majority of her population 

living in rural environment. In a bid to fulfill the characteristics of vast developing economy, there 
is need to focus more on rural infrastructure for national development. Klunne (2012) reported 

that the potential role of small hydropower, like hydrokinetic energy, in eradicating energy poverty 
has been recognized by a number of national governments and multilateral donors. An example is 

the new draft energy strategy for the World Bank, which does specifically highlight small scale 

hydropower as an important component of future World Bank activities in Africa. Hydrokinetic 
particularly small hydropower has been adopted and practiced in some part of the world such as 

USA, Canada, Tanzania and other African countries such as Ghana, South Africa etc. Hydrokinetic 
energy of moving water has two types such as current based and wave based hydrokinetic 

energy. The current based hydrokinetic energy can be found in river streams, artificial waterway, 

tidal and ocean currents. Hence, water power cannot be over emphasized. Hydrokinetic energy 
system is a technology of running water in a flowing stream, river, ocean or irrigation canal (Long, 

2014). The objective of this paper is to explore existing renewable hydrokinetic energy potential in 
Nigeria and how it can be harnessed for rural development with a view to examine some of the 

reasons to tap this resources for the development of under develop countries of the world 
including Nigeria. It is crystal clear that there is emerging evidence of the potential of renewable 

energy for a critical emerging role and socio economic development in Nigeria. Likewise, this is to 

consciously observe the Appraisal of off-Grid Hydrokinetic Energy Potential and Rural Development 
in Nigeria especially in rural and urban areas where the technology can be practiced. In order to 

cater for cater for our development, rural areas needs to be taken care of in term of infrastructural 
development through the use of renewable energy. 

Concept of Hydrokinetic Energy 

Nicholas et al. (2015) reviewed that the concepts of Hydrokinetic are in three phases. 
However, the first section proves an overview of the HEC technology systems that are most likely 

to be installed in commercial arrays while second section is an in-depth literature review. 
The literature review is sub-divided into five areas that are positioned to significantly 

impact the viability of HEC technology: (i) site assessment, (ii) turbine design, (iii) turbine wake 

modeling, (iv) array performance, and (v) environmental impact. The final section presents an 
outlook for the HEC industry and future research. These concepts are pointer to the fact that 

hydrokinetic energy is a renewable and reliable alternative energy that can be harnessed to 
promote rural development especially in developing countries of the world like Nigeria. 

Bahleda (2007) reported that Hydrokinetic is the process of extracting energy from ocean 
currents, waves, rivers, canals, tidal ocean and other water bodies to generate electric power. 

Hydrokinetic and wave energy technologies require no impoundments, so that the challenges and 

externalities associated with dam construction and reservoir creation are not relevant in its 
implementation. Okoye (2007) was of the opinion that less than 40% of the population is even 

connected to the grid. Hydrokinetic energy is the use of energy of water in motion to convert 
kinetic energy to electrical energy. Water power has shown great influence in Nigeria yet its 

potential is not fully utilized. The cost of installing hydrokinetic energy is thought to be minimal 

when it is fully implemented on commercial scale. 
Swartz (2009) clarified the relationship between kinetic and potential energy and among 

the concepts of forces, distance, acceleration and energy which can be illustrated by the lifting 
and dropping of an object.  When the object is lifted from a surface a vertical force is applied to 

the object.  As this force acts through a distance, energy is transferred to the object.  The energy 
associated with an object held above a surface is termed potential energy.  If the object is 

dropped, the potential energy is converted to kinetic energy (Microsoft Encarta, 2009). 
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Hydrokinetic energy conversion systems has been described as electromechanical energy 

converters that can be deployed not only to convert wave energy and marine currents in oceans, 
but also natural streams like rivers, tidal estuaries, as well as in some constructed waterways 

(Khan et al,. 2017 & Lago et al,. 2010) in (Ladokun et al,. 2013). It operation is also practical in 
irrigation canal to easily generate electricity especially in rural areas that have rivers and workable 

irrigation canals. Hydrokinetic (In Stream, or water current) energy conversion implies the 

utilization of the kinetic energy of rivers, streams, tidal currents or other man-made waterways for 
generation of electricity. It is a class of ―zero head‖ hydropower which extracts energy from the 

velocity of flowing water to drive a generator. It can also be defined it as low pressure run-of-the-
river ultra-low-head turbine that will operate on the equivalent of less than 0.2m of head (Radkey, 

1981) in (Ladokun et al, 2013). 
Potential Sites for Hydrokinetic Energy Development  

Ulasi et al., (2019) reported that the evenly distribution of viable waterway hydrokinetic 

resources will bring energy security that is essential for the riverine dweller and curb rural urban 
migration and improves the rural communities‘ standard of living and enhance  their productivity. 

Majority of the River basin in Nigeria is a potential site for Hydrokinetic energy. 
Wahab et al., (2017) used SWAT to evaluate theoretical hydrokinetic energy potential of 

selected 10 basin along Ikere Gorge basin in southern Nigeria with 36.4 MW and the potential 

hydrokinetic was estimated for the highest value in Oshe river basin at Onikankan (9.542 MW) and 
lowest in Kojuoba river basin at Olonje (0 MW). It is implied that there are many basin with 

substantial potential to promote hydrokinetic energy system in Nigeria with respect to their 
discharge capabilities. Nigeria is blessed with abundant rivers and many water body of high water 

surface that can be used to develop hydrokinetic energy project. Among these water body are 
divided into hydrological unit, they are upper and lower Niger, upper Benue, Cross river, Ogun 

,Osun, Benin-Owena River Basin Development Authorities (RBDAs). These sites (Table 1 & Fig.1) 

are good for Hydrokinetic power generation in Nigeria. This could be a right step to limit the rate 
of rural-urban migration and development of rural economy. 

Table 1:Hydrological areas across the Drainage Basin for Hydrokinetic Energy development  
HA1 HA-II HA-III HA-IV HA-V HA-VI HA-VII HA-VIII  

River Basin 
Dev Auth. 

(RBDAs) 

Sokoto- 
Rima 

Upper 
Niger & 

Lower 
Niger 

Upper 
Benue 

Lower 
Benue 

Anambra- 
Imo & 

NigerDelta 

Ogun- 
Oshun & 

Benin- 
Owena 

Cross- 
River 

Hadejia- 
Ja‘mare 

& 
Chad 

 

States in 

Nigeria 

Sokoto 

Zamfara 
Katsina 

Kebbi 

Niger 

Kwara 
Kaduna 

Kogi 
FCT 

Adamawa 

Taraba 
Bauchi 

Gombe 
Kogi 

Benue 

Nassarawa 
Plateau 

Anambra, 

Enugu 
Imo, 

Bayelsa 
Rivers 

Oyo 

Ogun 
Oshun 

Lagos 
Ondo, Edo 
Delta 

Bayelsa 

Cross- 

River; 
Akwa- 

Ibom 
Abia 
Ebonyi 

Kano 

Jigawa 
Yobe, 

Borno, 
Bauchi 
Gombe 

 

Area(103 sq 
km) 

31.6 158.1 158.9 73.0 53.9 100.5 59.8 88.0 923.8 

Surface 
Water 
Potential(10

9 cu. m) 

22.4 32.6 55.0 28.0 20.0 35.4 65.7 8.2 267.3 

Groundh2o 

Potential(10
9 cu. m) 

4.3 8.18 6.99 4.32 7.15 9.02 6.28 5.58 51.93 

Source: Adapted from Federal Ministry of Water Resources, 2011 
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Figure 1: Hydrological zones in Nigeria 
Source: Adapted from Federal Ministry of Water Resources, 2016 

Meaning of Development 
Development have five main phases with the  following ingredients, namely: increasing 

material wealth for the use of individuals and the nation; eliminating unemployment; eliminating 

poverty and want; eliminating inequality, and increasing the general availability of labour-saving 
devices (Afigbo, 1991). It has to do with the manipulation and maximization of both human and 

material resources to achieve developmental goal. Development is a process that creates growth, 
progress, positive change or the addition of physical, economic, environmental, social and 

demographic components.  The purpose of development is a rise in the level and quality of life of 

the population, and the creation or expansion of local regional income and employment 
opportunities, without damaging the resources of the environment.  Development is visible and 

useful, not necessarily immediately, and includes an aspect of quality change and the creation of 
conditions for a continuation of that change (SID, 2018). Seers (1979) based is argument on 

development that the main focus of development is to reduce poverty, inequality, and 

unemployment likewise Sen (1999) viewed development as reducing deprivation or broadening 
choice. Deprivation represents a multidimensional view of poverty that includes hunger, illiteracy, 

illness and poor health, powerlessness, noiselessness, insecurity, humiliation, and a lack of access 
to basic infrastructure. 

Rural Development in Nigeria 
Rural development is a broad-based re-organization and mobilization of the rural masses 

so as to cope effectively with the daily tasks of their lives and with changes consequent upon this 

(Mabogunje, 1980). The inhabitant or rural settlers has to make end meet by involving themselves 
in primary production of goods and services. Rural development in the context of the periscope of 

Word Bank (1995) explained it as a process through which rural poverty is alleviated by sustained 
increases in the productivity and incomes of low-income rural dwellers and households. Raheem et 

al., (2014) in United Nations Agency for Social and Economic Development (UNASED) defined rural 

development as the quantitative change or the upliftment of the standard of people in the rural 
areas, brought about through integrated approach, by both governmental and non-governmental 

agencies and the people themselves. Raheem et al., (2014) in Igbokwe & Ajala (1995) further 
explained that the earliest attempt at rural development during the colonial era in Nigeria took the 

form of community development, and later agricultural extension. The community development 
approach emphasized self-help to improve health, nutrition and community welfare, whereas the 

agricultural extension approach was concerned with improving the agricultural productivity. The 

goal of both programmes ultimately was to produce primary products for the feeding of European 
industries. Raheem et al., (2014) in (Ijere, 1990) wrote on the scope of rural development and its 
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objectives on improving the total welfare of the rural low-income people with the identifiable goals 

as follows: 
i. To have greater commitment of the resources to the rural areas in terms of budgeting 

allocation and actual expenditure. 

ii. To ensure popular participation of the rural people in the identification of priorities, planning 

of programmes as well as their implementation. 

iii. To lay greater emphasis on the use of total resources and promotion of local skills. 

iv. To expand and improve on rural infrastructure such as roads, markets stalls, electricity, 

water and storage facilities. 

v. To maintain political and social stability 

vi. To create rural employment opportunities 

vii. To increase commodity out-put and production and subsequently increase food and food 

supply as well as rural farm incomes 

Energy Problem and Development  
Constant power outage is one of the predominant problems of electricity supply in Nigeria. 

Majority of activities is done through the use of energy to power them. Some of the small scale 
industries cannot do without effective power supply especially in rural areas where cottage factory 

such as rice mill, Floor mill, aluminum fabrication industry and others are found. Therefore, these 

problems are causing setback in progress of small scale industries of developing countries like 
Nigeria. In order to bit this hurdle, alternative source of energy such as Hydrokinetic can be of 

advantages. Nigeria is endowed with abundant energy resources, both conventional and 
renewable, which can potentially provide the country with a sufficient capacity to meet the 

ambitions of both urban and rural Nigerians of a full, nationwide electrification level. Yet, Nigeria 
has one of the lowest consumption rates of electricity per capita in Africa. With the demand 

superseding the generation, there is inequitable access of rural communities to the electricity 

service in the country (Mohamed et al., 2014). Sambo (2009) reported that about 90% of the 
energy used by rural dwellers in Nigeria comes from fuel wood. This energy is derived from non-

nuclear and non-fossil sources in a way that can be replenished while harvesting. Conversion and 
use of fuel wood from these sources take place in a way that helps to avoid negative effects of 

deforestation on the viability and rights of rural dwellers and natural ecosystems (Ikuponisi, 2004). 

Apart from fuel wood, a major means through which greenhouse gases (GHGs) are emitted into 
the atmosphere is the practice of gas flaring by oil companies operating in the country in 

(Mohamed et al., 2014). Julia et al (2008) in Okoye (2007) that Nigeria is located on the west 
coast of Africa. It is the continent‘s most populated country in Africa, with over 150 million people. 

According to the Nigerian Energy Policy report from 2003, it is estimated that the population 
connected to the grid system is short of power supply over 60% of the time. Additionally, less 

than 40% of the population is even connected to the grid. Julia et al (2008) corroborated that on 

a fundamental level, there is simply not enough electricity generated to support the entire 
population. 

 
Hydrokinetic Energy and Development of Agric Settlement  

The current studies shows that 12 states has potential sites for hydrokinetic and 

hydropower potential in their basin to generate electricity. It was revealed that, SHP (Small Hydro 
Power) potential sites exist in virtually all parts of Nigeria. There are over 278 unexploited sites 

with total potentials of 734.3 MW of energy supply. So far about eight SHP stations with aggregate 
capacity of 39.0 MW have been installed in Nigeria by private company and the government 

(Ismail, 2006). Some of these SHP are  around Jos Plateau, where there is 2 MW Station at Kwall 

fall on N‘Gell river (river Kaduna) and 8 MW station at Kurra fall, which was developed by a private 
company (NESCO) more than 75 years ago in (Adebayo, 2014). Analysis of data indicated that 

there is about 90% difference in volumes of water at the Northern part (close to the Niger River) 
of Nigeria than in other locations within the country. It should be noted that during the wet 

season, water volumes could increase by a factor as high as 50% (Adebayo, 2014). The quest for 
the development of off-grid Hydrokinetic energy potential is highly desirable in rural areas to 
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supports lives and this call for the improvement in alternative for systems aids by renewable 

energy. There has been strong indication of the locals to improve access to basic amenities and 
information around the world and to better their live through their involvement in development of 

small scale industries. Also, provision of reliable energy source will minimize the gaps of 
inequalities between urban and rural areas in Nigeria. 

Adedipe (2002) reported that the establishment of nine River Basin Development 

Authorities (RBDAs) in addition to the two existing ones (Sokoto & Rima (RBDAs) by decree Nos. 
25 and 28 between 1976 and 1979 respectively is a welcome development to rehabilitate rural life 

and improvement in their livelihood. The establishment of some of these river basin lead to the 
development of some agricultural development program schemes in the country such as 

Directorate for Food, Roads and Rural Infrastructure (DFRRI), the Better Life for rural women 
Program, Green Revolution, Agricultural Credit Guarantee Scheme (ACGS) etc. 

Raheem (2014) reviewed that the days of the 1973 National Accelerated Food Production 

Program (NAFPP) of Gowon regime, the 1976 Obasanjo program of Operation Feed the nation 
(OFN), the Shagari era of Green revolution and Agricultural Development Projects (ADPs) and 

agricultural related financial institutions such as ADBs, NACRRIB and NAIC among others were the 
best for Nigerian farmers and rural dwellers as a whole. At least, most people had access to cheap 

farm inputs as most of them were subsidized. This development was responsible for increase 

productivity, high standard of living and encouragement to engage in farm business. However, the 
hope of rural dwellers was cut short with the mismanagement of the projects leading to their 

eventual collapse. Also, the governments at various periods did not help matters as they also 
encouraged importation of staple foods like rice and wheat which finally killed local production. 

Therefore, if the technology of hydrokinetic is put into maximum use, it will help to 
promote agric settlement and to boost farming production in the country. Hydrokinetic will not 

only help for constant power supply but also help to aid irrigation development scheme in some of 

river basin development scheme in Nigeria. Access to off-grid hydrokinetic energy supply will 
definitely serve as hub of socio economic development in rural areas in Nigeria. 

Conclusion 
The unevenly distribution of energy supply in the country with particular reference to rural 

areas in Nigeria is a strong factor to lack of employment and contribution to poor condition of 

living in the country. There is no known area where energy supply is not important for our 
development even in the rural areas. To settle score with incessant power supply, there is need 

for diversification of our power source such as the use of off-grid hydrokinetic energy where it is 
practicable. This paper has been able to reflects on the use of renewable energy of hydrokinetic 

for rural development in Nigeria. There is need for the federal Government to develop a 

framework to accommodate some of her policies on energy scheme and to reinforce its existing 
initiatives by developing workable integrating renewable-energy plan with a view to increase in 

investment on market development and regulation of renewable energy through adequate 
research funding. In order to alleviate power crisis in Nigeria, this paper therefore suggesting a 

design of comprehensive shift from on-grid to off-grid use of hydrokinetic for rural electrification 
and development for massive industrialization, rural development and reduction in the rate of 

rural-urban migration in the country especially where this technology is feasible. There are need to 

embrace the new technology of Hydrokinetic for eco-sustainable development. Hydrokinetic 
energy is an untapped source of renewable energy which is hope to be a viable source of energy 

to exploit, with minute environmental impact than those of common use such as coal, natural gas, 
etc. Therefore, there must be critical evaluation in setting up this technology because typical 

hydropower set-ups (dams and small hydropower) have caused serious ecological and 

environmental damages. It is crystal clear that convectional hydropower types caused 
resettlement of some historical relics, people and changes in patterns of landforms and destruction 

of local aquatic organisms due to the changes of habitat. 
However, to develop modern Nigeria, development must start from rural areas of Nigeria 

through the use of green energy of off-grid Hydrokinetic energy in rural areas where it is 
desirable.  

Acknowledgement 



Our Changing Environment and Development edited by Jacinta A. Opara 
Metropolitan International University Press. ISBN 978-9970-9670-0-1(print);978-9970-9670-1-8(online) 

~ 336 ~ 

 
 

I appreciate Professor I.P Ifabiyi, the former Sub-dean and PG Coordinator, Department of Geography and 
Environmental Management (Hydrology and Water Resources Unit), Faculty of Social Sciences, University of 
Ilorin,Nigeria, for his academic nurturing and mentoring role. 

References 
Adebayo, Charles (2014): How is 100% renewable energy possible for Nigeria?, Global Energy 

Network Institute (GENI), www.geni.org peter@geni.org (619) 595-0139 
Adedipe, B.O. (2002): First foundation of regional planning. Ilaro: IBDL Educational publishers 

Afigbo, A. E. (1991): Women as a factor in development. In M. O. Ijere (Ed.); Women in Nigerian 
Economy. Enugu: ACENA Publishers. 

Bahleda, M, & Hosko, M.A. (2007): Assessment of Water Power Potential and Development Needs. 

In: Electric Power Research Institute California Final Report. 
Igbokwe, E. M. and Ajala, A. A. 1995. Popular participation for rural development in Nigeria. In E. 

C. Eboh, C. U. Okoye and D. Ayichi (Eds.); Rural Development in Nigeria: Concepts, 
Processes and Prospects. Enugu: Auto- Century Publishing Company. 

Ijere, M. O. (1990): The challenges of rural development in Nigeria. In A. I. Ikeme (ed.); The 
Challenges of Agriculture in National Development, Enugu: Optimal Computer Solutions 

Ikuponisi, F.S. (2004): Status of renewable energy in Nigeria. In: Proceedings of conference on 

Making Renewable Energy a Reality, Nigeria 
Ismaila, Haliru Zarma, (2006): Hydro Power Resources in Nigeria, ECN, 2006. 
Julia, Kennedy-Darling, Nick Hoyt, Kyle Murao, Allison Ross (2008): The Energy Crisis of Nigeria An 

Overview and Implications for the Future, The University of Chicago, USA 
Khan M.J., Iqbal M.T. & Quaicoe J.E., (2007): ―River Current Energy Conversion Systems: 

Progress, Prospects and Challenges‖, Renewable and Sustainable Energy Reviews 
Lago, L. I., Ponta, F. L. & Chen L., (2010): Advances and Trends in Hydrokinetic turbine Systems, 

Energy for Sustainable Development, p287-296 
Mabogunje, A.L(1980).The development process:A spatial perspective.London:Hutchinson & Co  

Mohamed, S & J.O. Petinrin (2014):Renewable energy potentials in Nigeria: Meeting Rural Energy 

Needs, Renewable and Sustainable Energy Reviews 29 (2014) 72–84 
Okoye, J.K. (2007): ―Background study on water and energy issues in Nigeria to inform the 

national consultative conference on dams and development. 
Radkey R.L.& Hibbs, B. D.,(1981): Definition of Cost Effective River Turbine Designs, Tech.Rep. 

AV-FR- 81/595 (DE82010972),Report for US Dept of Energy & Environment,Pasadena. 

Raheem, W.M & Bako, A. I (2014):  Sustainable Rural Development Programmes in Nigeria: Issues 
and Challenges, Asian Journal of Science and Technology, 5 (9), pp. 577-586 

Sambo, A.S. (2009): Strategic developments in renewable energy in Nigeria. International 
Association for Energy Economics, 3rd Quarters, (2) 15 

Sid (2018): What is development, Pears foundation, society for international development, Isreal 

Wahab, S., Ifabiyi, I.P, & Adeogun,  A.G. (2017): SWAT analysis of Ikere Gorge basin for 
hydrokinetic power estimation in selected rural settlements of Oke-Ogun, Nigeria. Ruhuna 
Jounal of Science; 8: pp. 24-43. 

 

 
 

Chapter 37 

A Geographical Perspective of Resource Management 
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Abstract 

Most developing countries are endowed with abundant natural resources. Nature provides 
resources to human beings for their survival, which a resource managers need to deepen their 
understanding on the definition of resource and its changing paradigm, dynamism and approaches 
in a specific social, cultural, and geographical ground. This paper attempts to investigate the 
differences of traditional definition of ‗natural resources‘ to more dynamic conversation of 
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‗resources are not, but they become‘. This work is based on exploratory review of the available 
published materials. This paper contains introduction, conceptual arguments, the changing 
paradigm, evolving definition of resource, natural resource management and resource 
management poverty and development linkages, natural resource management and millennium 
development goals, it talked of resource management and resource allocation and went on to 
classify resources, the advancement of the field of resource management, and the approaches of 
the resource management. The body of the text was concluded, followed by documents consulted. 
Keywords: Environment, Geography, livelihood, extraction and exploitation, and resource 

management 
 

Introduction 
The environment is the source of human livelihood which is either natural or man-made 

which takes shape through human skill, mind and power.  Human beings through innate 

intelligence are able to sustain their continued existence through eking out the resources to meet 
their day to day need. The needs that need to be satisfied are growing on daily basis and the 

question arises, on how and from where can human beings sources and meets their resource 
needs bearing in mind that certain resource flow while others are exhaustive in nature. The ever-

increasing demand, with corresponding short in supply relative to demand and the growing 

scarcity in extraction and exploitation, constitute a daily trend. These are issues which could 
determine the availability and utilization of resources. The process of living normal human life has 

continued to pile pressure in the surrounding environment and its carrying capacity. Another 
important aspect of resource management studies are the level of skill and influence existing 

among the people and stakeholders that are directly involved in proper utilization and 
management of the resources.  

There is the issue of the diversity in prosperity and welfare between and within countries 

has increased. Still inherent in the development process is that some groups are included and 
others are excluded. Therefore, processes of social inclusion and exclusion remain in the focus of 

development studies. Therefore, the scope of resource management has to carry these issues and 
challenges for the better understanding and sustainability of future survival of human beings, and 

at the same time maintain the surrounding environment. According to Krishna Prasad Poudel 

(2012) there are two schools of thought; ―one is oriented towards the people (human) centric 
contextual ground of discourse of ‗resource‘ with a view to combination of opportunities provided 

by the nature as a resource base and the human demand, mind, skill, knowledge, culture, society 
and rules and regulations; and the second is concentrated on natural resources as a free gifted 

stocks and its management for regular exploitation‖.  

This paper therefore, aimed to arrange the fundamental concepts and knowledge about 
resource management. On the whole, resources were seen as natural gifts and this idea still 

remain valid in the university curricula. Till date, University level resource management curriculum 
has been designed within the framework of natural resource management or can we say the 

management of free gifted stock of resources? 
In practice, the theoretical thrust of resource management is tilted towards both. It is 

often mixed with the social and the natural contextual ground. Poudel (2012) observed that the 

uni-directional natural resource management paradigm provides university graduates as well as 
resource managers no clear idea and they often are facing problems on identification of 

management issues, and challenges and are confusing to dig out the solutions. The philosophical 
maxim and thinking of conservative natural resource management have been changed and the 

emphasis have been given more on the human or people centric viewpoints. 

