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Environmental Pollution and Associated Health Hazards to Host 
Communities: Nigeria’s Niger Delta Region Experience 

 
Abonyi Nichodemus Nnaemeka 

University of Maiduguri 
 

Abstract 

Nigeria‘s Niger River Delta region supplies it with the economic dynamo which situates it 
firmly in the Comity of Nations and sustains its enviable position in the world map as 
Africa‘s largest economy and the most endowed country of the world. Over the years, this 
natural endowment which expectedly should have enhanced the regional peoples‘ welfare 
(not neglecting other regions though) has unfortunately become their killjoy. To say that 
the Niger Delta is suffering would be such a mild interpretation to the gross disaster which 
has been plaguing not just its human population but other inhabitants–all living creatures–
of all other habitats. This paper focuses on the health hazards associated with 
environmental pollution in the region. It concludes that these hazards can be contained 
through a series of recommendations which include financial confederalism and upward 
review of revenue allocation to the region. 
Keywords: Niger Delta, Health effects, Nigeria, Oil spill, Environmental pollution 

 

Introduction 
The major bulk of Nigeria‘s economic harvest comes from its Niger River Delta 

region no doubt. The core of the harvest according to widespread belief being her vital oil, 
the yardstick for this is not in numerical quantification of the nation‘s mineral resources 

and their locations across the land, but the economic value of each resource when 
measured against others. Nigeria‘s Niger Delta region which is undoubtedly maximally 

endowed with the world‘s most sought-after natural resource has over time become the 

scene of crisis, wars, tears, sorrows and a theatre of blood. Health hazards (which are 
covert and slow in manifestation) from environmental pollution due to oil exploration, 

drilling and associated production activities have cut short many lives and often thrown 
the nation into the darkest sides of global news. This paper is keenly interested in 

discussing the challenges of environmental pollution, health hazards emanating therefrom 

and their consequences on the Niger Delta people, with a view to proffering practical 
solutions (not punitive measures) to saving its people. 

Conceptual Clarifications 
The Niger River Delta 

Once known as the Oil Rivers, Nigeria‘s Niger Delta region is a very densely 
populated region, a major producer of palm oil, which used to be the Oil Rivers 

Protectorate from 1885 until 1893, when after its expansion it became the Niger Coast 

Protectorate. Lying directly on the Gulf of Guinea on the Atlantic Ocean in Nigeria, the 
Niger Delta which used to be historically made up of present-day Bayelsa, Rivers and 

Delta states is today, made up of nine coastal states. In addition to its original three 
states, Abia, Akwa Ibom, Cross River, Edo, Imo and Ondo states were joined by the 

Obasanjo regime in 2000. The federal government of Nigeria‘s current definition states 

that the delta extends over about 70, 000 km2 and makes up 7.5% of the nation‘s land 
mass. The region according to a Catholic Relief Services (CRS) Report for Congress Nigeria 

(2008) finding has about 31 million human inhabitants spread across more than forty 
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ethnic groups. Major ethnic groups of the region include the Ogoni, Bini, Efik, Ibibio, Igbo, 

Anang, Kalabari, Ijaw, Ikwere Yoruba, Isoko, Itsekiri, Ukwuani, Okrika and Oron all 

speaking about 250 different dialects. 
The Niger Delta consists of flat low lying swampy terrain that is criss-crossed by 

meandering and anastomosing streams, rivers and creeks. It is the largest wetland in 
Africa and the third largest in the world. Its equatorial monsoon climate is influenced by 

the south west monsoonal winds maritime tropical (MT) air mass coming from the South 
Atlantic Ocean. The region has a super-endowed ecosystem containing four ecological 

zones: coastal barrier islands, mangrove swamp forests, freshwater swamps, and lowland 

rainforests. These have one of the highest concentrations of biodiversity on the planet, in 
addition to supporting abundant flora and fauna, arable terrain that can sustain a wide 

variety of crops, lumber or agricultural trees, and more species of freshwater fish than any 
ecosystem in West Africa. Two types of forest swamps dominate the vegetation of the 

region: A belt of saline/brackish Mangrove swamp separated from the sea by sand beach 

ridges (this is nearest to the sea), and Fresh water swamps. The latter gradually 
supersede the mangrove on the landward side. It plays host to most of the upstream and 

downstream oil related industries and non-oil related industries that release tons of 
pollutants into the ecosystems. In the area are found numerous sandy islands with fresh 

water vegetation. Owing to its humid, semi-hot equatorial climate temperature ranges are 

small and constant throughout the year. The hottest month records 28°C (82.4°F) and its 
coolest month 26°C (78.8°F) with the temperature range of not more than 2ºC (5 ºF). 

Rain falls throughout the year with a short break in August and a longer break from 
December to January. 

It is noteworthy that the Niger Delta and the South-south geopolitical zone are 
two different entities. (The South-south geo-political zone only has six states of the Niger 

Delta region). Major cities of the region are Port Harcourt (capital of Rivers state), Benin 

City (capital of Edo state), Warri (Delta state), Sapele (Delta state), Eket (Akwa Ibom 
state) and Calabar (Cross River state). 

 
Fig. 1: Political Map of the Niger Delta Area 
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Nigerian National Bureau of Statistics (NBS) 2017 report stated that the oil and 

gas industry in Nigeria accounted for approximately 70% of government revenue and 

more than 90% of its export earnings. Shell Nigeria reports (2017) state that the 
economic contribution from Shell Petroleum Development Company (SPDC) Joint Venture 

(JV) partners to the Nigerian government between 2013-2017 is $23 billion (based on 
average exchange rate between 2013-2017), i.e. N5.31 trillion (based on average 

exchange rate between 2011-2017). 
This is clearly from the Niger Delta. As a result of the discovery of oil in Oloibiri 

(present-day Bayelsa state) in 1956 after half a century of exploration, Nigeria joined the 

team of the world‘s major oil producers in 1958 when its first oil stream of 5,100 bpd was 
produced. Thus, in 1971, the nation joined the Organization of Petroleum Exporting 

Countries (OPEC). With its very rich and unquantifiable endowments, the Niger Delta has 
over the years become the subject of both domestic and international discourse owing to 

the monumental decay and indescribable suffering of its people. This is largely due to 

environmental pollution which could be regarded as one of the worst in comparison with 
similar delta areas globally. 

Environmental Pollution 
Pollutants constitute major threats to both plant and animal life. In man‘s living 

space, health and wellness are often determined by the safety of the environment, often 

affected by their activities. Environmental pollution simply implies issues with pollutants 
that alter the natural course of (and adversely affect) the environment. Pollution occurs in 

various ways which include but are not limited to air, water, land, and noise pollution, etc. 
In Nigeria‘s Niger River Delta region, lives have been endangered and lost in 

unquantifiable numbers due to health hazards emanating from environmental pollution. 
The activities (production and otherwise) in the oil sector which is the predominant 

economic activity of the region daily produce tons of environmental nuisance. And poor 

management of these wastes coupled with neglect for the sanctity of human life and other 
regrettable factors have seen the region clamouring for survival in more ways than one. 

These have become a grave threat to the region. The major persistent environmental 
pollution problems bedeviling the Niger Delta come from two sources: Oil spillage and air 

pollution via gas flaring. 

Oil Spillage 
Out of a total 2.4 million barrels, an estimated 1.89 million barrels of petroleum 

were spilled into the Niger Delta between 1976 and 1996 in 4,835 incidents. (Wikipedia: 
2007) 69% of these spills occurred off-shore, a quarter in the swamps and 6% on land. In 

a Nigerian Medical Journal report by Ordinioha and Brisibe (2013), an average of 240,000 
barrels of crude oil are spilled in the Niger Delta every year, mainly due to unknown 

causes (31.85%), third party activity (20.74%), and mechanical failure (17.04%). The 

spills contaminated the surface water, ground water, ambient air, and crops with 
hydrocarbons, including known carcinogens like polycyclic aromatic hydrocarbons and 

benxo(a)pyrene, naturally occurring radioactive materials, and trace metals that were 
further bio-accumulated in some food crops. The oil spills could lead to a 60% reduction in 

household food security and were capable of reducing the ascorbic acid content of 

vegetables by as much as 36% and the crude protein content of cassava by 40%. These 
could result in a 24% increase in the prevalence of childhood malnutrition. Animal studies 

indicate that contact with Nigerian crude oil could be hemotoxic and hepatotoxic, and 
could cause infertility and cancer. 
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According to UNDP report (2006), the oil spills affected at least 1500 communities 

in the eight crude oil-producing states in Nigeria, and were mainly from the 5284 oil wells 

that were drilled (as at 2006) and the 7000 km of crude oil pipeline that crisscrosses the 
Niger delta region. Table 1 shows the causes of the crude oil spill.  

 
Table 1: The causes of oil pipeline failures between 1999 and 2005 (Achebe, Nneke, 

Anisiji: 2012) 
More than 30% of the spills were due to unknown causes, while 20.74% were 

attributed to third party activity. (Achebe, Nneke, Anisiji: 2012). The oil spills often 
resulted in contamination of surface water with hydrocarbons and trace metals, as 

measured using atomic spectrometry. A study carried out in the mangrove wetland of the 

region recorded a mean Total Hydrocarbon THC concentration of 23.6 + 4.3 mg/l in the 
water, a mean concentration of 449.30 ± 55.42 μg/g in Tympanotonus 
fuscatus (Periwinkle) and 278.57 ± 34.57 μg/g in Periophthalmus papillio (Mudskipper). 
(Clinton, Ujagwung, Horsefall: 2009).  

Another study recorded concentrations of benxo (a) pyrene that ranged from 0 to 

2.32 ug/l (Anyakora et al: 2004) The trace metal contamination as recorded in a study 
carried out in the Ughoton stream, in Edo State. (Uzoekwe, Achudume: 2011) 

 
Table 2: The concentrations of trace metals in Ughoton stream during an oil spill 
(Uzoekwe and Achudume: 2011) 

]No study was found on the air quality of the oil spill sites, but the concentrations of the 

volatile components of the crude oil are often very high, as shown by the values recorded 
2 months after the spill was stopped. (Osuji and Achugasim: 2010) 
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Table 3: The concentrations of aromatic in an oil spill site, 2 months after the spillage 

(Osuji and Achugasim: 2010) 

The crude oil of the region contains some naturally occurring radioactive materials 
(NORM); the decay series of naturally occurring radionuclides headed by (238)U 

(Uranium) and (232)Th (Thorium), have mean activity concentrations of 0.80 ± 0.37 Bq 
kg (−1) and 0.17 ± 0.09 Bq kg (−1), respectively, in the crude oil blends, while the mean 

concentration of the non-decay series radionuclide, (40) K is 10.52 ± 0.03 Bq kg (−1). 

(Ajayi, Torto, Tchokossa & Akinlua: 2009) The radiation level within oil spill sites is often 
up to 0.016 mRh-1, about 45% higher than the normal background level of 0.011 mRh-1 

in the Niger delta communities,( Agbalagba & Meindinyo: 2010) and the concentrations of 
the NORM in surface water are often higher than the WHO recommended maximum 

permissible limit for drinking water. A study of the Imirigin oil field in Bayelsa State 
recorded an alpha activity of up to 16.95 Bg/l and a beta activity of up to 135.88 Bg/l. 

(Agbalagba & Meindinyo: 2012) 

The crude oil spills reduced soil fertility. (Osuji & Nwoye: 2007) They also 
smothered economic trees and food crops, outrightly killing them or reducing their yield, 

(Edema et al: 2009) causing a 60% reduction in household food security (Ordinioha B, 
Sawyer: 2008) as assessed using the Cornell-Radimer scale and shown in Table 4 

 
Table 4: Prevalence of household food insecurity (Ordinioha B, Sawyer: 2008) 
The oil spills also reduced the quality of food crops; the ascorbic acid content of waterleaf 

was reduced by 36%  
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Table 5: The ascorbic acid content in some common vegetables grown in crude oil 

polluted soil (Nwaoguikpe: 2011) 
while the crude protein content of cassava was reduced by 40%  

 
Table 6: Percentage proximate composition and calorific value of cassava tuber harvested 

from oil spill and non-oil spoil soils (Osam, Wegwu & Uwakwe: 2011) 
The food insecurity and deterioration of the quality of the staple food led to a 

24% increase in the prevalence of childhood malnutrition in the affected communities 

 
Table 7: Prevalence of childhood malnutrition (Ordinioha & Sawyer: 2008)  

The crude oil spills also resulted in the bio-accumulation of heavy metals in the surviving 
food crops like cassava and pumpkin 

 
Table 8: The average concentrations of heavy metals (mg/kg) in the leaves of food crops 

(Nkwoocha & Duru: 2010) 
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The concentration of lead and cadmium increased in the leaves of pumpkin by 

90% and 94.29%, respectively. Table 9 shows that exposures to spilled crude oil were 

associated with significant increases in the period prevalence for diarrhoea, sore eyes, 
itchy skin and occupational injuries. (Ordinioha & Sawyer: 2010) Shock, acute renal 

failure, extensive epidermolysis, conjunctivitis, mucositis, esophagitis, and chemical 
pneumonitis were reported in a 2-year-old treated for febrile convulsion with a Nigerian 

crude oil. (Otaigbe & Adesina: 2005) Animal studies, conducted by feeding rats and other 
experimental animals with foods contaminated with crude oil, indicate that exposures to 

Nigerian crude oil could result in infertility, hemotoxicity, hepatotoxicity, and 

carcinogenesis (through its effects on chromatin DNA). (Oruambo IF, Peter-Omoghia: 
2012) 

  
Table 9: Symptoms reported by respondents by exposure categories and associations 
(Ordinioha & Sawyer W: 2010) 

 
Table 10: Semen parameters of study animals (Adesanya, Shittu, Omonigbehin, Tayo: 

2009) 
A review of the studies showed the widespread presence of constituents of crude 

oil in the bio-physical environment of the impacted communities. The presence and 

quantity of these constituents are known to be capable of exerting some acute and long-
term adverse health effects. Known carcinogens like benzo(a)pyrene and polycyclic 

aromatic hydrocarbon (PAH) were respectively, found in the surface water and soil of the 
impacted communities. Like other known carcinogens, they do not have any safe levels, 

as even a few molecules of these can be genotoxic. (Agency for Toxic Substances and 

Diseases Registry (ATSDR): 1996) The activity of these known carcinogens probably 
explains the carcinogenicity reported in the animal study. (Oruambo IF, Peter-Omoghia: 

2012) The difference in the concentration of PAH in the ambient air was also given as a 
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reason for the higher prevalence of certain types of cancers seen in Port Harcourt 

compared with Ibadan. (Ana, Sridhar & Asuzu: 2010) 

The review also showed that crude oil spill could cause a 45% increase in the 
normal background radiation level. This is another carcinogenic danger that could 

manifest as increased prevalence of certain cancers years after the oil spill. The radiation 
contamination caused by crude oil spill in the Niger Delta region is often so widespread 

that the surface water (Meindinyo & Agbalagba: 2012) and crops grown in the impacted 
environment (Avwiri, Osaralube & Alao: 2012) are also contaminated beyond the 

maximum permissible limit. 

The ingestion, dermal contact, and inhalation of the other constituents of spilled 
crude oil also have some acute and long-term health implications. Although the acute 

manifestations of the exposures were often mild and transient, as shown in Table 9 , 
severe exposures as reported in the 2-year-old child could result in acute renal failure, 

(Otaigbe & Adesina: 2012) or even hepatoxicity (Eyong et al: 2004) and hemotoxicity, 

(Sunmonu & Oloyede: 2007) as reported in the animal studies. The period prevalence of 
the symptoms reported in the Niger Delta region were noted to be higher than the 

prevalence reported in the grounded oil tankers, (Campbell et al: 1993; Lyons et al: 
1999) indicating greater levels of exposure in the Niger Delta region. For instance, the 

period prevalence of sore eyes in the Niger Delta study was 32.86% compared with 28% 

recorded during the grounding of the tanker braer in Shetland, Scotland (Campbell et al: 
1993) and 19.7% recorded during the Sea Empress oil spill in south west Wales. (Lyons et 
al: 1999) This difference was attributed to the fact that members of the impacted 
communities in the Niger Delta region, being sustenance farmers and fisher-folks, 

continued to ply their trade in the polluted environment, without any protective gadgets. 
(Suarez, Lope & Perez-Gomez: 2005) The prevalence of diarrhoea was also noted to be 

significantly higher in the Niger Delta study because the fish and animals killed by the spill 

were eaten. 
There are no consistent figures of the quantity of crude oil spilled in the Niger 

Delta, but it is widely believed that an estimated 13 million barrels (1.5 million tons) of 
crude oil have been spilled since 1958 from over 7000 oil spill incidents; a yearly average 

of about 240,000 barrels. (UNDP: 2006) Inconsistency in the quantity of crude oil spilled 

has been attributed to a number of reasons, including the difficulty in accessing some spill 
sites (due to swamp conditions and remoteness); security concerns limiting access; some 

spills occurring away from community locations; a long time-lag between the initiation of a 
spill and its detection; the high volatility of the Nigerian crude oil, causing an estimated 

50% to evaporate within 24-48 h; intentional company and government under-reporting; 
and inadequate government oversight.  (Steiner: 2010) 

Air Pollution 

This is generated from different sources which are: 
Industrial Emissions 

These come from both the oil and non-oil related industries which dominate 
industrial activities in the Niger Delta. Such industries as refinery, petrochemical, 

Liquefied Natural Gas (LNG), cement, paper, chemical fertilizer, aluminum smelter, 

battery, flour, wood, and textile industries, etc., emit various kinds of air pollutants which 
add to the burden of gaseous and particulate pollutants in the air. The Niger Delta region 

is arguably the most industrialized area of the country, and it plays host to many of these 
industries. Ana et. al (2009) understudied the Port Harcourt Refinery Company (PHRC), 

Nigeria‘s largest oil refinery and Engro Polymer and Chemicals Ltd (EPCL), a chlor vinyl 
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chemical company and the nation‘s foremost petrochemical complex, and assessed the 

quality of air from both production facilities based on key priority pollutants. Three points 

each were observed per industrial location. At the refinery, the highest (heavy metals) Pb 
(Lead) and Ni (Nickel) levels of 0.20 mg/m3 and 0.86 mg/m3 respectively was recorded at 

the PHRC. At the petrochemical complex, the highest Pb and Ni levels of 0.16 mg/m3 and 
0.05 mg/m3 respectively was recorded at EPCL. Overall, the average heavy metal 

concentrations were higher at PHRC. The highest concentration of benzo(a)pyrene (1.63 x 
102ng/m3) was recorded at PHRC compared to (1.61 x 102 ng/m3) that was recorded at 

EPCL.  

About 30km away from Port Harcourt a major city in the Niger Delta area is 
located the National Fertilizer Company of Nigeria (NAFCON) at Onne. Three major 

formulations come daily as outputs of this facility: Ammonia (1,000 tonnes), urea (1,500 
tonnes), and Nitrogen-Phosphorus-Potassium (NPK) formulations (1,000 tonnes). To 

achieve these, the facility utilizes a variety of raw materials such as natural or synthetic 

gas (methane), atmospheric nitrogen, steam and sand as filler material. Gaseous and 
particulate emissions are reported at the ammonia plant, urea plant, NPK plant, bulk 

blending plant, bulk storage plant, and the bagging area, which are the main sections of 
the facility. Potential sources for leaks in the ammonia plant include the refrigeration loop, 

storage areas, flanges, valve packing, and the pump and compressor seals. Gaseous 

emissions from the ammonia plant include reformer and boiler flue gases, excess carbon 
dioxide, condenser stripper vapour and ammonia discharge. The gases coming from the 

reformer are vented into the atmosphere with a mixture of carbon dioxide (CO2) 20% and 
oxygen (O2) 3-4%. Most of the CO2 is recovered and recycled in the process. The 

condensate of the process water contained some CO2, methanol and other dissolved 
gases, which are usually stripped. The urea plant has two possible sources of emissions: 

The high-pressure scrubber and the granular stack. Some amounts of methane, hydrogen, 

ammonia and CO2 are released. The wet scrubbers also release some particulate urea 
through the vent. In the NPK plant the tail gas scrubber is the only source of emission of 

ammonia, particulates and small quantity of fluoride. In various operations like 
granulation, drying, mixing and cooling, some amounts of dust and fumes are generated. 

In a 2005 study, Ana et. al recorded the highest mean levels of ammonia (459.1ppm) at 

the Urea Synthesis Plant and the lowest levels (7.29ppm) at a control point about 5km 
away from the point. This study also recorded 260875.7 μg/m3 and 7.29ug/m3 for the 

highest concentration and the least concentration respectively. 
Pipeline Explosion 

Militancy in the Niger Delta has contributed majorly to pipeline explosions in the 
region. Apart from these efforts at sabotage, pipeline explosion can also be accidental. 