Materials and Method 
This work relied on review of widely published documents, reports, books, and website 

materials along with the experiential field studies and knowledge based on practical ground was 
used to bring discussion in this form. This work has a geographical perspective on the framework 

of people centric conceptual basis to explain the resource management to coalesce both nature 
and society. With this understanding, it will help resource manager to achieve sustainable 

development goals. The work have the following sub-heads: Introduction, conceptual argument, 
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shifting paradigm, dynamism in the resource definition, natural resource management and 

resource management, and resource classification, evolution. The field of resource management, 
approaches, conclusion and followed by references.  

Conceptual Argument 
Our survival depends essentially on natural resources derived from the environment. 

These could be split into three main themes. An aspect relates the definitions of natural resources 

to the physical environment. For instance, they focused on biophysical processes of nature or the 
finiteness of stocks. A larger group of codes described natural resources as a dynamic concept, or 

even a social construct, dependent on its value in relation to human needs and wants. This view, 
namely, that ―resources become‖ instead of that ―resources are‖, was already elaborately 

described in an industrious volume by E. W. Zimmermann in (1951). A more recent example of 
this view was provided by Cutter and Renwick (2004), when they argued that environmental 

cognition, ―the mental process of making sense out of the environment that surrounds us‖, lies at 

the base of natural resources: ―A resource does not exist without someone to use it. Resources 
are by their very nature human-centered. Different individuals or groups value resources 

differently‖. The largest group of codes described the intersection between these two views of 
natural resources, acknowledging both its provision by the natural environment and its value in 

relation to human activities. Andersen (2012), averred, that ―natural resources exist independently 

of humans but are only identified as resources, and thus ascribed value, in relation to human 
activities‖. Our survival depends on lots of them as indispensable while the others are used to 

meet human wants. Today‘s world heavily depends on different natural resources to meet the 
demands of emergent industries. The common definition of natural resource finds acceptance 

naturally within environment that exists quite undisturbed by mankind or existing in a natural 
form. A natural resource is often set apart by amounts of biodiversity and geo-diversity existent in 

various ecosystems. The variety and quantity of uses of natural resources have increased at 

present to such an extent that these were never found before in the history of mankind 
 New requirements for various resources in modern society have increased the demand for them a 

thousand fold and have woven them into combinations whose patterns are constantly changing 
(Malla and Shrestha, 1983). Osawe (2016) noted that Resource war tries to explain the 

geopolitical implication of resource scarcity and the unresolved crisis, conflicts and war that the 

surge and demand for oil will become at this auspicious time of declining yield. 
Outside the boundary of natural resource definition the dictionary meaning of resources is 

a concept employed to denote sources of human satisfaction and wealth or strength. Johnston, 
Gregory, and Smith (1986) stated that labour entrepreneurial skills, investment funds, fixed capital 

assets, technology and the cultural and physical attributes of an area may all be referred to as 

resources of a nation or region, company or household. Berkes (2010), noted that the 
conventional notions of ‗natural resources‘ and ‗management‘ are problematic because of their 

history, and as such, they need to be reconceptualised. He suggests, that  the term ‗resource‘ 
carries a sense of ‗free goods‘, with an idea of  human centric use and co-m modification of 

nature. It can be revised to include the protection of ecosystem services for human well-being. 
Furthermore, he wrote that the conventional concepts of ‗natural resources‘ and ‗management‘ are 

problematic, if not obsolete, because of their history or the ‗baggage‘ they carry. These two terms 

can be replaced or, perhaps more reasonably, be redefined in view of new perspectives and 
changing paradigms. Based on resilience thinking (resilience theory) provides an entry point into 

the process of change, and is a recurring theme in the discussion of shifting perspectives in 
resource management. Hence, resilience can be used as the conceptual basis of such a 

redefinition. 

From Berkes argument, we could see the form of resources and the eyes to see where the 
resource is laying. Many years ago, human being could see resource just a few items given by the 

nature i.e. wild roots, fruits. Gradually, they found wild animal and fire. Thereafter, they came to 
know other crops and cereals. With the pace of time they understood the value of soil and land 

resource and began farming. The Neolithic people used stone and wooden weapons that were 
changed into metal weapons. Today, man has transformed the chips and optical fiber from the 

metal and weapons and numerous industrial heavy equipments from same. The values attached to 
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items like gold as precious metal was not so several years ago, so also was diamond. Similarly, 

prosperity in some African society was measured in the number of children, wives, and herd of 
their animal etc. Poudel (2003) writing about Nepali society, observed that a number of Chiuri 

(Diploknema butyraceae) tree become an economic indicator among the Chepang community.  
While discussions on nature can be extensive, much of natural endowment was not known as it is 

today. Man will continue to explore to understand the differences between natural resources and 

resources. This will expose and bring to the understanding the discourse on natural resource 
management that tilt towards a more eco-centric (focus to more natural aspects) and the resource 

management to focuses on people centric thread of discussion. This will help to intensify the 
different perceptive.  Poverty eradication, sustainable economic growth and environmental 

sustainability are the key pillars of development plans in most developing nations for sustainable 
livelihood. There is an agreement that natural resources, especially those of land, soil, water, 

forest, plant and animal diversity, vegetation, renewable energy sources, climate change and 

ecosystems services are primary for improving livelihoods and achieving sustainable development 
in Africa. This is particularly so if emerging market opportunities for adding value to natural 

resource goods and services can be accessible to the poor. 
Many developing countries are already faced with crises in managing their limited and 

degraded natural resources. Strategies for conserving, protecting, and enhancing these resources 

should be based on the specific resource constraints faced in any given location, as well as the 
current and desired improvements in reversing depletion and degradation. The challenge for 

sustainable management of natural resources is to find a balance between protecting ecosystems 
and meeting society‘s growing needs. 

There is a enormous degree of dependency on inadequate natural resources because of the small 
size and economies of many poor countries; this is mainly within the agricultural sectors of crop 

production, livestock, fisheries, aquaculture and forestry. Higher and increasingly competing 

demands for food are accelerating the degradation of natural resources and ecosystems. This 
affects the food supply and income of smallholders and consequently their livelihood. The situation 

often increases their vulnerability and creates a vicious cycle of poverty, further degradation and 
hunger. The future of these communities is threatened without sound management of natural 

resources and the environment. 

Changing Paradigm 
Since the dawn of human civilization, the resources were used to be viewed according to 

the broad spectrum of the man environmental interrelationship. In the early days of human 
history, man perceived nature to control human activities. Human activities were just to use the 

responses whatever provided by the environment. Nature‘s control over human action was 

strongly accepted. In the same way, extraction and utilization of resources was determined 
according to the nature‘s limitation. 

Hunting, food gathering and early days farming were the major sources of resource to 
survive. That was also defined as ‗deterministic‘ or ‗determinism‘ relationship of man and 

environment. According to this dictum, the nature controls the human activities. 
This was the philosophical paradigm. Gradually, with time, man achieved accomplishment 

over the nature‘s law and control. Man gained the capability to modify the determinants of the 

nature. Poudel (2012) noted that early days of industrial revolution have gave more emphasis on 
high yield production system, large quantities of mineral exploration and extraction of resource in 

a scale of abundance. At another stage, man thought on control over nature. This was the period 
perceived as ‗possibilism‘ in man‘s environment relationship. Steadily, forest and its resources 

degraded and destroyed; similarly, a number of mines have been exhausted. However, the 

renewable resources were not renewed through period of extraction. The common thinking was 
that nature gives opportunity to human being but the nature‘s law to control the resources is still 

active. 
The notion of infinite sources of natural resources has been changed to perceive 

depletion. A number of renewable resources require managing according to their replenish time 
period. The harmony of man-environment interrelationship is accepted only after the proper 
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management of resources provided by the nature. The interactive interrelationship between man 

and environment has been perceived for the sustainable future of human being. 
Resource economist, Judith Rees (1990) has elucidated the term ‗resources‘ on the theoretical 

recording made available by Zimmermann as ‗an aid or means of support to the human species. 
The resources can only be evaluated through the values their users attribute them‘ (Rees, 1990). 

Resources are not static and expand and contract in response to human wants and action. She 

further opined that the ideas on what constitutes resources have altered dramatically over time, 
response to growing knowledge, technical upgrading and cultural developments which have 

altered perceived needs‘ (Rees, 1990). Similarly, Omara-Ojungu (1992) made emphasis on 
changing nature of material resources with respect to time and knowledge of the society. He 

explained that a neutral material to one culture at one time may become a resource in the same 
culture at some other time. He also stated that resource cannot be taken as physical object but 

poses the functional relationship that exists ―between people‘s wants, action, knowledge, 

attitudes, values, aspirations towards the worth of an environment‖. Therefore, within this 
theoretical background, resource and materials are two different conditions. Firstly, that nature 

provides material and secondly, the human action, knowledge, skill, attitudes; values change the 
material to add value that satisfy human wants that is ever dynamic. The dynamism in resources 

is not just in response to ―increased knowledge, improved arts, expanding science, but also to 

response to changing individual wants and social objectives‖. Thus, resources are defined as 
means of attaining given ends, i.e. individual wants and social objectives. Means take their 

meaning from the ends which they serve. This philosophical thread can be linked with the human 
civilization and changing definition of resources (Poudel 2012). 

It can be noted that human civilization altering the phases of hunting, gathering, 
agriculture and industry and increasingly the definition of resources are equally changing along the 

social and cultural trend. In as much as human beings continue to ascend to higher culture levels, 

culture will remain an increasingly important as the dynamic force in the creation of resources. 
This is certainly because human culture rests physically on reality at all times and it is the physical 

environment that evaluates both quantitative and qualitative view of the changing relationships of 
trends and forces not the static conditions. 

Evolving Definition of Resource  

The meaning of natural resources has continued to change over the years.  However, the 
nature of the change has been characterised by deviations in disciplinary conceptualizations of the 

meaning of resources. Different Schools of thought such as ecology, sociology and environmental 
science define natural resources from disciplinary perspectives. From perspective of sociology and 

economics, natural resources are viewed from a humanistic and purely economic sense. Such 

definitions consider natural resources as material sources of wealth such as timber, mineral 
deposits, or water that occur in a natural state. Such materialistic definitions also embrace an 

economic perspective. 
The history of resource use to date has been one of continuous discoveries, with an ever 

widening definition of the resource base as follow: 
• Paleolithic man – perceived few resources – naturally available plants, animals, water, wood and 

stone. 

• The Neolithic man – primitive food gathering to primitive farming and subsequent introduction to 
some metal-based technologies. 

• Modern man – has different forms of activities and resources. The definition of resource may 
vary with time, and space. As repeating the above mentioned sentence written by Omara-Ojungu 

(1992) ‗neutral stuff‘ to one culture at one time may become a resource in the same culture at 

some other time. Consequently, resource is highly evolving and determined based on the 
knowledge and human needs of the society. Diamond was ordinary stone, but became diamond 

after the human knowledge has transformed it. Similarly, most of today‘s neutral stuff of the earth 
could have significant economic value in time to come. This is why Rees (1990) opines that ―the  

development of spatially distinct cultural groups means that, even at any one period of time, there 
was no single definition of resource base; a substance with a high resource value in one society 

could be ‗neutral stuff‘ in others. It is instructing to define natural resources as stocks of materials 
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that are available in the natural environment which are both scarce and economically valuable in 

production or consumption; they could be in their raw state or after a negligible amount of 
processing. 

As we can notice in the varieties of resources in the world, they are driven by 
technological innovation and informed the reevaluation of how valuable are components within the 

physical environment. The economic and technological advancement are bringing about some 

dynamism that is affecting the structure of society as they evolve. These are what made Johnston 
et al. (1986) to conclude that ―resources are therefore subjective, functional and dynamic. The 

perceived resource set alters markedly over time and space to reflect variations in knowledge, 
technology, social structures, economic conditions and political systems‖. Natural Resource 

Management, Resource Management, Poverty and Development Linkages. 
Natural resource management is defined as a scientific and technical principle that forms a 

basis for sustainable management (conservation and use) and governance of natural resources 

such as land, water, soil, plants and animals, with a particular focus on how management affects 
the quality of life for both present and future generations ( Sanginga, Ochola and I. Bekalo, 2010).  
It has been widely documented that natural resources contribute significantly to development in 
different ways: as an economic activity and source of growth; as a livelihood, a source of 

employment for people; and as a provider of environmental services capable of both good and 

bad outcomes (NEPAD, 2003; Comim et al., 2009; Khan, 2008; IAASTD, 2009; Chowdhury and 
Ahmed, 2010).  

Natural Resource Management and the Millennium Development Goals 
The year 2000, was a landmark for the United Nations (UN) when the eight (8) Millennium 

Development Goals (MDGs) were adopted, as the broad comprehensive and specific development 
goals the UN set for the world to achieve by 2015. They provide a framework for the entire 

international community to work together towards a common end – making sure that human 

development reaches everyone, everywhere. The MDGs were both global and local, customized by 
each country to suit their specific development needs and aspirations. There is a specific MDG 

focusing on environmental sustainability (MDG 7) that advocates for the integration of the 
principles of sustainable development into country policies and programmes to reverse the loss of 

environmental resources. MDG 7 has direct links and is critical for the attainment of all other 

MDGs. Sustainable management of natural resources contributes to poverty alleviation, helps 
reduce diseases and child mortality, improves maternal health, and can contribute to gender 

equality and universal education. Non-sustainable use of natural resources, including land, water, 
forests and fisheries, can threaten individual livelihoods as well as local, national and international 

economies. The environment can play a significant role in contributing to development and human 

well-being. It can also increase human vulnerability, causing human migration, insecurity and 
other health effects. Environmental scarcity can foster cooperation, but can also contribute to 

tensions or conflicts (UNEP, 2007). 
The natural resource management emphasis on sustainability can be traced back to early 

attempts to understand the ecological nature of American rangelands in the late 19th century, and 
the resource conservation movement of that time. This type of analysis coalesced in the 20th 

century with recognition that preservationist conservation strategies had not been effective in 

halting the decline of natural resources. A more integrated approach was implemented recognizing 
the intertwined social, cultural, economic and political aspects of resource management. A more 

holistic, national and even global form evolved, culminating in the Brundtland Commission and the 
advocacy of sustainable development. The most active areas of natural resource management are 

Wildlife management often associated with Eco-tourism and Rangeland (pastures) management. 

 
Resource management:  

Resource management is concerned with allocation and distribution of resources and 
biophysical and socioeconomic milieu in which resources are or ought to be developed. Such 

resource allocation patterns do not result in unnecessary harmful effects in the biophysical and 
socioeconomic systems. Omara-Ojungu (1992) noted that resource allocation should therefore 

influence the production, consumption and distribution of resources in a direction consistent with 
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the local, regional or national development objectives. It involves controls on the amount, 

quantity, timing, availability and the general direction of resource development. Resource 
management strategies are designed to promote exploitation, enhancement and restoration of 

resources. On the other hand,  O‘Riordan (1971 cited in Omaro- Ojungu, 1992) resource 
management ‗may be defined as a process of decision-making whereby resources are allocated 

over space and time according to the needs, aspirations, and desires of man within the framework 

of his legal and administrative framework‘. 
Resources management examines strategies and technologies for resource development 

in order to sustain economic growth without hampering the environment.  To Mitchell (1989) 
‗resource development represents the actual exploitation or use of resource during the 

transformation of neutral stuff into a commodity or service to serve human needs and aspirations‘. 
The issues of management are closely related with the conservation of the existing resource 

available. However, Omara-Ojungu (1992) observes that resource conservation and resource 

management have substantial differences. The term conservation retains an implicit streak or 
undertone of ‗no use‘ (preservation), thus causing the misunderstanding that conservation 

advocates no growth. In contrast, resource management is a more comprehensive and positive 
term. In the latest literature the term conservation is slightly using in liberal tone and is also 

deviated from the preservation in practice (Berket, 2010). The issues of management are closely 

related with the conservation of existing resources. Malla (1998) is of the views that:  ―it is to be 
reiterated that conservation means the utilization of resources in a way that guarantees their 

benefit ever. The purpose of conservation is to enable not only ourselves today, but also our 
grandsons and great-grandsons in future to utilize our resources. So we should know how much 

resource we have and keep them well protected and use them skillfully, judiciously and carefully. 
Human beings who are born to die after living a short while on this earth does not possess any 

right whatsoever to destroy ruthlessly the resources which are meant for human welfare forever.‖ 

In a resource management context, the term is reserved for substances, organisms and properties 
of the physical environment i.e. natural resources. 

Human beings in their respective environment assess natural systems, in termed of 
resources for those elements to which they have the know-how and technology to make use of 

and which provide desired goods and services to them. Those natural resources that fail to meet 

the quality of these set criteria have no accepted value. 
Resource Allocation 

Resource allocation is the spatial and temporal placing use of resource in a pattern that 
reflects the goals, priorities and aspirations of a community. In resource management it is 

intended that such resource allocation pattern does not result in unnecessary detrimental effects 

in the biophysical and socioeconomic systems. Further, it allows resource allocation to be 
regulated by combination of and compromising in social, cultural, economic, ecological and 

institutional processes (Omara- Ojungu, 1992).  
In the Western societies, George Perkins Marsh in Vermont, USA, has noticed this scenario 

as early as 1864. He has mentioned that ―Man is everywhere a disturbing agent. Wherever he 
plants his foot, the harmonies of nature are turned to discords. Man has subverting the balance of 

nature‖ (Marsh 1864 reprinted 1964). However, in the developing countries, environmental 

deterioration because of ill management of resources has been realized after the late 1960s. 
Basically, this situation occurred due to post-colonial development in economic growth (Omara-

Ojungu, 1992. 
General Characteristic of Natural Resources 

According to Osawe (2017) there are two categories of natural resources, namely, 

renewable and non-renewable. Non-renewable resources include the minerals, and rocks these are 
stock with a more or less finite initial endowment that are capable of being depleted over time. 

They can further be divided into four, namely (a) materials from which metal are extracted; (b) 
materials used for their intrinsic chemical or property value; (c) material of their distinct aggregate  

physical value such as gemstones or those used for building material and lastly (d) material used 
for generating energy (Harris and Skinner, 1982). It (a) and (d) is possible subject of depletion 

and caution must be exercised to achieving sustainable resource use. 
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The second category, ‗renewable‘ are called flow resources because the can be easily 

recharge within short and possible time. However, this category of resources can further be 
classified as those capable of being reduce d or removed by human activities or action and those 

that cannot. Examples in the two categories are; biological resources, atmosphere and the second 
category are tides. Most of these resources are highly mobile and this has rendered the 

management a difficult task. 

Natural resources can further be classified on the basis of origin, and may be divided into 
two: 

• Biotic – Biotic resources are obtained from the biosphere, such as plants and their products, 
animals, birds and their products, fish and other marine organisms. Mineral fuels such as coal and 

petroleum are also included in this category because they are formed from decayed organic 
matter. 

• Abiotic – Abiotic resources include non-living things. Examples include land, water, air and 

minerals including ores such as gold, iron, copper, silver etc. Considering their stage of 
development, natural resources may be referred to in the following ways: • Potential Resources – 

Potential resources are those that exist in a region and may be used in the future. For example, 
petroleum may exist in many parts of Nepal, having sedimentary rocks but until the time it is 

actually drilled out and put into use, it remains a potential resource. 

• Actual Resources – Actual resources are those that have been surveyed, their quantity and 
quality determined and are being used in present time. The development of an actual resource, 

such as wood processing depends upon the technology available and the cost involved. 
• Reserve Resources – The part of an actual resource which can be developed profitably in the 

future is called a reserve resource. 
• Stock Resources – Stock resources are those that have been surveyed but cannot be used by 

organisms due to lack of technology. Hydrogen is its example. 

With respect to renewability, natural resources can be categorized as follows: 
• Renewable resources: are ones that can be replenished or reproduced easily. Some of them, 

like sunlight, air, wind, etc., are continuously available and their quantity is not affected by human 
consumption. Many renewable resources can be depleted by human use, but may also be 

replenished, thus maintaining a flow. Some of these, like agricultural crops, take a short time for 

renewal; others, like water, take a comparatively longer time, while still others, like forests, take 
even longer. 

• Non-renewable resources: are formed over very long geological periods. Minerals and fossil 
fuels are included in this category. Since their rate of formation is extremely slow, they cannot be 

replenished once they get depleted. Of these, the metallic minerals can be re-used by recycling 

them. But coal and petroleum cannot be recycled. 
 On the basis of availability, natural resources can be categorized as follows: 

• Inexhaustible natural resources- Those resources which are present in unlimited quantity in 
nature and are not likely to be exhausted easily by human activity are inexhaustible natural 

resources (sunlight, air etc.) 
• Exhaustible natural resources- The amount of these resources are limited. They can be 

exhausted by human activity in the long run (coal, petroleum, natural gas, etc.) 

On the basis of distribution, natural resources can be classified as follows: 
• Ubiquitous resources- These are the resources found everywhere. Land and air are its 

examples. 
• Localized resources- The resources found only at certain places are called localized resources. 

For example, minerals and fossil fuels: On the basis of economic point of view, resources are 

commonly divided into two major types. • Stock or non-renewable, and • Flow or renewable. 
The essential difference between them lies in the timescale over which they develop. Since all 

resources are products of natural cycles, all are, strictly speaking, renewable but very different 
rates. 

45 – all minerals and land – are substances which have taken millions of years to form and so 
from a human perspective are now fixed in supply. The technology exists to allow most metals to 

be re-used many times over with little loss of quality under the recyclable position. Flow resources 
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– are defined as those which are naturally renewed within a sufficiently short time span to be of 

relevancy of human being. 
A classification of resource types (Rees 1990; Osawe, 2017) the rate of replenishment for 

depleting resources is so low that it does not offer a potential for augmenting the stock in any 
reasonable time frame. The natural replenishment rate is quite faster with renewable resources. 