Either way, the result is always fire outbreak which sees the burning flame and smoke 

from the oil pipelines releasing large concentrations of gaseous substances and particulate 
matter. And the products in most instances include carbon black, carbon dioxide, soot, 

nitrogen oxide and heavy metal residues. 
Gas Flaring 

Natural gas is extracted in oil wells in the Niger Delta and much of it is 

immediately flared into the environment at an approximate rate of 70 million /m3 per day. 
This is equivalent to 40% of African natural gas consumption and forms the single largest 

source of greenhouse gas emissions on the planet (Wikipedia 2007; Moffat and Linden, 
1995). According to Cedigaz (2000), Nigeria holds the highest record (19.79%) of natural 

gas flaring globally and is responsible for about 46 % of Africa‘s total gas flared per tonne 
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of oil produced. Uyigue and Agho (2007) found that until present there are not less than 

123 flaring sites in the region making Nigeria one of the highest emitter of greenhouse 

gases in Africa. Similarly, the Central Bank of Nigeria (CBN) in its 2004 analytical 
assessment of the statistical bulletin of the region showed that the average rate of gas 

flaring in Nigeria during the period 1970-1979 stood at 97%, while 97% and 95% were 
flared between 1980 and 1989, and 1990 to 1999 respectively. Between 2000 and 2004, 

51% was flared. In the same vein, between 1970 and 2004 Nigeria has flared an average 
of 76% of the total gas produced.  After a comparison of concentrations of ambient air 

pollutants in the region and Lagos State, Orubu (2002b) concludes that pollutant 

concentrations are highest in the Niger Delta and argues that some of the greenhouse 
gases (such as methane and carbon dioxide) emitted at flare sites contribute to global 

warming. The largest proportion of these flare sites are located in the Niger Delta. 
Biomass Combustion 

Major sources of cooking fuel in the Niger Delta include biomass such as firewood 

(the most frequently used), coal, bamboo trunks and dead leaves. These are immediately 
available in the neighbourhoods – bushes and forests – and when burned, release 

gaseous pollutants – carbon monoxide (CO), carbon dioxide (CO2), sulphur dioxide (SO2), 
nitrogen dioxide (NO2), volatile organic compounds VOCs and particulate matter. 

Refuse Burning 

In the Niger Delta refuse is generated daily in large tonnage from domestic, 
agricultural and industrial sources, etc. However, the main challenge facing its people 

daily (especially in its urban centres) is refuse handling and disposal which has ultimately 
become a major environmental problem. A common refuse disposal practice in the region 

is open air burning anywhere but notably within residential areas. This very unhealthy 
practice generates varieties of toxins and hazardous pollutants which include polycyclic 

aromatic hydrocarbons (PAHs), dioxins, Polychloro Biphenyls (PCBs) and heavy metals 

such as lead, nickel and mercury. Oftentimes, hydrocarbons, CO2, SO2 and VOCs are 
emitted into the air. And all determine the air quality around the area. 

Bush Burning 
Owing to its farming and land cultivation practices which forms a major part of 

the Niger Delta people‘s occupation, bush burning is common in most communities. This 

process produces various types of gaseous pollutants and particulate matter. Depending 
on the fuel composition and intensity of the flame, the gas stream is often loaded with 

volatile organics and oxides of CO2, SO2 and NO2. The combustion process also often 
produces particulate matter usually within the 10μm size range. 

Traffic Emissions 
According to Saville (1993) pollution due to traffic constitute up to 90 – 95% of 

the ambient carbon monoxide (CO) levels, 80 – 90% of nitrogen dioxide (NO2), 

hydrocarbon and particulate matter in the world, posing a serious threat to human health. 
UN (1998) reports show that over 600 million people globally are exposed to hazardous 

level of traffic – generated pollutants. In global view, Seneca and Tausig, (1994) 
concludes that transportation is the major culprit of air pollution accounting for over 80% 

of total air pollutants. In Nigeria much attention is focused on general industrial pollution 

and pollution from the oil industries, with little attention on the effects of air pollution from 
mobile transportation sources (Faboye, 1997; Iyoha, 2000 & Magbabeola, 2001). 

Unarguably, people are exposed to the risk of contracting severe health problems due to 
these pollutants especially in urban areas where pollution levels are on the increase. After 

a comparative study of the emission levels from automobiles in Lagos and the Niger Delta 
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(using two major cities: Port Harcourt and Warri as case studies) Jerome (2000) reported 

that the concentrations of Total Suspended Particulates (TSP), nitrogen dioxide (NO2), 

sulphur dioxide (SO2) and carbon monoxide (CO) in Lagos and the Niger Delta 
communities were above the FEPA recommended limits. The CO levels for Lagos 10 – 

250ppm were higher than the levels 5.0 – 61.0ppm and 1.0 – 52ppm recorded in the two 
selected communities in the Niger Delta. The TSP concentrations were also high for both 

locations when compared to World Health Organization (WHO) standard. Available data on 
the total number of vehicles registered in Nigeria shows an increase from 38,000 to 1.6 

million between 1950 and 1992 (Enemari, 2001). And the numbers continue to rise daily. 

Between 1999 and 2004 about six million vehicles (6,000,000) – 70% of the registered 
vehicles were cars and 30% buses and trucks – were registered in Nigeria according to 

data from Nigeria‘s Federal Road Safety Commission (FRSC). Lagos state recorded the 
registration of about 223,764 vehicles in 2008 compared to 160,134 vehicles registered in 

2007. The conclusion therefore is that the average emission concentration from motor 

vehicles and motorcycles in the country continues to rise. 
Health Hazards 

All environmental pollution activities in the Niger Delta present very serious health 
hazards to its people. These include: 

Visibility Impairment 

Oxides of nitrogen and lower hydrocarbons are released from most combustion 
processes in the region. In the presence of ultra-violet (UV) radiation, this could result in 

smog which could in turn result in a decrease in visibility. 
Acid Rain 

Obviously, some cases of acidified rain occur in the region due to the release of 
large concentration of oxides of nitrogen and sulphur in the environment. Akpoborie, et al, 
(2000) reports low pH values from water obtained from shallow hand-dug wells in Ughelli, 

Warri, and Okurekpo all in Delta State. According to Olobaniyi and Efe (2007) elevated 
levels of lead (0.56 mg/l) and low pH values ranging from 5.10 – 6.35 in rain water 

collected in Warri and environs were recorded. This adversely affects the corrosion rate of 
roofing sheets, monuments and other economic structures in the area, which have been 

observed to deteriorate at rather alarming rates. 

Air Quality Impairment 
In an air quality assessment of the Niger Delta, Oluwole et al. (1996) shows that 

the levels of volatile oxides of carbon, nitrogen and sulphur and total particulates exceed 
existing Federal Environmental Protection Agency‘s (FEPA;1991) standards. Also Olobaniyi 

and Efe (2007) show elevated levels of lead at concentrations of 0.56 mg/l in the 
atmosphere. 

Effects on Vegetation and Animal Life 

It is a well-known fact that heat production destroys vegetation around its 
production area. This results in the retardation of growth of flowering plants, general 

reduction in agricultural life and wildlife biodiversity. After a study of this factor in the 
Niger Delta area, Alakpodia (1989, 1995) showed that flares have negative effects on 

vegetation growth, animal life and ecological equilibrium. 

Thermal Conditions of the Region 
From flare sites in Isoko, Delta State temperature as high as 400oC at an average 

distance of 43.8metres have been recorded. Ogbuigwe (1998), reports that temperatures 
produced at flare sites could be as high as 1,600oC. According to Aaron (2006), some 45.8 
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billion kilowatts of heat are discharged into the atmosphere of the Niger Delta from 1.8 

billion cubic feet of gas every day. 

Coastal Erosion and Flooding 
The projected impacts of sea level rise (SLR) on the Nigerian coastal area and 

resources include: large scale inundation, increased coastal erosion, salt water intrusion 
into coastal aquifers, habitat modification with direct effects on wild life distribution, 

increased frequency of high intensity rainfall events and associated increased run off, 
elevated erosion rates, flash floods and increased frequency of ocean storm surges. 

(Awosika and Foluronsho; 2006) 

In sum, these issues daily manifest in the negative effects on especially the rural 
peoples‘ major occupations–fishing and farming– with destruction of farmlands and rivers 

on the rise. Also, there is lack/poor development of sanitary systems, schools, 
unemployment, flooding, oil spillage destruction, poor road networks, pitiable condition of 

creek dwellers, high risk transport systems especially by seas and rivers, and neglect of 

the region/underdevelopment by oil drilling and affiliate production companies. 
Health Effects on the People  

Severe health challenges are faced by residents and workforce of Niger Delta 
communities. After a 2009 survey on the health conditions of these people, Ana et al 
reported common health problems in the general population. Table 11 below shows a 

summary of the prevalent air pollution related morbidities. 
Prevalent Air Pollution related Morbidities 
 
Breathing Difficulties 
Bronchitis 
Aggravation of Asthma 
Cardio-respiratory disorders 
Pulmonary edema 
Eye disorders 
Skin disorders 

Table 11: Prevalent Air Pollution related Morbidities 
A 2005 study by Ana et al showed common health problems in the industrial 

community. Out of 384 plant workers interviewed in a chemical fertilizer industry at Onne 
in the Niger Delta, 70.5% spend 8 hours per day at work. 66.1% reported respiratory 

disorders, 24.4% reported skin disorders and 22.6% reported eye disorders. There were 

strong associations (p <0.05) between eye and respiratory disorders and the industrial 
activities carried out by the workers. Also, Ana et al after another survey carried out in 

2009 among refinery (PHRC) and petrochemicals (EPCL) plant workers reported that 
70.8% workers at PHRC as compared to 67.2% at EPCL reported various health problems 

related to poor air quality conditions. In both cases, the major cause was attributed to gas 

flaring. Symptoms associated with exposure to fumes and sprays such as respiratory 
disorder were widely reported among 40.8% PHRC and 27.6% EPCL workers. There were 

reports of respiratory symptoms associated with exposure to dust and smoke, leading to 
irritation among 65.7% PHRC and 57.1% EPCL workers. Both the eyes and the skin were 

among other parts of the body also affected by the irritants. Further statistical analysis 
indicated that the duration of stay of PHRC workers in their residential communities was 

significantly associated with respiratory health problem (p=0.000), with cancers 

(p=0.000). At EPCL, the duration of residence in the community was significantly 
associated with miscarriages (p=0.000), with deformed children (p=0.000) and with 

symptoms related to health effects from air contaminants (p= 0.000). 



 

  ISSN 1813-4262(print) 
ISSN 1813-4270(online) 

Metropolitan Journal of Environmetal and Health Research  
Metropolitan International University Press 

 

Vol. 1, No. 1,2020 

www.miu.edu.ug 

 

 
13 

There are also indications of emerging health problems in the region. Studies by 

Ana et al (2010) revealed that of the two cancer reference centres: Ibadan in the South- 

west and Port Harcourt in the Niger Delta the ratio of reporting was 1:4 for University of 
Port Harcourt Teaching Hospital (UPTH) (904) and University college Hospital (UCH) 

(3521) respectively. The results indicate that apart from prostate and breast cancers that 
were higher in Ibadan (79.1%) than in Port Harcourt (75.4%) both the lung and skin 

cancers were more prevalent in Port Harcourt than in Ibadan. This observation is 
consistent with the researchers‘ earlier studies (Ana et al: 2009) which indicated increased 

lung cancers in the Port Harcourt environment due likely to exposure to atmospheric 

insults. Similarly, the higher percentage of skin cancer in Port Harcourt above that 
recorded in Ibadan could be explained though with some degree of uncertainty by the 

increased environmental risk factors in the more industrialized Port Harcourt area. Cancer 
prevalence is believed to be on the increase. 

Official documents in Nigeria have so far not addressed these health effects 

sufficiently, although their position as potential major contributors to the disease burden 
in oil-bearing communities is not in doubt. 

Suggestions and Recommendations 
This paper having established the nature, causes and effects of environmental 

pollution and associated health hazards on the Niger River Delta region states 

emphatically that the situation is not irredeemable. Five basic recommendations can be 
explored to salvage the land and its people. These are: 

 Upward review of financial allocation to states of the region through the Ministry 

of Niger Delta affairs. 
 Equitable sharing of the harvest from the region. 

 Financial confederalism as the formula for managing all mineral deposits in the 

nation. 

 A review of the activities of the Niger Delta Development Commission (NDDC) 

with a view to comprehensively addressing maladministration in the commission. 
 Material relief and immediate and long-term medical care are also recommended, 

irrespective of the cause of the spill, to ensure that the potential health effects of 

the exposures to the spills are properly addressed. 

Conclusion 
After a thorough review of these studies the conclusion therefrom shows that 

general environmental pollution and associated health hazards in the Niger Delta have 
acute and long-term effects on both human health and its entire ecosystem. However, the 

paper concludes that these hazards can be contained through the series of 

recommendations above.  
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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). 
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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 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 Methods 
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 
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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. 

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 
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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 
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 

This paper assessed the provision and utilization of health care facilities in tertiary 
institutions based medical centres in the Niger-Delta region, Nigeria.  The objective is to 
identify the state of health care service provision and utilization in tertiary 
institutions.Twelve tertiary institutions were randomly selected from which a sample size 
of 1200 students was drawn for the study. Data for the study was collected through a 
structured questionnaire ad analyzed using analysis of variance (ANOVA). The variation in 
the Health Care service provision and utilization was explained using Multiple Regression 
Analysis. The study established inadequate provision of health care facilities in the medical 
centres of the tertiary institutions. It also established a poor utilization of health care 
facilities in medical centres of tertiary institutions. In view of the findings, it is suggested 
that policies should be formulated that would make the provision of basic health facilities 
in medical centres mandatory in all tertiary institutions of learning. 
Keywords: Tertiary institutions of learning; medical centres, health care facilities, health 

care provision and utilization. 
 

Introduction 
Quality health care provision is a sine qua-non for health care utilization. In every 

respect, the purpose of health care provision is to promote, prevent, restore and maintain 
good health among the people. This is achieved when health care facilities are made 

available, affordable and accessible to people. 

Over the years, provision of quality health care services has become a global 
concern as may people have no access to health care services. This concern necessitated 

the formulation of health policies which would enhance the provision and utilization of 
health care services. One of such policies was the Primary Health Care Policy (Akinugbe 

and Esin, 1973). The main goal of the policy is to make the health services accessible and 

affordable to all by bringing health care services to the door step of everybody (Good, 
Hunter and Kate, 1979). 

The formulation and implementation of the health care policy notwithstanding 
some vulnerable groups still have limited access to quality health care services (Orubuloye 

and Oyebye, 1994). This calls for investigation into the health care services provision to all 
segments of the society, especially vulnerable groups whose movement are confined. 

These may include those in boarding houses (hostels), prisons, military barracks among 

others. The concern of the study is however for those in tertiary educational institutions in 
Nigeria. 

Tertiary institutions are mandatorily supposed to provide health care facilities and 
services to the population residing and studying in the institutions. The health care 

facilities and services are supposed to be provided in the medical centres of the 

institutions. Such medical centres are designed to provide primary and secondary health 
care services to the target population (WHO, 1978). The primary health care is conceived 

as a basic health unit responsible for bringing health care services to the doorstep of the 
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populace (Murthy, 2008). The secondary health care in the other hand was designed to 

provide hospital and doctor based treatment by providing specialized services to patient 

referred from the primary health care level (Good, Hunter and Kate, 1979). They provide 
support services such as diagnostic laboratory, blood bank, x-ray, physiotherapy, etc. It is 

however, doubtful if the medical centres of the tertiary institutions in Nigeria are properly 
equipped to render health care services to the institutions‘ population. It is from this 

background that this study is drawing its inspiration. 
The purpose of the study is to examine the provision and utilization of health care 

facilities in the medical centres of the tertiary institutions in the Niger-Delta region of 

Nigeria. The objective of the study is to identify the relationship between the provision 
and utilization of health care facilities in the medical centres of tertiary institutions. 

Another objective of the study is to determine the state of health care provision and 
utilization in the medical centres of the institutions. Finally, attempt   is made to identify 

the determination of effective health care utilization in the medical centres of the 

institutions. 
In other to pursue these objectives, some research questions and hypotheses were 

formulated as follows; 
i. Is there any significant variation in the provision and utilization of health care 

facilities in the medical centres of tertiary institutions in the study area? 

ii. Is there any significant relationship between health care provision and utilization in 
the study area?  

iii. What factors determine the utilization of health care facilities of tertiary institutions? 
To effectively answer these questions, three hypotheses were formulated as follows; 

i. There is no significant variation in the provision and utilization of health care 
facilities among the medical centres of tertiary institutions. 

ii. There is no significant relationship between the provision and the utilization of 

medical centres health care facilities in the tertiary institutions. 
iii. The utilization of health care facilities of medical centres in tertiary institutions is not 

predicted by any factor. 
The study of health care provision and utilization of health care facilities of 

medical centres in tertiary institutions is significant in view of the fact that the institutions 

have been attracting funding from government agencies and international organizations 
for infrastructural development but it is not certain whether these funds are directed 

towards the development of the health sub-sector of the institutions. A study that focused 
on the health care services provided by the medical centres. It would also provide a 

framework for formulating health care policies that would improve health care delivery in 
tertiary institutions in Nigeria. 

The justification of the study is further strengthened by the fact that students who 

form a larger percentage of tertiary institutions population are mostly youth who are 
vulnerable to many health hazards due to their adventurous nature. They therefore need 

good access to health care services. The provision of high quality health care services in 
the medical centres would enable students to have regular medical checks, that would 

enhance early detection of diseases/illness and subsequent control of epidemic breakout. 

This is very important in view of the current health challenges such as the spread of HIV 
and AIDS, ebola and lassa fever ravaging our society. More so, this study is significant 

because research into health care delivery in tertiary institutions of learning has been very 
scanty. This study would likely stimulate further research in delivery system of tertiary 

institution. The study would therefore supplement studies in health care delivery system. 
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The scope of the study is limited to medical centres in tertiary institutions in the 

Niger-Delta region of Nigeria. The institutions include, all Federal, State and private 

tertiary educational institutions in the region. Such institutions include, universities, 
colleges of education, polytechnics and colleges of Agriculture. 

However, due to time and financial constrain the study focused on 12 medical 
centres and One Thousand Two Hundred respondents were randomly selected from the 

sampled institutions in the study area. 
Study Area 

Niger-Delta region is located between latitude 4o32I and 9o04I East and longitude 

4o18I and 7o42I North of the equator. The region is found in the south-south geo-political 
zone of Nigeria. It extends along the coast from Benin on the west to Imo river on the 

east. The geo-political zone is occupied mainly by the minorities of southern Nigeria, 
which currently comprises the states of Akwa Ibom, Bayelsa, Cross River, Delta, Edo and 

Rivers. The region is recently re-defined and enlarged to include all the nine contiguous 

oil-producing states, hence the states of Abia, Imo and Ondo now form part of the Niger-
Delta region. The region covers an area of about 70,000 km2, accounting for about 7.7% 

of Nigeria‘s landmass (Etim, 2007). It has an estimated population of about 27 million 
people spread across 1600 communities (Okoji, 2000). 

The region is the center of oil and gas production activities in Nigeria. It 

constitutes the hob of revenue generation in Nigeria, accounting for more than 80% of 
government revenue (Central Bank of Nigeria, 1981). 

The history of education in the region showed that until 1974, no university was 
cited in the region. The first university to be established in the region was the University 

of Benin in Benin City. Today, however, the region has more than 12 universities 
consisting Federal, state and private universities. Apart from the Universities, other tertiary 

institutions in the region are colleges of Education, Polytechnics and College of Agriculture. 

These tertiary institutions constituted the sample frame from which Twelve institutions 
were randomly selected for the study. 

Methodology 
The data used in the study was derived from primary and secondary sources of 

data. The primary data was obtained mainly from a structured questionnaire designed to 

elicit responses on health care provision and utilization from selected students. The 
questionnaire was supplemented with a health care facility survey of medical centres of 

tertiary institutions. Secondary data was obtained from the institutions‘ medical centres, 
daily hospital attendance registers, health bulletins and Federal Bureau of Statistics. 

Multi-stage sampling technique was used in selecting the respondents from the 
tertiary institutions. Accordingly, twelve medical centres were randomly selected from the 

study area. In other words, two medical centres were selected from each state in the 

study area. 
In selecting the respondents, the matriculation registers of the institutions were 

used as the sampling frame. From the sampling frame, 1200 students were randomly 
selected. In order to draw a representative sample 10% of each faculty population was 

randomly selected for the study. The actual respondents were systematically selected 

from the sampling frame using a skipping range of 10.  
A twenty item questionnaire was used in collecting information from the 

respondents‘ place of residence, socio-economic characteristics, accessibility to medical 
centre, frequency of visits to medical centre, alternative health care facility. Data on 



 

  ISSN 1813-4262(print) 
ISSN 1813-4270(online) 

Metropolitan Journal of Environmetal and Health Research  
Metropolitan International University Press 

 

Vol. 1, No. 1,2020 

www.miu.edu.ug 

 

 
25 

hospital attendance was collected for the past six months. Visits to the medical centre was 

used in estimating the utilization of medical centres health facilities. 

Health care provision and utilization is said to be discrete in nature especially as it 
exists in nominal scale (Yan, Leung-Groom and Paymon, 2001). Base on the above the 

data generated from the study was analyzed using descriptive statistics. The use of this 
method of statistical analysis was to determine the state of health care provision and 

utilization in tertiary institutions. In addition to this statistical technique, multivariate 
statistics such as one-way analysis of variance (ANOVA), multiple regression analysis and 

factor analysis were used in testing the formulated hypothesis and presenting the result. 

SPSS windows package version 116 was used in capturing and analyzing the data. This 
was due to the large volume involved in the study. In all, p-value < 0.05 was considered 

statistically significant. 
Findings 

The findings of the study showed that provision of bed spaces constituted about 

36.7% of the health care facilities provided by tertiary institutions while consulting rooms 
constituted 23.8%. Facilities such as Diagnostic Laboratory facilities, x-ray facilities, 

pharmacy, surgical services formed 2.7%, 1.4%, 4.8% and 3.4% respectively of the 
health facilities provided by tertiary institutions (See Table I). 