However, some of the flow resources like solar energy, air, and geothermal are perpetual. Hence, 

some of the renewable resources also exhaust under unsustainable utilization conditions and break 
the replenishment cycle. In the management perspective the challenge for depleting resources 

involves allocating dwindling stock among generations while meeting the ultimate transition to 
renewable resources. In contrast the challenge for managing renewable resources involves the 

maintenance of an efficient sustainable flow. 
Approaches 

The models and approaches depend upon the contextual basis. At a broad level, resource 

management studies take the physical environment as one basic departure point, the human 
attribute as the other and the controls on the interaction between the physical and human 

attributes. The physical attribute is discussed under the ecological approach, the controls under 
the economic and technological and the human attributes under the ethnological approach 

(Omara-Ojungu, 1992:18-65; Thakur, 2003; Mitchell, 2003). With a view to resource utilization, 

management and the adaptive practices, management entertained through the understanding of 
population as a demand side, natural resources as a supply side and\ physical, bio-physical, social, 

economic, cultural, rules, regulation and other external influences under the limiting factors. All 
these factors have to be integrated and follow a holistic approach of resource management 

(Poudel, 2001, 2003).  
Conclusion 

We can conclude by the assertion that environmental cognition, ―the mental process of 

making sense out of the environment that surrounds us‖, lies at the base of natural resources: ―A 
resource does not exist without someone to use it. Resources are by their very nature human-

centered. Different individuals or groups value resources differently‖. The largest group of codes 
described the intersection between these two views of natural resources, acknowledging both its 

provision by the natural environment and its value in relation to human activities. The way and 

degree of understanding resources by the local people and availability of natural stuffs (stock) 
over the specific geographical territory are two different aspects to integrate by a resource 

manager. The responsibilities of a resource manager are to enhance the human skill, mind and 
knowledge of the people to understand diverse nature of stocks available on the space and to 

ensure livelihood of local people for their betterment in a sustainable future. A resource manager 

has to carry responsibilities of understanding people, resource and the limiting factors of space 
within an interactive framework. Efforts to sustainably manage natural resources and increase 

pliability of livelihoods to threats and crises will contribute to sustainable development in 
developing countries. All these efforts will rely on the management capacity of institutions and on 

co-ordination and governance mechanisms established to develop and implement judicial, legal 
and regulatory frameworks. The importance of establishing policies and policy instruments that 

facilitates the involvement of the social, economic and environmental sectors and institutions in 

planning development and in preparing an agenda of institutional strengthening and capacity 
building resident at regional, national and local levels will be effective. Partnerships for building 

regional and national systems for natural resources management and adapting to climate change: 
The policy and institutional dimensions of natural resources management should focus on building 

regional and nationwide systems that are able to equitably sustain and multiply the benefits of 

good practices of natural resources management and resilience building for all members.  
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Abstract 

Toxicology and Pollution are important areas of concern that are studied together, with 
environmental toxicology still emerging. It is evidently clear that man has disrupted the natural 
ecosystem through his production and consumption activities the effects of which are borne by all 
life forms and the environment at large. Toxicology has been defined as the study of adverse 
effects of both chemical and physical agents on biological systems. Pollution on the other hand 
has been defined as the production and/or introduction by man directly or indirectly of substances 
or energy into the environment resulting in deleterious effects of such nature as to endanger 
human health, harm other living resources in the ecosystem and impair or interfere with amenities 
or other legitimate uses of the environment. Pollution as a concept is made clearer when viewed 
through the perspective of toxicology which describes the toxicants‘ mechanisms of action where 
xenobiotics absorbed into the biological system through several pathways are biotransformed with 
the help of enzymes and eliminated or some are activated resulting into more harmful metabolites 
that lead to cell injury and cell death which is the manifestation of toxicity. Toxicity testing 
measures the potency of substances by comparing the response of exposed biological systems at 
different concentrations to the response of unexposed ones from where information is obtained 
and used to predict the effect of certain chemicals on man or other organisms and prescribe safe 
limits for the substance.  
 
Introduction 

The term toxicology is derived from two Greek words ―toxikon‖ meaning arrow poison, 

and ―logia‖ which means a subject of study or interest. Toxicology has been defined as the study 
of adverse effects of both chemical and physical agents on biological systems. It was traditionally 

referred to as the study of poisons, but the term poison is relative and with that understanding 
toxicology is defined as the scientific study of how substances elicit toxic effects on organisms at 

various levels of organization (from sub-cellular through individual organisms to communities and 

ecosystems) and their environment. These substances may be natural chemical compounds or 
synthesized by man for agricultural, industrial, domestic, medical and other purposes. The concept 

of toxicology involves study on the agents responsible for toxic effects, mechanisms involved, the 
damage that is likely to occur and its severity as well as ways to prevent, contain or remediate it. 

The science of toxicology has two major aims: To protect man and other components of the 

ecosystem from poisonous substances; To exploit the potentially harmful substances and use 
them against man‘s enemies such as parasites, pathogens, predators etc.  

Environmental toxicology or ecotoxicology differs slightly from the traditional toxicology or 
pharmacology which relies on the use of standard laboratory tests on organisms to show the 

toxicity of substances. Ecotoxicology instead, answers more diverse concerns as to how 
substances are modified after their release into the environment, how organisms are exposed to 

such substances, how the substances elicit toxic effects on organisms and their physiological 

processes as well as the indirect effects of these substances on unexposed organisms through 
their prey, hosts, competitors etc. Environmental toxicology therefore is a multidisciplinary field of 

study that cuts across several subjects such as biology, biochemistry, physiology ecology, 
microbiology, genetics, chemistry, pedology, aquatic science, atmospheric science, statistics, law 

and many others.  Being a relatively new field of study, environmental toxicology is increasingly 

being recognised due to its importance in managing the impacts of pollution. 
Pollution has been defined by the World Health Organization (WHO) as the production 

and/or introduction by man directly or indirectly of substances or energy into the environment 
resulting in deleterious effects of such nature as to endanger human health, harm other living 

resources in the ecosystem and impair or interfere with amenities or other legitimate uses of the 
environment. It is the release of any substance or form of energy into the environment at a rate 
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faster than the environment can contain through breakdown, recycling, dispersion or storage in 

some harmless form. It is very important to note that the definition stresses human involvement 
as central part of all pollution activities although the threat of pollution goes beyond man. This is 

necessary so as to hold man accountable for his actions that directly or indirectly lead to pollution 
and make him take necessary actions towards prevention and remediation of such activities. The 

whole concept of pollution is made clearer when viewed through the perspective of toxicology; it is 

toxicology that identifies and quantifies the harmful effects of pollution and put them in a 
language that policy makers and the general public can understand and regulate certain activities 

in the environment.  
Brief History of Toxicology: The study of toxicology began since the prehistoric ages when 

poisonous plants and animals were recognised and their extracts used for hunting or in warfare.  
Toxic effects of minerals and naturally occurring substances in plants and animals were mentioned 

in the writings of the ancient Egyptians, Indians, and Greeks while the first recorded law against 

poisoning, ―Lex Cornelia‖ was issued in 82 BC by the Romans. Paracelsus (1493–1541), popularly 
referred to as the father of toxicology expounded the concept of dose–response, where he stated 

that ―All substances are poisons, there‘s none that‘s not a poison and the dose determines a 
poison from a remedy‖. He also developed the concept of target organ toxicity from his belief that 

diseases tend to localize in a particular organ. Later, a Spaniard scientist, Matthew Orfilia (1814) in 

his work ―Triate‘de Toxicologie‖ divided poisons into six classes: corrosives, astringents, acids, 
stupefying or narcotics, acrids, and septics or putreficants. He administered known concentrations 

of drugs to animals, observed the physiologic reactions, and after death examined the organs 
grossly and analyzed the tissues where he discovered that poisons were absorbed from the 

stomach and would accumulate in certain organs, such as liver, brain, and kidney. This laid the 
foundation for modern bioassay which is a very important tool in the field of toxicology. The 

Agricultural and Industrial Revolution of the 19th Century ushered in by technological 

advancements and new synthetic chemicals led to economic expansion and higher living 
standards, the consequences of which include release of these chemicals in enormous amounts 

and environmental degradation. Ecotoxicology therefore evolved to specifically address the effects 
on both humans and wildlife of chemicals released into the environment.  

Branches of Toxicology: Toxicology is a multidisciplinary field of study and has been subdivided 

into many branches which include clinical toxicology, forensic toxicology, environmental toxicology 
and economic toxicology among others. 

Clinical Toxicology: Is concerned with the study of toxic effect of agents whose intent is to 
diagnose and treat or prevent diseases. These include accidental and intentional abuse of 

laboratory chemicals and therapeutic agents. 

Forensic Toxicology: Deals with the detection of causes of mortality due to any toxicant via 
medical examination. The field of forensic toxicology has grown to include drug and alcohol testing 

for employers and traffic enforcement officials as well as testing animal samples for wildlife 
criminal investigators and testing for ―date rape‖ drugs and performance-enhancing substances. It 

is concerned with the medicolegal aspects of deleterious effects of chemicals on human and other 
organisms. 

Environmental Toxicology: The study of adverse health effects associated with exposure to 

substances in the environment. Environmental toxicology incorporates pollution studies, residue 
analysis, industrial hygiene and occupational health.  

Economic Toxicology: Is directly or indirectly related to the economics of a nation and deals 
with the harmful effects of chemicals in consumer products such as food additives, cosmetics 

pesticides etc.  

Other branches of toxicology include the mechanistic toxicology which deals with mechanisms of 
toxicity, regulatory toxicology which deals with regulations of toxic substances etc.  

Definition of Terms 
For better understanding of the concept of toxicology, commonly used terms have been 

explained;  
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Biological System: Also known as living system is a system containing biological entities 

contained by a boundary, across which energy, matter, or work may pass. It often refers to a cell, 
organism, or population. 

Xenobiotics: Is a term for ―foreign substances‖, that is, foreign to the organism. Its opposite is 
endogenous compounds. Xenobiotics include drugs, industrial chemicals, naturally occurring 

substances and environmental pollutants. 

Toxicity: Is the relative ability of a substance to cause adverse effects in living organisms and 
their environment. 

Acute toxicity: Adverse effects that occur within a short time after administration of a single 
dose of a test substance or after multiple doses, usually within 24 hours of a starting point. 

Chronic toxicity: Adverse effects that occur after continued or intermittent exposures to low 
concentrations of a substance over an extended period of time, or a significant fraction of the test 

species‘ or population‘s life-time.  

Systemic effects: Are toxic effects in tissues distant from the route of absorption. 
Dose:  Is often expressed as the amount of a xenobiotic entering a biological system (in units 

such as mg/kg). 
Retained or absorbed dose (also called the body burden): Is the amount present in the 

body at a certain time after exposure.  

 Dose threshold: is a dose level below which no observable effect occurs. 
Median Lethal Dose (LD50): A calculated dose of a substance which cause the death of 50 

percent of an entire defined experimental animal population.  
Concentration: The amount of a substance per defined medium. It‘s the ratio of solute to 

solvent in a solution usually expressed in terms of mass per unit volume. 
Median Lethal Concentration (LC50): A calculated concentration of a substance, exposure to 

which for a specified length of time cause the death of 50 percent of an entire defined 

experimental animal population. 
Exposure: Is the contact between a biological system and xenobiotics, i.e. it‘s the entrance of 

substances into a living system and may occur through some major routes:   
Inhalation: This is exposure through the respiratory tract. It is the major route of entry for most 

chemicals in the form of vapours, gases, mists, or particulates. 

Ingestion: A form of exposure through the gastrointestinal tract (mouth, stomach, small and 
large intestines and the anus) where soluble substances are absorbed and then transported by the 

blood to internal organs where they can cause damage.  
Dermal (cutaneous) Contact: Many chemicals cross the skin barrier and are absorbed into the 

blood stream where they may produce systemic damage to internal organs. 

Target Organ: An organ that is first or most affected by a toxic agent. 
Critical effect: The first visible or observable effect of toxicity in a biological system. It 

represents the series of events used to ascertain that the system has been affected beyond the 
range of normal variation.  

Elimination: The disappearance of a substance in the body. It may involve excretion from the 
body or transformation to other substances. 

Excretion: Is the exit of a substance and its biotransformation products from a biological system. 

Excretory media include exhaled air, urine, sweat, breast milk and other body fluids.  
Bioassay: Procedure for estimating the biological activity of a substance by measuring its effect 

on a living system compared to a standard system. 
Bioaccumulation: Progressive increase in the amount of a substance in an organism or part of 

an organism that occurs because the rate of intake exceeds the organism‘s ability to remove the 

substance from the body.  
Biomarker is a measurable event in a biological system that indicates that an early or subclinical 

change has occurred that could lead to a related adverse effect when exposed to a toxic factor. 
Three specific types of biomarkers are identified; Exposure biomarkers can be the toxic agents 

itself, a metabolite, DNA adducts, or hemoglobin adducts. Effect biomarkers may be an 
endogenous component or a measure of the functional capacity of the organ system, as affected 
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by the exposure. Susceptibility biomarkers, either inherited or induced, are an indicator of whether 

an individual is hypersensitive to a particular agent.  
Biomonitoring: Continuous or repeated measurement of any naturally occurring or synthetic 

chemical, including potentially toxic substances, their metabolites or biochemical effects in tissues, 
secretions, excreta, expired air, or any combination of these in order to evaluate occupational or 

environmental exposure and health risk by comparison with appropriate reference values based on 

knowledge of the probable relationship between ambient exposure and resultant adverse health 
effects.  

Acceptable Daily Intake (ADI): Amount of xenobiotic per body weight that can be absorbed 
daily over a lifetime without appreciable health risk.   

Hazard: Set of inherent properties of a substance, mixture of substances, or a process involving 
substances that, under production, usage, or disposal conditions, make it capable of causing 

adverse effects to organisms or the environment, depending on the degree of exposure; in other 

words, it is a source of danger. 
Risk: Probability of a hazard to cause an adverse effect. It is the expected frequency of 

occurrence of a harmful event arising from such an exposure. 
Lipophilic (Fat loving): This refers to substances that have the ability dissolve in lipids and fats, 

examples are the lubricating oil, pyrethroids and mercury.  

Hydrophilic: Substances that easily dissolve and have special affinity for water, e.g. include those 
compounds with hydroxyl and carboxylic functional groups.  

Importance of Environmental Toxicology and Pollution Studies  
Toxicology as a science is increasingly becoming more and more significant in everyday 

life as a result of changes in man‘s lifestyle, diet, agriculture, industrial activities and other aspects 
of production and consumption. Toxicity profiles of drugs are characterized through toxicological 

studies by identifying the impact of such drugs on organs‘ structure and function and assessing 

the severity and reversibility of the impacts. By so doing, toxicological studies help in drug 
discovery and determine the margin of safety of a drug for its clinical dose. Toxicology serves as a 

basis for regulations that limit hazardous exposures and save lives by providing critical information 
and knowledge to the regulatory agencies, decision makers and the public who make policies that 

limit exposures to these substances in the working place and at home. Toxicological studies 

continually monitor the concentrations of xenobiotics of interest in soil, air, water and biota to 
ensure safety for man and his environment while exploring the potency of substances for use as 

weapons against man‘s enemies. Toxicological methods are also widely used by industry in 
product development, to provide information useful in the design of specific molecules or product 

formulations.  

Toxic Action of Pollutants 
Mechanisms of toxicity involve many complex reactions in different stages that are not 

easily described by theoretical explanations found in the literature. This is because all cases of 
toxic action differ either in the toxicant, combination of toxicants or the biological system and the 

environment also plays some roles in the manifestation of toxicity. There are however, some 
general principles of toxic action for substances which is explained in this writing.  

Physiological effects occur when the toxicant, after being taken up through the roots or 

leaves in plants, or through the skin, digestive or respiratory systems in animals, is transferred by 
the circulatory fluids to the site of action within the plant or animal body. Some of the original 

compound, or its biotransformed active products, may reach the site of action, while the 
remainder may be excreted and metabolised, usually to non-toxic products, or stored in lipid 

tissues. For most chemicals, the site of toxic action is at the cellular level, and their activity 

translates into one or more effects which are manifested as several toxicity symptoms in individual 
organisms. 

A variety of toxicants are always present in various environmental media such as the soil, 
air, water and food, hence penetration of a toxicant from the environment to the sites of its toxic 

effect inside an organism has been divided into three phases: 
Exposure Phase: Encompasses all processes occurring among various toxicants and the 

influence on them of environmental factors (light, temperature, humidity, etc.). Chemical 
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transformations, degradation, biodegradation (by micro-organisms) as well as disintegration of 

toxicants may occur during this phase. The fate and transport details about a xenobiotic such as 
its half life, physical and chemical forms, particle size, volatility and solubility, breakdown products 

etc, influence to a large extent the relationship among the many xenobiotics in the environment 
and determine what happens to the exposed biological system in the next phase.  

Toxicokinetic or Processing Phase: This involves absorption of toxicants into the organism 

and all processes which follow: Transport by body fluids, distribution and accumulation in tissues 
and organs, biotransformation to metabolites and elimination (excretion) of toxicants and/or 

metabolites from a biological system. The processes that occur during Toxicokinetic phase have 
been outlined into four steps: Absorption, Distribution, Metabolism or biotransformation and 

Elimination/Excretion. 
Absorption: Absorption is the uptake of a xenobiotic from the environment into the biological 

system. It involves movement of the substance across various membrane barriers, from the skin 

or mucosa through the capillary membranes, and through the cellular and organelle membranes. 
The term usually includes not only the entrance into the barrier tissue but also the further 

transport into circulating blood and other fluids. The plasma membrane of cells can be described 
as a fluid mosaic model with two layers of phospholipids (lipid bilayer) having their hydrophilic 

ends facing outwards and lipophilic ends inside as well as intrinsic and extrinsic proteins plus some 

glycocalyx cuts embedded within and around the layers. The lipid constituents in the membrane 
permit considerable movements of macromolecules and other substances while the proteins assist 

in specialized movements.  
Mechanisms of Absorption: Absorption of xenobiotics can take place through one or more of 

the following mechanisms:  
Passive Diffusion: This is the movement of molecules and ions through a lipid membrane along 

concentration gradient until equilibrium is attained. E.g. urea, chloride ions, sodium ions, 

potassium ions and most of the toxicants diffuse passively across the intestinal membranes. Here, 
the rate of diffusion follows Fick‘s law of diffusion which states that the rate of diffusion is directly 

proportional to the available surface of membrane, difference in concentration gradient and 
characteristic diffusion coefficient, and inversely proportional to the membrane thickness. 

CH −  CL), 

Where R is the rate of diffusion,  D is the diffusion coefficient, Sa is the surface area of the 

membrane, Pc is the partition coefficient, d is the membrane thickness while CH  and CL are the 

high and low concentrations on the two sides of the membrane respectively. Diffusion coefficient 
D of a xenobiotic is a measure of its mobility within a lipid medium and is highly influenced by its 

molecular weight and membrane viscosity while partition coefficient Pc is the concentration ratio 
of a substance between two media at equilibrium and to some extent it‘s used as a measure of 

xenobiotic solubility in the membrane. That is to say there is a functional molecular size and 

weight cut–off that prevents larger molecules from partaking in passive diffusion depending on the 
membrane.  

Facilitated Diffusion: This is also a movement of xenobiotics through the lipid membrane down 
the concentration gradient but is aided by carrier proteins that selectively bind substances and 

ferry them through. Xenobiotics mimic endogenous molecules and compete for a specific carrier to 

which they are irreversibly bound and transported across the membrane. This mechanism is 
important for charged and polar molecules as well as substances that lack sufficient lipid solubility 

to move rapidly across the membranes by simple diffusion and its rate diffusion is dependent on 
the capacity of the membrane carriers. An example is the transport of glucose and amino acids 

into red blood cells.  
Active Transport: Substances are moved across a membrane against concentration gradient. 

This transport is mediated by carrier proteins in a manner similar to facilitated diffusion and may 

proceed beyond the point of equilibrium. Substances form complexes with membrane-bound 
molecular carriers on one side which subsequently traverse to the other side of the membrane 

where the substance is released and the carriers return to the surface to repeat the transport 



Our Changing Environment and Development edited by Jacinta A. Opara 
Metropolitan International University Press. ISBN 978-9970-9670-0-1(print);978-9970-9670-1-8(online) 

~ 352 ~ 

 
 

cycle. Toxicants with structural similarities to endogenous compounds are also absorbed via active 

transport, e.g. Cobalt is absorbed by mechanism that normally transports Iron.  
Endocytosis: A membrane of the cell invaginates, forming a pocket around the target particle. 

The pocket pinches off, releasing the particle in a newly created vacuole that is formed from the 
plasma membrane. The different types of endocytosis include the phagocytosis and pinocytosis. 

Phagocytosis termed ―cell eating‖, is a process by which cells surround and engulf molecules and 

foreign bodies while pinocytosis termed ―cell drinking‖ is taking in extracellular fluid through this 
process.  

Routes of Absorption: Absorption of xenobiotics can take place through various routes such as 
gastrointestinal, cutaneous, lungs, gills and pore canals in animals, while it can be through roots, 

stomatal pores and cuticles in plants.    
Gastrointestinal Absorption: Gastrointestinal tract (GIT) is a long twisting tube lined by a layer 

of columnar cells that starts at the mouth and ends at the anus. Most of the gastrointestinal 

absorption takes place through passive diffusion in the small intestines with a distance of about 40 
µm from the outer membrane to the vasculature and a pH of about 6.0 while the walls consist of 

numerous finger-like projections called villi that increase surface area by about 600 times. Small 
absorption may take place in the stomach and nutrients such as glucose, amino acids and 

xenobiotics that look like them are taken in through active transport. Substances that are insoluble 

in the fluids of the gastrointestinal tract are generally egested through the anus while those that 
are soluble are absorbed through the lining of the gastrointestinal tract and transported by the 

blood to internal organs where they can cause damage. Factors such as diet, motility of intestine, 
interference with gastrointestinal flora, changes in the rate of gastric emptying, age of the 

organism and dissolution rate of xenobiotic can alter the rate of absorption in the GIT.  
Cutaneous Absorption: The mammalian skin serves as a barrier between organisms and their 

external environment and has three layers viz the epidermis, the dermis and the hypodermis or 

subcutaneous fatty layer. The epidermis has a horny layer (Stratum corneum) made up of cells 
that have lost their nuclei and are biologically inactive with cell walls two-times thicker than for 

other cells. A toxicant passes through the epidermis, sweat and sebaceous glands or hair follicles 
into small blood and lymph capillaries in the dermis by passive diffusion the rate of which is 

proportional to lipid solubility and inversely proportional to molecular weight. Organisms such as 

earthworm, amphibians and unicellular organisms use their skin (integument) for gaseous 
exchange and in the process absorb xenobiotics.  Dermal absorption is affected by topical dose, 

pre–existing skin disease and inflammation, temperature, hydration of the epidermis, polarity and 
molecular weight of the toxicant etc.  

Cuticular and Stomatal Absorption: Cuticle is an extracellular hydrophobic layer that covers 

the aerial epidermis of all land plants, providing protection against desiccation and external 
environmental stresses. It‘s a composite structure made up of macromolecular scaffolds of cutin 

that are covalently linked and waxes that bind them. Stomata are openings through which gases 
enter the air spaces in leaves, the opening and closing of which is regulated by bean–shaped 

guard cells located on the epidermis. Absorption of CO2 and water for photosynthesis and release 
of O2 from the plants take place through cuticle and stomata. In same manner, xenobiotics in the 

atmosphere can be absorbed into the plants through passive diffusion in the cuticle and stomata.  

Respiratory Absorption: The respiratory tract in higher organisms consists of the nose, trachea, 
lungs and alveoli surrounded by a network of capillaries where gaseous exchange takes place 

while it‘s made up of the gill and blood capillaries in fish and juvenile stage of amphibians. These 
respiratory tracts are always regarded as external surfaces. As a norm, all respiratory surfaces are 

kept moist so that gases will dissolve and diffuse across membranes. Xenobiotics in form of gases, 

vapours, aerosols and particles enter the respiratory tract along with the air during breathing and 
cross over the alveolar walls mostly by passive diffusion into the blood stream. The ratio of 

xenobiotic concentration in the blood and in the air is called blood-to-gas partition coefficient and 
is unique for each gas. The higher the blood-to-gas partition coefficient of gases and vapours the 

more readily absorbed they are while size and water solubility of aerosols and particulates also 
play important roles in their absorption though some particulates such as Asbestos are absorbed 

through phagocytosis.  
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Gills have many thin filaments that are highly branched and folded to increase surface area. 

Dissolved oxygen in the water together with xenobiotics rapidly diffuse across the gills into the 
blood stream. Insects have a highly specialized respiratory system called the tracheal system with 

a network of chitin made tubules that carry oxygen to the entire body and openings called 
spiracles along the thorax and abdomen through which air enters and leaves the system, and 

toxicants may also enter through.  

 Respiratory absorption is the fastest of all routes of absorption owing to the fact that alveolar 
walls are very thin compared to skin, peritoneum and plant respiratory surface and gases/vapours 

readily dissolve and diffuse across the alveoli membranes. Xenobiotics absorbed through 
respiratory surfaces pose more danger to the organism because they go straight into systemic 

circulation before reaching the liver which is the site of detoxification. 
Distribution: This is the transfer of a xenobiotic from the point of absorption to other parts of 

the body. Distribution of a chemical to body cells and tissues requires that the toxicant penetrate a 

series of cell membranes starting from the cells of capillaries to the cells of target organs. 
Circulatory and lymphatic systems play important roles in xenobiotic distribution with blood being 

the most important since all tissues have a blood supply. Factors influencing distribution include 
the concentration gradient, molecular weight, lipid solubility, and polarity.  

Volume of Distribution (VD) is the total volume of body fluids in which a toxicant is distributed 

and is expressed in liters. It tells how extensively a toxicant is distributed in the body fluids and is 
calculated using the formula:  

 
Retained dose or body burden of a toxicant can also be calculated using the formula: 

 
Metabolism or Biotransformation: Is a process which leads to conversion of foreign 
compounds in the body to their metabolites. Metabolic transformation of a xenobiotic results in its 

inactivation and accelerated elimination from the body in most cases. Other outcomes are 
however possible as it happens in toxicodynamics. The degree with which various chemicals are 

biotransformed and the degree with which the parent chemical and its metabolites are stored or 
excreted vary with the nature of the exposure (dose level, frequency, and route of exposure).  

The processes of metabolism are divided into 2 phases:  

Phase 1: Metabolic activation: Is the first step in xenobiotic metabolism. It usually means that 
the compound is oxidized. Oxidation usually makes the compound more water soluble and 

facilitates further reactions, i.e. a less reactive compound is converted to a more reactive 
molecule.  

Cytochrome P450 enzymes are a group of enzymes that preferentially oxidize xenobiotics in Phase 

1 reactions. They are induced by xenobiotics in a specific fashion. Induction means that enzymes 
involved in biotransformation are increased (in activity or amount) as a response to xenobiotic 

exposure.  
Phase 2: Conjugation or inactivation: Is the second step in xenobiotic metabolism. It usually 

means that the oxidized compound is conjugated with (coupled to) an endogenous molecule. This 

reaction increases the water solubility further. Many conjugated metabolites are actively excreted 
via the kidneys. 

Transferases are a group of enzymes that catalyze Phase 2 reactions. They conjugate xenobiotics 
with endogenous compounds such as glutathione, amino acids, glucuronic acid or sulphate. 

Glutathione is an endogenous molecule, a tripeptide that is conjugated with xenobiotics in Phase 2 
reactions.  

Excretion/elimination: Conjugated xenobiotics from phase 2 of metabolism that have been 

rendered water soluble are easily excreted via the body‘s excretory mechanisms. These include 
exhaled air for volatile xenobiotics, sweat and urine for hydrophilic xenobiotics, feces for large 

molecule xenobiotics and other body fluids such as the breast milk, saliva and sputum. Elimination 
is the disappearance of a xenobiotic and its metabolites in the biological system as a result of 

biotransformation to harmless substances.  
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Toxicodynamic or Expression Phase: Refers to the interaction of toxicants (molecules, ions, 

colloids) with specific sites of action on or inside the cells and organelles, ultimately producing 
toxic effects. A series of intrinsic activities take place, i.e. the dose–response relationship that lead 

to the manifestation of critical effects in the biological system. Not all xenobiotics are safely 
eliminated or excreted during metabolism; some are stored in the biological system, some may 

interact or bind with cellular components while others are broken down into their metabolites 

which may be harmful. 
Storage or accumulation is the build-up of a substance in a tissue or organ to higher levels 

than in blood or plasma. It may also refer to a gradual build-up over time in the organism. Many 
xenobiotics are highly fat soluble and tend to accumulate in adipose tissue, while others have a 

special affinity for bone. For example, calcium in bone may be exchanged for cations of lead, 
strontium, barium and radium, and hydroxyl groups in bone may be exchanged for fluoride. 

Carbon monoxide, arsenic, organic mercury and hexavalent chromium have a high affinity for red 

blood cells, while inorganic mercury and trivalent chromium show a preference for plasma 
proteins. Blood binding may increase the residence time in the biological system but decrease 

uptake by target organs.  
Toxic Response: When endogenous substances such as glutathione are depleted, oxidized 

intermediary metabolites from phase 1 metabolism that are not conjugated can bind to and 

damage cellular structures and massive destruction of essential proteins or lipid membranes may 
occur, resulting in cell injury and the eventual cell death when the injury is not reversed.   

Cell Injury: Is a disruption in the cell‘s ability to maintain its normal homeostasis due to action of 
toxins and other adverse influences that could inhibit the vital cell functions such as protein 

synthesis or oxidative phosphorylation. It can also occur as a result of deficiency of oxygen or 
essential nutrients and metabolites and may be reversible or non–reversible and leads to cell 

death. There are two major types of cell death which are apoptosis and necrosis.  

Apoptosis also known as programmed cell death (PCD) is a regulated degradation of cellular 
components that is initiated and controlled by the biological system for the purpose of maintaining 

its integrity. It is part of the normal cell cycle that is beneficial to the system, causes no noticeable 
symptoms and does not need any medical treatment.  

Necrosis: Is a type of unregulated cell death that is triggered by external factors and it‘s 

detrimental to the system. It is abnormal and shows noticeable medical symptoms such as 
mutation, cancer, teratogenesis or some form of system disruptions that require treatment.  

Toxicity Testing 
Toxicity testing is a process that measures the toxicity of a substance by analyzing the 

results that the exposure produces on standard test organisms or parts thereof. It compares the 

response of a biological system exposed to a specific substance at different concentrations or 
doses to the response of unexposed biological system. It is important to obtain some toxicity data on 

chemical agents used in drug development, cosmetics, food additives, agricultural and industrial processes as well as 
everyday usage so as to regulate their consumption and know how to treat cases that have to do with them. Toxicity 

testing is done using a whole organism (plant or animal) or a part thereof (organ or tissue) and it may be acute or 
chronic test. Acute tests are usually for 96 hours exposure while chronic tests last longer and 

sometimes for a lifetime in a process called biomonitoring. The procedures of toxicity testing have 

been outlined into steps which are discussed below. 
Establishment of a Test Purpose: Each toxicity test is done for a specific purpose and that 

could be for the development of a new drug, pesticide or for testing the potency of a particular 
pollutant to cause harm to the biological system. The test purpose determines the test 

environment and tells which substance and which organism or part thereof will be used in the 

procedure  
Acclimatization: This is the process of getting the test organism used to the test environment. 

Having established the test purpose, the biological system concerned is brought to the test 
environment to adapt itself there for some days or weeks depending on its size so that the 

observed toxic effects at the course of the test will be as a result of test substance only.  
Range Finding Test: This subjects the test organisms to different concentrations/doses of the 

test chemical to determine the correct concentration range over which definitive test will be set 
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up. For acute toxicity testing, the range of concentrations to which the test organisms are exposed 

should be such that in 96 hours there are some of the studied effects.  
Definitive Test: The test organisms are exposed to the test chemical over a concentration range 

determined from the previous step, a control is set up with same conditions but no test chemical 
and the observations are made and recorded at intervals of one hour, six hours, 12 hours, 24  

hours up to 96th hour.  

Probit Analysis: Information from the previous step is used to compute the effective 
dose/concentration i.e. ED50/EC50 or LD50/LD50. 

Histopathology: Organs and tissues from the exposed organisms are examined for possible 
injuries or malfunctions as a result of exposure to the test chemical. This gives an insight about 

the mode of action of the test chemical and how to tackle it.  
Extrapolation: This uses the result from a particular test to predict the effect of certain 

chemicals on man or other organisms and prescribe safe limits for the substance. Extrapolation 

uses mathematical models and considers a lot of things such as the size of the biological systems, 
differences in physiological processes and environmental factors among others.  
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Abstract 
Climate change has been threatening the global environment, and in particular the health 
sustainability in the vulnerable regions of the world with Nigeria inclusive. Climate change affects 
not only the environment, economic and agricultural production but also the health conditions of 
the people. This paper therefore discussed the concept of climate change and global warming, the 
impact on environment, economy and agriculture. The health impacts of climate change and 
global warming on humans were also discussed as well as the roles of Health Educators in the 
prevention, mitigation and adaptation to climate change and global warming. Some of the 
recommendations given included: (i) significant reduction of greenhouse emissions to slow and 
eventually stop global warming and stabilize the climate. (ii) Engagement of Health Educators in 
the communities to educate the people and community leaders about preventive measures, 
mitigation strategies and adaptation measures to climate change and global warming (iii) 
Involvement of Health Educators in Policies and legislation that will help Nigeria reduce  
greenhouse gas emission through participation in advocacy, mediation, communication, needs 
assessment, planning, implementation, evaluation and research. 
Keywords: Climate change, Global warming, Prevention, Mitigation, Adaptation, Health Education 

 

Introduction 
The effect of Climate change and global warming on environmental, economical, 

agricultural and health of human is a contemporary issue that has become a public concern. 
Around the globe seasons are shifting, temperatures are increasing and sea level is rising. Climate 

change affects the whole world, though the vulnerable groups who contribute least to the process 
suffer most from the impact (UNFCCC, 2003). 

Scientific research shows that the net climate resulting from the change will largely be 

driven by atmospheric greenhouse gases .Climate change is principally a major problem caused by 
the increase of human activities popularly regarded as human mismanagement of the earth 

leading to several direct and indirect impacts on health and agriculture activities. The changes 
manifest as excessive heat related mortality, dehydration, spread of infectious diseases, 

malnutrition, damage to infrastructural facilities, and forceful ejection of both man and animals. 

Climate change is a long-term shift in weather conditions identified by changes in 
temperature, precipitation, winds, and other indicators. Climate change can involve both changes 

in average conditions and changes in variability, including, for example, extreme events. The 
earth's climate is naturally variable on all time scales, however, its long-term state and average 

temperature are regulated by the balance between incoming and outgoing energy, which 

determines the Earth's energy balance. Any factor that causes a sustained change to the amount 
of incoming energy or the amount of outgoing energy can lead to climate change. Different factors 
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operate on different time scales, and not all of those factors that have been responsible for 

changes in earth's climate in the distant past are relevant to contemporary climate change. Factors 
that cause climate change can be divided into two categories - those related to natural processes 

and those related to human activity. In addition to natural causes of climate change, changes 
internal to the climate system, such as variations in ocean currents or atmospheric circulation, can 

also influence the climate for short periods of time. This natural internal climate variability is 

superimposed on the long-term forced climate change. Global warming on the other hand is the 
term used to describe a gradual increase in the average temperature of the Earth's atmosphere 

and its oceans, a change that is believed to be permanently changing the Earth‘s climate. Global 
warming occurs as a result of an increased amount of the energy (heat) striking the earth from 

the sun that is being trapped in the atmosphere and not radiated out into space. The earth‘s 
atmosphere has always acted like a greenhouse to capture the sun‘s heat, ensuring that the earth 

has enjoyed temperatures that permitted the emergence of life forms as we know them, including 

humans. 
Without our natural atmospheric greenhouse the earth would be very cold. Global 

warming, however, is the equivalent of a greenhouse with high efficiency reflective glass installed 
the wrong way around. Today, we have the opposite problem. Today, the problem is not that too 

little sun warmth is reaching the earth, but that too much is being trapped in our atmosphere.So 

much heat is being kept inside greenhouse earth that the temperature of the earth is going up 
faster than at any previous time in history. 

Factors Responsible for Climate Change and Global Warming 
Climate change in response to changes in the global energy balance. On the broadest 

scale, the rate at which energy is received from the sun and the rate at which it is lost to space 
determine the equilibrium temperature and climate of Earth. This energy is then distributed 

around the globe by winds, ocean currents, and other mechanisms to affect the climates of 

different regions. Factors that can shape climate are called climate forcing mechanism. Forcing 
mechanism can either be internal or external. Internal forcing mechanism are natural processes 

within the climate system itself, e.g the meridional turn over. external forcing mechanism can be 
either natural (e.g changes in solar output) or anthropogenic (e.g. increase emission of 

greenhouse gases) Whether the initial forcing mechanism is internal or external, the response of 

the climate system might be fast (e.g., a sudden cooling due to airborne volcanic ash reflecting 
sunlight), slow (e.g. thermal expansion of warming ocean water), or a combination (e.g., sudden 

loss of albedo in the arctic ocean as sea ice melts, followed by more gradual thermal expansion of 
the water). Therefore, the climate system can respond abruptly, but the full response to forcing 

mechanisms might not be fully developed for centuries or even longer. Factors that can shape 

climate are called climate forcing mechanism. These include forces such as follows: 
Ocean variability 

The ocean is a fundamental part of the climate system. short term fluctuations (years to a 
few decades) e.g. El Nino southern oscillation, the pacific decadel oscillation, the North 

atlanticoscillation and the Arctic oscillation represent climate variability rather than climate change 
on longer time scales, alterations to ocean processes such as thermohaline circulation play a key 

role in redistributing heat by carrying out a slow and extremely deep movement of water and the 

long term redistribution of heat in the world‘s ocean. 
Orbital variation 

Slight variation in the earth‘s orbit lend to changes in the seasonal distribution of sunlight 
reaching the earth‘s surface and how it is distributed across the globe. The three types of orbital 

variations are variations in the earth‘s eccentricity, changes in the tilt angle of earth‘s axis of 

rotation and precision of earth‘s axis. These combine together produces Milankovitch cycles which 
have a large impact on climate change and are notable for their correlation to glacial and 

interglacial periods, their correlation with the advance and retreat of the Sahara and for their 
appearance in the stratigraphic record. 

Solar output of radiation 
The sun is the predominant source for energy input to the earth. Both large term and 

short term variations in solar intensity are known to affect global climate. Until recently, many 
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scientists thought that the Sun's output of radiation only varied by a fraction of a percent over 

many years. However, measurements made by satellites equipped with radiometers in the 1980s 
and 1990s suggested that the sun's energy output may be more variable than was once thought. 

Measurements made during the early 1980s showed a decrease of 0.1 percent in the total amount 
of solar energy reaching the Earth over just an 18 month time period. If this trend were to extend 

over several decades, it could influence global climate. Numerical climatic models predict that a 

change in solar output of only 1 percent per century would alter the Earth's average temperature 
by between 0.5 to 1.0° Celsius. 

Volcanism 
For many years, climatologists have noticed a connection between large explosive volcanic 

eruptions and short term climatic change. For example, one of the coldest years in the last two 
centuries occurred the year following the Tambora volcanic eruption in 1815. Accounts of very 

cold weather were documented in the year following this eruption in a number of regions across 

the planet. Several other major volcanic events also show a pattern of cooler global temperatures 
lasting one (1) to three (3) years after their eruption. At first, scientists thought that the dust 

emitted into the atmosphere from large volcanic eruptions was responsible for the cooling by 
partially blocking the transmission of solar radiation to the Earth's surface. However, 

measurements indicate that most of the dust thrown in the atmosphere returned to the Earth's 

surface within six months. Recent stratospheric data suggests that large explosive volcanic 
eruptions also eject large quantities of sulfur dioxide gas which remains in the atmosphere for as 

long as three years. Atmospheric chemists have determined that the ejected sulfur dioxide gas 
reacts with water vapor commonly found in the stratosphere to form a dense optically bright haze 

layer that reduces the atmospheric transmission of some of the Sun's incoming radiation. In the 
last century, two significant climate modifying eruptions have occurred. El Chichon in Mexico 

erupted in April of 1982, and Mount Pinatubo went off in the Philippines during June, 1991. Of 

these two volcanic events, Mount Pinatubo had a greater effect on the Earth's climate and ejected 
about twenty (20)million tons of sulfur dioxide into the stratosphere Researchers believe that the 

Pinatubo eruption was primarily responsible for the 0.8 degree Celsius drop in global average air 
temperature in 1992. The global climatic effects of the eruption of Mount Pinatubo are believed to 

have peaked in late 1993. Satellite data confirmed the connection between the Mount Pinatubo 

eruption and the global temperature decrease in 1992 and 1993. The satellite data indicated that 
the sulfur dioxide plume from the eruption caused a several percent increase in the amount of 

sunlight reflected by the Earth's atmosphere back to space causing the surface of the planet to 
cool. 

Global Warming Potential and Atmospheric Lifetime for Major Greenhouse Gases 

Greenhouse gas Chemical 
formula 

Global Warming Potential, 100-
year time horizon 

Atmospheric Lifetime 

(years) 

Carbon Dioxide CO2 1 100* 

Methane CH4 25 12 

Nitrous Oxide N2O 298 114 

Chlorofluorocarbon-12 (CFC-
12) 

CCl2F2 10,900 100 

Hydrofluorocarbon-23 (HFC-
23) 

CHF3 14,800 270 

Sulfur Hexafluoride SF6 22,800 3,200 

Nitrogen Trifluoride NF3 17,200 740 
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SOURCE: Fourth Assessment Report (Intergovernmental Panel on Climate Change IPCC, 2007). 

The table below also shows the relative concentrations of these major greenhouse gases 
and their sources. Some gases (like CO2) are made by both natural and manmade processes, 

while others (like the fluorinated gases) are only the result of human industrial activity. CO2 is 
typically measured in parts per million because it is 1,000 times more prevalent than the other 

gases, but is shown as parts per billion in the table for consistency. 

Sources and Concentrations of Major Greenhouse Gases 

Greenhouse gas Major sources Pre-industrial 
concentration 
(ppb) 

2011 
concentration 
(ppb) 

Carbon Dioxide Fossil fuel combustion; 
Deforestation; Cement 
production 

278,000 390,000 (in 
2011) 

Methane Fossil fuel production; 
Agriculture; Landfills 

722 1,803 (in 2011) 

Nitrous Oxide Fertilizer application; Fossil fuel 
and biomass combustion; 
Industrial processes 

271 324 (in 2011) 

Chlorofluorocarbon-12 (CFC-
12) 

Refrigerants 0 0.527 

Hydrofluorocarbon-23 (HFC-23) Refrigerants 0 0.024 

Sulfur Hexafluoride Electricity transmission 0 0.0073 

Nitrogen Trifluoride Semiconductor manufacturing 0 0.000 

Source: Fifth Assessment Report (Intergovernmental Panel on Climate Change IPCC, 2014 

Climate Change and Global Warming Impact  
Environmental and Ecological Impact 

Climate change will alter all aspects of the hydrological cycle ranging from evaporation 

through precipitation, run off and discharge (Mcquire, Mason & Kilburn, 2002). The global 
warming and decreasing rainfall together with the erratic pattern of rainfall produce a minimal 

recharge of groundwater resources, wells, lakes and rivers in most parts of the world especially in 
Africa thereby creating water crisis. In Nigeria, many rivers have been reported to have dried up 

or are becoming more seasonally navigable while Lake Chad shrunk in area from 22,902 km2 in 

1963 to a mere1304 km2 in 2000. This shows that what is left of Lake Chad in the year 2000 is 
just 5.7% of 1963(Odjugo 2007). Awake (2009) also confirms the fact that Lake Chad has shrunk 

by 95% since the1960s and Aral Sea in Central Asia was the fourth largest lake in the planet in 
1960, but by 2007 it had shrunk to 10% of its original size. Lake Chad and so many rivers in 

Nigeria, especially in Northern Nigeria, are in the danger of disappearing. The water scarcity will 
create the tendency for concentration of users around the remaining limited sources of water. 

Under such circumstances, there is increased possibility of additional contamination of the limited 

sources of water and transmission of water borne diseases like cholera, typhoid fever, guinea 
worm infection and river blindness. The increasing temperature will mean northward migration of 

mosquitoes and malaria fever which will extend from the tropical region to warm temperate region 
while the sporogony of the protozoa causing the malaria accelerates from 25 days at 10OC to 8 

days at 32OC. The excessive heat, increasing water stress, air pollution and suppressed immune 

system occasioned by climate change will result in increasing incidence of excessive death due to 
heat exhaustion, famine, water related diseases (diarrhea, cholera and skin diseases), 

inflammatory and respiratory diseases (cough, and asthma), depression, skin cancer and cataract. 
One of the greatest impacts of climate change is the worsening condition of extreme weather 

events like drought, flood, rainstorms, windstorms, thunderstorms, landslides, avalanches and 
tsunamis, among other. The frequency and magnitude of wind and rainstorms did not only 

increase, they also killed199 people and destroyed property worth N85.03billion in Nigeria 

between 1992 and 2007. Buadiand Ahmed (2006) had similar result when they reported that 
rainstorms claimed 42 lives in southern Cameroon between 2000 and 2005.Between 1950 and 

2000, the increasing frequency and intensity of rainstorms have created enormous damages 
estimated at $87 billion in property losses, $19 billion in crop losses and losses ofover 12,000 

https://www.ipcc.ch/report/ar4/wg1/
https://www.ipcc.ch/report/ar5/wg1/
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human lives in the United States of America alone (Changnon 2001).Climate change has started 

to, and will continue to impact negatively on agriculture and food security especially in tropical and 
subtropical regions because greenhouse gas emissions would increase the risk of hunger by 

additional 80 million people by 2080 in Africa and southern Asia (Odjugo 2001a; Nwafor 2006, 
DeWeerdt 2007). Climate change has led to a shift in crops cultivated in northern Nigeria. 

The paper (Odjugo 2008) quoting Ahmed (1978) reveals that as at 1978, the preferred 

crops the farmers cultivated were guineacorn followed by groundnut and maize, but due to 
increasing temperature and decreasing rainfall amount and duration occasioned by climate 

change, the farmers as a means of adaptation in 2007 shifted to the production of millet followed 
by maize and beans. Another major problem to agriculture in Nigeria due to climate change is the 

reduction of arable lands. While the sea incursion reducing the arable land of the coastal plains, 
the desert encroachment with its associated sand dunes is depriving farmers of their agricultural 

farmlands and grazing rangelands. Moreover, the frequent droughts and lesser rains have started 

shortening the growing season thereby causing crops failure and food shortage. It has been 
shown that drought, desert encroachment and coastal inundation have started affecting the 

country‘s ecosystem leading to ecological destabilization due to climate change impact in the semi-
arid region of Northern Nigeria (Odjugo and Ikhuoria 2003; Ayuba, Maryah & Gwary 2007 

Agricultural impact  

The  impact of  climate  change  on agricultural  production  vary  from one  region  to  
another depending  on  the prevailing climate of the region hence affects agricultural productivity 

differently. Nigeria, like all other countries of sub-Saharan Africa, is highly vulnerable to the impact 
of climate change especially the coastal low lying states. Climate change variations between  1960 

and  1999 in  parts of  Nigeria showed  visible occurrences of drought  for a  cumulative period of 
approximately 8-18yeasrs in most of Adamawa, Bauchi, Borno, Jigawa, Kano, Kastina, Sokoto, 

Yobe and Zamfara states of Nigeria (Obioha, 2009; Muhammed et al., 2011). Unlike the northern 

mentioned states, the Niger Delta states like Bayelsa, Delta, Edo and Rivers, among others had 
flooding and over flowing seas. Niger Delta like most coastal low lying regions of the world is 

constantly faced with flooding of various degrees. Due to increased and varying extent of 
precipitation attributable to climate change, the occurrence of flooding has increased with rivers 

and oceans easily overflowing their banks. This was observed in the 2012 flooding that impacted 

negatively on agriculture in the region.The flood ravaged farmlands, storage buildings and farmers 
houses.  Climate change resultant scenarios like excessive rainfall, flooding, excessive 

temperature, rising sea levels and water scarcity affects agricultural production and causes rises in 
price of agricultural productions. For example, uncertainties in the onset of the farming season, 

due to changes in rainfall pattern can lead to a usual sequence of crop failure which results in food 

shortages due to poor harvests; early rain may not be sustained, and crops planted at that 
instance may become smothered by heat waves. Increase in rainfall also is conducive for 

proliferation of pests and diseases, which in turn are detrimental to crop production. In other 
words, pest and crop diseases migrate in response to climate change and variation e.gTse-tse fly 

has extended its range northwards and will potentially pose threat to livestock in the drier 
northern states of Nigeria (Food and Agricultural Organization, FAO, 2002). Excessive flooding can 

also lead to soil erosion and destruction of farmlands. Aluko, Opeyemi and Ologunagba (2008) 

opined that climate change has significant impact on fragile soil and traditional farming systems. 
The authors explained that small rural farmers and communities no longer produce sufficient 

quantities of the food needed to sustain their populations. Also extreme weather events such as 
thunderstorms, heavy winds, and floods, devastate farmlands and can lead to crop failure. 