The implication of the finding is that most tertiary institutions are concerned with   

providing physical structures such as bed spaces, consulting rooms, electricity and water 
supply than medical facilities such as surgical, x-ray, diagnostic laboratory facilities. These 

facilities seem to be lacking in the medical centres of most tertiary institutions in the study 
area. The near absence of these facilities implies that the out-break of diseases and 

illnesses in most of the institutions cannot be easily detected or diagnosed for treatment. 
This could be a matter of serious concern in view of the vulnerability of students to 

epidemics and diseases due to the high degree of contacts with all types of people. This 

suggests that medical centres in tertiary institutions are supposed to be properly equipped 
with health facilities that would provide first line of services and secondary level of 

services to its patrons. 
Another implication of the result is on the spatial distribution of health care 

facilities among the medical centres in the tertiary institutions. The ranking of the 

institutions according to the availability of health facilities in the medical centres revealed 
that universities are top most while the colleges of Education ranked lowest. 

The implication of the finding is that medical centres situated in the universities 
are better equipped with health care facilities than those in the colleges. They therefore 

provide high quality medical services than those of the colleges. It could therefore be 
inferred that the provision of health care facilities is not emphasized by the management 

of the colleges. 

The result of the study was presented based on the hypotheses as follows; 
The hypotheses which states that there is no significant difference in the provision 

of health care facilities among the medical centres of tertiary institutions in the study area 
was tested using one-way ANOVA. The result was as presented in table I. 

Table I: Analysis of one-way ANOVA of the provision of health care facilities in medical 

centres of tertiary institutions. 
Source of 
Variance 

Sum of 
Squares (SS) 

Degree of 
Freedom (df) 

Mean 
Square (MS) 

F Sign of F 

Between Groups 1485.884 2 136.080   

Within Groups 7477.116 12 19.271 7.010 .0002 
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The result in table I showed that the calculated F-value was 7.010 and the critical 

value (2,12 degree of freedom) at 0.05 level of significant as 4.60. In other words, the 

calculated F-value of 7.010 was greater than the table value of 4.60. In view of this result, 
the null hypothesis (H0) was rejected at 0.05 level of significant. Thus the alternate 

hypothesis which stated that there is significant difference in the provision of health care 
facilities in the medical centres of tertiary institutions was accepted. 

This result established that there are significant variations in the provision of 
health care facilities in tertiary institutions medical centres in the study area.  

The second hypothesis stated in a null form (Ho) which stated that there is no 

significant difference in the utilization of health care facilities provided in the tertiary 
institutions‘ medical centres in the study area was tested using one-way ANOVA. The 

result was as presented in table 2. 
Table 2: One-way ANOVA of the utilization of health care facilities in medical centres of 

tertiary institutions in the study 
Source of 
Variation 

Sum of 
Squares (SS) 

Degree of 
Freedom (Df) 

Mean 
Square (MS) 

F Significance 
of F 

Between 
Groups 

2816.134 2 463.090   

Within Group 9768.266 12 30.743 6.248 .0002 

Table 2 showed the calculated F-value as 6.248 and the critical value (2, 12 
degree of freedom) at 0.05 level of significant as 3.40. This implies that the calculated F-

value is greater than the table value. Hence the null hypothesis (H0) was rejected while 

the alternate hypothesis (H1) which stated that there is a significant difference in the 
utilization of health care facilities in the tertiary institutions‘ medical centres was accepted. 

This implies that certain variables determine the utilization of health care facilities of 
medical centres. 

To determine the variables that influence health care facilities utilization in the 

medical centre, multiple regression analyses was introduced at 0.05 level of significant. 
The result was as presented in table 3. 

Table 3: Multiple regression analysis showing the relationship between health care 
utilization and selected variables 
Multiple R                           .936 

R2                                          .876 

Standard 
Error                                     .25972 

 
Source of 
Variation 

SS Df MS F Sig 

Regression  324.956 16 20.310 301.077 .000 

Residual 45.803 1.090 .067   

TOTAL 370.759 1106    

 
The result from table 3 highlighted the following, F-ratio 301.077, correlation 

coefficient R 0.936 and coefficient of determination (R2) 0.876. This implies that the 

selected variables in the regression equation explained 87.6% of the variation while the 
error term accounted for 12.4%. 

To determine the predictive ability of the selected variables and to determine their 
contributions to the variation, multiple regression (stepwise) model was adopted. In the 
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first step where all the variables were introduced into the equation, only one variable 

(quality of health care facility) met the requirement for inclusion in the equation with the 

coefficient of determination of 0.876. This implies that 87.6% variation in health care 
facility utilization in the study area is explained by the quality of health care facilities. 

In the second step, two variables met the requirement for inclusion in the 
equation. They were the nature of health care facilities and the cost of treatment. These 

variables accounted for 87.5% of the variations. In the third step, nature of health care 
facilities, cost of treatment, nature of illness, quality of health care facility explained 

87.1% of the variation in the health care utilization. 

Finally, in the fourth step, the variables that satisfied the requirement for inclusion 
in the equation were quality of health facility, nature of health facility, cost of treatment, 

nature of illness, travel cost and perception of health care facility. These variables 
accounted for 85.5% of the variation in health care utilization in the study area. 

The implication of this finding is that the utilization of health care facilities in the 

medical centres of tertiary institutions is determined by the quality of health facilities, 
nature of health facilities, cost of treatment, type of illness and the perception of health 

care facilities by the patrons. This implies that a change in the quality of health facilities, 
cost of treatment, perception of the health facilities would lead to a change in the 

utilization of the health care facilities provided in the medical centres. 

Discussion of Result 
The findings highlight that only a small percentage of 41% of the institutions 

population utilized the health care facilities provided in the medical centres of tertiary 
institutions implies that the medical centres are not adequately equipped to provide the 

desired health care services to the target population in the institutions. This result is 
authenticated by the fact that most institutions do not have surgical, x-ray, diagnostic 

laboratory ad pharmacy facilities in their medical centres.  

The paucity of medical facilities in the tertiary institutions is negatively skewed in 
favor of the colleges of education and polytechnics. This result explains why there is a 

positive correlation between the provision and utilization of health care facilities in the 
medical centres of tertiary institutions. This relationship shows that an improvement in the 

provision of health care facilities in the medical centres would result in increase in the 

utilization of the medical centres health care facilities. 
Another finding of the study is that there is significant variation in the utilization of 

health care facilities in tertiary institution in the study area. This implied that the utilization 
of the health facilities varies from one medical centre to the other. The implication of this 

is that there are some determinants of health care facilities utilizations in the medical 
centres. The identified determinants are the quality of health care facility, nature of 

illness, perception of health care facility and cost of treatment. It therefore follows that 

students visit the medical centres for various reasons. Medical centres that provide high 
quality services tend to attract higher students‘ patronage than those with poor quality 

services. 
Conclusion and Recommendation 

The study concludes that most medical centres of tertiary institutions are 

inadequately equipped to provide quality health care services to the tertiary institutions‘ 
population. The poor provision of health care facilities in the medical centres have resulted 

in the low utilization of the health care facilities of the medical centres. In fact, only 41% 
of the tertiary institutions population are found to be patronizing the medical centres of 

the tertiary institutions. 
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The low level of the utilization of the medical centres facilities is traced to poor 

quality of services, paucity of standard medical facilities. Other variables which affect the 

utilization of health care facilities are nature of illness, perception of medical facilities and 
cost of treatment. 

In view of the above it is concluded that a strong positive relationship exists 
between health care facility provision and the utilization of the health care facilities. It 

therefore follows that an improvement in the quality of health care facility provision would 
lead to an increase in the level of health care utilization. 

Base on the above the following recommendations are proffered; 

1. The state of health care provision can be improved by formulating a policy that 
would compel institutions to allocate a specific percentage of their annual budget to 

provision of health care facilities in their medical centre. 
2. Tertiary institutions‘ regulatory agencies should formulate guidelines and minimum 

standards for operating medical centres. These agencies should intensify the 

monitoring and evaluation of the medical centres to ensure that standards are 
maintained. 

3. Tertiary institutions should improve the provision of health care facilities in quality 
and quantity. This can be achieved through the provision of facilities such as x-ray, 

diagnostic, pharmaceutical services. In fact, the provision of these services should 

be mandatory for all institutions. 
4. Finally, funding agencies such as the Tertiary Education Trust Fund (TETFUND) can 

set aside special fund to finance health care delivery in tertiary institutions. 
5. A nation-wide survey on the provision and utilization of health care facilities in 

tertiary institutions‘ medical centres should be conducted for proper policy 
formulation in health care delivery in Nigeria. 
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Abstract 

Suspended microorganisms in the air of different types of indoor environments have 
received attention in recent years. This is because of their public health significance. In 
the food industry, elevated levels of bioaerosols have been linked to various types of 
infections due to the contamination of processing surfaces, raw and finished products. 
This study was carried out to evaluate bioaerosol concentrations in the indoor air and the 
hygiene practices of restaurants to highlight the exposure risks and improve the safety of 
food consumed in restaurants. Using depositional sampling techniques, air samples were 
collected from each restaurant kitchen and dining room and aerobically cultured. 
Hygiene/sanitary conditions were assessed using observation schedules and 
questionnaires. Meteorological parameters were also monitored during air sampling. The 
results revealed that bacterial and fungal concentrations (CFU/m3) ranged from 
1.07×103‒1.36×104 and 8.2×101‒5.76×102, respectively. Regarding the sanitary 
conditions of the restaurants, 3.5% of the kitchens were in good sanitary condition, and 
the food was adequately protected from flies in only 14% of the kitchens. Only 3.5% of 
the food handlers had attended basic training, up to 33% of the food handlers had no 
education at all, and only 0.10% had medical certifications. High microbial counts and the 
poor sanitary conditions and personal hygiene practices observed in this study not only 
indicate a strong need for improved hygiene but also constitute a serious potential health 
hazard. 
Keywords: indoor air; bio-aerosols; hygiene; restaurants; open plate technique.  
 

Introduction 
Indoor air quality is one of the most significant factors affecting the health and well-

being of people (Dacarro et al., 2007) as exposure to bio-aerosols, containing airborne 

microorganisms and their by-products, can result in diseases including respiratory 
disorders and other adverse health effects (Gorny et al., 2002; Fracchia et al., 2006).  In 

fact, possible associations between non-communicable diseases such as cancer and 
exposure to bioaerosols have been reported (Hayleeyesus et al., 2015; Johnson and Choi, 

2012). Many human and animal pathogens are airborne (Brown and Hovmøller, 2002; 

Fisher et al., 2012). Poor air quality is responsible for an estimated seven million deaths 
globally (Anna, 2016). The air inhaled by people in their residential and occupational 

environment, both indoor and outdoor, is mostly populated with microorganisms (viruses, 
fungal spores and conidia, bacterial endospores) trapped in colloidal suspensions through 

association with liquid droplets and particles of solid matter in the air such as plant pollen 
and fragments of plant tissues (Kalwasińska et al., 2012; Karwowska, 2005). Possible 

sources of biological contamination of indoor air include people, organic dust, various 

materials stored in the buildings, and the air inflowing from the ventilation and air 
conditioning systems (Kalwasińska et al., 2012). According to the EPA (US Environmental 

Protection Agency), the indoor environment is two to five times more toxic than the 
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outdoor environment, and in some cases, the indoor air has been found to be 100 times 

more polluted (Rana, 2014). The air quality around and within the food industry could be 

affected by several factors. Improper environmental sanitary conditions during food 
processing could lead to the formation of suspended bioaerosols (Sutton, 2004).  These 

bioaerosols, because of their small size and light weight, are easily dispersed (Van Leuken 
et al., 2016). Within the restaurant environment, environmental factors such as 

temperature, humidity, light and nutrient availability have been reported to further 
increase the chances of air pollution (Udochukwu  et al., 2015; Jyotshna and Helmut, 

2011, Paul et al., 2015; Jones and Harrison, 2004).  Due to lack of efficient monitoring 

systems, this is only noticed when infections set in and disease symptoms become 
apparent (Marius et al., 2012).  

Due to the high risk of microbial contamination, the food industry like 
pharmaceutical and medical industries, recognises that motoring the microbial quality of 

air within these food processing environments is of paramount importance in standard 

quality-control practices. Many food producers now include bioaerosol monitoring as part 
of their Hazard Analysis Critical Control Point (HACCP) system (Parrett and Crilly, 2000). In 

many cases, simply monitoring the overall population of airborne microbes may provide 
sufficient information (Richard, 2009).   Although researchers have repeatedly stressed 

the importance of effective hygiene procedures in the prevention of cross-contamination 

within the food industry, hygiene practices have frequently been shown to be inefficient in 
controlling microbial growth and survival in the kitchen and dining room (Fur-Chi et al., 
2011). Literature suggests that several studies have been documented on the 
microbiological contamination of both kitchen utensils and kitchen surfaces. Occurrences 

of large populations of heterotrophic and enteric bacteria in kitchen sponges and 
dishcloths, for example, have been reported (Chaidez, and Gerba 2000; Gerba et al., 
2014). Gerba et al. (2014)found bacterial concentrations in large numbers in kitchen and 

hand towels, with heterotrophic plate count and E coli count as high as 109 and 104 
CFU/ml respectively. 

Globally, about 2.6billion people, most of whom living in Africa and Asia, do not 
have access to proper sanitation facilities (Hoang and Nguyen, 2011).  And lack of access 

to safe water, poor sanitation and improper hygiene are responsible for about 60 percent 

of disease burden in the developing countries (O‘Neill, 2016; Nhepi, 2015). In sub-
Saharan Africa, only 15 percent of the population have basic hand hygiene facilities with 

soap and water as of 2015 (WHO, 2017). This trend has not yet improved. In the last two-
and-a-half decade, both air pollution and its debilitating health consequences have 

considerably increased around the globe. In the developing countries, in particular, air 
pollution is one of the significant causes of morbidity and mortality, posing a huge public 

problem (Cohen et al., 2017). Studies have shown that more than 80 percent of people 

living in urban cities in these countries are exposed to unacceptable levels of air pollutants 
(Fagan, 2017). Additionally, access to reliable data has been one of the major problems in 

understanding the relationship between air quality and public health in these poor 
countries (Fagan, 2017). To avoid poisoning, illness and even death, good hygiene 

practices such as hand washing, maintaining general cleanliness and being aware of the 

dangers of cross-contamination between raw and cooked foods are essential for food 
preparation, not only in the food industry but also the domestic setting (Johnson, 2016).  

In the food industry, bioaerosols are a problem to production surfaces, raw products, 
ready-to-eat food and health of the workers (Bonetta et al., 2010; Mullane et al., 2008; 

Olborska and Lewicki, 2006).  In Nigeria, despite this threat, not adequate attention has 
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been given to the monitoring of airborne microorganisms, whether outdoor or indoor 

(Makut et al., 2014).This study was carried out to determine the bio-aerosols 

concentrations in the indoor air of restaurants, highlight the exposure risks, and assess 
the hygiene practices in restaurants. 

Materials and Method 
The study was carried out in Kebbi State, located in the north-western part of 

Nigeria. Kebbi State is situated between latitudes 10° 8′ N – 13° 15′ N, and longitudes 3° 
30′ E – 6° 02′ E. with the population of 3,238,628 in 2006, the State occupies an area of 

about 36 229 square kilometers (Jirgi et al., 2016). The study was carried out in Birnin 

Kebbi, Jega and Aliero Local Government Areas of the State.  Birnin Kebbi being the 
capital of the state whereas Aliero and Jega, being the commercial nerve centres of the 

state, were selected based on their strategic importance. 
Measurement of Meteorological Parameters  

During the bioaerosol sampling, meteorological parameters including temperature 

(°C), air flow velocity (m/s) and humidity (H, %) were also measured and recorded using 
digital thermometer (model HTC-1), anemometer (model CR2032) and hygrometer (model 

HTC-1), respectively, using protocols described by Cheryn (2014). 
Assessment of Personal Hygiene and Sanitary Conditions  
The personal hygiene practices of food handlers (such as access to hand washing soap 

and water, nature of finger nails, whether on not hair was covered, presence or absence 
of open wound), sanitary condition of kitchens and dining rooms (such as presence and 

nature of preparation tables, access to adequate supply of water, presence or absence of 
offensive odour, availability of hand washing soap and water) were assessed using 

observation schedules and questionnaire (Hess-Kosa, 2002; Baş et al., 2006 and Giritlioglu 
et al., 2011). Before initiating the study, an institutional ethical approval was obtained for 

this research from the Department of Environmental Health, Kebbi State Ministry of 

Environment. An informed oral consent was also sought and obtained from the restaurant 
owners and/or their employees before sample collection and administration of the 

questionnaires. Using proportionate stratified random sampling as described by Nickolas 
(2017), a total of 19 restaurants were studied, with a total of 201 food handlers. 

Sample Collection and Handling 
Sampling for bacteriological and mycological analyses was carried out using open plate 
technique as previously described (Yassin and Almouqatea, 2010). A total of 684 samples 

each for bacteria and fungi were collected.Petri dishes filled with Trypticase Soy Agar 
(TSA) supplemented with 1.0 mg/ml cyclohexamide were used in order to determine the 

total viable number of bacteria whereas Malt Extract Agar (MEA) supplemented with 1.0 
mg/ml chloramphenicol was used in order to determine the total viable number of fungi. 

There were two periods in a day of sample collection; first in the morning (from 7:30 a.m. 

to 9 a.m) and the second in the afternoon (from 2:30 p.m. to 4 p.m) (Stryjakowska-
Sekulska et al. 2007). After 15 minutes exposure, the plates were immediately covered 

and placed in a canister and conveyed to the laboratory for incubation. Dishes with TSA 
medium were incubated for 48 hours at 37°C while dishes with Malt Extract Agar (MEA) 

medium were incubated for 5 days at 27°C (Aboul-Nasr et al., 2014). During each 

sampling, triplicate air samples were collected from dining rooms and kitchens of each 
restaurant. There were three days of sample collection at each restaurant .  

Enumeration of Bacteria and Fungi 
After incubation, bacterial and fungal colonies were counted separately and expressed in 

colony forming unit per cubic meter (CFU/ m3) of air using the equation CFU/m3 = a × 
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10000(bt)-1, where a is the number of colonies on the Petri plate, b is the surface of the 

Petri plate and t is the time of Petri plate exposure (Stryjakowska-Sekulskaet al. 2007). 

Statistical Analysis 
Using SPSS (Statistical package for the Social Sciences) Version 20, Pearson‘s correlation 

analysis was carried out to estimate any relationship between the meteorological 
parameter (temperature and humidity and air flow velocity) and the airborne bacterial and 

fungal concentrations (Aegerteret al., 2003). The statistical significant difference in the 
concentration of airborne bacteria and fungi among morning and afternoon samples and 

among sampling sites were determined by one-way ANOVA (Kalwasińska et al, 2012). A 

p-value of <0.05, was considered statistically significant. 
Results 

Socio-Demographic and Hygiene Characteristics of Food Handlers 
A total of 201 food handlers participated in the study, the majority of whom were 

female (61%) and were mostly between the ages of 18 to 45 (95%) (Table 1). Only 3.5% 

of the food handlers had attended basic training, and up to 33% of the food handlers had 
no form of formal education at all. Additionally, 47.76% of the food handlers wore clean 

attire and over 50% of them had cleaned, trimmed and unpolished finger nails (Figure 1). 
Although 100% of the food handlers indicated that they were in good health, only 0.10% 

had evidence of medical certification. 

Table 1:  Socio-Demographic Characteristics of Food Handlers 

 

 

 
 

 
 

 
 

 

 
 

Figure 3: Hygiene Practices of the Food Handlers 

SN Variables n=201 % 

1 Age (years):   

 Below 18 007 03.48 
 18-45 191 95.03 
 >45 003 01.49 
2 Gender:   
 Male 078 39.40 
 Female 123 61.19 
3 Role:   
 Cooks 094 46.77 
 Waiters 107 53.23 
4 Level of Education   
 No formal education 068 33.83 
 Primary 017 08.46 
 Secondary 090 44.78 
 Tertiary 026 12.94 
5 Food handlers who attended basic training 007 03.48 
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Sanitary Conditions of Restaurants 

Results for the sanitary conditions of the restaurants are presented in Figures 2 

and 3. Most of the respondents (87.7%) indicated that they cleaned their kitchens and 
dining rooms at least twice a day. Based on observation, only 3.5% of the kitchens were 

physically clean (no signs of food debris/spills on surfaces, sinks were rinsed out, utensils 
washed and kept orderly, counter tops and tables were wiped, and no garbage seen). In 

14% of the kitchens, food was adequately protected from flies and 22.8% had an 
adequate supply of water. Additionally, 49% of the dining rooms had a dedicated hand 

washing area where soap was provided. 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

Figure 2: Sanitary Characteristics of the Kitchens 
 

 
Figure 3: Sanitary Characteristics of the Dining Rooms 
Meteorological Parameters Monitored 

The results for the meteorological parameters of the restaurants‘ kitchens and 
dining rooms in Aliero, Jega and Birnin Kebbi are presented in Table 2. The temperature 

measured during the monitoring ranged from 29°C to 43°C, while the average humidity 
levels ranged from 29% to 53%. Airflow velocity ranged from 0 m/s to 1.2 m/s. 
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Table 2: Meteorological Parameters Monitored in the Kitchens and Dining Rooms  
SN Sampling 

site 

Sampling 

time 
Temperature (0C) Humidity (%) 

Air flow velocity (m/s) 

 Dining Kitchen Dining Kitchen Dining Kitchen 

1 ARA Morning 38 37 39 44 1 0.2 

  Afternoon 42 41 38 44 1 0.2 
2 ARB Morning 36 39 44 44 0 0 

  Afternoon 38 42 39 41 0 0 
3 ARC Morning 36 38 53 47 1 0.5 

  Afternoon 38 42 49 36 1 0.5 
4 ARD Morning 37 35 42 49 0 0.8 
  Afternoon 39 42 40 48 1 0.8 

5 JRA Morning 37 38 41 36 0.1 0.2 
  Afternoon 37 43 36 34 0.1 0.1 

6 JRB Morning 33 39 37 37 0.2 0.6 
  Afternoon 38 41 34 35 0.1 0.5 
7 JRC Morning 35 36 38 41 0.4 0.6 

  Afternoon 39 41 37 36 0.4 0.6 

8 JRD Morning 30 39 39 40 0.1 0.4 

  Afternoon 37 42 29 33 0.1 0.3 
9 JRE Morning 33 39 37 40 0 0.1 

  Afternoon 37 42 33 36 0.1 0.1 
10 BRA Morning 34 37 41 42 0.9 0.5 

  Afternoon 36 42 39 38 1.0 0.4 
11 BRB Morning 31 38 35 35 0.4 0.2 

  Afternoon 34 42 33 34 0.3 0.2 
12 BRC Morning 35 38 34 34 0.6 0.5 
  Afternoon 38 41 33 32 0.7 0.5 

13 BRD Morning 31 38 40 36 1.1 0.3 
  Afternoon 34 41 37 35 1.2 0.4 

14 BRE Morning 30 39 35 42 0.6 0.9 
  Afternoon 36 42 32 38 0.6 0.8 

15 BRF Morning 31 38 46 36 0.6 0.1 
  Afternoon 38 42 36 36 0.7 0.1 
16 BRG Morning 33 37 37 39 0.2 0.1 

  Afternoon 38 41 35 35 0.2 0.1 
17 BRH Morning 34 39 40 37 0.4 0.1 

  Afternoon 37 42 35 34 0.5 0 
18 BRI Morning 29 40 38 40 0.4 0.2 
  Afternoon 37 42 35 36 0.5 0.2 

19 BRJ Morning 33 39 39 37 0.4 0.2 

  Afternoon 37 42 34 35 0.4 0.3 

Key: ARA to ARD = Aliero Restaurant A to D; JRA to JRE = Jega Restaurant A to E and BRA to BRJ = Birnin 
Kebbi Restaurant A to J. 
 

Aerobic Bacterial Count and Fungal Counts 
Bacterial concentrations ranged between 1.07×103 and 1.36×104CFU/m3, while the 

fungal concentration ranged between 8.2×101 and 5.76×102CFU/m3 (Table 3). One-way 

analysis of variance showed a statistically significant difference between the three 
sampling sites (p=0.032) regarding the bacterial concentrations. A statistically significant 

difference was also observed between the morning and afternoon bacterial counts in 
Aliero (p=0.017) and Birnin Kebbi (p=0.003). Regarding the fungal concentrations, there 

was no statistically significant difference between the three locations (p=0.156). However, 

there was a statistically significant difference between the morning and afternoon fungal 
counts in Jega (p=0.003), and Birnin Kebbi (p=0.000). 

Correlation between Meteorological Parameters and Microbial Counts 
Pearson correlation analysis showed varying degree of relationships between the 

microbial concentration and the meteorological parameters (Table 4). 
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Discussion 

The findings indicate that bacterial concentrations ranged from 1.07×103 

CFU/m3‒1.36×104cfu/m3 and fungal concentration ranged from 8.2×101 
CFU/m3‒5.76×102CFU/m3. Bacterial concentrations in all the locations exceeded the 

recommended limit of 1.03×102CFU/m3 suggested by the National Institute of 
Occupational Safety and Health (USA), and 5×102CFU/m3 for culturable bacteria 

suggested by the American Conference of Governmental Industrial Hygienists (Kalogerakis 
et al., 2005).The mean bacterial concentrations also exceeded the proposed Residential 

Limit Values of 2.50×102 CFU/m3 that Górny and Dutkiewiez (2002) earlier presented to 

the World Health Organisation (WHO) Expert Meeting in Berlin.Taking into account the 
available threshold limits for bacterial concentrations in the air environments, it is obvious 

that the indoor air of the studied restaurants was highly contaminated with bacteria. 
Microbial air contamination in restaurants may result in both product deterioration and 

infections (Kisembi, 2010).Exposure to bacteria in the air may result in various types of 

infections ranging from anthrax, tuberculosis, Legionnaire's disease, influenza, 
gastrointestinal illness, measles and a number of respiratory diseases or symptoms, 

bacteremia, to meningitis (Arzt et al., 2011; Langer et al., 2012; Srikanth et al., 2008; 
Rohr et al., 2015; Fisher and Phillips, 2009). B. cereus, an airborne bacterium, is known to 

cause food borne illnesses, causing severe nausea, vomiting, and diarrhea (Daliborca et 
al., 2013). Various airborne Gram-negative bacteria produce lipopolysaccharides (LPS) 
with hyper pro-inflammatory and toxic properties (Armstrong et al., 2013; Tirsoaga et al., 
2007).Lipopolysaccharides (endotoxins) have been regarded to be one of main cause of 
both occupational lung diseases and organic dust toxic syndrome (Park et al., 2015). 

Mitchell et al. (2015) reported changes in pulmonary function due to endotoxin exposure 
in dairy workers. Apart from endotoxin, some airborne bacterial pathogens such as 

Corynebacterium diphtheria and Bordetella pertussis, can secret secondary metabolites 

called exotoxins (Hadfield et al., 2000; Mattoo and Cherry, 2005; Warfel et al., 2012). 
Interestingly, from the results of this study, none of the locations exceeded the 

threshold concentrations of 1.00×103CFU/m3 for the fungi recommended by Górny and 
Dutkiewiez, (2002). Nevertheless, the fungal concentrations recorded in the current study 

exceeded in many cases, the limit of 2.50×102CFU/m3 proposed by the American 

Industrial Hygiene Association(Post-Remediation Guidelines, 2001). The Canadian Health 
and Welfare Department has equally recommended that, for one fungal specie, a 

concentration of as low as 50 CFU/m3 should immediately be investigated; and that 
concentration of certain fungal pathogens of up to 100 CFU/m3 is not acceptable (Kim et 
al., 2017). This is because of their potential health associated risks. (Jyotshna and Helmut, 
2011) have cited a scholarly article that indicates fungal concentration as low as 150 

CFU/m3 of indoor air, be of concern. They concluded that high fungal concentrations in 

the indoor environments of various structures portend a public health danger. Exposure to 
fungi may cause skin and breathing problems, allergic, inflammatory, and toxic reactions 

(Daliborca et al., 2013; Lou et al., 2012; Fracchia et al., 2006). Respiratory symptoms may 
occur from the inflammation of airway as negative results of exposure to aerosols (Kim et 

al., 2017). Aerosols containing spores of pathogenic fungi such as Aspergillus, 

Cryptococcus, and Pneumocystis spp., when inhale into the lungs, particularly in persons 
with suppressed immune system, could cause fatal invasive infections (Brown et al., 2012; 

Yu et al., 2010). Mycotoxins are associated various health effects on humans and animals, 
ranging from allergies, diseases, and sometimes death (Kim et al., 2017). Single mold 

specie may produce different types of these toxins (Andretta et al., 2011).  
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The high concentrations of bacteria and fungi observed in the present study cannot 

be disconnected from a number of microbiological contamination sources such as 

restaurants workers, customers, clothing materials, poor ventilation systems, poor 
hygienic and sanitary conditions, and foodstuff among many other sources. The human 

body, as well as clothing, harbours the growth of microorganisms. A Strong relationship 
between occupant density, sanitation, ventilation system, human activity and 

microorganisms‘ concentration in the indoor air has been reported in the literature 
(Hospodskyet al., 2012; Toivola et al. 2002; Arwowska 2003; Loftness et al., 2007; 

Udochukwu et al.,2016; Yoon et al., 2011). Human activities like breathing, sneezing, 

coughing, talking, and movement, have been linked to the high concentration of indoor air 
bioaerosols (Adams et al., 2015; Bhangar et al., 2014, 2015; Castillo et al., 2012; Meadow 

et al., 2015; Nazaroff, 2015; Chen and Hildemann, 2009).  Stryjakowska-Sekulska et al. 
(2007) reported a high number of bacteria and fungi when they studied microbiological 

quality of indoor air in university rooms in Poznan, Poland.  

Findings indicated that bacterial counts from almost all the kitchens and dining 
rooms studied were higher in the afternoon than in the morning. This can be traced to a 

number of factors, which include but not limited to the absence of the customers and 
lower temperatures in the morning hours compared to the afternoon hours. This 

resonates with the findings of Udochukwu et al. (2016) that linked lower airborne 

microbial concentrations in morning samples as a direct result of the absence of 
customers and lack of conducive temperatures to facilitate much movement of microbes in 

the air. Lower fungal counts were observed in the afternoon than in the morning. This 
maybe so because most moulds grow best at a temperature of about 30°C and are 

affected by light. Stryjakowska-Sekulska et al. (2007) asserted that indoor air is very much 
influenced by environment, season, and daytime and that unusually high concentration of 

mould in a university canteen, in Poland came from fruits and vegetables used. 

A statistically significant positive correlation was observed between the airborne 
mesophilic bacterial and fungal concentrations. This suggests a common source of 

contamination, which was likely related to the number of daily occupants and poor 
hygiene practices. This is in line with the findings of Daliborca et al. (2013) who found a 

positive relationship between the airborne mesophilic bacteria and mould levels in public 

buildings, in Timisoara, Romania and suggested a common source of contamination. It 
was also observed that bacteria had a statistically significant positive relationship with 

temperature and negative relationships with both humidity and airflow velocity.Fungi had 
a non-significant positive relationship with both temperature and humidity but negative a 

relationship with airflow velocity. Different studies have documented different degrees of 
association between bioaerosol concentrations and environmental factors such as 

temperature and humidity (Gorny and Dutkiewicz, 2002; Zhu et al.,2003; Nikaeenet 
al.,2009; Dedesko et al.,2015). The positive relationship observed between and humidity 
fungal concentration is justifiable because humidity is still considered a critical factor 

affecting fungal growth since dampness facilitates the growth of fungal spores (Douwes et 
al.,1999;Nielsen et al., 1999; Niazi et al., 2015).  

Kavita and Jyoti (2014) also did find a strong positive relationship between 

temperature and airborne bacterial counts. Equally, Frankel et al. (2012) found that indoor 
temperature and humidity were positively correlated with levels of airborne fungi in homes 

in the northeast United States.The influence of wind velocity as a dilution and survival 
factor of airborne bacteria has been largely demonstrated in dispersion models and 

environmental reports (Van Leuken et al., 2016) 
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The socio-demographic data of food handlers indicate that the majority of the 

respondents were female (61%) and were mostly between the ages of 18 to 45 (95%). 

This is similar to the findings of Priyankaet al. (2014) whose study indicated that 85.7% of 
food handlers studied were females and majority of them were within the age range of 15 

and 30 years. Gender and age in addition to other factors, are integral hygiene 
parameters in food handling. Studies by Çakiroğlu and Uçar (2008) as well as Kibret and 

Abera (2012) reported that female workers had better hygiene scores and practices than 
males.  Olumankaiye and Bakare (2013) reported that environmental hygiene of food 

service outlets was significantly associated with age. As people age, their mobility 

deteriorates, so the cleanliness of their kitchen environment worsens; therefore, needing 
special assistance. On the contrary, however, studies have found that older workers had 

better hygiene scores than younger workers (Çakiroğlu and Uçar, 2008; Olumakaiye and 
Bakare, 2013). This could be because younger food handlers tend to be less experienced. 

Only3.5% of the food handlers had attended food hygiene basic training, and up to 33% 

had no education at all. A number of researchers have documented that the level of 
education of the workers (Zeru and Kumie, 2007; Kibret and Abera, 2012) and basic 

training in food safety are associated with better food safety knowledge (Baş et al., 2006; 
Kibret and Abera, 2012; Olumankaiye and Bakare, 2013; Onyeheho and Hedberg, 2013). 

Additionally, a study by Isaac, Dominic and Wellington (2013) on hygienic practices 

among food vendors in educational institutions in Konongo, Ghana indicated that the 
training of food vendors on food hygiene, had a significant association with important food 

hygiene parameter like hand hygiene and protection of food from flies and dust, and 
medical certification. Although up to 100% of the food handlers indicated that they were 

in good health, only 0.10% had evidence of medical certification. This could be linked to 
both lack of supervision and nonchalant attitudes from authorities. Otu (2014) linked lack 

of medical certification among food handlers in Ahmadu Bello University Zaria, Nigeria to 

the lack of enforcement from the authorities. Due to the importance of medical 
certification, stakeholders should therefore do more. In order to reduce restaurant-related 

food borne infections, food handlers need medical certification (Brown et al. 2017).  
Environmental hygiene is not only important for food safety but necessary to 

support safe food handling and hygiene by employees (Balukaet al.,2015). Results 

indicate that only 3.5% of the kitchens were apparently clean (no signs of food 
debribs/spills on surfaces, sinks were rinsed out,utencils washed and kept orderly, counter 

tops and tables were wiped and no gabbages seen); in14% of the kitchens, food was 
adequately protected from flies and 22.8% had an adequate supply of water. Less than 

half of the restaurants had hand washing soap. These signalled poor hygiene 
practices.Personal hygiene results revealed that 51.4% had their nails trimmed, cleaned 

and unpolished, 47.8% had protected hair and 49.3% wore clean attire. This is grossly 

inadequate and could be one of the major contributors of higher microbial counts 
observed.People who are employed directly in the preparation and distribution of food are 

crucial in reducing food safety risks (Chapman, 2009; De Sousa, 2008). Poor hygiene 
practices during handling, processing and distribution of food are some of the important 

ways of product contamination (Kisembi, 2010). Taulo et al. (2009) reported that 

improper personal hygiene practices among food handlers was the most commonly 
reported practices that contribute to foodborne illness. Transmission of the pathogens to 

food by the food workers‘ hands has been reported as a major cause of food-borne 
outbreaks (Çakiroğlu and Uçar, 2008). Therefore, ensuring proper personal hygiene 
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practices, particularly hand washing, has been cited as the most effective tool in 

preventing the spread of food-borne infections (NHS Plus, 2008).  

Table 3: Aerobic Bacterial and Fungal Counts from the Kitchens and Dining Rooms  

SN 

Sam-

pling 
Site 

Samp-ling 
Time 

Aerobic Bacterial Count (CFU/m3) (mean ±SD) Fungal Count (CFU/m3) (mean ±SD) 

Dining room Kitchen Dining room Kitchen 

1 ARA 
 

Morning  1.77×103 ±33.07 2.12×103 ±27.02 2.47×102 ±2.739 5.35×102 ±8.388 

 Afternoon 4.07×103 75.9 2.51×103 ±30.75 2.05×102 ±5.175 2.06×102 ±4.353 
2 ARB 

 

Morning  2.88×103 ±56.39 3.79×103 ±60.37 2.47×102 ±5.003 4.11×102 ±9.381 

 Afternoon 5.35×103 ±94.43 5.35×103 ±91.3 2.88×102 ±4.243 1.64×102 ±3.969 

3 ARC 
 

Morning  2.76×103 ±49.95 2.84×103 ±56.03 2.47×102 ±6.247 2.47×102 ±7.322 
 Afternoon 3.83×103 ±67.97 3.42×103 ±34.65 1.23×102 ±2.789 1.23×102 ±3.346 

4 ARD Morning  1.07×103 ±21.67 2.55×103 ±30.47 8.2×101 ±1.936 2.06×102 ±3.279 

 Afternoon 3.37×103 ±103.9 2.43×103 ±66.11 8.2×101 ±2.522 1.23×102 ±3.245 

5 JRA 

 

Morning  2.22×103 ±29.48 8.89×103 ±166.6 1.64×102 ±2.587 4.11×102 ±6.566 

 Afternoon 4.32×103 ±68.77 7.57×103 ±137.8 1.23×102 ±2.744 1.64×102 ±3.712 

6 JRB 

 
Morning  2.02×103 ±30.1 3.33×103 ±41.37 2.88×102 ±3.428 3.70×102 ±5.472 

 Afternoon 3.91×103 ±46.69 4.73×103 ±72.08 1.23×102 ±3.609 1.23×102 ±2.55 

7 JRC 
 

Morning 3.91×103 ±54.94 5.35×103 ±118.7 2.47×102 ±6.058 2.47×102 ±6.405 
 Afternoon 4.98×103 ±90.38 5.56×103 ±74.54 1.64×102 ±4.086 2.06×102 ±6.14 

8 JRD 
 

Morning  5.10×103 ±87.8 6.87×103 ±115.8 1.65×102 ±3.383 2.88×102 ±6.521 

 Afternoon 9.05×103 ±102.7 6.42×103 ±65.03 1.65×102 ±2.619 1.23×102 ±3.082 
9 JRE Morning  4.77×103 ±71.45 3.46×103 ±63.01 1.23×102 ±3.046 2.88×102 ±4.755 

 Afternoon 5.56×103 ±74.54 5.76×103 ±113.8 2.06×102 ±6.14 1.65×102 ±4.324 

10 BRA 
 

Morning  1.98×103 ±32.62 4.12×103 ±80.99 1.65×102 ±2.789 4.53×102 ±8.136 
 Afternoon 3.13×103 ±36.04 5.93×103 ±89.54 8.2×101 ±2.186 2.47×102 ±4.106 

11 BRB 
 

Morning  1.98×103 ±16.46 2.06×103 ±23.02 2.06×102 ±3.563 3.29×102 ±6.972 

 Afternoon 2.26×103 ±23.49 2.18×103 ±31.8 1.65×102 ±3.456 1.65×102 ±4.868 

12 BRC 
 

Morning 3.13×103 ±55.52 4.98×103 ±92.87 3.29×102 ±3.00 5.35×102 ±8.599 
 Afternoon 4.36×103 ±94.48 3.95×103 ±35.77 1.65×102 ±3.563 1.23×102 ±2.048 
13 BRD 

 

Morning  1.11×103 ±31.94 2.43×103 ±39.27 1.23×102 ±2.774 3.29×102 ±5.59 

 Afternoon 1.65×103 ±34 2.22×103 ±64.3 1.23×102 ±2.977 2.47×102 ±4.822 
14 BRE 

 
Morning  1.11×103 ±24.38 6.67×103 ±88.58 2.06×102 ±3.745 5.76×102 ±8.638 

 Afternoon 2.63×103 ±20.89 8.23×103 ±119.1 1.23×102 ±2.774 4.53×102 ±6.002 

15 BRF 
 

Morning  3.29×103 ±28.2 5.60×103 ±55.88 2.88×102 ±5.657 4.12×102 ±5.426 
 Afternoon 5.76×103 ±108.3 1.21×104 ±130.3 2.06×102 ±3.516 2.47×102 ±3.358 

16 BRG 
 

Morning  3.17×103 ±28.55 4.07×103 ±48.73 2.47×102 ±4.444 4.16×102 ±7.681 
 Afternoon 5.97×103 ±87.92 9.10×103 ±88.27 2.06×102 ±2.667 2.06×102 ±2.00 

17 BRH 
 

Morning 2.26×103 ±25.02 7.08×103 ±93.35 2.88×102 ±5.191 4.12×102 ±7.785 
 Afternoon 2.80×103 ±26.31 1.36×104 ±100.4 1.65×102 ±3.504 2.47×102 ±3.391 
18 BRI 

 

Morning  3.33×103 ±32.4 2.76×103 ±29.39 3.29×102 ±4.045 5.76×102 ±10.16 

 Afternoon 4.82×103 ±53.63 4.12×103 ±48.79 1.23×102 ±2.108 2.06×102 ±3.321 

19 BRJ Morning  3.05×103 ±28.12 5.80×103 ±54.73 2.88×102 ±5.916 3.29×102 ±9.124 
 Afternoon 4.61×103 ±54.27 6.63×103 ±106.5 1.65×102 ±3.464 1.23×102 ±2.693 

Key: ARA to ARD = Aliero Restaurant A to D; JRA to JRE = Jega Restaurant A to E and BRA to BRJ = Birnin 
Kebbi RestaurantA to J. 