Flooding could destroy the infrastructure used to store or transport food from production areas to 

markets thereby acting as disincentive to farmers who could produce more food. Climate change 
affects livestock especially in dry weather conditions or desert-prone zones/regions where longer 

period of drought adversely affect the availability of fodder. Furthermore, increased temperature 
and accompanying decrease in water availability tend to reduce the length of growing seasons and 

yield potential with attendant low agricultural productivity. Admittedly, too, global warming has 
threatened the aquatic ecosystems with the consequential low production of sea foods and aquatic 

plants that may be of socio-economic importance. Climate change resultant effect of hunger and 
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malnutrition are now adversely affecting the livelihood and well being of a massive number of 

people and inhibiting the development of many poor countries (Ikehi, 2014). It is quite obvious 
that the most serious challenge facing agricultural  production and  indeed mankind,  worldwide  

and Nigeria  in  particular is  climate  change, thus  the  necessity toadapt.  
Economic impact 

Nigeria‘s economy depends on natural resources, when these resources are affected, 

whole communities are implicated. Disease, loss of livelihood and settlements can force entire 
communities into relocation and even refugee status. It can also affect the effectiveness and 

productivity of Nigeria‘s labor force. Climate change is a serious threat to efforts at poverty 
eradication and sustainable development in Nigeria because of large rural population directly 

depending on climate sensitive economic development sectors (Agriculture and fisheries) 
Improper nutrition /Malnutrition is also another economic impact of climate change and 

global warming. Nutrition or lack of it is already a problem in Nigeria, whether due to population 

growth, poverty or low agricultural yields. Droughts reduce variety in diets and reduce overall 
consumption, this can lead to micronutrient deficiencies. Foodstuffs are affected by the presence 

of pests resulting in low agricultural yield and food shortages as well as human population 
problems e.g. malnutrition. Erratic and unpredictable weather has also confused farmers about 

planting seasons raising fear about food production and security. The harsh weather condition in 

Northern Nigeria has affected agriculture. The dryness‘ has led to dry water bed and movements 
of people and their pasture to the southern regions, thus causing tension and conflicts between 

the original inhabitants and the new comers. Increase temperature and extreme droughts are 
causing a decline in productivity around the world, decrease crop productivity can mean food 

shortages which will have many social implications. The decreasing rainfall ,increasing 
temperature and evapo -transpiration have resulted in either reduction of water levels or total dry 

up of some rivers and lakes in Northern Nigeria there by affecting agricultural production. 

Health Impact 
Climate change has been characterized as the biggest global health threat of the 21st 

century, and is already negatively impacting human health that will multiply dramatically if no 
action is taken. There are a number of considerations used to evaluate vulnerability to the health 

effects of climate change, including geographic factors (urban centers that have higher levels of 
air pollution) and demographic factors (children, elderly, low socioeconomic status). However, the 
effects of climate change on the health of a given community depend not only on exposures and 

demographics, but also on how these characteristics intersect. For example, the interaction of 
urban area exposures (heat waves) in vulnerable populations (poor) and those living without air 

conditioning can result in catastrophic effects.  

Children 
Prenatal or childhood exposure to infectious diseases, toxicants, infectious agents or 

conditions such as malnutrition cause potentially life-long effects. The immature immune system 
of children places them at high-risk for serious consequences of food and water-borne diseases. 

Children spend more time than adults outdoors, breathe more rapidly than adults and are still 
developing their respiratory structures. There is strong evidence of associations between 

respiratory disease and a wide range of environmental variables impacted by climate. Additionally, 

children are less able to deal with heat and are more susceptible to dehydration. They are 
therefore, more vulnerable to heat-related disease and death and will suffer disproportionately as 

the Earth warms. 
Older Adults 

Older adults have less ability to regulate body temperature and adapt physiologically to 

extremes in temperature. In fact, advanced age is one of the most significant risk factors for heat-
related death in the U.S. (Physicians for Social Responsibility (PSR),n.d.). In addition, older adults 

often have preexisting medical conditions that are made worse by climate-related conditions. For 
example, as the temperature increases, the incidence rates for stroke or cardiovascular hospital 

admission rise. Finally, older adults are also more likely to live alone, have limited mobility, 
cognitive constraints and have reduced social contacts, all factors that further increase their 

vulnerability. Those living in poverty are also extremely vulnerable to many of the health effects of 
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climate change. Existing illnesses and challenges in daily life are further complicated by disruptions 

in access to public health services, displacement from homes and the need to migrate with limited 
transportation options, and increased stress as a result of extreme climate events for the older 

adults. 
Heat-Related Illnesses 

Average global temperatures are rising and are expected to continue to increase for 

decades after greenhouse gas emissions are reduced due to a significant lag in the cooling of the 
oceans. As a consequence of the increasing frequency of extreme heat events, it is projected that 

global average temperatures will rise between 1.8 and 4.0°C by the end of the 21st century. 
People will suffer thehealth consequences of this global temperature rise by experiencing 

increasing rates of heat stress and exhaustion, heat cramps, heat stroke and death(Portier& Tart, 
2010).In 2003, heat waves in Europe resulted in almost70,000 deaths, largely from cardiovascular 

and respiratory events (Costello et al., 2009). It is expected that summer temperatures in Europe 

as high as those experienced in 2003 will become the norm by the middle of the 21st century 
(World Health Organization [WHO], 2009). In the U.S., extreme heat events already cause more 

deaths annually than all other extreme weather events combined, on average causing 688 heat-
related deaths annually (Portier & Tart, 2010). It is thought that statistics for illness and deaths 

attributable to heat are significantly underestimated, since prolonged exposure to heat can 

aggravate pre-existing cardiovascular and respiratory conditions, indirectly resulting in additional 
illness and deaths. Much of the excess mortality from heat waves is concentrated in infants, 

children and those over 65. Additionally, cities lack significant tree cover, exacerbating the high 
temperatures. Cities frequently experience ambient air temperatures from 1.8-5.4°F (1-3°C) 
warmer than the surrounding rural and suburban areas. This ―urban heat island‖ affect also 
absorbs heat during the daytime and radiates it outward at night, raising nighttime minimum 

temperatures by 22°F (12°C)(Environmental Protection Agency (EPA), 2011a). 
Vector-borne diseases 

Extreme weather events and climatic variations profoundly impact patterns of infectious 

disease. Temperature shifts will encourage the spread of infectious diseases. Many major 
infectious disease agents (such as bacteria and viruses), and the vectors or organisms that carry 

them (e.g. mosquitoes) are highly sensitive to temperature and rainfall.  There is great concern 

that climate change will make certain environments more hospitable for some infectious diseases, 
thereby reintroducing some diseases into areas where they had been previously eradicated, 

worsening their already significant global burden (Portier & Tart, 2010). As environmental 
conditions change,the geographic range of the vectors for illnesses is extended, increasing the 

potential for infection, an example, malaria, which is strongly influenced by environmental 

temperature. Malaria currently accounts for more than80 percent of the climate-related disease 
burden in Africa (Brilliant, 2007) with 247 million cases and 900,000 malaria-related deaths 

globally (WHO, 2009; Portier & Tart, 2010). Nigeria suffers the world‘s greatest malaria burden, 
with approximately 51 million cases and 207,000 deaths reported annually (approximately 30% of 

the total malaria burden in Africa), while 97% of the total population (approximately 173 million) 
is at risk of infection (FMOH, 2008). 

Respiratory Diseases 

It is anticipated that respiratory allergies and asthma will become more common and 
severe because of increased exposure to pollen, molds and air pollution as a result of climate 

change. Allergic respiratory diseases and bronchial asthma is increasing worldwide, with people 
living in urban areas more frequently affected than those living in rural areas. Higher traffic 

volume in urban areas result in higher emissions and poorer air quality, which is exacerbated with 

increasing temperatures. In a recent study conducted in the District of Columbia, significant 
associations were found between ozone concentrations and asthma-related emergency 

department (ED) visits, especially for five to 12 year olds. Increases in the risk of asthma-related 
ED visits for children living in higher poverty areas versus other areas were also observed (Babin 
et al., 2007). 
Prevention, Mitigation and Adaptation to climate change and Global Warming 
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Climate change mitigation is the act of decreasing the factors that contribute to climate 

change.  It is a human intervention to reduce the sources or enhance the sinks of greenhouse 
gases. An example is California who recently passed Assembly Bill 32, the Global Warming 

Solutions Act of 2006, which mandates the reduction of greenhouse gas emissions to 1990 levels 
by 2020 in California. This is a preventive and mitigation measure to climate change which many 

countries can equally adapt. 

 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 

 
 

Source: Odjugo, P. Ikhuoria 
Role of Health Education in Prevention, Mitigation and Adaptation to Climate Change 

and Global Warming 
Health Educators work in all areas of healthcare, from public and community health 

organizations to government agencies to educational venues to community-based prevention 

clinics. World health relies on health educators to make the communities they serve aware of ways 
to remain healthy and how to avoid health threats. 

As laid out by the National Commission for Health Education Credentialing, Health 
Educators have nine primary responsibilities which are as follows 

 Assess the needs of the people and communities they serve 

 Develop programmes and events to teach people about health topics 

 Teach people on prevention, coping or adaptation strategies to health conditions 

 Evaluate the effectiveness of programmes and educational materials 

 Help people find health services or information 

 Provide training programmes for other health professionals or community health workers 

 Supervise staff who implement health education programmes 

https://www.arb.ca.gov/cc/ab32/ab32.htm
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 Collect and analyze data to learn about their audience and improve programs 

 Advocate for improved health resources and policies that promote health 

Needs Assessment: Health Education professionals possess the skills and competencies to use  

culturally and ethically appropriate assessment approaches to assess the need of communities as 
well as plan programme, action and scenario. When working to improve the health of a 

community, the first step is to assess the health needs of that community. Health Education 

peofessionals look for areas where health is suffering due to a lack of health knowledge and/or 
poor practices. Then, they assess the availability of resources with which to better educate the 

community. They also determine what modes of communication will work best for the community. 
For instance, when dealing with a community where illiteracy is an issue, there will be the need to 

communicate in ways that do not require reading, such as by using visual aids. In the case of 
climate change and global warming, Health Education professionals will identify and assess 

communities vulnerable to health impacts of climate change and global warming or communities 

directly or indirectly contributing to the impact of climate change and global warming. 
Programme Development for vulnerable communities:  Once the Health Education 

professionals have identified the health needs of the community and how best to communicate 
health knowledge, they then develop a programme for the need of the community, the 

programme could be an intervention or an educational programme but  putting into consideration 

budgets, the attitudes of stakeholders, timelines, government regulations, and overall feasibility. 
Their goal is to overcome existing obstacles to reach as many people in the community as 

possible. 
Teach people on prevention, coping or adaptation strategies to health conditions 

Carbon dioxide is the climate‘s worst enemy. It is released when oil, coal, and other fossil 
fuels are burned for energy—the energy we use to power our homes, cars, and smart phones. By 

using less of it, we can curb our own contribution to climate change while also saving money. 

Bearing this in mind, the health education professionals therefore teache individuals and the 
communities on some of the Prevention, Mitigation and Adaptation strategies which may include 

among others;  

 Invest in energy-efficient appliances. 

Since they were first implemented nationally in 1987, efficiency standards for dozen of appliances 

and products have kept 2.3 billion tons of carbon dioxide out of the air. That‘s about the same 

amount as the annual carbon pollution coughed up by nearly 440 million cars. ―Energy efficiency is 
the lowest-cost way to reduce emissions,‖ therefore when shopping for refrigerators, washing 

machines, and other appliances, individuals should lookout for the Energy Star label. It will tell 
which are the most efficient. 

 Campaign for water waste Reduction   

Another identifiable means of preventing climate change and global warming is water waste 

reduction.  Saving water reduces carbon pollution. This is because it takes a lot of energy to 
pump, heat, and treat water. So it is advisable to take shorter showers, turn off the tap while 

brushing your teeth. The American  Environmental Protection Agency( EPA} estimates that if just 
one out of every 100 American homes were retrofitted with water-efficient fixtures, about 100 

million kilowatt-hours of electricity per year would be saved-avoiding 80,000 tons of global 

warming pollution. 

 Purchasing of better bulbs by households 

LED light bulbs use up to 80 percent less energy than conventional incandescent. They are also 

cheaper in the long run: A 10-watt LED that replaces your traditional 60-watt bulb will save you 
$125 over the light bulb‘s life. 

 Pulling out the plug(s) 

Electronic devices such as Audio and video devices, cordless vacuums and power tools, and other 

electronics use energy even when they are not charging. This "idle load" across all households 
adds up to the output. So Health Education professionals should teach the people in the 

vulnerable communities not to leave fully charged devices plugged into their home's outlets, 

http://www.energystar.gov/
https://www.nrdc.org/sites/default/files/energywater.pdf
https://www.nrdc.org/sites/default/files/energywater.pdf
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unplug rarely used devices or plug them into power strips and timers, and adjust your computers 

and monitors to automatically power down to the lowest power mode when not in use. 

 Driving less and good maintenance of vehicles 

Choosing to live in walkable smart-growth areas and towns with quality public transportation leads 

to less driving, less money spent on fuel, and less pollution in the air. Opting for train is also 
agood option. However, for those who cannot avoid driving, their vehicles should be well 

maintained ensuring that the vehicle exhaust system is in order. 

 
 

 
Evaluate the effectiveness of programmes and Projects  

Health Education Professionals are trained up in evaluation of complex interventions. They 

are trained up in being able to manage complex programmes, projects and research in the whole 
area of community-based interventions. They have real skills and expertise in working with 

communities researching in an empowering way. They also possess the required skill to participate 
in Health impact assessment, social impact assessment, risk assessment using qualitative and 

quantitative techniques, Health Education professionals are able to analyse and anticipate the 
primary, secondary and tertiary effects of a project and be able to communicate this effectively 

and lead change.  

Conclusion and Recommendations 
Climate change poses many serious challenges to human health, but many of the linkages 

are complex, and a range of other social, behavioural, and environmental factors also affect health 
outcomes. Greenhouse gas emissions must be significantly reduced to slow and eventually stop 

global warming and stabilize the climate. Health education trains its professionals to possess core 

competence and skills in Advocacy, Mediation, Leadership, Communication, Needs Assessment, 
Planning, Implementation, Evaluation and Research. Therefore, to prevent, mitigate and ensure 

adaptation to Climate Change and Global warming. Health Educators can play many parts in 
communities by educating the people, Community leaders, and Policy makers about  possible ways 

of Preventing Climate change and global warming in the  communities as well as teaching the 
community mitigation strategies and adaptation measures . Health Education  professionals can 

support policies and legislation that will help  Nigeria reduce greenhouse gas emissions by at least 

70% by 2050 by testifying about the health impacts of an unstable climate and by joining with 
others to do so. Professional organizations, such as the Environmental Protection Agency should 

have policy resolutions about the importance of stabilizing the climate to avoid severe negative 
impacts to human health and well-being. Although everyone is part of the problem of global 

climate change, Health Education Professionals also have an opportunity to become part of the 

solution. 
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Abstract 

Air pollution is a major environmental problem and relates to anthropogenic climate change which 
is centred on the emissions of greenhouse gases (GHGs). The aim of this review is to evaluate the 
causes, effects of air pollution as well as scientific evidence on control devices, methods and 
stakeholders in air pollution management in Nigeria. The methods used involved literature search 
using databases such as Google Scholar and Scopus with keywords and phrases relating to the 
subject. Metropolitan cities such as Lagos, Kano, and Port Harcourt were identified as hotspots of 
air pollution in Nigeria. Air pollutants emission in Nigeria are majorly from biomass fuel burning 
from vehicles, landfill gases, domestic cooking stove and industries. Air pollutants such as 
particulate matter (PM) pose mild to severe respiratory illness particularly in vulnerable persons. 
Air pollution control devices or methods that have been developed in Nigeria include a chemical 
process absorption column for the removal of carbon dioxide from flue gas emissions of power 
generating sets, hybrid of incineration and anaerobic digestion with a 75.7-93.3% global warming 
potential reduction compared to landfilling with energy recovery and an Adaptive Neuro Fuzzy 
Inference System (ANFIS)-based wet scrubber PM emissions control system which is able to keep 
PM emissions below the WHO PM emission limit of 20 µg/m3. The stakeholders in the 
management of air pollution in Nigeria include government institutions such as the Federal 
Ministries of Environment, Health, Science and Technology. Others are research institutions, CSOs 
and organised private sector. Air pollution policy revisions, rigorous and robust stakeholders‘ 
engagement and policy implementation approaches are required to manage emission sources and 
mitigate the environmental and human health effects of air pollution. This is relevant to the theme 
of the 2019 United Nations World Environment Day on air pollution and UN Sustainable 
Development Goal 13 (climate action).  
Keywords: Air pollution, 2019 World Environment Day, Nigeria, Stakeholders, United Nations 
SDG 13 

 

Introduction 
 Air pollution is the introduction of substances (solid, liquid or gas) into the atmosphere in 

amounts which cause harm to living organisms including man and adversely impact ambient air 
quality. It is associated with the global climate change which has been primarily attributed to 

emissions from human activities (Otitoloju et al., 2018). In addition to greenhouse gases which 

are drivers of anthropogenic climate change as we know it, emissions of other air pollutants such 
as particulate matter among others pose major environmental and human health risks. Of the 
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GHGs, carbon dioxide and methane emissions have been found to be the culprit pollutants for 

global warming. The concentrations of CO2 being higher in ambient air but CH4 emissions are up 
to 25 times more potent than CO2 (Talyan et al., 2007; Warmuzinki, 2008; Xiaoli et al., 2010; 

Yusuf et al., 2019). The sources of these air pollutants include wastewater treatment facilities, 
industrial stack emissions, municipal solid wastes, vehicular emissions (Atubi, 2015), energy sector 

emissions especially from gas flaring associated with crude oil extraction, livestock, rice 

production, among others (Yusuf et al., 2019). In Nigeria, air pollutants include landfill gases 
(LFGs) such as CH4, CO2, VOCs and other non-methane organic compounds (NMOCs) (Yusuf et al., 
2019).  

Increase in human population and various means of transportation on land by private and 

public means, are directly caused by urbanization which lead to sporadic economic growth while 
giving rise to traffic congestion, noise and accidents (Ndoke and Jimoh, 2005). Air pollution could 

cause serious human health problems, if not controlled in the early stage (USEPA, 1994). 

Particulate matter and gases, including toxic metals, radioactive isotopes and organic molecules, 
which are the main constituents of air pollutants are usually released into the atmosphere when 

combustion takes place. (Agbaire and Esiefarienrhe, 2009). Some of these particulate matters and 
gases of polluted air have the potential to cause lung cancer, miscarriages, still births, birth 

defects and severe damage of the nervous system. The adverse effects caused by polluted air is 

highly dependent on the concentration and duration of exposure. Health impairments due to air 
pollution results majorly in respiratory problems since the major route of exposure is through 

inhalation (Asubiojo, 2016).   
Therefore, the aim of this review was to curate evidence-based information on the causes, 

human health and environment effects, control devices, policy considerations and stakeholders for 
air pollution management in Nigeria. This is necessary to promote the utilisation of indigenous 

capacity for sustainable management of our atmospheric environment in Nigeria. Still, the 

identification of various stakeholders from international organisations to government, academia, 
civil society, communities and private organisations are key considerations for the holistic 

management of air pollution in Nigeria.  
Methodology 

A literature survey was conducted using databases such as Google Scholar, Google and 

Scopus to curate studies conducted on air pollution in Nigeria and stakeholders in air pollution 
management in Nigeria. Keywords and phrases used for the search include; ―air pollution control 

devices" AND "Nigeria‖, ―effects of air pollution‖, ―causes of air pollution in Nigeria‖, among others 
(Alava et al., 2017). Critical review of published articles from various peer reviewed journals were 

consulted and emphasis on Nigeria was made during the analysis.      

Causes of Air Pollution in Nigeria 
Automobiles/Vehicular Emissions 

The presence of many automobiles on the roads at almost the same time cause the 
release of exhaust into the atmosphere, especially during heavy road traffic congestion (Figure 1). 

Atmospheric pollutants from motor vehicles are of two (2) types: exhaust and non-exhaust 
emissions. Emissions from the exhaust are products of fuel combustion such as NOx, SO2, CO, 

CO2, VOCs and some quantities of particulate matter containing toxic heavy metals (V, Cd, As and 

Pb in cases of use of leaded gasoline) (Obanya, et al., 2018). On the other hand, non-exhaust 
emissions from motor vehicles include particles from brake wear (Cu, Sb), tyre wear, road surface 

abrasion and re-suspension in the wake of passing traffic (Thorpe and Harrison, 2008). 
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Figure 1: Air pollution due to vehicular emission (Photo Credit: Tawani and Abowei, 2012) 

Industrialization, Mining and Urbanization 
Cement and metal-smelting industries are at the forefront with particulates which contain toxic 

heavy metals (Adejumo et al., 2004 and Asubiojo, 2016). Small-scale wood industries such as 

Okobaba sawmills located at Yaba local council development area of Lagos, Nigeria are typically 
emission sources of air pollutants. The tonnes of sawdust generated on a daily basis are reduced 

through burning near the Lagos lagoon (Figure 2). 
 

 
 

Figure 2: Okobaba sawmills near the Lagos lagoon, Nigeria showing open burning of sawdusts 
(Photo Credit: Temitope O. Sogbanmu, December 2017) 

Human Health Effects of Air Pollution  
Effect of Particulate Matter on Human Health 

As at 2015 in Nigeria as a whole, long term exposure to ambient PM2.5 pollution reduces 

life expectancy by approximately 3.5 years on the average, with a range of 2.4 to 4.1 years in the 
local government areas (Tunde et al., 2018). A negative relationship has been observed between 

outdoor particulate matter (PM10) and pulmonary function. Ana (2014) reported that people living 
in areas with higher particulate burden in Ibadan showed declining lung function. 

Effect of Biomass Fuel on Human Health  
Biomass fuel from firewood has been reported to cause lower lung function, increased 

oxidative stress and occurrence of generalized inflammation (Oluwole et al., 2013) in mothers and 

children exposed to PM2.5 from biomass fuel in Ibadan. A higher blood pressure and prevalence of 
hypertension have been documented in rural women using biomass fuel compared with non-users 

of biomass fuel (Ofori et al., 2018). In Ibadan, Oyo state, Nigeria, exposure to biomass fuel was 
reported to result in lower birth weight, more preterm infants and high perinatal mortality among 

pregnant women who used firewood and kerosene for cooking (Alexander et al., 2018). A link has 

also been established between biomass fuel usage and asthma development. A higher percentage 
of potential asthma and severe asthma symptoms were observed in children who came from 

households where biomass fuel is used (Oluwole et al., 2017). Also, higher risks of respiratory 
symptoms such as cough, phlegm and lower mental health have been observed in groups of 

adults who utilise solid fuels at Ile-Ife (Obaseki et al., 2017).  
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Non-categorized Air Pollutant Effects on Human Health 

Some studies did not classify the pollutants but investigated the effects of air pollution on 
various health parameters and in different age groups. These studies investigated links between 

air pollution and various health outcomes such as morbidity, respiratory issues, mortality, and 
diseases. Ana et al. (2009) reported different health issues as a result of exposure to air pollution 

in secondary school children in Nigeria. The health issues include sneezing, mild cough, 

discomfort, eye pain/irritation, distraction, asthma and bronchitis. Oguntoke at al. (2010) equally 
reported sneezing, headache, dizziness and eye irritation in some adults exposed to higher than 

permissible levels of CO, SO2, CO, H2S and CH4 in Ogun state. Vehicular emissions have been 
suggested as possible causes of sleeplessness, running nose, heavy eyes, asthmatic attack and 

headache (Ojolo et al., 2007). 
The epidemiological data of disease incidence in Rivers State, Nigeria between 2003-2007 

revealed incidences of measles, tuberculosis, CSM, pertusis, pneumonia to be 23, 885 out of 

30,435. Pneumonia being the most prevalent with 22,538 incidences. Nwachukwu et al. (2012) 
attributed this to industrialization considering that in 1985, there were only 154 of these cases and 

also the air emissions in Rivers state were well below national and international air quality 
standards. Premature mortality linked to outdoor air pollution in Nigeria in 2010 was 89,000 as 

estimated by Lelieveld et al. (2015). This was estimated using the global burden of disease. They 

further stated that about 1.8 million people might die prematurely as a result of air pollution by 
2050. Increased mortality rates in infants, under five children and adults have been associated 

with elevated levels of PM10 and CO2 (Aliyu and Ismail, 2016).  
According to Mustapha et al. (2011), traffic pollution (trafiic noise and/or fumes in homes) 

has been associated with respiratory symptoms in school children in Warri, Delta state, Nigeria. 
In printing presses, workers are occupational exposed to volatile organic compounds 

(VOCs) in these indoor environments with consequent adverse effects on health. Akeredolu et al. 