Table 4: Pearson Correlation Analysis 

 
Bacterial 
Count 

Fungal 
Count 

Temperatur
e 

Humidity Air flow Velocity 

Bacterial 

count 

Pearson Correlation 1.000 0.123 0.458** -0.317** -0.347** 

Sig. (2-tailed)  0.290 0.000 .005 0.002 
N 76 76 76 76 76 

Fungal 

count 

Pearson Correlation 0.123 1.000 0.003 0.159 -0.136 

Sig. (2-tailed) 0.290  0.983 0.169 0.242 
N 76 76 76 76 76 

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

Conclusion 

The indoor air quality was found to be poor, with the levels of airborne bacteria and 

fungi exhibiting levels higher than the prescribed limits. This is of particular concern 
because of their potential public health threat. The results were likely driven by poor 



 

  ISSN 1813-4262(print) 
ISSN 1813-4270(online) 

Metropolitan Journal of Environmetal and Health Research  
Metropolitan International University Press 

 

Vol. 1, No. 1,2020 

www.miu.edu.ug 

 

 
40 

sanitary conditions and personal hygiene practices. There is a strong need for improved 

hygiene practices, improved food hygiene basic training and education. Since 

meteorological parameters have a significant influence on the distribution of microbes in 
the air, controlling such factors through, for example, enhancing ventilation systems, 

could contribute to reducing the indoor air microbial load. It is necessary that educational, 
environmental hygiene and outreach programmes direct efforts towards improving the 

effectiveness of microbiological control measures in restaurants and other food outlets. 
Government officials and leaders in the food service industry should strive to institute a 

thorough assessment of the food processing chain to identify and address areas that are 

responsible for food and indoor air contamination. Here, developing the standards of air 
quality related to bioaerosol contamination in restaurant environments will be crucial as 

such guidelines for the maintenance and/or monitoring of the indoor air are lacking in 
Nigeria and most developing countries. 
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Abstract 
This paper aims at assessing flood risk factors and mapping areas vulnerable to flood in 
the study area, using Geo-spatial techniques. The method follows a multi-parametric 
approach and integrates some of the flood causative factors such as: rainfall distribution, 
elevation and slope, drainage network and density, land-use/land-cover and soil type. The 
Spatial Multi-Criteria Analysis (MCA) was used to rank and display potential locations, 
while the Analytical Hierarchy Process (AHP) method was employed using pair-wise 
comparison to compute the priority weights of each factor. The various layers were 
integrated in weighted overlay tool in ArcGIS to generate the final vulnerability map, 
representing three levels of estimated flood vulnerability zones (high, moderate and low). 
The normalized criterion weights were obtained for each factor, and the results shows 
that, rainfall (34) and slope (31) have the highest influence on flood in the study area. 
The Consistency Ratio (CR) with an acceptable level of 0.05 was obtained which further 
validated the strength of the judgement. With ArcGIS, the factor weights from the AHP 
were incorporated to produce a Geo-hazard map and it showed that areas that are high 
vulnerable to flood in Suleja constitute about 37%, while moderate and low vulnerable 
areas constitute about 45% and 18% respectively. Elements at high risk of flood are those 
found at the extreme northeast, where elevation is very low, southwest where rainfall 
distribution is high (along the fringes of Tafa LGA and Abuja FCT respectively) and on low 
lying areas along the depressions. Therefore using the Geo-hazard map as a guide, local 
councils and other stakeholders can act to prepare for potential floods when the rains 
come or, better yet, proactively promote an appropriate land-use policy that will minimize 
threat to lives due to flood. 
Keywords: Flood, Geo-hazard, Mapping, Risk-factors, Vulnerability   

 
Introduction 

The socio-economic condition in the whole of Sub-Saharan Africa and most of 

Nigerian societies is characterized by persistent high poverty level and low food security. 
This is further compounded by environmental susceptibility to climatic variability as well as 

impoverished and malnourished households to diseases and prolonged violent conflict 
(Odunola and Balogun, 2015). Dwindling human socio-economic development has also 

contributed to creating vulnerability and thus, weakening the ability of people to cope with 
hazards and their effects (Ojo, 2013). Floods are among the most recurring and 

devastating natural hazards, which result from a number of basic causes of which the 

most frequent are climatological in nature, but very often induced by human‘s abuse of 
the environment (Few et al., 2004). Flood occurs when there is an inundation of any area 

which is not normally covered with water, through a temporary rise in the level of a river, 
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lake or sea, and when excess precipitation exceed natural infiltration, evaporation, and 

possible transmission (United Nations International Strategy for Disaster Reduction-

UNISDR, 2015). A variety of climatic (such as: intense and/or long-lasting precipitation, 
snow melt etc.) and non-climatic processes (such as elevation, soil character, slope 

orientation, urbanization etc.) influence flood processes, resulting in river, flash, urban, 
glacial lake outburst and coastal floods (Wisner et al., 2012).  

However, flood risk results from the combination of hazards, conditions of 
vulnerability and insufficient capacity or measures to reduce the potential negative 

consequences (Moses, Ijeoma and Bitrus, 2015). The high vulnerable potential of floods in 

particular may be related to their rapid occurrence and to the spatial dispersion of the 
areas which may be impacted by these floods. Both characteristics limit the ability to issue 

timely flood warnings. In flood prone areas, runoff rates often far exceed those of other 
water flow types due to the rapid response of the catchments to intense rainfall, 

modulated by soil moisture and soil hydraulic properties. The small spatio-temporal scales 

of floods, relative to the sampling characteristics of conventional rain and discharge 
measurement networks, make also these events particularly difficult to observe and 

predict (Borgaet al., 2011). Small streams in urban areas can also rise quickly after heavy 
rain due to higher generated runoff and less concentration (Ozcan and Musaoglu, 2010). 

Changes in the urban area and in storm intensity produce higher flows that exceed the 

capacity of small culverts under roads designed for non-urbanized areas. Although such 
structures can be adequate when designed, their capacity may turn out to be inadequate 

and thereby cause overflows onto the roads creating new water paths and flood the built 
up areas. In developing countries, inadequate maintenance of the drainage channels, and 

debris and solid waste disposed into such drainage systems may accentuate the situation 
(Associated Programme on Flood Management-APFM, 2012). The rainfall runoff process, 

however, is highly complex, non-linear and spatio-temporally varying because of the 

variability of the terrain and climate attributes (Chang and Guo, 2006). 
In Nigerian context, flood events are influenced by a range of factors including: 

the overflow of the numerous rivers that transverse the country, unprecedented rainfall 
amounts and intensity, dam breakage and levee failures,  insufficient drainage systems, 

urbanization and the underutilization of dams in some parts of the country (Emmanuel, 

Olawumi and Durojaye, 2012). Suleja among other locations lies on the valley of ―River 
Gorges‖ and characterized by many first order streams which drains directly into River 

Niger. Communities along the floodplain and surrounding land are affected by floods, 
which in some years cause considerable damage to their crops and houses. Erosion of 

river bank is also a significant problem to these communities (Aminu, et al., 2013). The 
flood event of 2005, 2012 and 2016 led to the death of hundreds of people. It also 

brought about the collapse of roads that links the north to the southern FCT axis (Niger 

State Emergency Management Agency as cited in Vanguard, 2018). The current trend and 
future scenarios of flood risks therefore demand for accurate spatial information on the 

potential hazards and risks of floods. Geo-hazard maps need to be created, as they 
provide a basis for the development of flood risk management plans.  The maps should be 

effectively communicated to various target groups (including decision makers, emergency 

response units and the public) as a measure to reduce flood risk by integrating different 
interests, potential and conflicts over space  in a city (Yahaya and Abdalla, 2010). The aim 

of this study therefore is to assess flood risk factors and map areas that are vulnerable to 
flood in Suleja Niger State, Nigeria, using Geo-spatial techniques. 
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Methodology  

The study area lies between Latitude 9º12′1.17″ N and Longitude 7º10′20.25″ E 

of WGS84. It shares boundary with Gurara to the North-West, Tafa to the East in Niger 
State and Gwagwalada, Zuba to the south, in Federal Capital Territory (Fig. 1). It covers a 

land area of 136.33 km2 and had a population of 216,578 in 2006 (NPC, 2006). It 
encompasses ten (10) wards namely: Bagama ‗A‘, .Bagama ‗B‘, Magajiya, Iku South I, Iku 

South II, Hashimi ‗A‘, Hashimi ‗B‘, Maje, KurminSarki and Wambai. The area has gentle 
rock and the soils are derived from geological parent materials developed on sand stone 

formations. The soils are usually deep, red and enriched with clay sub-soil (Niger State 

Bureau of Statistics, 2011; Aminu, et al., 2013).  The area experience tropical climate and 
summers are much rainier than the winters in Suleja. The average annual temperature is 

26.3 °C and the total rainfall is 1328 mm. The driest month is December. The highest 
precipitation occurs in September; with an average of 272 mm. March is the warmest 

month of the year with average temperature of 29.0 °C. The lowest average temperature 

is in August at 24.5°C (Aminu, et al., 2013).  

 
Fig. 1: The Study Area 

Source: Topographic/Administrative Maps 
Types and Sources of Data 

The data used for this study were largely acquired from secondary source (Table 1). 

Table 1: Types of Data, Sources and Date of Acquisition 

Data Type Resolution/Scale  Source Date 

SPOT 7 Imagery  1m SPOT 7 2017 

Topographic 

map 

1:100,000 State Ministry of Lands and Survey, Suleja 2014 

Soil Map  

 

1:650.000 Department of Geography and 

Environmental management, ABU, Zaria 

2017 

Rainfall data  20 years (1997-2017) River Basin Development Authority, Niger 2017 

ASTER data  30m United States Geological Survey (USGS)  2018 

Source: Author‘s Computation, 2019 
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Data Processing 

The SPOT 7 and ASTER data were imported in to ArcGIS and geo-referenced 

using the UTM Zone 32 North and datum WGS 1984 in ArcGIS. This was followed by sub-
setting, to obtain the Area of Interest (AOI). Unsupervised classification was performed on 

the Spot Imagery in order to have a general view of the area which was followed by 
object based supervised classification method in ArcGIS for the final LULC map. The image 

was classified based on ‗Classification Scheme‘ of Anderson, Hardy, Roach and Witner 
(2001). The ASTER data was used to generate the Digital Elevation Model (DEM) of Suleja 

with the help of the Spatial Analyst tool. Slope amount was obtained from the sub-

mapped ASTER data of the study area. The ASTER data was further subjected to spatial 
analysis using 3D spatial analyst tool to generate the Slope map of the area. The 

topographic map of Suleja and the Soil map of Nigeria were subsequently scanned and 
imported into ArcGIS and geo-referenced based on the map layer projection system. The 

study area was clipped from the map and its drainages digitized. Verification was also 

done using the Spot imagery and the ASTER layers. Thereafter, the Kernel density tool 
was employed to drive the drainage density map. Different soil types of the study area 

were digitized into polygons from the clipped Soil map. Further more, the mean annual 
rainfall for the 20 years was used to create rainfall map of the study area by interpolating 

the figures using ―Kriging‖. All data layers derived were converted to raster data sets 

having the same pixel size. 
Method of Data Analysis 

The relationship between the six thematic layers and their various attributes were 
derived under the AHP which   usually determine the relative importance of the criteria in 

a specified Multi-Criteria decision-making problem (Yalcin and Akyurek, 2004). The 
procedure by which the weights are produced followed the logic developed by Saaty 

(1980). Pair-wise comparison of the flood risk factors was performed and results was put 

into a comparison matrix based on Saaty‘s fundamental scale (Table 2). The matrix was 
populated with values from 1-9 and fractions from 1/9 to 1/3 representing importance of 

one factor against another in the pair. The values in the matrix need to be consistent, 
which means that if x is compared to y, it receives a score of 9 (highly significance), y to x 

should score 1/9 (little significance).  An object compared to itself gets the score of 1 

(equal importance). The weights calculated from each column was summed up and every 
element in the matrix was divided by the sum of the respective column. The consistency 

ratio (CR) was also calculated in order to ensure that the comparison of criteria made by 
decision makers is consistent. The rule is that a CR less than or equal to 0.10 signifies an 

acceptable reciprocal matrix, whereas greater than 0.10 is not acceptable (Equation 1). 
Reclassification of the layers was done into appropriate classes using AHP into the inverse 

ranking system on a scale of 1 to nth values, where 1 represent very low and nth very high 

for rainfall, drainage, elevation, slope and LULC. For soil, 1 denotes poor drain and nth well 
drain soils (Table 2). All the weighted data sets were integrated in ArcGIS 10.3 to produce 

the flood vulnerability map by weighted overlay where each class individual‘s weight was 
multiplied by the map scores and the results added (Equation 2). 

---------------------------------------------------------------- (Equation 1) 

Where: CI- represents Consistency Index which reflects the consistency of one‘s judgment 
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λ is calculated by averaging the value of the consistency vector (factor weight) 

RI- denotes Random Inconsistency index that is dependent on the sample size (Table 3) 

S = ∑ wi Xi ------------------------------------------------------- (Equation 2) 
Where: S = Vulnerability  

wi = Weight for each map  
Xi = Individual map 

Table 2: Fundamental Scale of Pair-wise Comparison& Random Inconsistency Indices 
Intensity  Definition  Explanation  

1  Equal importance  Two elements contribute equally to the objective  

3  Moderate importance  Experience and judgment slightly favor one element over another  
5 Strong importance  Experience and judgment strongly favor one element over another  
7  Very Strong importance  One element is favored very strongly over another; its dominance 

is demonstrated in practice  
9  Extreme importance  The evidence favoring one element over another is of the highest 

possible order of affirmation  
 2,4,6, and 8 These are the intermediate values 

Random Inconsistency Indices (RI) for n to 10 
n value 1 2 3 4 5 6 7 8 9 10 

RI 0 0 0.58 0.89 1.12 1.24 1.32 1.41 1.45 1.49 

Source: Adapted from Saaty (1980) 
Results and Discussion 

Characteristics of Flood Risk Factors in Suleja 
Fig. 2 represents the characteristics of flood risk factors in the study area. From 

Fig. 2, it can be seen that, Rainfall (1) ranges from 1324-1486mm per annum, averaging 

about 1405mm. The areas bordering the FCT are those with high rainfall (1420-1486mm) 
as compare to the other parts. The drainage density (2) ranges from 0-322km2. High 

density (227-322km2) occurs in linear fusion along Tafa and Gaurara axis. Furthermore, 

Sandy (3) soil lies predominantly to the north, and spread towards northeast and 
northwest, while the south and the central parts and some portion of the northwestern 

margin is covered with loamy soil. The west and the southeast are mainly covered with 
clay soil. Further, the elevation of Suleja (4) ranges from 279-556m above sea level. Thus, 

to the north, the study area is predominantly a highland which descends towards the 

south and western parts. Also the area is dominated by steep gradient descent towards 
the extreme west and southwestern sides of the region, with the slope (5) ranges 

between 0 - 80%. However, from the LULC (6) features of the area most of the 
development is on the eastern part of the city along the river course and the northwest 

route in a linear synthesis. There is also concentration in the south and some dispersal 
across the study area. Settlements like: Fadaman-abuchi, Bamburu, Zariyawa, Gajiri, 

Numba, Chaza and Gwazunu are heavily farming oriented (Aminuet al., 2013), hence, the 

abundant farmland (Fig. 2). 
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Rainfall Distribution (1) 

 
    Drainage Density (2) 

 
     Soil Classification (3) 

 
Elevation (4) 

 
               Slope (5) 

 
      LULC Structure (6) 

Fig 2: Characteristics of Flood Risk Factors 

Source: Source: Author‘s GIS Analysis, 2019 
Pair-wise Comparison for Flood Risk Factors in Suleja 

Table 3 shows the Pair-wise comparison for the six flood causative factors, while 
Figure 3 represents the reclassified maps produced based on the weights generated using 

the AHP. 
Table 3: Pair-wise Comparison for Flood Causative Factors 
Rainfall Low Moderate High Nil Nil Class 

1324-1362 1 5/7 5/9   Low 
1363-1419 7/5 1 7/9   Moderate 
1420-1486 9/7 9/5 1   High 
Drainage Very high High Moderate Low Very low Class 
227-322 1 7/5 7/3 3 7 Very High 
172-226 5/7 1 5/3 5/3 5 High 
106-171 3/7 3/5 1 3/3 3 Moderate 
36-105 3/7 3/5 3/3 1 3 Low 
0-35 1/7 1/5 1/3 1/3 1 Very Low 
Soil Clay Loam Sandy Nil Nil Class 
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Clay 1     5     9       Poorly Drained 
Loam  1/5 1     5       Moderately Drained 
Sandy  9/1  9/5 1       Well Drained 
Elevation Very high High Moderate Low Very low Class 
276-382 1 3     5     7     9     Very High 
383-428  1/3 1     3     5     7     High 
429-459  1/5  1/3 1     3     7     Moderate 
460-491  1/7  1/5  1/3 1     3     Low 
492-556  1/9  1/7  1/7  1/3 1     Very Low 
Slope Very Low Low Moderate High Very High Class 
0-16 1 9/7 9/5 9/3 9 Very low 
17-26 7/9 1 7/5 7/3 7 low 
27-38 5/9 5/7 1 5/3 5 Moderate 
39-54 1/9 3/7 3/5 1 3 high 
55-80 1/9 1/7 1/5 1/3 1 Very high 
LULC Built-up Farmland Bare Surf. Vegetation River Vulnerability 
Built-up 1 9/7 9/5 3 9 Very High 
Farmland 7/9 1 7/5 7/3 7 High 
Bare Land 5/9 5/7 1 5/3 5 Moderate 
Vegetation 1/3 3/7 3/5 1 3 Low 
River 1/9 1/7 1/5 1/3 1 Very Low 

Source: Author‘s AHP and GIS Analysis 2019 
The pair-wise comparison done for areas with high rainfall against those with low 

had the ratio of 9/7 indicating that high rainfall rated 9, have extreme influence on flood 
over those low and moderate (5). This procedure is repeated for all the classes against 

each other. It was also revealed that, areas with very high drainage densities rated 7, 
have very strong influence over the rest of the classes (Table 3). Further, clay soils are 

designated as being poorly drained while, loamy and sandy are considered moderately 

and well drained respectively (UNCHS-Habitat, 2001). Comparison done that, sandy rated 
9 have extreme influence over clay and loamy in that order. Likewise, areas with very high 

elevation (9) contribute more to flood in the area, as it facilitate surface water run-off 
(Table 3). Similarly, very low slope (9/7), was found to have the greatest influence against 

those with low, moderate, high and very high slopes respectively. Similarly, built-up areas 

(9) also contribute more over the rest of the LULC feature classes (Table 3). Thus, built-up 
land and cemented surfaces generate more surface runoff since they do not allow water 

infiltration, while others like vegetation permit interception, thereby reducing the runoff 
and consequently the flood magnitude (Lindsay-Walters, 2015). Further analysis from Fig. 

3 corroborated that, high rainfall, very high drainage densities, poorly drained soil, very 

low elevation, slope and built up land weighed 38, 32, 74, 51, 47 and 51 respectively, 
contributes to flood in the study area. 
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Re-classified Rainfall (1) 

 
Re-classified drainage (2) 

 
Re-classified soil (3) 

 
Re-classified elevation (4) 

 
Re-classified slope (5) 

 
Re-classified LULC (6) 

Fig 3: Reclassified Flood Risk Factors Based on the Weights Generated using the AHP 

Source: Source: Author‘s GIS Analysis, 2019 
Flood vulnerability Zone in Suleja 

This section presents the result of overlay operation based on the pair-wise comparison 
carried out for the flood risk factors (Table 4), and the flood vulnerability map (Fig. 4).  

Table 4: Weight for Flood Risk Factors 
Factors Rainfall Slope Elevation Drainage 

Density 
LULC Soil Weight 

Rainfall 1     3     3     7     9     1     34 

Slope  1/3 1     3     5     7     9     31 

Elevation  1/3  1/3 1     3     5     7     18 
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Drainage density  1/7  1/5  1/3 1     3     5     9 

LULC  1/9  1/7  1/5  1/3 1     3     5 

Soil 1      1/9  1/7  1/5  1/3 1     4 

Consistency Ratio= 0.05 

Source: Author‘s GIS Analysis, 2019 

 
Fig. 4: Flood Vulnerability Map of Suleja 

Source: Author‘s GIS Analysis, 2019 
From Table 4 it can be seen that, the weights generated reveal that rainfall and 

slope, weighted 34 and 31, have the greatest influence on flood occurrences in the study 

area. Elevation, drainage density, land used and soil on the other hand contribute to the 
flood incidence in that order. This implies that, flood in Suleja occur at the event of 

rainfall. Its intensity, duration and amount are generally believed to be the principal 

factors in most flood events in the tropics which are partly or wholly climatological in 
nature (Muhammad, 2015). The significant findings showed a CR value of 0.05, which fell 

much below the threshold value of 0.1 and it indicated a high level of consistency. Hence, 
it was concluded that rainfall and slope have the highest influence on flood within the 

study area.  This agrees with Umar and Muazu (2017), where rainfall and topographic 

configuration of Hayin-gada was found to substantially influence flood in Katsina. In terms 
of nature of slope Ismail and Sanyol (2013) in a study conducted in Kaduna further 

buttress this fact as they observed that areas that lie beside a river may not be liable to 
flood if it is at a great height while areas that lie far away may experience floods if the 

intervening land is flat, gentle sloping or if the area lies in a depression. The flood 
vulnerability map reveals that areas of high vulnerability constitute 37% of the study area 

while moderate and low vulnerable areas constitute 45% and 18% respectively. Elements 

at high risk of flood in the study area are those found at the extreme northeast, where 
elevation is very low, southwest where rainfall distribution is high and on low lying areas 

along the rivers or depressions. Most of the properties situated within these areas are 
built-up areas consisting of residential areas, commercial structures, roads and farmlands. 