(2016) observed oxidative stress indices in Mus musculus (Albino mice) that were exposed to 
VOCs emission in a printing press under simulated occupational exposure conditions. Similarly, 

hyperactivity, increased lipid peroxidation products and impaired antioxidant defences were 
reported in M. musculus exposed to volatile organic solvent under simulated occupational setting 

(Akpan et al., 2012). Occupational exposure to Nigerian snuff (powdered tobacco) dust has been 

implicated in progressive lung function impairment in chronically exposed workers (Maduka et al., 
2009). 

Environmental Effects of Air Pollution  
               Otti et al. (2011) reported a case of deposition of dry cement-kiln dust on leaf surface. 

This was observed to cause damage to plant tissues at Nkalagu, Ebonyi State in the 1970s on yam 

and maize farm. The dust was also said to hinder growth and photosynthesis resulting in low 
harvest. Odjugo and Osemwenkhae (2009) revealed that gas flaring impacted maize yield. He also 

recommended that maize cultivation should be situated away from gas flaring site at about 2 km.  
               It is no doubt that air pollution is associated with climate change, this is attributed to the 

release of greenhouse gases which are drivers of climate change. The Lagos State Ministry of 
Environment (2012) reported the expectation of climate change in Lagos till around the year 2046 

to 2065. In recent years, Lagos State has experienced several cases of floods which are caused by 

extreme and unusual rainfall and rise in sea level all of which are due to climate change (Oshodi, 
2013). 

           Wet and dry deposition of acids and acidic particles in the Niger Delta region of Nigeria has 
been reported to contribute to rapid corrosion of metal sheeting and abatement of buildings 

durability. Otti et al. (2011) also reported that residents of Ilupeju Industrial Layout Lagos State 

complained about prompt deterioration of leather seats as a result of emission of sulphur oxide 
from industrial activities.  

Air Pollution Control Methods and Devices  
             To combat the menace of air pollution in Nigeria, researchers have come up with devices 

and methods to control the emission of air pollutants. A prototype chemical process absorption 
column was designed to aid the removal of carbon dioxide from flue gas emissions from power 

generating set in Nigeria (Nwokedi and Ugbokwe, 2019). The absorption liquid rate was 0.11 
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kg/min containing 5% mole/mole of CO2. Another method is the use of bubbling fluidized bed 

combustors which are considered viable for retrofit applications (Oguejifor, 2010). The hybrid of 
incineration and anaerobic digestion (INC/AD) has been found to potentially be able to reduce 

global warming potential (GWP) in the range of 75.7 to 93.3% compared to landfilling with energy 
recovery (Ayodele et al., 2017). Umar et al. (2016) developed an Adaptive Neuro Fuzzy Inference 

System (ANFIS)-based wet scrubber particulate matter emissions control system. This system is 

able to keep PM emissions below the WHO PM emission limit of 20 µg/m3 (WHO, 2005). A low 
cost dust extractor device was designed and constructed using locally sourced materials (Ogbeide, 

2015). 
Policy/Environmental Management Considerations for Air Pollution  

               Environmental policy in Nigeria is contained in the 1999 Constitution of the Federal 
Government of Nigeria (FGN) in which states are empowered to protect and improve the 

environment and safeguard the water, air, land, forest and life of Nigerians. In addition is the 

Environmental Impact Assessment (EIA) Act of 1992, 2004 which provides that public or private 
sectors should not undertake or embark on any authorized projects or activities without prior 

consideration of the impacts on the environment. The FGN has promulgated various laws to 
safeguard the Nigerian environment, among which are the Federal Environmental Protection 

Agency Act of 1988 (FEPA Act). The following regulations were made pursuant to the FEPA Act; 

Effluent Limitation, Pollution Abatement in Industries and Facilities Generating Wastes, 
Management of Solid and Hazardous Wastes (Makinde and Adeyoke, 1998). However, specific 

policies and legislations on air quality management are required. 
Stakeholders in Air Pollution Management  

              The stakeholders concerned with the management of air pollution in Nigeria are the 
Federal Ministry of Environment (FMENV, 2003, 2014), National Environmental Standards and 

Regulations Enforcement Agency (NESREA), Federal Ministry of Science and Technology (FMST), 

State and local ministries of Environment, communities, academia, Civil Society and Non-
Governmental Organizations involved in advocacy on air pollution management among other 

environmental pollution issues (Federal Republic of Nigeria, 1999, p.12; FMENV, 2017). Also, 
international environmental organizations such as the World Health Organisation (WHO), 

Intergovernmental Panel on Climate Change (IPCC) and United Nations Environment Programme 

(UNEP) among others are stakeholders. 
Conclusion  

             Road transport such as cars and industrial emissions are the major sources of air 
pollution in most metropolitan cities. In Nigeria, these cities such as Lagos, Kano and Port 

Harcourt have recorded high levels of ambient air pollutants which surpass national and 

international ambient air quality standards. There is a need for urgent consideration of air quality 
management an intervention programmes in Nigeria. Local capacity, innovation and device that 

have been developed with our context should be investigated and considered for uptake in air 
quality management. Further, there is a need for the various stakeholders to be engaged in 

developing context-specific air quality management policies and implementation in Nigeria. This is 
relevant to the theme of the 2019 United Nations World Environment Day on air pollution and UN 

Sustainable Development Goal 13 (climate action).  

Recommendations 
          After careful review of Nigeria‘s Air pollution management and policy considerations, the 

following are recommended;  
1. Establishment of policy which will minimize pollution that might arise from future development 

2. Reduction of pollution to permissible limits as international standards should be encouraged  

3. Research on the impact of air pollution on biodiversity needs to be in-depth. 
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Chapter 41 

Environmental Management Strategies:                                              
Principles and Challenges  

 
Felicia E. Uwakwe and Assumpta U. Ugenyi 

Federal University of Technology, Owerri. 
Abstract 
Human activities have greatly altered the environment to the extent of threatening the existence 
of life on earth. The science of Environmental Management focuses on the environment, its 
characteristics, resources and how best to exploit and harness the resources for the benefit of 
man and other living organisms, while at the same time maintaining the quality of the living 
environment. In environmental management, we reckon with three types of environments: 
terrestrial, aquatic and aerial. The management of these environments are founded on certain 
basic principles which aim at providing information on the nature and characteristics of a particular 
environment, the type of resources available, effective methods of exploiting the resources, how 
best to channel the proceeds for developmental projects, as well as ways of dealing with 
environmental contamination challenges. However, each environment has its own peculiarities 
which are considered in the management of the different environments. Effective management of 
the environment results to effective waste management, disease control, provision of 
infrastructures and public utilities, and over all sustainability of the living environment. However, 
various challenges militate against the achievement of effective environmental management which 
range from lack of political will power and technical know-how, poor funding, lack of knowledge 
and public enlightenment to cultural and socio-economic inclinations. Effective environmental 
management therefore requires a holistic approach involving the government, various disciplines, 
community leaders and the entire populace to achieve a healthy, sanitary, supportive and 
sustainable environment. 
Keywords: Environment, Management, Strategies, Challenges, Public Utilities   
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Introduction 
Environmental management is of great interest and relevance especially in the present 

millennium as a result of the emphasis on environmental protection and sustainability. The 
environment comprises the entire universe, and more especially environmental studies are focused 

on the lithosphere and biosphere. In the biosphere, there are different geographical regions and 

within the regions are various ecological zones. Similarly, within the zones, different types of 
habitats may be distinguished to include terrestrial, aquatic and aerial habitats, each comprising of 

several ecological niches and microhabitats. The environment therefore is composed of various 
forms of life and non-living components.  

The environment is dynamic, being subject to climatic changes and natural phenomena 
which threaten the sustainability of the environment and existence of life forms in the different 

habitats.  Current issues in environmental studies include the following major challenges among 

others; global warming and climate change, natural disasters, aridity, desertification, pollution, 
environmental contamination and degradation (Colby, 1991). 

Meaning and Concept of Environmental Management 
  Man in his quest to improve his living standard has greatly altered and manipulated the 

environment, and this has direct effects on man, his comfort, performance, and the distribution 

and survival of other organisms on which man depends. There is therefore the need for proper 
management of the environment to achieve sustainability and continuity of life on earth. 

Environmental management focuses on the various types of habitats, their natural 
resources, and how best to explore and harness these potentials for the benefit of man, other 

organisms, and the improvement of the environment.  Each habitat is endowed with various forms 
of natural resources on which virtually all sectors of the economy of any country depend to 

achieve sustenance and guarantee security and continuity of life on earth (Iwuala, 2012).  

Environmental management can also be viewed in terms of resource management, and described 
as a purposeful activity with the aim to maintain and improve the state of environmental resources 

affected by human activity (Pahl-Wost, 2006). Generally, the environment is saddled with 
problems which include loss of soil fertility, climate change, loss of biodiversity, pollution, 

population explosion, hazardous waste, natural disasters and rise in sea water level (Adeoti, 

2012). The overall essence therefore is to help man explore and exploit the available natural and 
human resources in the environment, and deploy the proceeds effectively for improved living 

conditions, better longevity and socio-economic development in a pristine, healthy, sanitary and 
supportive environment (Uwakwe and Kamalu, 2013).  

Management of Various Types of Environment 

Management of different types of environment is usually guided by certain principles 
which consider the nature, characteristics and peculiar features of the environments under study. 

In addition, substantial skills and technical know-how should be put in place for handling 
environmental challenges and maintaining adequate security of life and the quality of the 

environment. These measures aim at conserving the natural resources available in the 
environment for the present and future beneficial uses. In environmental management, three 

categories of environments found in nature are recognized, which include terrestrial environment, 

aquatic environment and aerial environment. 
Management of Terrestrial Environment  

Terrestrial environment comprises generally the part of the earth found on land and   
harbours the entire rocks, soil and the covering vegetation. It supports the establishment of 

human settlements, animal settlements, and holds substantial mineral resources, with some 

portions being covered by water bodies like seas, oceans, rivers and lakes. Consequently, in the 
management of any terrestrial environment, not only the soil substratum and biotic settlements 

are taken account of, but also the presence of water bodies as may be found on land. Terrestrial 
environment is affected by climatic factors, as well as soil texture, structure, depth, pH, organic 

matter and water contents, and these factors affect the survival and distribution of man and other 
living organisms. Management of terrestrial environment therefore is based on the following 

principles 
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Environmental Survey, Marking and Planning 

The first step in managing terrestrial environment requires adequate knowledge of the 
nature and characteristics of a particular environment. Here, field trips and survey are conducted 

to secure authentic data on the environment to determine its size, terrain, soil and rock structures, 
vegetation, human and animal populations and their ecological distribution in a given area. Based 

on such baseline data, the territory concerned may be carefully mapped out to show the physical 

layout, plant and animal populations, as well as water bodies and rocks. The mapping will enable 
effective planning for developmental purposes and environmental manipulation. 

Environmental Protection, Preservation and Surveillance 
Results obtained from environmental survey and mapping will serve as a guide to policy 

decision on how best to protect and preserve environmental resources. In this respect, steps 
required to be taken will include measures aimed at conservation of natural resources such as 

vegetation, animal life and natural water bodies for healthy water supply without pollution. Efforts 

should also be made to minimize environmental degradation that may result from erosion, 
excessive deforestation, undue soil excavation, desert encroachment, pollution and contamination 

may impose serious problems to the environment. Similarly, surveillance of terrestrial environment 
is also necessary to checkmate immigration, emigration, importation, exportation and other illegal 

activities in the territorial borders of any country. These strategies also pertain to aquatic and 

aerial environments. 
Environmental Sanitation and Waste Management  

Environmental sanitation and waste management are equally important in dealing with 
terrestrial environment. This is because active generation of waste occurs in all places where life 

exists and the bulk of such waste is organic, comprising human faeces, cow dung, poultry dung, 
food left over, dead bodies of plants and animals, and various other degradable wastes (Uwakwe 

and Iwuala). In addition, there are other sources of environmental contaminants resulting from 

manufacturing, commercial, and industrial activities which are thrown into the environment; all of 
which are to be properly evacuated and safely disposed to guarantee healthy and sanitary 

environment. Achieving these requires putting in place an effective and functional waste 
management system for each area, using well defined modes for waste collection, transportation, 

sorting, processing, recycling and safe disposal at suitable sites.  

Furthermore, environmental sanitation and waste management on land requires careful 
restructuring and redesigning of the environment through rural and urban planning to ensure less 

congestion in human and animal settlements, clearing of vegetation, drainage of gutters and other 
such environmental healthcare measures. However, great care should be taken in the selection of 

the waste management method adopted for each community to achieve a healthy environment.  

Sanitary treatment of wastes is therefore a step towards sustainable development (Adewole, 
2009). 

Control of Pollution and Toxicants 
The control of pollution and environmental toxicant is equally important to ensure safety 

of lives and promote a sustainable environment. Pollutants may consists of poisonous chemicals, 
toxic wastes from industries, radioactive materials, heavy metals, carcinogens or poisonous gases, 

pesticides and other agrochemicals and which may persist in the soil for several months or years 

and may gain access into inland water bodies, and even underground water. 
Effective control of pollution and toxicants is usually based on the enactment and 

enforcement of laws and regulations forbidding careless handling of such potent chemicals, and 
importation and dumping of toxic waste within the environment  because of the short and long 

term effects on the soil, plants and animals. Control of waste and pollution is also applicable to 

aquatic and aerial environments. 
Control of Communicable Diseases and Other Infections 

Control of diseases and infections is  very essential because infections due to pathogenic 
and other agents accounts for different forms of communicable diseases which may result to 

significant level of mortality and morbidity in human population, and loss of livestock animals if the 
diseases are not effectively handled. Similarly, plants are also subject to various forms of 

infections, and these could be checked by the use of different agrochemicals. 
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Disease control generally requires proper knowledge of the infection, the causative 

agents, modes of transmission and their life cycles to ensure proper diagnosis and treatment. 
Certain forms of infections are transmissible between man and other animals (zoonotic infections), 

and these may be checked through improved animal husbandry practice and proper healthcare 
services to ensure minimal transmission.  

Environmental hygiene methods through safe water supply, effective waste management, 

safe disposal of sewage, sludge and animal dung and other wastes will also contribute to 
minimizing the spread and sustenance of various infectious diseases (UNEP, 2010). This calls for 

public enlightenment campaigns through various media to create awareness of the dangers 
inherent in unsanitary environment. Disease control in the environment is therefore a necessary 

tool to enhance productivity, guarantee healthy and sustainable populations in the living 
environment. 

Control of Pests and Other Harmful Agents 

Control of pests is one of the fundamental elements of control and management of 
terrestrial habitats due to their wide spread in nature in practically all forms of terrestrial habitats. 

Pest infestation features not only in homes, but in other establishments, hence we have domestic, 
agricultural, industrial, commercial pests as well as pests of livestock animals, wild animals, 

forestry, and those associated with plants in the soil, wood work, hides and skin, and various 

other forms of pests infesting other materials. Other harmful agents include disease vectors which 
comprise biting and blood sucking arthropods, non-biting insects and other vectors which serve as 

agents for transmission of microorganisms, parasitic cysts, ova and viruses. 
The control of these pests and vectors may involve a wide range of methods which 

include physical, chemical, biological, cultural and genetic practices, all of which make the 
environment uncondusive for pest sustenance. Furthermore, enactment of laws for combating 

pests is equally important.  Above all, an integrated approach to pest management on land has 

been strongly recommended by World Health Organization (WHO) and Food and Agricultural 
Organization (FAO) and should be adhered to by those involved in pest control. This approach 

requires proper planning, adequate funding and a concerted approach to the issue of pest control 
and management in a given area to achieve the desired results. This principle is also applicable to 

aquatic and aerial environments, 

Population Control and Regulation 
Population explosion of human and other organisms lays a heavy burden on the 

environment, and needs to be checked for sustenance of the quality of the living environment and 
ecological stability. Various animal populations are known to compete for essential natural 

resources which include space, shelter, water, food, as well as mating partners. The same applies 

to human population in terms of competition for shelter, food supply, water supply, 
accommodation, job opportunities and other social amenities. Over-population of human in 

different countries has resulted to socio-economic problems which include among others 
unemployment, congestion, various forms of social ills, food insecurity, outbreak of diseases, as 

well as environmental pollution and degradation. 
Challenges arising from human population explosion may be handled through family planning to 

ensure careful regulation of demographic and social factors. 

Development and Exploitation of Natural Resource on Land 
This constitutes an important aspect of terrestrial management as it gives the opportunity 

to explore, cultivate and develop different types of available natural resources for the benefit of 
man and other life forms. Agricultural resources such as vegetables, fruits, shrubs, root and stem 

crops, cereals and various others may be planted for improved food supply. Likewise, animal 

resources and their rearing for food and economic purposes may be explored. 
Other natural resources considered include wildlife, forestry, water and mineral resources 

on land. Careful and controlled exploitation of these resource will ensure their conservation and 
serve as sources of revenue. For instance, in many countries, well managed forestry and wildlife 

reserves enhance the tourism industry and promote foreign exchange earning. 
This approach also applies the need to explore available land for development of social 

amenities and infrastructures such as roads, bridges, schools, markets, hospital open spaces, 
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recreational centers and housing settlements. For economic purposes, effective management of 

land resources including mineral and water bodies found on land has been known to generate 
substantial revenue for developmental purposes of many countries. 

Manpower Training and Development 
Here, development of human resources is considered with the focus on education, skill 

acquisition, knowledge expansion and research for future improvement of living standards. As a 

part of planning in various states and countries, basic education of human population is 
considered a fundamental right, and made compulsory for children and adolescence, thereby   

enhancing the literacy level of the populace. 
Skills acquisition is promoted through the exposure of young people and other citizens to 

entrepreneurship training taking account of different professional and technical vocational need of 
the wider society. Similarly, capacity building focuses on higher education. These trainees and 

other professional are required to engage in research activities for discovery of new facts and 

innovations in various fields to solve environmental and other societal challenges. An illiterate 
population is considered a liability to any community. Therefore, proceeds accruing from resource 

management should be channeled toward improved literacy level, controlled population statistics 
and enhanced socio-economic status of human population. This will go a long way to guarantee 

better living standards. 

Management of Aquatic Environment  
Aquatic environment consists of various forms of water bodies which provide peculiar 

ecological habitat and special niches for different type of organisms. They also have peculiar 
characteristic depending on the type of water bodies, the size, geographic location and 

physiochemical characteristics. Two broad categories of aquatic environment are recognized for 
purposes of environmental management: marine environment and fresh water environment. 

The marine environment consists of the seas and oceans which are large water bodies 

with reasonable concentration of salt. They are divided into littoral, pelagic, benthic and abyssal 
zones which are subject to peculiar features in terms of gravity, organic and inorganic 

components, water movement and other features. 
Fresh water environment on the other hand consist of streams, rivers, lakes and ponds, 

with little or no salt content (salt free water bodies). They are generally smaller in size and depth 

when compared with marine environment. They also are limited in terms of water flow rate, 
biochemical composition and population of plants and animals.  It should be noted that plants and 

animal populations in fresh water environment differ significantly from those of the marine 
environment terms of ecological characteristics and adaptations. The aquatic environment may be 

managed or regulated through various methods which include the following measures: 

Water Quality Control  
This involves regular sampling of water from the seas, oceans and inland fresh water 

bodies for laboratory studies and analysis. The sampling may be done and the records kept on 
weekly, monthly, seasonally and annual basis. The water samples are normally collected at various 

distances like 5NKm, 10NKm, 50NKm, 100NKm (Nautical kilometer). Sampling may also be done 
at different depths and the respective samples will be subjected to analysis and recorded. As part 

of water quality control, also there should be effective regulation of effluent and waste discharge 

into water bodies from various sources such as major sewage pipe, industrial waste pipes, 
domestic, commercial and other sources, likely to pollute the water bodies unduly (Oyewo et al., 
1999). Furthermore, there may be sampling of water bodies to locate index organisms that are 
sensitive to certain levels of acidity or alkalinity. In such cases, the presences or absence of such 

organisms may be indicative of the levels of contamination of particular water bodies or portion of 

such water bodies. 
Salinity Control and Regulation of Water Chemistry in Marine Environment 

This also requires regular or periodic sampling of water bodies from different zones of the 
ocean or sea and laboratory tests to ascertain their salt content and water chemistry, and where 

necessary precautionary measures may be taken to regulate these parameters. This is necessary 
to foresee adverse effect of salinity changes on populations of various animals and plants thriving 

in the ocean or sea. 
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Dredging and Physical Maintenance of the Marine Environment  

The exercise is important to permit wider and conducive space for free access and 
movement of ships, trawlers, ponts, ferry boats, gun boats, canoes and otherwater liners. This 

may involve the establishment of major costal ports and suitable anchor and bathing facilities. 
Physical dredging also enables profitable uses of the coastal territory in many countries together 

with the establishment of various commercial ventures and installation of sophisticated facilities to 

assess customs, import, export and other services carried out in the costal borders. 
Development of ports in most countries therefore enhances the collection of tariffs and 

foreign exchange returns needed for boasting the economy of such countries. Ports establishment 
also facilitates and promote various aspects of maritime services.  

Maintenance of Coastal Topography  
This is an important aspect of management of marine environment in the coastal area of 

most countries. The essence is to design the coastal line in such a way as to install solid 

infrastructure that will support proper establishment of ports and other assess facilities for 
bathing, loading and off-loading of ships and various other maritime vessels along the coast. 

Essentially, there should be technical design and modification of the coast line plus 
construction and the installation of durable service facilities. Furthermore, the coast line may 

require substantial engineering works and ecological modification like scooping of the swamp 

environment, removal of trees and reinforcement of the boundary areas with concrete material. In 
addition, offices may be established along the coast for naval units with coast guards and customs 

clearance facilities installed for monitoring of the coast line and effective maintenance of the 
waters to avoid pollution or contamination, careless dumping of chemicals or waste and other 

negative activities like hijacking of ships or vessels or other security threat along the coast (Ekubo 
and Abowei, 2011). 