Settlements that are more vulnerable include: Diko, Numewa, Kuchiko, Maji, Gauraka and 

Kwonkashe. Moreover, a critical look at the built-up land shown in Figure 3 with respect to 
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each vulnerability zone in Figure 4 shows that, those in the high risk area outnumber 

those in the moderate and low risk zones put together. This may be attributed to the fact 

that the former is on lower elevation consisting of nearly leveled land to gently undulating 
plates and therefore tend to attract population due to ease of accessibility and presence of 

fertile soil amongst others. 
Conclusion and Recommendations 

The study assessed flood vulnerability in the study area. The findings show that 
areas that lie along the rivers and on low elevations are more prone to flood at rainfall 

events than those on higher elevations. It therefore means cultural features such as 

residential, commercial, educational and health facilities amongst others as well as the 
populace found within these areas are at great risk of flood. The risk of contracting water-

borne diseases such as cholera as a result of the devastation cause by the flood to their 
sanitation and immediate surroundings might be a side effect. However, the deficiencies 

particularly of institutional capacities to implement risk reduction measures through public 

early warning system, may shed light on the risk context of the area and how vulnerability 
is complicated by increasing exposure to risks. If menace flooding of Suleja is continually 

ignored, the risk of exposure to flood will be on the increase and more properties, 
farmlands and crops, public infrastructures and lives may continue to be lost in due 

course. There is need therefore to improve weather forecasts in languages widely spoken 

in areas that were likely to experience flood, thunderstorms and other extreme weather 
conditions. Also, resettlement of communities along the rivers to safer areas should be 

taken in to consideration and ensure that the populace adhere to planning regulations so 
as to minimize the rate at which local population are exposed to environmental hazards 

particularly flood.  
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Abstract 
An objective of this research work is to provide improved non-synthetic Acacia 
leucophloearoot based contraceptive formulations, which eliminates the disadvantages of 
the known contraceptives. It provides intravaginalmucoadhesive gel formulations with 
antifertility, spermicidal activity, better stability, compatible with the aqueous vaginal 
environment and miscible with the vaginal fluid. The present study provides contraceptive 
gel formulations of hydroalcoholic extract from roots of Acacia leucophloea along with 
other suitable pharmaceutically acceptable excipients.In the present study plant Acacia 
leucophloea root, Amarnthusspinosus root and Buteamonosperma gum were selected on 
the basis of their folklore uses and various other uses mentioned in literature. 
Standardization of the crude drug was performed according to ICH guidelines. 
Pharmacognostical, physicochemical and phytochemical investigation was performed and 
purity and identity of plants was confirmed. Oral acute toxicity study (LD50), biochemical 
and haematological study of different extracts revealed the safety of the plant given at a 
dose of 2000 mg/kg b.w. Alcoholic and aqueous extracts of plant material were evaluated 
for antifertility activity at the dose level of 500 mg/kg b.w. oral dose by reproductive 
outcome, anti-implantation, abortifacient, estrogenic and anti-estrogenic study.Alcoholic 
and aqueous extract of Acacia leucophloea root were found to be more potent than any 
other extracts. Traditionally Acacia leucophloea root has been used as a contraceptive 
agent which is applied through vaginal route which may be due to its spermicidal effect. 
In order to confirm this spermicidal activity of alcoholic and aqueous extracts were 
performed and it was found that the extracts were effective at the dose level of 100 
mg/kg b.w. in mice. Four new flavoniodal compounds were isolated for the first time from 
the Acacia leucophloearoot, which contained chromen ring the pharmacophore responsible 
for the activity.Finally intravaginal gel formulations were developed with hydroalcoholic 
extract of root of Acacia leucophloeausing compatible excipients. Pharmacological activity 
of the developed formulation were performed which showed promising results. 
Keywords: Acacia leucophloearoot, Antifertility, intravaginal gel, anti-implantation, 
abortifacient, estrogenic and anti-estrogenic study.  

 
Introduction 

Increasing population is one of the major problems by which, various countries of 

the world are suffering from. For combating population various methods are being used 
like condom, vaginal pessaries, oral contraceptives and intrauterine devices, but still there 

is a need to develop a formulation to overcome the disadvantages which are associated 
with these conventional devices. Such as intrauterine devices have to be inserted only by 

the physician and it gives discomfort during intercourse, condom and vaginal pessaries 

sometimes give an unpleasant and uncomfortable feeling. Besides these, synthetic oral 
contraceptives which are free from such disadvantage of administration, are associated 

with hypertension, increased risk of cancer, weight gain etc. 
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On the basis of traditional knowledge of herbal healer; existing in the Bastar 

region, and literature survey, three traditional formulations were selected for evaluation to 

avoid the pregnancy. In the Formulation-1, the root powder of Acacia lecophloea mixed 
with honey, in Formulation-2, 10-15 g root powder of Amaranthusspinosus mixed with 15-

20 ml of rice water andin the Formulation-3 approximately 5-6 g Buteamonosperma gum 
was mixed with cow milk. 

Material and Method 
The method of evaluation for the formulation was adopted from previous similar 

studies and in reproductive outcome method found that the Formulation-1 is highly 

effective to prevent the pregnancy as compared to the rest of the two formulations. For 
scientific evaluation, according to WHO guideline plant materials were collected, identified 

and stored in air-tight containers. Quality control parameters, successive solvent 
extraction, phytochemical screening, antifertility activity of extracts, isolation and 

characterization of bioactives, preformulation study, formulation development and 

antifertility activity of developed formulation were carried out.  
Results and Discussion 

Plant materials were collected in January 2009 from Bastar region of Chhattisgarh, 
India and were identified and authenticated by the  Botanist Dr. N. Shiddhamallaya, 

Regional Research Institute (Ay.), Central Council for Research in Ayurveda and Siddha, 

Ashoka Pillar, Jayanagar, Bangalore as Acacia lecophloea (Roxb) (RRCBI/mus.5-36) wild 
belonging to family Mimosaceae, Amaranthusspinosus L(RRCBI/mus.5-27) belonging to 

family Amaranthaceae and Buteamonosperma (Lam.) Taubert (RRCBI/mus.8-13) 
belonging to family Fabaceae. 

Physicochemical parameters of Acacia leucophloearoot were determined. In 
physicochemical parameter total ash is approximately two times and four times more than 

acid insoluble ash and water soluble ash respectively.  Ethanol soluble extractive is 

approximately two times higher than water soluble extractive. Moisture content was less 
than 7 % and pH was 6.8, while the Amaranthusspinosusroot showed that total ash was 

approximately two times and three times more than acid insoluble ash and water soluble 
ash respectively.  Water soluble extractive is approximately 1% higher than ethanol 

soluble extractive. Moisture content was less then 4.30 % and pH was 6.9. The successive 

solvent extraction with petroleum ether, alcohol and water gave 0.156 %, 17.6 % and 
9.60 % practical yield respectively in the case of Acacia leucophloearoot, while in the 

Amaranthusspinosusroots it was 1.66%, 13.23 %, 18.4 %respectively. Phytochemical 
investigation of Acacia leucophloeashowed alkaloid was present in alcoholic extract; 

terpenes were present in petroleum ether, and alcoholic extracts. Flavonoids and tannin 
were found in alcoholic and aqueous extract. However in the Amaranthusspinosusroot, 

alcoholic extract showed positive report for alkaloid, terpenes present in the petroleum 

ether, and alcoholic extracts, glycosides were present in alcoholic and aqueous extracts, 
sugar present only in the alcoholic extract. 

Acute oral toxicity study was performed according to OECD 423 guideline. 2000 
mg/kg body weight and classified as category 5 or unclassified, LD50 greater than 2000 

mg/kg body weight. No Clinical Changes (skin and fur, eyes and mucous membranes, and 

also respiratory, circulatory, autonomic and central nervous systems, and somatomotor 
activity and behavior pattern, tremors, convulsions, salivation, diarrhea, lethargy, sleep 

and coma) were observed during the study. Heamatological and biochemical parameters 
were also performed before and after treatment and no significant changes were 

observed. 
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Antifertility activity of plant extracts were evaluated with the help of reproductive 

outcome, anti-implantation, abortifacient, estrogenic and anti-estrogenic study was also 

performed, which further supported by the hormonal analysis. 
Table 1: Effect of Extracts on Anti-Implantation Activity 

Treatment 
(Dose) 

ANTI-IMPLANTATION ACTIVITY 

No. of implants No. of litters 
Mean 
% anti-
implantation 

Control 7.33 ± 0.52 7.50 ± 0.55 Nil 

HBM 6.67±1.03 6.00±0.89 9.62 

AAS 5.67 ± 0.56 4.33 ± 0.59 22.78 

AAL 5.33± 0.52b 3.50 ± 0.55 a 34.34 

WAS 5.00 ± 0.89 3.33 ± 0.82 33.61 

WAL 4.16 ± 0.53c 2.50 ± 0.56 a 39.91 
Values are expressed as mean ± S.D.  
P values a = P < 0.05, b= P < 0.01, c= P < 0.001 when compared with normal control 
 

Result of reproductive outcome study showed variation in fertility suppression and 

recovery. The highest percentage of reduction in fertility (from number of litters) was 

found with aqueous extract of Acacia leucophloearoot (WAL) 66.7% followed by alcoholic 
extract of Acacia lecophloea root(AAL) 56%, aqueous extract of Amaranthusspinosusroot 

(WAS) 46%, alcoholic extract of Amaranthusspinosusroot (AAS) 33.2% and hydroalcoholic 
extract of Buteamonosperma gum (HBM) was 25 % whereas the percentage of recovery 

of fertility after withdrawal of all above extracts treatment can not correlate with the 
sequence of fertility suppression i.e. the highest percentage of recovery of fertility was 

found with the HBM (having lowest percentage of fertility reduction) followed by AAS- 

96.4%, WAS- 94%, WAL- 91.6% and AAL- 81.6%. 
Table 2: Effect of Extracts on Abortifacient Activity 

Treatment 
(Dose) 

Abortificient Activity 

No. of implants No. of litters % resorption 

Control 7.33 ± 0.52 7.17 ± 0.40 4.12 

HBM 7.00 ±0.63 6.50 ±0.55 6.85 

AAS 6.83 ± 0.75 6.00 ± 0.45 12.00 

AAL 5.66 ± 0.53 b 4.33 ± 0.41 b 23.49 

WAS 4.50 ± 0.84 2.67 ± 0.82 41.39 

WAL 5.33 ± 0.54 b 3.33 ± 0.42 a 37.52 

Values are expressed as mean ± S.D.  
P values a = P < 0.05, b= P< 0.01, c= P< 0.001 when compared with normal control. 

 

Further, anti-implantation and abortifacient activities were evaluated. Both these 

activities were calculated on the basis of number of implants and number of litters. The 
mean percentage of anti-implantation and percentresorption (abortifacient) were found to 

be highest for WAL-(39.91 %) and WAS-(41.39 %) respectively, while other remaining 
extracts showed mean percentage of anti-implantation AAL-34.34%, AAS- 22.7%, WAS- 

33.61% and HBM- 9.62% whereas in the case of percentresorption; AAL- 23.49%, WAL- 
37.52%, AAS- 12% and HBM- 6.89% respectively. These results indicated that all the 

extracts inhibited the conversion or development of implants into litters. 
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Table 3: Effect of Extracts on Estrogenic and Anti- Estrogenic Study 

Group Treatment (Dose) 
Uterine weight 
(mg/100 g body 
weight; mean ± S.D) 

Vaginal 
cornification 

1 Control 70.52 ± 4.72 NIL 

2 Ethinylestradiol (1 µg/rat per day) 331.00 ± 8.46a +++ 

3 HBM (500 mg/kg) 114.83±5.82 + to ++ 

4 AAS (500 mg/kg) 134.00 ± 9.36 + to ++ 

5 AAL (500 mg/kg) 106.63 ± 4.73c + 

6 WAS (500 mg/kg) 196.14 ± 8.13 + to ++ 

7 WAL (500 mg/kg) 133.11 ± 4.68b ++ 

8 Ethinylestradiol (1 µg/rat per day)+HBM (500 mg/kg) 218.33±12.48 +++ 

9 Ethinylestradiol (1 µg/rat per day)+ AAS (500 mg/kg) 218.42 ± 10.51c +++ 

10 Ethinylestradiol (1 µg/rat per day)+ AAL (500 mg/kg) 410.67 ± 9.09 +++ 

11 Ethinylestradiol (1 µg/rat per day)+WAS (500 mg/kg) 421.83 ± 5.87 +++ 

12 Ethinylestradiol (1 µg/rat per day)+WAL (500 mg/kg) 410.64 ± 8.93c +++ 

Values are expressed as mean ± S.D.  
P values a = P < 0.05, b = P < 0.01, c = P < 0.001 when compared with normal control 
+: Nucleated Epithelial Cells, ++: Nucleated Epithelial Cells and Cornified Cells,  
+++: Cornified cells.  
 

Furthermore, the antifertility activity of all the extracts were finally evaluated with 

the help of estrogenic and anti-estrogenic activity associated with hormonal level and 

histological parameter like uterine weight, diameter of uterus, thickness of endometrium 
and height of endometrium epithelium. The order of potency of estrogenic activity was 

found to be WAL>AAL>WAS>HBM. 
Table 4: Histological Changes in the Uterus and Endometrium after Treatment with Extracts 

Treatment (Dose) 

Diameter of 

uterus 
(µm ± S.D) 

Thickness of 

endometrium 
(µm ± S.D) 

Height of 
endometrial 

epithelium 
(µm ± S.D) 

Control 326.92 ± 6.14 52.28 ± 2.02 18.6 ± 0.55 

Ethinylestradiol (1 µg/rat per day) 820.65 ± 6.79 235.15± 10.23 51.57 ± 2.08 

HBM (500 mg/kg) 511.65±7.63 74.12±2.47 24.95±5.19 

AAS (500 mg/kg) 502.88 ± 10.09 75.63 ± 2.80 30.63 ± 1.63 

AAL (500 mg/kg)  598.17 ± 6.66c 80.41 ± 2.59c 28.00 ± 1.43b 

WAS (500 mg/kg) 616.57±7.75 217.93 ± 5.75 30.02 ± 0.99 

WAL (500 mg/kg) 624.56±6.24c 271.07 ± 2.94c 30.82 ± 0.62c 

Ethinylestradiol (1 µg/rat per day)+HBM (500 mg/kg) 748.43±6.13 214.33±4.65 48.52±2.39 

Ethinylestradiol (1 µg/rat per day)+ AAS (500 mg/kg) 771.13± 11.02c 233.93± 5.09b 47.34 ± 2.91c 

Ethinylestradiol (1 µg/rat per day)+ AAL (500 mg/kg) 887.50 ± 6.56c 283.73 ± 5.29c 52.42± 2.56a 

Ethinylestradiol (1 µg/rat per day)+WAS (500 mg/kg) 896.04± 11.84c 306.19± 6.11b 63.36± 1.78a 

Ethinylestradiol (1 µg/rat per day)+ WAL (500 mg/kg) 905.96 ± 6.47c 264.26±4.39c 51.09 ± 2.58c 

Values are expressed as mean ± S.D.  
P values a = P < 0.05, b = P < 0.01, c = P < 0.001 when compared with normal control 
 

Results of anti-implantation and abortifacient activities shows that, the number of 

viable litters were reduced and number of resorption in female pregnant rats increased 
which indicates that the antifertility effect of the extract may be due to its estrogenic 

activity. About the hormonal level, LH and FSH level were decreased in order of 
WAL>AAL>WAS>AAS>HBM when compared to control; indicated that the disturbance in 

the estrous cycle and ovulation through suppression of FSH. Again the level of prolactin 

increased with decrease in LH level for WAL and AAL which ultimately indicates that the 
estrous cycle was prolonged supported by the significant increase of the uterine weight 
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when compared with ethyl estradiol indicating strong estrogenic activity associated with 

inhibition of ovulation by suppression of FSH. 

On the basis of antifertility activity it was summarized that the HBM showed the 
least antifertility effect among all the extracts evaluated, and it was necessary to identify 

the specific phytoconstituent present in potent extracts, therefore WAL, AAL, WAS and 
AAS were carried forward for isolation and characterization. 

Isolation was performed by the column chromatography method for which 50X2.5 
cm column size with silica Gel G (Mesh 60-120) as stationary phase used. Total eight 

compounds were isolated from different extracts. Compound AAL-1 and AAL-2 were 

isolated from the AAL, WAL-1 and WAL-2 isolated from WAL. Similarly compound AAS-1 
and AAS-2 were isolated from AAS. WAS-1 and WAS-2 were isolated from WAS. The 

molecular formula of compound AAL-1 was elucidated as C18H12O9 [3,5,6,7,8-
Pentahydroxy-2-(7-hydroxy-2-oxo-indan-5-yl)chroman-4-one], compound AAL-2 

elucidated as C11H12O10[2-(3-carboxy-5-metheyl-phenyl)-3,5,6,7,8-pentahydroxy-chroman-

4-one]. The molecular formula of compound WAL-1 was elucidated as C15H9O7bBr [2-(4-
Bromo-3,5-dihydro-phenyl)-4H-chromane-3,5,6,8-tetraol], compound WAL-2 was 

elucidated as C21H16O6 [4-Cyclopenta-2,4-dienyl-2-(5-hydroxy-bicyclo[4.1.0]-1(6),2,4-trien-
3-yl)-4H-chromane-3,5,6,8-tetraol] with the help of IR, NMR, and Mass spectroscopy. The 

entire isolated compound from Acacia leucophloearoot extracts contained chroman ring 

which was reported as antifertility agent. Therefore, it may be concluded that isolated 
compound might be responsible for antifertility activity. 

The molecular formula of compound AAS-1 was elucidated as C22H24O4N2[3-(6,7-
Dimethoxy-1,4-dihydro-isoquinolin-1-yl-methyl)-5-dimethylamino-benzoic acid methyl 

ester], compound AAS-2 elucidated as C23H19O6N [6-(6,7-Dimethoxy-1,4-dihydro-
isoquinolin-1-ylmethyl)-4-oxo -4H- chromane- 8- carboxylic acid methyl ester], compound 

WAS-1 elucidated as C24H19O11[6,7,9-Trihydroxy-2-(2-hydroxy-phenyl)-8-(4,5,6-trihydroxy-

2-methyl-tetrahydro- pyran-2-yl)-4H-benzo[g]chromane-5.10-dione], compound WAS-2 
was elucidated as C29H27O4 [3-(4-hydroxy-2-methyl-tetrahydro-2H-pyran-2 yl) -6a, 12a-

dimethyl-1,2a dihydropental[4ah, 6ah,7H,aH)-dione]. Compound AAS-1 and AAS-2 was 
the isoquinoline derivatives reported by other researchers, according to them the 

isoqinoline derivatives act as contraceptive (Choudharyet al., 2008). Compound AAS-2 and 

WAS-1 contain the chroman ring which is responsible for antifertility activity. 
From the pharmacological activity and isolated compound of all extracts, it was 

summarized that from AAL, WAL, AAS and WAS, the AAS and WAS were weak anti-fertility 
agent than AAL and WAL and traditionally Acacia leucophloearoot powder was used from 

the vaginal route. For the conformation of spermicidal effect of intravaginal solutions of 
the extracts, containing 10, 20, 40, 50, 100 and 150 mg/kg body weight, respectively, 

were administered to mice in groups of 10, while the control group received 0.05 ml of 

saline solution. Immediately after the treatment, the female mice were allowed to be in 
contact with fertile male mice, placing two female mice and one male per cage for 24 h. 

mating was confirmed by the presence of a copulation plug in the vagina of female mice. 
A vaginal froth was made to verify the presence and viability of spermatozoa, taking this 

day as the first day of gestation or pseudogestation. Spermicidal activity of both the 

extracts indicated that the percent viability of spermatozoa decreasing as the 
concentration of extracts increases during the gestation period of animals. Therefore work 

was concentrated to develop the formulation which may be used from vaginal route. 
Hence hydroalcoholic extract of Acacia leucophloeawas selected for the contraceptive 

formulation. 
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In preformulation study, organolaptic characters and extract-excipient 

compatibility study by FT-IR spectroscopy was studied. Carbapol 934 and HPMC were 

found compatible and suitable with extract. Total 9 formulations were developed with the 
gelling agent carbapol 934 and HPMC having variation in weight whereas the weight of 

extracts was 1% which remains constant in all the formulations. After the evaluation of all 
formulation, it was found that only three formulations containing 0.5 %, 1% carbapol 934 

and 10 % HPMC with q.s. preservative, passed and remain stable. Rest six formulations 
were removed from the study on the basis of viscosity, spreadibility, extrudability, vaginal 

irritation and washability. After organolaptic compatibility study formulations were 

subjected to accelerated stability study by which the percentage potency of the selected 
formulations was found to be stable for the period of 12 weeks. 

Pharmacological evaluation of vaginal gel formulations were evaluated by 
reproductive outcome (In-vivo). The animal mated after administration of vaginal gels, 

and none of the female rats which were administered Acacia lecophloea gels delivered 

pups while all rats which received placebo gels delivered pups. Thus Acacia 
leucophloeavaginal gels showed 100% anti-fertility effect in rats. Spermicidal effect (In- 
vitro) of vaginal gels were found in the range of 20 second to 2 minutes. 
Conclusion 

The developed herbal intravaginal gel formulation of hydroalcoholicextact of 

Acacia leucophloearelates to non-synthetic, high rate of inhibition of reproductive outcome 
and better spermicidal activity. Intravaginal gel had the advantage of being non-irritant, 

water miscible, water washable, easily spreadable and miscible with vaginal fluid. 
Therefore, the developed intravaginal gel comprising of all the properties of gel suitable 

for intravaginal administration and showed best activity for contraception. 
In future the formulation of potent extract or isolated compounds can be 

developed for better and safe contraception. For the benefit of general population, 

regarding the control of population, the developed formulation (intravaginal gel) can be 
assessed for its therapeutics effect on clinical level. 
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Abstract 

The present study documents the ethnomedicinal and conservation status of 91 herbs 
belonging to 81 genera and 66 families in tehsil Banda Daud shah during 2012-2013. The 
information about conservation and ethnobotanical was collected through questioners and 
personal interviews during fieldwork using the IUCN 2001, Red Data List Categories and 
Criteria. Among these 36 species were found to be rare, vulnerable (30 species), 
infrequent (13 species), endangered (8 species) and dominant (4 species). From the 
present investigation we concluded that most plant species are going to become 
endangered because the natural vegetation area was change into urbanization.  
Keywords: Medicinal herbs, Conservation, Banda Daud Shah, Pakistan.  

 
Introduction 

The Banda Daud Shah is situated at 32o 47 to 32o0 48 North and 70 o 30 to 70o 40 

East. The area is bounded by District Hangu on the North West, District Kohat on the 
North East, Tehsil Karak on the South, and Tribal area Adjoining Bannu District on the 

South West (Figure 1). Physiography of the area is uneven and can be divided into 
mountainous area, the plain and the small hillocks. The soil is generaly clayey or sandy. 

The fertile loamy soil is very rarely found. Although the hills are very dry, but it is a fact 

that it contains precious minerals like salt, gypsum and gas etc. The salt quarries are 
mostly at Jatta Ismail Khel and Bahader Khel, where the hills present great amount of 

exposed rocks salt. There is shortage of drinking water, so the people bring water from 
remote area. The Rainfall is scanty in the area. The area is very hot in summer and very 

cold in winter (Khan 2003). The climate and weathers are also influenced by wind. In 
summer the wind direction is variable. In July wind comes from Eastern side, carrying 

clouds and rainfall with them. In hottest months, especially in June whirl winds are 

developed on plain area after noon due to heating and convectional uprising. Sometimes 
strong, dry and hot winds with huge dust enter the area from different sides. Most of the 

winter season is calm but at approach of February high velocity winds blow in the area. In 
winter season breeze from Hangu side also blows down the area for weeks together, 

making the winter even colder. Due to much interest in the field of plant taxanomy the 

area of Tehsil Banda Daud Shah was selected, so as to evaluate and documentise its flora 
to same extant. 
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Figure 1. Map of research area. 

 

The conservation status of organisms indicates the feature of plant species in the 
area. Conservation status of a species depends upon many factors like fuel demand, 

farming land, grazing, deforestation, reproduction rates and known threats. It is estimated 

that some 270,000-425,000 vascular plant species are already known (Govaerts, 2001). 
Based on the sample of species that have been evaluated through 2006, the percentage 

of endangered species as 40 percent of all organisms has calculated by the International 
Union for Conservation of Nature (IUCN) (Anon., 2008). Alam and Ali (2009) classified 

Astragalus gilgitensis as a Critically Endangered (CR). According to Khan et al., (2011a) 4 

flowering plant species are threatened. Khan et al., (2012a) reported one specie as 
threatened plant from Tehsil Takht-e-Nasrati, District Karak, Pakistan. According Khan et 

al., (2013a) that habitat loss and removal, preface of alien species, pollution and diseases, 
over-exploitation and climate change are some threats facing by plants which are an 

important part of our ecosystem. Plant biodiversity is also under tremendous pressure due 

to its population explosion, unplanned urbanization, deforestation and over-exploitation of 
natural resources (Khan et al., 2013b). Unfortunately, very little work has been done on 

threatened plants of Pakistan and extremely limited information is available on this subject 
(Khan 2013). Khan and Husssain (2013a) reported 7 shrubs and trees as threatened 

species form Takht-e-Nasratti Pakistan. These studies are principally based on IUCN 
criteria and with support of quantitative data. In contrast, the recent red list of IUCN 

(Anon., 2008) only 19 flowering plants species has been listed from Pakistan. Regarding 

Pakistan, previous workers have classified the plant species as threatened or rare on the 
basis of literature or herbarium specimen. Less work has been done according to IUCN red 

list categories or criteria (Khan 2013). The research area has rich biodiversity consisting of 
a different type of plants, some of which are used for their medicinal value. 

Ethnobotanical studies in various areas of Pakistan have been carried out ( Shinwari and 

Khan, 2000; Shinwari and Gilani, 2003; Hussain, et al. 2006; Shinwari, 2010; Murad et al., 
2011; Khan et al., 2011a, 2012c, 2013c). The present research was aimed to collect, 

document and compile diverse and disperse traditional local information of century‘s 
experienced therapeutic uses of medicinal plants and conservation status of trees and 

shrubs of Tehsil Banda Daud Shah. Such a study will provide evidence for their 
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authenticity in a particular disease and hence it will give a very interesting and rewarding 

prepharmacological ground for undertaking its investigation on scientific basis. 

Materials and Method 
The study was conducted by frequently surveying in winter, spring and summer 

during 2012 to 2013. The area is divided into plain and mountain. Habit, habitat, 
altitudinal range, population size, distribution range, impacts of multiple threats like 

habitat destruction, erosion, fuel wood cutting, grazing, poultry farms and invasive species 
have been studied for two years in the habitat. Plant specimens were collected from 

different parts of research area. Nature of habitat was analysed by soil erosion, invasive 

species and impacts of anthropogenic activities. Information on demographic (age, 
gender), ethnomedicinal and conservation status was gathered from each site by using a 

semi-structured questionnaires using stantard method Khan, (2013). During survey 
personal observation was also recorded. Analysis of data was made with the help of group 

discussions and questioners among different age classes of tehsil banda daud shah that 

include both genders of the society. The data was classified, tabulated, analyzed and 
concluded for final report.  

Result 
In the present study the ethnomedicinal and conservation status of plant species 

were determined in Tehsil Banda Daud shah. Total 91 species belonging to 81 genera and 

36 families were found.The Asteraceae with 12 species, Poaceae with 10 species, 
Amaranthaceae with 7 species, Papilionaceae with 6 species. Brassicaceae, 

Convolvulaceae, Lamiaceae and Solanaceae with 4 species. Boraginaceae, 
Chenopodiaceae, Euphorbiaceae, Malvaceae and Zygophyllaceae with 3 species. 

Cyperaceae and Plantaginaceae have 2 species. Aizoaceae, Aloaceae, Apiaceae, 
Asparagaceae, Asphodelaceae, Capparidiaceae, Caryophylaceae, Cucurbitaceae, 

Fumaraceae, Geraniaceae, Hypericaceae, Nyctaginaceae, Orobanchaceae, Oxalidaceae, 

Pedaliaceae, Polygonaceae, Primulaceae, Ranunculaceae, Scrophulariaceae, Tiliaceae and 
Verbenaceae with single specie (Figure 2). 

The plants were divided on the basis of conservation into five classes i.e. 
endangered, vulnerable, rare, infrequent and dominant. In the present report, 36 species 

were found to be rare, Infrequent (13 species),vulnerable (30 Species) endangered (8 

Species) and 4 species were dominant ( Figure 3; Table 1).  

 
Figure 2. Family in research area. 

 
Figure 3. Conservation stutus of plant species in research area. 
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Discussion 

 The study was disging to explore the anthropogenic activity and conservation 

activity of area. The work may be considered as bird‘s eye view as the information 
collected and described over here are no doubtly few but without them the botanical 

aspect of the area remains incomplete. The work will surely provide much help to future 
workers trying in this field in this area. The area consists of both hills and plains, much 

different in floristic composition. Due to lack of irrigation facilities the flora, particularly 
cultivated flora has much difference from highly irrigated areas of Khyber Pakhton Khawa 

(Khan et al., 2011). No fruit orchards have been seen in the research area. On hills 

different grasses, Monotheca buxifolia, Acacia modesta, Cotoneaster sps, Rzhazia stricta 
and Dodonaea viscosa etc are found. From the present investigation it is noticed that each 

species have limited to a slim distribution range and specific habitat. With the changes in 
environment the plant species habitat are disturbed. A vast extent road structure, stone 

mine, oil and gas reservires are the main cause of interruption and demolition in the 

habitat of plant in the area. Erosion was causing a severe damage during rains, individuals 
of plants species growing in sandy and river bank were found more prone to erosion than 

the plants found on rocky slopes and cliffs. Our observations were agreed with the 
workers (Khan et al., 2011; Khan and Hussain, 2013). They reported the species from 

almost similar habitats from other tehsils of district. The current study was conducted, 

according to the IUCN red list categories and criteria (Anon., 2001), which describes in 
detail that if population size is fewer than 250 mature individuals with a continuous decline 

in their number along with no sub-populations, making the tree species eligible to be 
placed under Critically Endangered (CR) category.  

According to Khan and Hussain (2012) population size is often affected by dry 
periods during the growing season, when plants may not produce any viable seed and 

there will be no natural recruitment. No natural conscription was observed in Acacia 
modesta Walland Dodonea viscosa L. Hence, it is concluded that the population sizes of 
rare trees and shrubs are constantly falling at an alarming rate, without having natural 

conscription. According to (Engler, 2008; Khan et al., 2012b) over-exploitation of plant 
species for fuel wood and fodder purpose by local communities and migrants is a complex 

problem and a major cause of plant extinction. Rabinowitz (1981) suggests that those 

species which are found over a wide geographic range but are consistently rare 
throughout their distribution need immediate attention. 

According to Davis et al., (1995), no accurate information has been published 
about the impacts of unsustainable use of plant species. Grazing is ecological problem 

observed, more in hilly area than plain area, to change the habitat of native flora.  
According to Khan and Hussain (2012b) force of grazing ranges from almost invisible 

elimination of plant material to harsh reduction of vegetational wealth and extensive 

erosion. From the conservation point of view, endangered species were reported from a 
few localities in the research area. Hence, urgent conservation steps should be taken to 

avoid its elimination from research area. The plant species are the main source of 
medicine and other requirements of the local communities. The plants are not used 

properly because of the shortage of trained manpower and resources. It was noted that 

elder people had more knowledge about the folk uses of medicinal plants than younger 
generation. Most of the plants used by the local people are not conserved but are over 

exploited. The present study indicated that the leaves and fruit are common used against 
different diseases. Similar finding were also reported from other areas of Pakistan 

(Hussain, et al., 2006; Shinwari et al., 2006; Shinwari, 2010; Khan et al., 2011a,b, 2012, 
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2013b,c). Therefore it is an urgent need of conserving these plants that in future, the 

coming generations could be benefited from these precious plants that are a real gift of 

nature for the mankind.  
Conclusion 

The present study shows that the people of the area possessing good knowledge 
of herbal remedy but as people are going to modernization; their knowledge of traditional 

uses of plants may be lost. The investigated area has a rich diversity of medicinal plants 
and provides a conductive habitat and ideal conditions for their growth. It is necessary to 

stop the selling of whole trees and smuggling to other district. Alternate environmentally 

friendly and sustainable jobs should be provided for the local inhabitants for maintaining 
their living properly.  
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Abstract 

This paper assesses the effects of rainfall variability on domestic rainwater harvesting for 
human consumption, due to deterioration of groundwaterquality by salt water intrusion in 
the coastal areas of Akwa Ibom State, in order to providean alternative source of water 
supply. To achieve this rainfall data for 20 years (1989-2008) was collected from   
meteorological stations, Akwa Ibom. Rainfall variation was determined using the 
coefficient of variation of the monthly rainfall data. Rainwater harvesting potential was 
evaluated using Supply Side Approach (SSA). The estimation was done by multiplying the 
iron roof area (150m2) with coefficient (0.9).The results indicated that  monthly rainfall 
variability ranges between 23.1-378.63mm, with the month of September having the 
highest mean value and December recording the lowest mean value, while mean annual 
rainfall variability ranged between 145.6-440.7mm with 1990 having the lowest annual 
mean v and 1993 having the highest annual mean. There was a gradual increased in 
rainfall during April –June and dropped at July with the peak in September with the 
maximum storage capacity of 98 m3(983,000 litres harvested rain. The result further 
indicated that the total demand line for rainwater consumption recorded 18,000 litres 
above the 20 litres United Nations Standard for rural communities for collecting and 
storing water for potable and non-potable uses. But rainwater harvested shouldpass 
through proper treatment with emphasis on operation and maintenance (O&M) for quality 
assurance due to incessant gas flaring in the region. 
Keywords: Rainwater harvesting, Rainfall Variability, Rainwater Potential, Coastal region, 
Sustainability.  

 
Introduction 

Water is one of the basic human needs requirement which may be sourced from 

surface water, groundwater, or rainwater (Gleick, 1996). According to Fang et al (2007), 
Wheida and Verhoeven (2007), available water supply sources are diminishing owing to 

the population rise, climate change, and pollution, causing a globally acknowledged 
situation of water scarcity, especially in developing countries. According to Seckler et al. 

(1998), by 2025 one-third of the population in developing countries will face critical water 

shortages is to some degree refuted by the United Nation. 
Rainwater harvesting and infrastructure are affected by rainfall variability 

(Aladenola and Adeboye, 2010; Adegoke and Sojobi, 2015; Balogun et al, 2016).  
According to Omogbai (2010) sea surface temperature of the tropical Atlantic Ocean and 

land–sea thermal contrast between sea surface temperature and rainfall stations are 

responsible for 87% of rainfall variability in South-west Nigeria, while surface location of 
inter-tropical discontinuity and land surface temperature of rainfall stations are responsible 

for 7 and 6% of rainfall variability in Southern Nigeria.   Akinsanola and Ogunjobi (2014) 
attributed rainfall variability to local factors such as orography, boundary layer forcing and 

moisture build up. Study of rainfall variability is very important because it has been found 
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to affect rural water supply and food production in the southwest of Nigeria (Adegoke and 

Sojobi, 2015). 

 Rainwater harvesting (RWH) is any human activity involving collection and 
storage of rainwater in some natural or artificial container either for immediate use or use 

before the onset of the next season for domestic, agricultural, industrial and 
environmental purposes ( Kun et al., 2004; Mati et al., 2005). 

Rainwater harvesting consists of a wide range of technologies used to collect, 
store and provide water with the particular aim of meeting demand for water by humans 

and/or human activities (Ngigi, 2003; Malesu etal., 2005), is often an intervention 

intended to augment the Provisioning Services of the environment for human well-being 
(UNEP, 2009). Rainwater harvesting has been proposed and  practiced as one of the 

alternatives to improve water supply especially in rural and peri-urban areas of low-
income countries (Cruddas et al, 2013), areas without reticulated water supply (Ndiritu et 

al ,2011), water-scarce, remote and marginalized areas (Nijhof et al , 2010), areas where 

existing water supply is inadequate (Aladenola and  Adeboye, 2010), areas with abundant 
annual rainfall (Ghis and  Schondermark, 2013), highly contaminated and saline coastal 

areas (Samaddar et al, 2014) as well as arid and semi-arid regions (Abdulla and  Al-
Shareef, 2009). 

Factors working  against the practicability  and scaling of domestic rainwater 

harvesting include use of poor roofing materials and high cost of storage tank (Cruddas et 
al., 2013; Opare, 2012), huge capital cost of acquisition, installation and maintenance of 

domestic rainwater systems (Roebuck et al, 2011), limited knowledge of the potentials of 
rainwater harvesting (Kohlitz and  Smith, 2015), lack of finance, legislation and 

coordination (Mwenge et al , 2011), space requirements (Traboulsi and  Traboulsi, 2015) 
and poor quality of DRW (Oke and Oyebola, 2015), due to atmospheric pollutants (Ubuoh 

et al, 2012),  lack of skills (Kalungu et al., 2014), lack of social capital (Esterhuyse, 2012), 

risk of waterborne diseases ( Mwenge et al , 2007; Dobrowksy et al., 2014) , while the 
quality of rainwater harvested depends on roof type, level of atmospheric pollution, 

geographical location, container size, catchment characteristics, land use practices and 
local climate (Ubuoh et al, 2012;  Balogun et al, 2016).  It has been reported that  the 

benefits of domestic RWH include achievement of  water savings ( Barroso, 2013; 

Bocanegra  et al., 2014;), mitigation of storm run-off and conservation of potable water 
(Campisano et al , 2013) , financial savings and cost-effective improvement of urban 

drainage systems (Słyś and  Stec, 2014), aquifer recharge (Clark et al., 2015) and 
reduction of drinking water risks in highly contaminated and saline coastal areas 

(Samaddar et al., 2014). Campisano et al. (2013) found that frequent precipitation 
increases the performance of DRWH and that the water-saving efficiency depends on 

storage tank size, demand fraction, storage fraction and climate. 

Although in  the southern part of Akwa Ibom State, problems of rainwater is 
always suspected of  acid precipitation  due to  the continuous gas flaring by Mobil Oil 

Company (Akpan, 2003; Ekop and Udotong, 2004; Akpan and Umana, 2007),  corrosion of 
zinc roofing sheets  by acid rain ( Ubuoh et al, 2012) and saline water intrusion in nearby 

coastal aquifers (Oyeyemi et al  , 2015;  Ubuoh et al , 2017), has been acclaimed all over 

the world to pose a threat to the sustainable development and economic wellbeing of 
dwellers in any coastal area (Oyeyem et al, 2015; Ubuoh et al, 2017).   Based on this 

there is need for an alternative water supply in the stud area for sustainability, and 
alternative to this is atmospheric rainwater in coastal Environment (Ubuoh, 2012).

 This study is, therefore, embarked upon the assessment of rainfall variability for 
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domestic rainwater harvesting as a solution to  water resource  development in  the 

coastal region  of Nigeria. 

Materials and Method 
This study was conducted in Akwa Ibom in Southeastern Nigeria, which is part of 

the Niger Delta. The State has an ocean front, which spans a distance of 129 kilometers 
from Ikot Abasi in the west to Oron in the southeast and located between latitudes 4° 30′ 

and 5 ° 30 ′ N and longitudes 7°30′nand 8°20′ E (Fig. 1).It occupies an area of about 
6,900km2(Fig. 1). It is characterized by mangrove swamps, tidal creeks and brackish 

lagoon. Because of the effects of the Maritime and the Continental Tropical air masses, 

the climate of Ibeno and Eastern - Obolo is characterized by two seasons, namely, the wet 
or rainy season and the dry season. The wet or rainy season lasts for about eight months 

beginning from March- April and lasts until mid - November with an average annual 
rainfall of approximately 4000mm.The area is subject to constant inundation by saline and 

brackish water.  

 
 

Rainfall Data Collection   
Rainwater data was collected from National Meteorological Station in Uyo in Akwa 

Ibom State for the period of 20 years 1989 -2008).Rainfall variability has been accepted 
as a useful parameter to estimate the reliability of rainfall over any area within a specific 

time (Ekanem,2010). Rainfall variation refers to the change that occurs in rainfall totals 
collected in any location. Rainfall variation was determined through the coefficient of 

variation of the monthly rainfall (CVm) according to Aladenola and Adeboye, (2010: 

 =        Equ. 1. 

where: 

CVm =  the coefficient of variation of the monthly rainfall; 
Sv =  the standard deviation of the monthly rainfall (mm); 

Va  =the mean of the monthly rainfall (mm). 
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Catchment Surface: 

The rainwater harvesting potential was evaluated by using Supply Side Approach 

(SSA) which involve: runoff, area of catchments and coefficient  of runoff  for galvanized 
iron roofing sheets (0.9)  which is constant ( Gould and Nissen, 1999). The estimation of 

rainwater available from rooftop for harvesting is calculated by multiplying the roof area 
(Length  x Breath) (150 m2) with coefficient ( 0.9) and  the mean monthly  historical 

rainfall data. It was calculated by using the formula given below (Gould and Nissen, 
1999), reflecting Supply Side Approach (SSA) as follows: 

2 

Where:  
R = Mean Annual Rainfall in m 

A = Catchment Area in m2 

Cr = Coefficient of Runoff. 

Storage Tank Capacity: Using daily rainfall data for 20 years , the average monthly 
rainfall was determined and multiplied by an assumed RA of 80 m2and a runoff coefficient 

of 0.8 in order to obtain monthly volumes of runoff in liters. From the monthly volumes, 

the cumulative monthly volumes were obtained and both were plotted. On the same 
graph a constant demand line was drawn assuming constant withdrawal for a whole year. 

The maximum difference between the demand line and the cumulative rainfall gave the 
storage capacity of a tank to store all the rainwater derived. 

Statistical Technique: Furthermore, a descriptive statistical analysis was applied to 

rainfall data to examine their central tendency (mean, asymmetry and variance), 
variability (standard deviation) We assumed the annual monthly maximum rainfall data as 

a normal distribution and considered a single-tailed test. This analysis was performed 
according to the methodology proposed by Ahammed et al. (2014). Standardization of 

data was performed in order to eliminate potential data redundancy and inconsistent 

dependencies in a historic record rainfall (1989–2008) based on Ahammed et al. (2014) 
Results 

Table 1 shows the summary of the mean monthly rainfall distribution for the study area 
for 20 years events. 
Table 1: Mean Monthly Rainfall Distribution for the Study Area (mm) (1989-2008). 

Month Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec. 