Control of Water Weeds and Surface Congestion  

This aspect of management of aquatic environment is concerned with active removal of 
surface vegetation, various types of water weeds, example water hyacinths, water lilies, ferns etc, 

that tend to grow and spread over the surface area of waterbodies, and most especially in the 
coastal area close to swamps and estuaries.  The use of trawlers, harvesters and other vessels 

with equipment mounted for scooping off the vegetation is necessary. This will help sanitize the 

water surface and protect water ways or routes such that various vessels can navigate freely on 
water. In many countries, apart from physical scooping and clearance of surface vegetation, there 

may be selective use of herbicide which is discharged from boats, ships or helicopters to cover 
extensive surface areas where water weeds have spread on the ocean or sea. The herbicides have 

the effect of destroying the various water weeds and may to some extent affect some other 

aquatic plants like phytoplankton and other beneficial aquatic plants; therefore, precautionary 
measures should be taken when applying the herbicides. 

Maritimes Uses and Regulations  
This refers to the commercial trading and business operations that are designed to exploit 

the oceans, seas and large water bodies for international trade, travel, naval operations and other 
such purposes. Essentially, it starts with the establishment of defined water ways, aquatic routes 

and aqua-lines for regular movements of vessels that transport cargoes, equipment and 

machinery, as well as passengers of various categories. 
Further maritime uses involve the development of coastal ports and other commercial 

agencies for promoting trade between countries. These ports have facilities for handling exports 
and imports, and for the storage of various forms of cargo, equipment, vehicles and machineries. 

It should be noted that maritime trade and haulage enables massive movement of goods and 

materials, including oil and gas products from one place to another as compared with land 
movement or air transportation.  

In addition, customs operations involved in the collection of tariff and other taxation in the 
coastal areas are normally stationed with the Port authority in each country, and they are known 

to generate a lot of revenues that helps to sustain the economy of a country.  Other essential 
provisions associated with maritime development and regulation include establishment of 
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emergency operational and naval surveillance outfits, and the provision of rescue vessels at 

various ports and in the coastal areas of many countries for safety and security purposes. 
Water Processing, Recycling and Resource Exploitation 

This aspect of management of aquatic environment deals with the different ways of 
harnessing water from oceans, seas and fresh water bodiesfor domestic, commercial, industrial 

and other services. Substantial water volume into reduce the salt content and make it suitable for 

consumption and other purposes in different institutions and commercial centers. 
Furthermore, proper study and exploration of the massive water bodies using highly 

specialized vessels, gargets and other facilities for video, photography and other forms of access 
techniques for revealing organisms and other resources available in the deeper layers of marine 

environment is necessary. Available resources such as different types of plants, animals and 
minerals are consequently sampled and exploited. For example, the drilling of crude oil, gas and 

other available resources from the bottom layers of oceans and seas has provided one of the most 

lucrative economic ventures for most developing and advanced countries. 
Drainage and Reticulation of Water for Irrigation  

Inland fresh water bodies especially rivers and streams may be subjected to engineering 
construction activities to facilitate water flow, and to provide for tributaries that may supply water 

to neighboring agricultural territory. Also to facilitate water utilization, specialized construction and 

designed works may be done in lakes and rivers for water recycling and piping of substantial 
volume of water under pressure to reach distance locations. Furthermore, irrigation equipments 

may also be installed at different distances from water banks and edges of lake to help distribute 
steady water supply for agriculture and other purposes. This concept is fundamental to 

development of river basins and Aquarian farming practices.  
Damning of Rivers for Hydroelectricity and Other Purpose  

This is applicable for fresh water bodies especially fast flowing rivers like River Niger, Volta 

River and Nile River and other such rivers in various countries of the world. Special dams have 
been constructed in various countries along the route of water flow to facilitate the force of the 

water flow.  As overflows the dam, the force of the water fall can generate electrical energy that is 
subsequently exploited for improved power supply. Major hydroelectricity power projects 

therefore, exists in many countries taking advantage of water pressure and the natural flow of 

water from big inland rivers. It should be noted that dam construction requires major economic 
investment and can be capital intensive on the onset. However, the potential benefits derivable 

from this project can be veryimmense especially as it provides a cheap and natural source of 
power supply for many developing countries. 

Fish Farming and Other Economic Uses of Fresh Water Bodies  

This is perhaps the most common aspect of management and exploitation of fresh water 
bodies, which also include other allied projects like artificial and local fish ponds constructed in the 

neighboring rivers and lakes for active fish farming. Generally speaking, many rivers, streams and 
lakes are used for small and large scale fish farming for commercial purposes. Furthermore, many 

natural fresh water bodies have been developed to serve as aquaculture for the breeding of 
various fresh water related products like shrimps, crabs, snails, and aquatic breeding of vegetables 

that thrive in riverine areas. 

Management of Aerial Environment  
Aerial environment comprises essentially the atmospheric environment and consists of the 

gaseous space in which plants, animals and various forms of microorganisms thrive. The 
atmospheric space, because of its peculiar gaseous nature offers various forms of challenges in 

form of effective management, exploitation and economic uses. Proper management of 

atmospheric environment however can be beneficial and supportive to human and animal 
population. Consequently, various methods and strategies are available for the effective 

management of aerial environment. 
Meteorological Studies and Atmospheric Monitoring 

These are fundamental practices associated with studies of the environment and 
adaptation to environmental changes in different climates and geographical zones. Meteorological 

studies will include measurement of air, temperature, wind movement, rainfall, humidity indices in 
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different locations and habitats. Other studies in this regard are those concerning the clouds, 

thunderstorm, seasonal drips in air movement and other meteorological indices like pattern of 
sunshine, heat transmission and drought (dryness). Based on cumulative data and the interplay of 

the various environmental factors, it is possible to make weather forecast for successive days in 
various ecological locations, geographical zones, cities and communities. Such weather forecast 

and seasonal atmospheric projections are today recognized as important and essential factors for 

planning events and activities on daily basis or on a short, medium or long term basis. 
Noise and Sound Pollution Management  

This is another important aspect of environmental pollution and it is of global relevance 
and certainly of distinct nature from other forms of aerial contaminations by chemical, dust, smoke 

or other forms of pollutants. Excessive noise or sound emission travels through the air at great 
speed and, may impact heavily on the senses and stability of man and other animal; for most 

animals, excessive sound may destabilize the the nervous system and other comportments, and 

create confusion with practical complications. Consequently, there is great need to regulate and 
control noise pollution arising from explosions, excessive sound from mega phones, vehicles sirens 

or other forms of noise from machines. To this end, there are specific environmental protection 
laws forbidding the detonation of explosives or dynamites, bombs or other such devices as well as 

the blaring of horns, microphones and vehicles horns within close range of human and animal 

settlements and close to sensitive governmental and other establishment like court premises, 
hospitals and mental houses or government assembly areas etc. The essence is to minimize 

distractions and other destabilizing and unhealthy factors that may result from the excessive noise 
generation (pollution). 

Planning and Regulation of Canopies and Shade  
This is an essential and common aspect of management of the aerial environment. It 

involves construction and installation of infrastructure and natural forms of canopies intended to 

provide shelter and shades from direct impact of the sun and heat, as well as protection from 
rainfall and other such natural phenomenon, for example, the construction of outdoor 

infrastructure as is the case of sport stadia, market centers and large warehouse etc. Such 
structures also provide sitting accommodation or business space with adequate ventilation for 

human and animal activities. Similarly, various sizes of artificial canopies are available for use for 

outdoor functions and ceremonies to provide shelter for large population. These measures take 
advantage of environmental space and provide conducive outdoor settings for various activities. 

Similarly, various plants are selected and arranged to provide canopies and shades especially 
some fruit trees and other spreading varieties, their branches forming an umbrella structure in 

open outdoor areas. Such trees may be trimmed and maintained in open fields in many 

institutions or along the routes of busy urban settlements such that persons may gather to take 
some rest under the shade of such trees; also outdoor resting or relaxation spots may be provided 

at the base of such canopy tress. This usually forms part of the design in special lay-out, 
recreational parks and in semi-urban settlements. 

Establishment and Management of Air Space Facilities  
Here we take account of facilities that are potentially available for exploitation of air 

space. This may include the use of satellite facility for telecommunication, air waves for radio and 

television communication and other related benefits, aeronautical engineering, geotechnical and 
geographical surveys and various forms of air based feasibility studies for obtaining digital data 

covering vast extension of land and water. 
Uses and Maintenance of Airways and Other Air Transport System 

This aspect of management of the aerial environment focuses on establishment of air 

ways and airlines industry and various other forms of air transport activities. Air ways 
establishment requires construction of airport and the operation various forms and sizes of airlines 

and aircraft for passenger transportation, cargo and commercial goods movement, equipment 
haulage and for security surveillance activities. Military aircrafts operated by air force authority in 

various countries may also function for training purposes and for defense and or offense as may 
be required.  

Use of Adaptive Measures for Coping Natural Atmospheric Phenomena 
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Here we are concerned with measures for dealing with wind movements, heavy sunshine 

and the impact of lightning and thunderstorm. Some of the adaptive measures may include 
innovations in construction patterns for building and in the planning of layout of buildings in 

urban, semi-urban and rural areas. Other measures include deliberate construction and provision 
of windbreakers, barriers and barricade to check excessive wind movement or the movement of 

flocks of pests like locust and migratory birds etc. Similarly, the arrangement patterns of buildings 

like skyscrapers, high rise buildings, and small buildings may be such as to ensure that the taller 
buildings in the perimeter areas of the city provide windbreakers to checkmate the impact of 

windstorms or hurricane. Also the low level buildings and those in the direct routes of wind 
movements and thunder storm may be provided with thunder protectors at the top to check and 

minimize the impact of lightning and thunder. Furthermore, natural windbreakers may be provided 
through careful arrangement and plantation of Melina, whistling pine trees, rubber plantations, 

and palm trees to checkmate the effects of wind in some locations.  

Problems Militating Against Effective Environmental Management 
Environmental management in many countries is subject to various challenges and 

limitation. These factors could lead to deficiency in the level of success achieved in managing 
environmental resources. Consequently, many nations continue to grapple with challenges of 

climate change and global warming with the attendant impacts on agriculture, socio-economic 

development and environmental sustainability. Developing countries particularly face problems of 
population explosion, pest and vector infestation, and communicable disease control. Other 

challenges include environmental contamination and pollution, degradation and the issue of 
natural disasters which impact not only on developing countries but also developed nations of the 

world. Factors limiting effective environmental management may be traceable to some 
fundamental issues which include among others: 

Lack of Knowledge and Inadequate Appreciation  

Lack of knowledge and inadequate appreciation of the need and essence of environmental 
management could be attributed to limited training of community leaders and other government 

officials normally charged with environmental management functions. These leaders have little or 
no knowledge of environmental resources, their scope and potential contribution if properly 

harnessed. The economic values of the various environmental resources are not appreciated. 

Consequently, forest and arable land are left fallow, animal and fishery resources are not 
developed, and therefore under exploited while basic raw materials derivable from plants and 

animals are left untapped. In some cases, many communities and states lack essential baseline 
data on available resources. Planning are based on limited projections with faulty indices, resulting 

to under exploitation of environmental resources, while some are not exploited at all. This will 

affect the different sectors of the economy which suffer from limited funding needed for 
developmental projects. Overall productivity become very limited and the per capital income 

becomes greatly affected as against the situations in more advanced and industrialized 
economy.There is need for active involvement of community leaders and the people in 

environmental management practices through community enlightenment programs. 
Lack of Executive Capacity and Technical Know-how 

This concerns the inability to achieve effective environmental management due to 

insufficient manpower, equipment, facilities and other key inputs needed for project execution and 
active management of the different environments. Generally speaking, many countries lack skilled 

and unskilled personnel needed to discharge various aspects of environmental management 
functions. The cost of labour and hiring technical and skilled staff may be seen as burdensome. 

Long-term projects in areas of infrastructural, investment, environmental development and 

transportation are inadequately addressed as they are regarded as non-lucrative and capital 
intensive. Also, there may be lack of experts such as Economists, Statisticians, Environmental 

Planners, Surveyors, Pest Control Experts, Engineers as well as Hydrologists, Geologists and 
Aviation Experts needed in various sectors for integrated environmental management 

programmes. Consequently, with limited technical know-how, many countries are unable to 
maximize the benefits of developing the environment, and exploiting the resources to service the 

needs of the populace. 
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Inadequate Funding 

The problem of inadequate funding and poor capital involvement is traceable to the 
limited financial position of many developing countries of the world. In the face of pressing 

challenges, for instance, limited food and water supply, unemployment, population explosion, 
disease impacts and other social problems, limited budgetary provisions are made available to 

service environmental management programmes. Also, the limited budgetary allocations are not 

released as at when due for use in procurement of labour, equipment and facilities for 
implementation of developmental projects. The result may be total neglect of such projects or 

their being executed haphazardly with loss of potential revenue to the state. 
Conclusion 

Effective management of the three broad types of environments results to improved 
health care services, provision of social amenities, human development and capacity building, 

establishment of industries and job creation, as well as protection and preservation of the living 

environment to prevent degradation. Limited funding, lack of knowledge and technical know-how, 
and lack of executive power have militated against this programme in developing countries. A 

progressive and knowledge driven economy in any country may be built proper understanding of 
the environment and purposeful exploitation of the available resources. The overall consequencies 

are socio-economic development, improved standard of living and environmental sustainability.    
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Chapter 42  

Assessment of the Implementation of the Environmental 

Management Plan of the Gurara Multi-Purpose Dam in Nigeria 
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Abstract 
Despite the credibility of EIA in predicting and mitigating environmental impact of development 
projects like dam, Gurara dam has continues to cause environmental degradation. This study 
assessed the implementation of the Environmental Management Plan (EMP) of the Gurara Dam in 
Kaduna State Nigeria. The objectives of the study are to assess the implementation of mitigation 
measures for: air quality deterioration; noise and vibration and changes in hydrological patterns 
and water quality. To achieve the objectives, the EIA report of Gurara Multipurpose Dam Project 
was reviewed to identify the predicted impact and mitigation measures in the EIA report. Then 
field survey was conducted to evaluate the implementation using questionnaire survey, 
observation, interview, and focus   group discussion. This study selected five hundred (500) 
respondents for household questionnaire administration and twenty-three participants for Focused 
Group Discussion and interview using purposive, systematic and panel sampling techniques.  Data 
collected were analsyed using descriptive statistics frequency distribution tables, percentage, 
mean standard deviation and Coefficient of Variation. Results showed that  three hundred and 
twenty-nine (329) respondents representing 65.8% agreed that the enlisted mitigation measures 
to prevent air pollution were implemented; two hundred and eight respondents representing 
41.65% agreed that the enlisted mitigation measures to prevent noise and vibration were 
implemented and that one hundred and seventy-six respondents representing 35.1% agreed that 
the enlisted mitigation measures to prevent changes in hydrological patterns and water quality 
were implemented. It was concluded that the implementation of the outlined mitigation measures 
in the Gurara dam EIA report fall short of the arrangement in the Environmental Management 
Plan. It was recommended among other things that stakeholders should play their roles properly 
to ensure that mitigation measures in the Gurara are well implemented. 
Keyword: EIA, Environmental Management Plan, Mitigation Measures, implementation, Gurara 

Dam  
 
Introduction 

           Development has for a long time focused on whether the initiative was economically and 
technically feasible. Thus, development projects increased pressure on the environment due to 

their lack of concern for the environment. However, development and environment are no longer 
separate concepts due to the continued rise of interest in sustainable development of land and its 

valuable resources. This thought was brought first time in the Brundtland report by the World 
Commission on Environment and Development. In the report efforts were made to integrate the 

environmental aspects with the developmental issues (Bruhn and Eklund, 2002), so to bring 

environment and development together new legislative and technical tool called EIA 
(Environmental Impact Assessment) was introduced at national and international levels. 

Environmental Impact Assessment (EIA) provides assistance to make the decisions for sustainable 
development. In this approach information about environmental impacts of a proposed project is 

assessed and consideration will be made by the decision makers (stakeholders) to determine 

whether the project should proceed or not. The environmental impacts are seen in a very 
systematic way of different steps such as screening, scoping, consideration of alternatives, 

description of environmental baselines, identification, prediction and evaluation of impacts, public 
consultation, mitigation and monitoring of impacts, presentation, documentation and review and 

decision-making.  
           An essential part of EIA report is the Environmental Management Plan (EMP). Republic of 

Serbia FERP (2015) stated that the main purpose of EMP is to serve as a valuable tool for 
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identifying possible key environmental and social impacts that will result from the project and 

proposing mitigation measures to address the most significant impacts. The EMP also provides the 
responsibilities of different parties involved in the project implementation. Similarly, Morgan 

(2012) explained that an Environmental Management Plan (EMP) is a living document that must 
consider predicted impacts to the environment, monitoring data and programs, and means for 

compliance (present and future) to applicable guidelines and regulations.  
Once construction and operations commence, monitoring is an integral part of evaluating 

the effectiveness of the plan and planning process. Monitoring and analysis of monitoring results 

then allows for adaptive management of the site and adjustment of management plans or 
mitigation measures to reduce or eliminate potential impacts.  

The objective of the EMP is to set out clearly the as key components of environmental and 
social management for the project. The EMP includes measures for waste management and 

disposal, noise abatement, maintenance, emergency response planning as well as monitoring and 

informing public on the environmental and safety impacts of the project. The purpose of 
environmental management planning is to consider and develop proper measures and controls to 

decrease the potential for environmental degradation during all phases of the Project, and to 
provide clearly defined action plans and emergency response procedures to account for human 

and environmental health and safety. 

Mitigation measures to be incorporated in the project execution for the effective 
management of water resources include but not limited to minimum disturbance of the top soil 

including the vegetation and consolidation of the disturbed earth to original undisturbed state 
(Habibullah and Andre, 2012)). ‗Environmental Management Plan (EMP) is a key component of 

Environmental Impact Statement (EIS) where identified potential environmental and social impacts 
of a proposed project and their proposed remedies are documented‘ 

This scientific tool (EIA) has been applied for comprehensive development projects such as 

dams in Nigeria and the Gurara Dam in particular. However, the performance of Environmental 
Impact Assessment (EIA) has become a common feature in environmental management debates 

among scholars, practitioners, Non-Governmental Organizations (NGOs) and the government 
agencies in Nigeria. EIA is globally recognized and credit as sustainable approach that predict and 

mitigate development impact.  Despite the credibility of EIA in predicting and mitigating 

environmental impact of development projects like dam, the country continues to experience 
monumental environmental degradation (Agbazue and Ehiemobi, 2016). Construction activities, 

including the diversion of the river through a tunnel, have continued to cause adverse impacts on 
the aquatic ecosystem and the general water quality.  

This prompted Alhmed (2016) to evaluate the impact of Gurara dam on soil and water 

quality within the catchment which found a significant difference in soil quality in terms of nitrate, 
sulphate, phosphate, chloride and organic matter between the study soil samples and EIA baseline 

data. And all surface water quality parameters vary between the EIA and the study surface water 
quality. As a result, Ahmed (2016) concluded that dam have significant negative impacts on soil 

and water quality as some soil and water quality parameters had been altered significantly after 
dam construction. Thus, the study recommended among other things the implementation of the 

environmental management plan listed in the EIA. Therefore, the present study emanated from 

the findings and recommendation of Ahmed (2016), as it proposed to assess the implementation 
of the Environmental Management Plan of the Gurara Multi-Purpose Dam in Kaduna State Nigeria. 

 Moreover, several researches have been carried on Nigeria EIA Act of 1992 and its 
performance as a tool for sustainable development and findings has been made. The origin, 

objectives process of EIA in Nigeria is well documented (Federal Ministry of Solid Mineral 

Development, 2004; Nwafor, 2006, Agbazue and Ehiemobi, 2016). 
Nwoko (2013) observed that prior to the enactment of the EIA Act 86 of 1992 in Nigeria, 

project appraisals were limited predominantly to feasibility studies and economic cost benefit 
analysis and that most of the appraisals did not take environmental costs, public opinion, social 

and environmental impacts of development into consideration. Similarly, Ortolano and Shepherd 
(2012) observed that the appetites of large infrastructure agencies in charge of water resources 

projects, highways and energy facilities appeared to be unquenchable and the mission statements 
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of those agencies did not force them to account for the adverse environmental impacts of their 

actions. Though, recognition and application is on the increase, the status of EIA implementation 
in dam projects in particular makes it difficult to evaluate the EIA implementation and its 

improvement. Agbazue and Ehiemobi (2016) doubted the functionality of EIA in Nigeria when they 
stated that ―it has been over 20 years since the EIA Act was promulgated in Nigeria but one 

wonders if EIA process has become more effective than the period prior to 1992‖.  EIA has been 

noted to have many challenges and shortcomings, Agbazue and Ehiemobi (2016) stated that the 
challenges of EIA are assessed based on compliance, responsiveness and the efficiency of the 

process. It starts with the extent to which developmental activities that require EIA‘s are actually 
subjected to this process before their commencement. 

Caucasus Environmental NGO Network (CENN, 2004) Noted that co-ordination between 
the parties to the EIA process in Azerbaijan is the weakest point of EIA practice in the country, to 

which there are a number of possible reasons. Thus, not all the potential participants of EIAs are 

systematically involved in this process, partly due to the lack of information made available during 
the public information campaigns held in each particular case. Co-ordination with investors is 

sometimes difficult due to the low levels of their activities with regard to participation in EIAs, and 
donor organisations are also viewed as often having low interest in financing EIAs and relevant 

activities, despite their often active participation in increasing public awareness of the EIA process.  

Olubunmi and Olufemi (2013) identified shortcomings of EIA to include (i) delay in the 
execution of EIA in Nigeria due to the inadequacies and misinterpretations of various regulatory 

statutes (ii) There is duplication of functions and overlapping responsibilities in processes and 
procedures guiding the execution of the various impact assessment tasks due to too many 

regulatory bodies (FME NESREA, NOSDRA, DPR, states EBP) and (iii) Absence of effective 
Sanctions. 

Among the factors that are believed to be significantly influencing the effectiveness of EIA 

are weak institutional framework, inadequate legislative framework, omission of stages in the EIA 
process, quality of EIA reports as well as the ineffectiveness of implementation and follow-up of 

EIA recommendations (Sileshi, 2016). Although, Nwafor (2006) has lamented that EIA is poorly 
conducted and its environmental management plan is usually not well implemented to reduce the 

impact. However, ‗no research‘ has been conducted on the implementation of environmental 

management plan of the Gurara Multi-Purpose Dam. This study in bite to bridge this gap, promote 
EIA as a tool for sustainable development, intends to assess the implementation of Environmental 

Management Plan of the Gurara Multi-Purpose Dam in Kaduna State Nigeria. The objectives of the 
study are to assess the implementation of mitigation measures for: air quality deterioration; noise 

and vibration and changes in hydrological patterns and water quality 

Methodology 
The area under study is Gurara Dam Project, the entire project area cuts across Kachia and 

Kagarko Local Government Areas (LGAs) in Kaduna State and Bwari Area Council of Nigeria‘s FCT, 
of approximately 150 km2 with the pipeline route inclusive ( Figure 1). The Gurara dam, and 2000 

hectares irrigation pilot perimeters fall within Latitude 090:32‘N to 090:48‘N and Longitude 
070:29‘E and 070:49‘E. The Pipeline takes its route from the upper Gurara dam in Kachia Local 

Government Area (LGA) of Kaduna State, traverses Kagarko LGA of Kaduna State and Bwari Area 

Council of FCT to Lower Usuma Dam with a corridor 60m wide and 75km in length (Environmental 
Impact Assessment (EIA) Report of the Gurara Multipurpose Dam Project, 2004). 

The main project area falls within the same climatic conditions as Kaduna State. The area 
experiences a typical tropical continental climate with distinct seasonal regimes, oscillating 

between cool to hot dry and humid to wet. These two seasons reflect the influences of tropical 

continental and equatorial maritime air masses which sweep over the entire country. The mean 
annual temperature is about 35.4 oC (NIMET).Total annual rainfall for the project area over the 15 

year period ranges between 849 mm to 1564 mm with a duration of rainy season spanning over 
five to seven months, from April – October. The dry season sets in from early November till March 

with no trace of rainfall at all.  The mean monthly relative humidity is highest in August with 82%, 
corresponding to the same period of highest rainfall. EIA Report of the Gurara Multipurpose Dam 

Project shows that the main hydrological system in this area is the Gurara River system. The 
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major tributary of the Gurara River is the River Usuma which together with its tributaries drains 

the FCT into the Gurara River. 
 

 

Figure 3.1: Project Location 

Source: Gurara Water Management Agency- Federal Ministry of Water Resources  
This study used a combination of methods: literature review; reviewing the EIA reports of 

Gurara Multipurpose Dam Project and other relevant documents; the EIA report of Gurara 
Multipurpose Dam Project was reviewed to identify both the impact mitigation measures, in the 

environmental management plan in the EIA report. Then field survey was conducted to evaluate 

the level of their implementation using questionnaire survey, observation, interview, and focus   
group discussion. Environmental mitigation measures in the Gurara Dam EIA Report were used as 

checklist to evaluate its implementation. 
This study selected five hundred (500) respondents for household questionnaire 

administration and twenty-three participants for Focused Group Discussion using purposive, 

systematic and panel sampling techniques. Purposive sampling technique was used to select ten 
(10) affected communities namely: Kadah, Akama, Igo, Doka, Peyi Jigo, Yelwa, Doupe, Pena and 

New Akwana for household survey.  The selection of these ten (10) communities out of twenty-six 
(26) affected communities in Kagarko and Kachia Local Government of Kaduna State were based 

on degree of impact in the communities. For representativeness, sampling considered the 
household spatiality. Thus, systematic sampling technique a probability sampling method was used 

to select households sampled. As a result, three household intervals was use in household 

selection. Panel sampling technique was employed to select participants for Focus Group 
Discussion. The panel selection relied on the EIA attendance list as a guide to consult 
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representative of stakeholders. Data was analysed using frequency distribution tables, percentage, 

mean and standard deviation and Coefficient of Variation. 
Result 

Implementation of Mitigation Measures for Air Quality Deterioration   
Table 1 presents the implementation of mitigation measures for air quality deterioration.  

Table 1: Implementation of Mitigation Measures for Air Quality Deterioration 

Question Which of the following mitigation measures were implemented? Freque

ncy 

% 

      

 Irrigate soil surface before commencing land preparation activities 97 19.4 

 Ensure adequate maintenance of equipment, machineries and 

vehicles 

423 84.6 

 Train workers on proper operation and use of machineries 343 68.6 

 Emissions from generators shall pass through exhausts allow aerial 

dispersion 

453 90.6 

 Mean 329 65.8 

 Standard Deviation 139.84  

 Coefficient of Variation 98  

 
Table1 presents the scores on the implementation of mitigation measures to prevent air 

quality deterioration due to dam construction and operation. It shows that on average three 
hundred and twenty-nine (329) respondents representing 65.8% agreed that the enlisted 

mitigation measures to prevent air pollution were implemented. This reveals fair implementation of 
measures to prevent air pollution. However, the standard deviation and coefficient of variation 

being ± 139.84 and 98% respectively shows disparity in the implementation.  Thus, some 

mitigation measures were implemented more than others. For examples mitigation measure such 
as ‗irrigate soil surface before commencing land preparation activities‘ had only 97 

frequencies(19.4%) while mitigation measure such as ‗emissions from generators shall pass 
through exhausts allow to aerial dispersion‘ had 453 frequencies (90.6%). 

At the course of focus group discussion, participant agreed that measure to mitigate air 

pollution were well implemented. However, possible air pollution was largely attributed to the 
economic activities and increase transportation in the areas. Participant also agreed that the dam 

project has the potential to negatively impact air quality through the release of greenhouse gases 
from aerobic and anaerobic decomposition of biomass, organic matter of the drainage basin, 

phytoplankton life and use of fossil fuels.    
Implementation of Mitigation Measures for Noise and Vibration 

Table 2 present the implementation of mitigation measures for noise and vibration 

Table 2: Implementation of Mitigation Measures for Noise and Vibration 

Question Which of the following mitigation measures for noise and 

vibration were implemented? 

Freq. % 

 Fit equipment and machineries with adequate sound insulation 67 13.4 
 Use of the quietest practical type of vehicles and equipment 55 11 

 Restriction of all noise generating activities to working hours 312 62.4 

 Ensure adequate maintenance of equipment, machineries and 

vehicles 

399 79.8 

 Mean 208 41.65 

 Standard Deviation 150.49  

 Coefficient of Variation 97  
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Table 2 presents the frequency of respondents that agreed on the implementation of 
mitigation measures to prevent noise and vibration due to dam construction and operation. It 

shows that on average, two hundred and eight respondents representing 41.65% agreed that the 
enlisted mitigation measures to prevent noise and vibration were implemented. However, the 

standard deviation and coefficient of variation being ±150.49 and 97% respectively indicate that 

some measures were implemented more than others. For instance, 67 respondents representing 
(13.4%)  and 55 respondents (11%) respectively ticked that mitigation measures ‗fit equipment 

and machineries with adequate sound insulation‘ and ‗use of the quietest practical type of vehicles 
and equipment‘ were implemented. Whereas, mitigation measures such as Restriction of all noise 

generating activities to working hours and ‗ensure adequate maintenance of equipment, 
machineries and vehicles‘ were ticked by  312 respondents (62.4%) and 399 respondents (79.8%) 

respectively. 

During focus group discussion with dam management board, participants explained that 
noise and vibration were reduced to the highest minimal during construction and operation. The 

proponent representative explained that dam construction and operation is impossible with 
generating noise and vibration. Participants pointed out that many that were resettled to avoid the 

effects of such unavoidable impacts relocated back to the buffered zone, thereby, exposing 

themselves to the adverse effects of the dam operation. In this vein, the local community 
members explained that majority of the new settlers within the buffer zone are strangers attracted 

by some infrastructural development facilities like road, hospital, telecommunication and borehole 
that followed the dam.  

Implementation of Mitigation Measures for Changes in Hydrological Patterns and Water  
Quality. 

Table 3 presents the implementation of mitigation measures for changes in hydrological patterns 

and water quality. 
Table 3: Implementation of Mitigation Measures for Changes in Hydrological Patterns and Water 

Quality 

Which of the following Mitigation Measures for Changes in 

Hydrological Patterns and Water Quality were implemented? 

Frequency % 

Prepare and implement water release management plan 287 57.4 

Prepare and implement watershed management plan 123 24.6 

Protection of natural vegetation in the watershed 88 17.6 

Carry out occasional draw down of reservoir water level 134 26.8 

Collaborate with farmers on effective use of agro-chemicals and erosion  287 57.4 

Ensure periodic safety inspections of all pipes 134 26.8 

Mean 176 35.1 

Standard Deviation 80.33  

Coefficient of Variation 67  

 

Table 3 presents the affirmations of options by respondents on the implementation of mitigation 

measures to prevent changes in hydrological patterns and water quality due to dam construction 
and operation. It shows that on average, one hundred and seventy-six respondents representing 

35.1% agreed that the enlisted mitigation measures to prevent changes in hydrological patterns 
and water quality were implemented. However, the standard deviation and coefficient of variation 

being ±80.33 and 67% respectively indicate that some measures were implemented more than 

others.  
The low percentage of respondents that agreed on the implementation of the enlisted 

mitigation measures to prevent changes in hydrological patterns and water quality may be due to 
obvious alteration of hydrological patterns and water quality. Ahmed (2014) found a significant 
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difference between the water quality of EIA base line data and water samples collected at the 

same spots in the year 2014.  
Focus group discussion with the dam management board shows that mainly engineering 

aspects were implemented. Example ‗prepares and implement water release management plan‘. 
Participants explained that ‗the Dam design includes the addition of a 1km ogee spillway and a 

bottom outlet designed to primarily manage the river and in particular to assure the safety of the 

project in the occurrence of the river floods. The dam is also designed to release water to 
downstream river to prevent water shortage and drought especially for down river water users 

through the spillway and bottom outlet. In addition, the design is such that the water used to turn 
the turbines for hydropower generation is released into the downstream river to ensure constant 

and all year round water release downstream‘.  
Conclusion/Recommendations  

The implementation of the outlined mitigation measures in the Gurara dam EIA report is not 

in tune with the arrangement in the Environmental  Management Plan. These have given room to 
adverse environmental and social impacts. The data from the survey showed that three hundred 

and twenty-nine (329) respondents representing 65.8% agreed that the enlisted mitigation 
measures to prevent air pollution were implemented; two hundred and eight respondents 

representing 41.65% agreed that the enlisted mitigation measures to prevent noise and vibration 

were implemented and that one hundred and seventy-six respondents representing 35.1% agreed 
that the enlisted mitigation measures to prevent changes in hydrological patterns and water 

quality were implemented. Thus, the implementation of Environmental Management Plan of 
Gurara Multi -purpose Dam is poor to moderate. 

The study recommended based on the findings as follows: 
i. The dam stakeholders should carry out post impact assessment of the Grurara dam 

project.  

ii. All measures outlined to mitigate the negative impacts of the dam project should be 
implemented by the dam management board.  

iii. Monitoring of the of implementation should be consistent and any shortcoming of 
agencies responsible for implementation should be punished adequately.  

iv. Project Affected Persons should have access to and good knowledge of the EIA and its 

management plan to be able report defaulters properly. 
 

References 

Agbazue, V.E and Ehiemobi, M.C.(2016). the Challenges of the Environmental Impact Assessment 

Practice in Nigeria. Centre for Environmental Management and Control (CEMAC) University 
of Nigeria, Enugu Campus. 

Alhmed  Y .B. (2016) Evaluation of the impact of Gurara dam on the soil and water quality  
of the catchment area. Unpublsihed M.Sc Thesis,Nasarawa State University,Keffi– Nigeria. 

Bruhn Fand EklundC, (2002). Trends in the small-scale mining of precious minerals in  
Ghana:a perspective on its environmental impact.J. of Cleaner Production 11,131–140  

Environmental Impact Assessment (EIA) Report of the Gurara Multipurpose Dam Project,  

 2004) 
Federal Ministry of Solid Materials Development(2004). Breaking New Ground: Mining,  

Minerals and Sustainable Development. International Institute for Environment and 
Development. 

Morgan RK. (2012) Environmental impact assessment: the state of the art. Impact Assessment 
and Project Appraisal, 30(1), 5-14. 

Nwafor, J.C. (2006). An Assessment of river fish populations in response to Rainfall Distribution     

and Agricultural patterns of River State and fish communities Planning. Ann Arabor, MI 
publishing, Michigan.Journal of African Studies.Retrieved Nov 18 2014. 

Nwoko Chris O. (2013). Evaluation of Environmental Impact Assessment System in Nigeria. 
Greener Journal of Environmental Management and Public Safety Vol. 2 (1), pp. 022-031, 

Retrieved 24-6- 2017 at www.gjournals.org. 

http://www.gjournals.org/


Our Changing Environment and Development edited by Jacinta A. Opara 
Metropolitan International University Press. ISBN 978-9970-9670-0-1(print);978-9970-9670-1-8(online) 

~ 392 ~ 

 
 

Olubunmi O and Olufemi B. (2013). Contemporary Environmental Impact Assessment Issues in 
Nigeria. Kwara State University Malete, College of Pure and Applied Science, Department 
of Geology and Mineral Science. 

Ortolano L and Shepherd A (2015). Environmental impact assessment: challenges and 
opportunities. Impact Assessment, 13, 3-30.  

Republic of Serbia-Floods Emergency and Recovery Project (FERP,2015). Environmental 

Management Plan (EMP) for Flood Protection of Negotin area: Including reconstruction of 
protective system in Radujevac – embankment construction works (2,7km). Draft 
Document 01 B E L G R A D E. 

Sileshi A. F. (2011) Evaluation of the Implementation of Environmental Impact Assessment in Dam 

Projects: The Case of Ribb and Dire Dams. Unpublished Master of Science in 
Environmental Science Thesis, School of Graduate Studies of Addis Ababa University  

 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 
 

 



Our Changing Environment and Development edited by Jacinta A. Opara 
Metropolitan International University Press. ISBN 978-9970-9670-0-1(print);978-9970-9670-1-8(online) 

~ 393 ~ 

 
 

Chapter 43 
Isolation of Fungi Population in Commercially                                                 

Smoked Fishes from Markets in Ado Metropolis 
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Abstract 
This study was embarked upon to provide more detailed reports on the presence and different 
types of fungal agents isolated from fish consumed in markets in Ado metropolis to ascertain the 
safety for consumption. Samples of selected smoked fish was obtained from thethree (3) major 
market locations in Ado Ekiti. And were analyzed to determine their fungi infestion. The selected 
smoked fish samples examined were Catfish Clariasgaripenus (Aro), Herring Clupea harengus 
(―Sawa‖), Trachurustrachurus (―Kote‖) and Sphyraena barracuda (―Panla‖). The examined fish 
samples that were obtained was contaminated with some fungi species. Fungi were detected in 21 
of the 24 smoked fish samples from the three (3) markets surveyed with isolation rates ranging 
from 69.6% to 86.8%.  Different fungi isolate was recorded from 23 positive samples. Aspergillus 
(29.3), Mucor (20.7%), Penicillium (18.2%) and Rhizopus (15.8%) were the dominant fungi 
detected, while Fusarium (9.1%) and Candida (6.9%) occurred less frequently. From this report it 
is noticed that fungi infestation was prominent in fishes smoked across all market. This could be 
attributed to poor handling of the processor and the attitudes of the market sellers. 
Keywords: Fish, Fungi, Market, Ado Metropolis 
 

Introduction 

Fish is an important source of food and income to many people in the developing world. 
Fish have rich source of essential nutrients required for supplementing both infant and adult diets 

(Abdullahi et al., 2001).  Fish supplies a good balance of protein, vitamins and minerals with a 
relative 10% calories content (Akande and Tobor, 1992).  Fish and fisheries products are the most 

important nutritious food all over the world which represents about 15-20% of all animal protein 
on a global basis. Fish smoking is one of the traditional processing methods aimed at preventing 

or reducing post-harvest losses. Fish is a highly perishable product due to its high susceptibility to 

autolysis, oxidation and hydrolysis of fats and microbial spoilage. The post-harvest methods of 
preserving fish include refrigeration (4ºC) and freezing which is effective when such fish is 

conditioned to a temperature of -10ºC. Other methods frequently employed include sun drying 
and smoke drying all associated with increased germicidal action with increasing temperature. Fish 

is one of the most important animal proteins available in the tropics, and it represents about 14% 

of all animal proteins in a global basis. In Nigeria, the demand for fish consumption is increasing 
due primarily to health benefits of eating fish and secondarily to increase in human population and 

the rinderpest disaster and drought bane which reduce the availability and affordability of red 
meat (cattle, sheep and goat) (Al-Harbi and Uddin, 2005). 

But the nutritional value of fish mostly depends on the freshness of fish and absence of 
microorganism. Smoked fish are well accepted food items in our country but have not practiced in 

all the regions of Nigeria. Smoking is the method of fish preservation effected by a combination of 

drying and deposition of naturally produced chemicals resulting from the thermal breakdown of 
wood (Smoldering/smoke production). Smoking gives the product a desirable colour, taste and 

odour, a longer shelf-life through its anti-bacterial and oxidative effect, lowering of pH and acts as 
antagonist to spoilage. The smoked fish products have gained a popular market at commercial 

basis due to its attractive colour, flavour and aroma. Smoking of fish is generally done in two 

methods-cold smoking and hot smoking. Cold smoking is generally done in 30°-40°C and hot 
smoking in 80°-90°C temperature. 

Fungi have a worldwide distribution, and grow in a wide range of habitats, including 
extreme environments such as deserts or areas with high salt concentrations (Vaupotic et al., 
2008) or ionizing radiation (Dadachova et al.,2007), as well as in deep sea sediments 
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(Raghukumar and Raghukumar, 1998). Some can survive the intense UV and cosmic radiation 

encountered during space travel (Sancho et al., 2007).  Among the commonest different fungi 
found to be associated with smoked fish samples in Nigeria are Aspergillus flavus, A. terens, A. 

fumigatus, A. niger, Mucor sp., Cladosporium sp., Penicillium sp., Candida tropicalis and Fusarium 
moniliformis (Adebayo-Tayo et al., 2008 and Fafioye et al., 2002).  Moulds may be present without 

producing any toxin (Bennett and Klich, 2003), but the presence of toxigenic fungi increases the 

risk for mycotoxin production. Several fungal agents associated with the contamination of smoked 
and smoke-dried fishes, such as Aspergillus, Penicillum, Zygomycetes and yeasts are known to be 

opportunistic pathogens causing varying degrees of health problems to both animals and man. 
Swaminathan and Sparling reported that numerous pathogenic agents isolated from different 

types of fish were toxigenic, and their toxins retained in fish flesh even after salting and storage 
periods which causes serious systemic dysfunctions and public health hazards. Corroborating the 

report of Swaminathan and Sparling, Tournas et al pointed out that most mycotoxins are stable 

compounds that are not destroyed during food processing or home cooking, and several cases of 
human gastroenteritis, severe diarrhoea and food poisoning outbreaks have been recorded after 

smoked fish consumption.Smoked dried fishes are common in Ado Markets.  
Despite the numerous reports on the fungal contaminants of smoke-dried fish in Nigeria 

and its public health implications, documented reports and studies on the mycology of smoke-

dried fish in Ado-Ekiti, Ekiti-State is pauce. Thus, the need for this mycological study embarked 
upon to provide more information on the presence and different types of fungal species associated 

with the contamination of smoke-dried fish sold in open markets in Ado-Ekiti, Ekiti-State Nigeria.  
Materials and Method 

Smoke fish samples used in this study were randomly selected and purchased, from from 
Oja Oba, Oja Bisi and Mojere Markets which were the three major fish markets in Ado- Ekiti .A 

total of 25 fish samples was used for the study, and were collected in well-labelled sterile 

polythene bags and transported to the Science Technology Department Laboratory, Federal 
Polytechnic Ado Ekiti for processing and analysis for presence of fungi. 

Isolation and Identification of Fungal Agents 
The fungal isolates were identified based on their macroscopic and microscopic 

characteristics. Mycelia of the isolated fungi were picked on a slide, 2 drops of  lactophenol cotton 

blue was added and covered at angle of 600C with a cover slip fungi isolate were identified based 
on their colonies morphology and microscopic characteristics at magnification of x40 objectives 

lens. The plates were sealed with masking tape to prevent contamination by crawling insects and 
were then incubated at room temperature by placing the inoculated plates on a clean bench in the 

laboratory. The plates were then examined daily for fungal growth for 2 - 3 weeks. 

Data Analysis 
The frequencies and market distributions of fungal isolates were determined using 

proportion and rates. The results were presented in tables and figure. 
RESULTS 

Table 1: Fungi isolated from smoke fish samples obtained from Oja Oba, Oja Bisi and Mojere 
Markets which were the three major fish markets in Ado- Ekiti 
Market Sampled  Number Sampled Number positive % 

Oja Oba 8 8(100%) 

Oja Bisi 8 7(87.5%) 

Mojere 8 6(75%) 

Table 2:Fungi isolated from smoke fish samples obtained at Oja Oba, Oja Irona and Mojere at Ado 
metropolis 

 Markets   

Fungi Isolates Oja Oba  Oja Irona Mojere 

Aspergillus Species + + + 

Mucor Species + + + 

Penicillium Species + + + 

Rhizopus Species + +  

Fusarium Species + +  

Candida Species +   

Keys 
+……………..Present 
_ ………….....Absent 
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Table 3: Frequency of occurrence of fungi isolate from fish samples obtained from the three 

markets in Ado Metropolis 
Fungi Isolates Percentage (%) frequency of isolation 

Aspergillus Species 29.3 

Mucor Species 20.7 

Penicillium Species 18.2 

Rhizopus Species 15.8 

Fusarium Species 9.1 

Candida Species 6.9 

DISCUSSION 
The selected smoked fish samples examined were Catfish Clarias garipenus (Aro), Herring 

Clupea harengus (―Sawa‖), Trachurus trachurus (―Kote‖) and Sphyraena barracuda (―Panla‖). This 

research shows that the majority of the examined fish samples that were obtained was 
contaminated with some fungi species. Different fungi isolate was recorded from 21 positive 

samples out of the 24 samples collected. Aspergillus (29.3), Mucor (20.7%), Penicillium (18.2%) 
and Rhizopus (15.8%) were the dominant fungi detected, while Fusarium (9.1%) and Candida 

(6.9%) occurred less frequently. From this report it is noticed that fungi infestation was prominent 
in fishes smoked across all the three markets.  

Many fungal organisms associated with the contamination of smoke-dried fish sold in 

markets in Nigeria have been reported in different studies. It is evident that smoke drying method 
used in Nigeria requires low capital investment and it is conducted in fishermen camps and fish 

processing centuries in traditional smoking kilns of clay, cement blocks, drums or iron sheets.  
Fish treated this way is prone to contamination with microorganisms such as bacteria and 

fungi. This indicates that spoilage of fish starts right from the aquatic ecosystem. Also poor fish 

handling methods make fish easily prone to microbial attack especially in artisanal fishery due to 
unhygienic methods of reducing temperature. During the smoking period, smoking kilns used are 

usually overloaded and crowed with fish leading to improper processing which in turn encourage 
fungal attack (Eyo et al., 1991; Alfred-Ockiya, 1988). Also during the storage of smoked fish 

products, good storage practices are not adhering by wholesaler hence stores are not well 

ventilated and pest can easily gain access into the stores. 
This results in a very short shelf life of 2 to 4 weeks in market stalls with poor storage 

facilities and low market value as well as inability to withstand handling and transportation by 
retailers (Akande and Tobor, 1992; Fafioye et al., 2008). The conditions that contribute to fungal 

growth are a hot and humid climate, moisture content of 16% and above, favorable substrate 
characteristics and factors that decrease the host‘s immunity such as insect damage (Guarro et al., 

1999; Hawksworth, 2006). The Ado metropolis falls within the hot humid climate of Nigeria which 

provides favorable condition for mould spores to germinate and grow on dry fishes. 
The contamination of smoke-dried fish by many different species of fungi, as observed in 

this study and many other earlier studies, is not surprising because, according to Akande and 
Tobor 1999, the environment where fish are displayed in the market are usually unhygienic and 

could constitute another avenue for microbial contamination, Sani et al. Retailers and sellers 

display the smoke fish samples in open trays beside refuse heaps which encourages fungal attack. 
The fungi isolated in this study are all opportunistic pathogens of medical and veterinary 

importance. The presence of fungi, for example some species of Aspergillus, Penicillium and 
Candida, in foods as contaminants increases the risk for mycotoxins production which could induce 

gastrointestinal and metabolic disturbances when contaminated foods like smoke fish are 
consumed.  Microbial contamination by pathogens may be considered as an important warning 

signal for human consumption. Therefore, important measures need to be taken to train local 

populations in hygienic practice. 
CONCLUSION 

The present study revealed that smoked fish sold in open markets in Ado Metropolis are 
contaminated with different species of fungi which are detrimental to Humans and Animals. The 

high level of fungal contamination in this research can be attributed to poor handling, processing 

and storage.  Food safety should be ensured in handling, preparation, and storage of food in ways 
that prevent foodborne illness to avoid potentially severe health hazards.  
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To prevent the incidence of fish contamination, there is a need to educate the related 

people such as fish processors, handlers, retailers or vendors about the importance of sanitation, 
hygienic measures and good food handling practices. Proper hygienic condition should be 

maintained at every step of culturing, catching, landing and transportation, processing, storing 
and marketing following HACCAP steps for producing good quality of fish and fishery products. 

And this good quality of fish and fishery products can play a significant role in fulfilling the nutrient 

demand of people of the country and earn foreign currency to improve the economic condition of 
the nation rather than cause diseases.  
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