Mean 
(mm) 

18.39 37.93 129.35 190.28 286.83 300.99 310.05 336.79 378.63 268.17 102.29 23.71 

SD 54.00 48.37 21.98 4.39 23.48 27.57 30.18 37.90 49.98 18.09 29.79 52.48 
CV (%) 293.6 127.5 16.99 2.31 8.19 9.16 9.73 11.25 13.20 6.75 29.12 221.34 

 

From Table 1, the mean monthly rainfall variability for 20 years ranged between 

23.1-378.63 mm , with the month of September having the highest mean value and 
December recording the lowest mean value  with SD  ranging 49.98 -52.48, Cv 13.20 -

221.34 % respectively.  Based on Fig 1, it is worthy to note that there is  a gradual and 
constant increase in rainfall from January and the peak in the month of September. From 

the month of September, there is a sudden decrease in the quantity/ volume of rainfall till 
the month of December, indicating a possible reduced rainfall, pointing to the need for 

increasing resilience in the water supply. 
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Fig 2. Variation of Mean Monthly Rainfall in the Study Location 
Table 2: Mean  Annual  Rainfall Distribution for the Study Area (mm) (1989-2008) 

S/N Year Mean(mm) SD CV (%) 

1 1989 198.6 946.15 476.41 

2 1990 145.6 957.99 657.96 
3 1991 198.3 946.21 477.16 

4 1992 167.4 953.13 569.37 
5 1993 440.7 892.01 202.41 
6 1994 191.6 947.71 494.63 

7 1995 221.6 941.06 424.67 
8 1996 205.0 944.72 460.84 

9 1997 182.2 949.86 521.33 
10 1998 223.7 940.53 420.44 
11 1999 195.8 946.77 483.54 

12 2000 224.9 940.27 418.08 
13 2001 200.6 945.70 471.44 

14 2002 200.3 945.77 472.18 
15 2003 179.3 950.46 530.09 

16 2004 180.1 950.28 527.64 
17 2005 234.2 938.19 400.59 
18 2006 397.7 901.63 226.71 

19 2007 258.6 932.73 360.68 
20 2008 183.7 949.47 516.86 

  

From Table 2, mean annual rainfall variability ranged between 145.6-440.7mm 
with SD 957.99- 892.01, CV 657.96- 202.41%with  the year of  1990 having the lowest 

annual mean value of rainfall and the year of 1993 having the highest annual mean value 

of rainfall in the  area. 

 
Fig. 3. Average monthly rainfall distribution of the study Area 1989– 2008. 
 

Table 3 shows the spreadsheet calculation for the study area. The rainfall data 

were gleaned from Akwa Ibom State Meteorological station as an historical data for 20 
years. Mean figures  for the rainfall data  were used to simplify  the calculation signifying  

a typical  field approach  to rainwater harvesting storage sizing as shown in Table 7 
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Table 3: Rainwater Harvested  in the Study Area between (1989-2009) 

Months  Mean 
Monthly-

Rainfall (mm) 

Monthly 
Rainfall 

Harvested 
(Litres) 

(000) 

Total Rainfall 
Harvested 

(Litres) (000) 

 Demand based 
on total 

utilization 
(Litres) (000) 

Monthly Total 
Demand  

(Litre)(000) 

Difference 
between column 

4 and 6 (Litres) 
(000) 

Oct. 268.168 36 36 18 18 18 
Nov. 102.29 13.8 50.0 18 36 14 

Dec. 23.77 3.2 53.2 18 54 -1 
Jan. 183.9 2.5 55.7 18 72 -16 

Feb. 37.93 5.1 60.8 18 90 -29 
Mar. 129.35 17.5 78.3 18 108 -30 
Apr. 190.28 25.7 104.0 18 126 -22 

May 286.83 38.7 142.7 18 144 -1 

Jun. 300.985 40.6 183.3 18 162 21 
Jul. 210.05 28.4 211.7 18 180 32 

Aug. 336.79 45.5 257.2 18 198 77 

Sept. 378.63 51.1 308.3 18 216 98.3 

Total  308.3  216   

 
Mean monthly rainfall ranged between  23.7-376.63mm showing December -

September periods and monthly rainwater harvested  ranged between  2.5 -  51.1 Litres 

with a total of 308.3 L,  rainwater demand per month is 18 L with total being 216L, with 
monthly demand for DRW ranging between  18-216 Litres, with the difference between 

total  rainfall harvested (TRH) and Monthly total demand (MTD) being 98.3L.  
Figure 4 shows the comparison of rainwater harvested  and the amount  that can 

be supplied to consumers using all the rainwater which is harvested. Here it is noted that 
there is only one rainy season.  
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Fig. 4: Comparison of Rainfall Harvested with Demand Based on Total Utilization 

The first month that the rainfall on the roof meets the demand is the month of 
March. From the months of October, rainwater was above demand line (DL), while Nov –

Feb were below the DL. During the month of March, rainfall was proportionate to demand 

marking the beginning of storage being first rain with poor quality (Ubuoh et al, 2012). 
Accordingly, there was a gradual increased in rainfall during April –June and dropped at 

July with the peak being September.  
Figure 5 show variability of harvested rainwaterharvestedfrom the catchments for 

the period of 20 years. The line drawn across represents total demand for harvested 
rainwater for each month, and the bars represent total rainwater harvested for 20 year 

period in the study area. 
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Fig.5:  Rainwater Harvested with Maximum Storage Requirement in September 
 

From Fig 5, there was gradual increase in rainfall intensity after dry season event 
with total rainwater harvested in the month of June (183.3 Litres) with the maximum 

storage in the month of September (983.000 Litres).  
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Fig.6: Identification of Harvested Rainwater below and above Demand Line 
The months of January -16 m3(-16,000 litres), February -29 m3 (-29,000 litres) , March -

30 m3 (-30,000 litres),  April -22 m3(-22,000litres )  and May -1m3 (-1000 litres) (Fig 6) 

were below line of total demand (cumulated for a period of 20 year respectively ). 
Discussion 

The fundamental processes involved in rainwater harvesting (RWH) are rainfall 
events, production of runoff from catchment surface, water storage and water usage. The 

findings showed that the, the mean monthly rainfall variability for 20 years ranged 

between 23.1-378.63mm, with the high rainfall intensity in the month of September 
running to December rain events.  In agreement with this, studies conducted in Addis 

Ababa, Ethiopia Dagnachew et al (2018) reported that during inter annual variability, most 
of the rain falls within the four rainy months from June through September that store 

significant quantity of the potable water. Studies by Aladenola and Adeboye (2013), 
Steffen et al (2013) also reports that RWH can considerably contribute to supplementing 
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the water supply, except for the dry months November, December, January, and 

February.Excess rainwater can be stored and utilized for the later dry months provided 

there will be adequate storage(Dagnachew et al, 2018). 
This shows that despite rainfall variability, there no month of the year that the 

study area does not receive rainfall. The result is consistent with the finding of Ekanem 
(2010) who reported that there no time or month of the year that Akwa State does not 

receive frontal rainfall with the variation in quantity. Themean annual rainfall ranged 
between 145.6-440.7mm, with the average annual rainfall total of 2550 mm greater than 

2500mm obtained byEkanem (2010). From the result, it  is then  observed that, average 

monthly rainfall for 20 years rain event determine the volume of rainwater to be harvested 
for domestic uses  and this was based on the consumption level which was found to be 18 

m3 (18,000 litres), with RA of 80 m2and a runoff coefficient of 0.8 for application 
repectively. This is in agreement with the finding ofOmolara and Oloke (2013) who 

indicated  that an average roof of 80 m2 will collect 82,835 L/yr (45 L/person/day) for a 

family of five people which is about the required water demand for drinking and cooking 
purposes.For rainwater utilization,  the months of October , rainwater was above demand 

line , while Nov –Feb were below the  line. Concerning the month of March, rainfall was 
proportionate to demand marking the beginning of storage being first rain with poor 

quality (Ubuoh et al, 2012). Accordingly, there was a gradual increased in rainfall during 

April –June and dropped at July with the peak being September due to incessant rainfall 
with rainwater void of impurities.The resultreflects a climate with strong seasonality in 

rainfall (Dagnachew et al, 2018).From the results, the months of January, February, March 
-April) and May were below line of total demand 20 years rainfall events. This indicates 

that there will be deficits during these months which coincided with the dry season, 
hence, storage capacity to meet daily demand during the dry season.  The month of 

October 18 m3 (18,000 litres) marks the beginning of rainfall and has the lowest rainwater 

harvested of 36,000 litres and November 14 m3 (14,000 litres) are the months indicating 
marginal storage for the years. Hence harvested rainwater will have to bestored to cover 

the shortfall during the dry period. The maximum storage capacity needed to meet 
demand throughout the year at household level occurs in September as 98 m3 (983,000 

litres). This is inconsistent with the finding ofOmolara and Oloke, (2013) who   observed 

82, 835 L/yr (45 L/person/day) during October as the maximum storage  requirement in 
Ibadan,  and  that the maximum storage is required in October with an additional storage 

capacity of 17 m3 (17,000 L). The different in storage capacity could be due to different in 
the geographical locations e.g nearness to the coast, types of prevailing wind etc. 

According to United Nations, it is assumed that 20 liters/capita/day water is 
inevitable for the rural communities in the developing countries (Agarwal, and Narain, 

1997). Out of this 20 liters/capita/day water, 10 liters/capita/ day is only for drinking and 

cooking purpose. From the results, it is then observed that rainwater harvesting potential 
is eminent in the study area, since the total demand line for rainwater consumption is 

18,000 litres with the maximum storage month of September more than 20 litres 
recommended by the United Nations. But the months of January, February, March and 

April are deficit in terms of the volume of rainwater for storage, pointing to the need for 

increasing resilience in the water supply during these periods (Fig. 6). The challenge is the 
pollution of rainwater by acid rain in the study area (Ubuoh, 2012; Dami et al, 2012). 

Conclusion 
The findings indicated that the monthly rainfall variability ranges between 23.1-

378.63mm, with the month of September having the highest mean value and December 
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recording the lowest mean value,mean annual rainfall  ranging  between 145.6-440.7mm 

with  1990 having the lowest annual mean value and  1993 being  the highest annual 

mean value. Rainfall was experienced throughout the twenty years. There was a gradual 
increased in rainfall during April –June and dropped  at July with the peak in September 

with the maximum storage of harvested rainwateras  98 m3(983,000 litres. The total 
demand line for rainwater consumption recorded 18,000 litres above the 20 litres United 

Nations recommended standard for rural communities. Therefore, to narrow the gap of 
water supply in the coastal environment, domestic rainwater harvesting (DRWH) as an 

alternative water supply source is recommended. But areas of challenges  include  types 

of roof catchments, incessant gas flaring  leading to acid rain and practicability of 
rainwater harvesting. However, harvested rain must be properly treated for for potable 

purposes,  with emphasis on operation and maintenance  (O&M)  for quality assurance for 
human consumption since groundwater  in the area is highly polluted by salt intrusion and 

oil spill. In furtherance of the rainwater harvesting for the area, effective cost analysis of 

treatment processes and storage tanks should be examined  and awareness created. 
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Abstract 

This study was conducted to determine the effects of varying levels of sodium citrate 
(sour salt) and garlic paste on changes in pH and microbial (Total aerobic plate count, 
Salmonella spp, Staphylococcus, coliform, mould and yeast) contents of the treated 
smoke-dried beef stored at ambient temperatures for a period of 12 weeks. Results 
obtained indicate that the treatments significantly increased (p≤0.05) the pH (alkalinity) 
levels in the treated samples as compared with the untreated control sample. Also, results 
of the microbial activities showed that the treatments significantly reduced (p≤0.05) the 
microbial contents in all the samples, the higher the concentrations of sodium citrate and 
garlic paste, the more the effects observed, with the combination of the treatment 
exerting the highest effects. Yeast and Salmonella spp growths were completely inhibited 
in all the samples throughout the 12 weeks of storage at the ambient temperatures. It 
was concluded that combination 0.4% and 2.0% sodium citrate and garlic paste, 
respectively, could be used to extend the shelf life of fresh meat, especially if smoke-
dried.    
Key words: sodium citrate, garlic, pH, Staphylococcus, Samonella spp 
 
Introduction         

 Meat is one of the most widely consumed protein sources in the world, particularly 
in the developing countries, including Nigeria. Chemically, meat is composed of four major 

components including water, protein, fat, carbohydrate and many other minor 
components such as vitamins, enzymes, pigments and flavour compounds (Lambert et al., 
1991; Varman and Sutherland, 1995; Heinz and Hautzinger, 2007; Muchenje et al., 2009; 

Olaoye, 2011).  The relative proportions of all these constituents give meat its unique 
structure, texture, flavour, colour and nutritive value (Alfaia et al., 2007; Calkins and 

Hodgen, 2007; Biesalski and Nohr, 2009).  However, because of this unique biological and 
chemical nature, meat undergoes progressive deterioration from the time of slaughter 

until consumption (Lambert et al., 1991 Potter and Hotchkiss, 1998; Quinn et al., 2002; 

Olaoye, 2011; Vipul et al., 2012). 
Meat is a nutritious, protein-rich food which is highly perishable and has a short 

shelf-life unless preservative measures are taken. Shelf life and maintenance of meat 
quality are influenced by a number of interrelated factors including holding temperature, 

which can result in detrimental changes in the quality attributes of meat (Ray and Bhunia, 

2008; Olaoye and Onilude, 2010; Olaoye  et al. 2010; Mor-Mur and Yuste, 2010). 
Furthermore, modern consumers are increasingly concerned about production of safe 

meat with no undesirable effects on their health (Andersen et al., 2005). The muscles of 
healthy animals are generally considered as sterile, but the slaughtering and butchering 

process of meat animals provides microorganisms such as bacteria, mold and yeasts, with 
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an opportunity to colonize meat surfaces. In addition, contamination of meat is a 

continuing possibility from the moment of bleeding until consumption. Starting from the 

abattoir itself, there are many potential sources of contamination of meat by 
microorganisms.  These include the animal hide and hair, soil adhering thereto, the 

contents of the gastrointestinal tracts (especially in the event of accidental bursting of the 
stomach and tripe during the dressing operations), airborne contamination, the water 

used for washing the carcass or for cleaning the floors and equipment, the instruments 
used in dressing the carcass (such as knives, saws, cleavers, and hooks), various vessels 

and receptacles, and the handlers or personnel (Holzapfel, 1998; Muchenje et al., 2009; 

Olaoye, 2011).  Also, aerosols generated during deskinning, evisceration, and carcass 
splitting could be important sources of contamination (Mead, 2004; Meng et al., 2007). 

Stanbridge and Davies (1998) reported that air circulated from heavily contaminated 
refrigeration coils in poultry processing plants was a major source of contamination of the 

products by microorganisms. Generally, the initial microbial load of acarcass surface is 

determined by the hygienic condition of the abattoir as well as the prevailing handling 
practices (Guerrero et al., 1995; Ranken, 2002).      

 Many foodborne diseases are associated with consumption of meat.  Some of the 
meat carcasses on sale, particularly in developing countries ― including Nigeria, have 

been reported to be contaminated with one pathogen or another (Olaoye, 2009; Mor-Mur 

and Yuste, 2010).  The pathogens of concern in fresh and frozen meat and meat products 
include Salmonella spp, Escherichia coli O157:H7 and other enterohaemorrhogic E. coli 
(EHEC), Listeriamonocytogenes, Staphylococcus aureus, Yersinia enterocolitica, 
Campylobacter spp, and Clostridium perfringenes (Mor-Mur and Yuste, 2010; Olaoye, 

2011); with the most frequent outbreaks associated with consumption of meat 
contaminated with Salmonilla spp., L. monocytogenes, and Y. enterocolitica (Sofos, 2008; 

Pesavento et al., 2010). 
The preservation of meats, as one of the most perishable foods, is usually 

accomplished by a combination of preservative methods. The fact that most meats are 

very good culture media ― high in moisture, nearly neutral in pH, and high in nutrients, 
and the contamination with spoilage organisms is almost unavoidable, makes the 

preservation of meats more difficult than that of most kinds of food. The major methods 

of preserving meat include freezing, smoking, drying, chemical preservation and heat 
treatment such as canning (Igene and Negbenebor, 1989; Varman and Sutherland, 1995; 

Ranken, 2002; Lawrie and Ledward, 2006; Thippareddi and Sanchez, 2006; Vipul et al., 
2012). Use of an appropriate preservation technique offers opportunity of overcoming the 

two main constraints to a better supply of livestock products, namely availability and 
affordable price (Igwegbe et al., 2019). 

The process of smoking meat as a means of preservation and flavour enhancer is 

extremely old. Smoking has a preservative effect on meat and has been used for this 
purpose since nomadic days. Although it has largely been replaced by more modern, 

faster methods of food preservation, it is still a viable procedure for meat preservation 
(Varman and Sutherland 1995; Heinz and Hautzinger, 2007). Smoke also adds distinctive 

and attractive flavours and colours to the meat, especially when used in combination with 

other preservatives of plant or chemical origin such as garlic or sodium citrate (Varman 
and Sutherland, 1995; Heinz and Hautzinger, 2007; Vipul et al.,2012).There are several 

reports indicating that sodium citrates may have desirable properties that may improve 
appearance, flavour retention, storage life and limiting microbial activities in treated meat 

(Fisher and Scott, 1997; Potter and Hotchkiss, 1998; Igwegbe et al., 2019). The use of a 
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combination of garlic and sodium citrate in meat smoking may be beneficial in improving 

the storage life of the smoked product. Although, their effects have been investigated 

separately, the literature on their combined effects is scanty.  Therefore the objective of 
this study is to investigate the possible effects of sodium citrate and garlic on storage 

stability of treated smoked-dried lean meat at ambient temperatures, as determined by pH 
levels and microbial activities.    

Materials and Methods  
Acquisition of Meat and the Curing Ingredients 
 Four (4) kilograms of the front quarter of a beef carcass were purchased directly 

from Maiduguri abattoir, Kasuwan Shanu and transported aseptically to the Food Science 
and Technology Laboratory, University of Maiduguri; an adequate quantity of the garlic 

(Allium sativum) was also purchased from the popular Maiduguri Monday Market, while 
the food grade sodium citrate (Monsonto, St Louis, mo, USA) was obtained from a 

chemical supply store in Maiduguri. 

Preparation of the Meat Sample 
 The meat was properly trimmed off of adhering visible fatty tissues which could 

speed-up the rate of spoilage through rancidity as well as the connective tissues which 
could result to a tough final product; thoroughly washed with distilled water to remove 

dirt, extraneous matters and also to minimize the surface microbial contaminant (Figure 

1). Finally, the meat was cut into cubes of eight (8) cm long and seven (7) cm wide. Five 
(5) treatments (A, B, C, D, and E) were carried out on six (6) cubes of the meat (the 

average weight of each cube was 120g). Treatment A served as the control (Table 1), B 
was treated with 0.2% (w/w) sodium citrate, C with 2.0% (w/w) garlic paste, D with a 

combination of 0.2% sodium citrate and 2.0% garlic paste, while sample E was treated 
with a combination of 0.4% and 2.0%  sodium citrate and garlic paste, respectively. The 

samples were soaked in the various concentrations of sodium citrate and/or the garlic 

solution for two (2) hours. At the end of the soaking process, the samples were allowed to 
drain for five (5) minutes at the prevailing ambient temperatures (30±30C) before 

weighing them again to determine the amount of moisture absorbed during the curing 
process. 

Smoking of the Meat Samples 

 The treated meat samples were smoked in an Altona type oven, available in the 
smoke house of the Food Science and Technology Department, as described by Igwegbe 

et al. (2015).  The smoker was fueled by sawdust or wood shavings (Akande et al., 2005) 
purchased from Baga timber market, Maiduguri, and smoking lasted for 8 to 12 hours at 

55 to 600C (the final product was not only smoked but also dried).  The smoked samples 
were cooled under sterile conditions, wrapped separately with white paper which served 

as primary package before putting them in black polythene bags that served as secondary 

packages. Samples were stored for 12 weeks at ambient temperatures (30±30C) and a 
prevailing relative humidity (RH) of 70±5%. The storage stability studies as determined by 

estimationof the pH values and microbial activities were conducted at three weeks 
intervals starting from zero to the end of the 12 weeks storage period.  
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Figure 1: Flow Chart for the Preparation and Smoking of the Meat Samples (B = 0.2% 

sodium citrate (sc); C = 2.0% garlic (g); D = 0.2% sc + 2.0% g; and E = 0.4% sc + 
2.0% g (Modified from Negbenebor et al., 1999) 

Table 1: Concentration of the Sodium Citrate and Garlic used in the Preparation of the 

Meat Samples 
 Treatment Concentration (%) 

Sample Code Sodium Citrate Garlic 

A  0.0 0.0 
B 0.2 0.0 
C 0.0 2.0 
D 0.2 2.0 
E 0.4 2.0 

(A = Control; B = 0.2% sodium citrate (sc); C = 2.0% garlic (g); D = 0.2% sc + 2.0% g; and E = 0.4% sc + 
2.0% g). 
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Physical Observation on the Meat Samples 

 The length and width of the fresh and processed meat were measured using a 

ruler while the thickness was measured using Vernier Caliper. The weight of each sample 
was determined using an automatic weighing balance (Metler Tolado AG 240). 

pH Determination          
 The pH of the processed meat was determined using a digital pH meter  (Clida 

Instruments PHS-25 Precision pH/mV meter). Two grams of the smoke-dried meat 
samples were grounded, thoroughly stirred in 10mls of distilled water, and allowed to 

stand for 10 minutes. The pH meter was standardized with buffer solutions of pH values 

between 4 and 9 as described by Jummai et al. (2016). The pHof the samples was 
determined by placing theelectrode of the pH meter into the slurry and recording the 

readings. The determinations were carried out in triplicates and the pH values were taken 
at weekly intervals for 12 weeks periods.   

Microbial Analysis of the Processed Meat  

 The following media: potato  dextrose  agar (PDA) for mould count, nutrient  agar 
(NA) for total aerobic plate-count, manitol  salt  agar (MSA) for staphylococcus, eosine 

methylene blue agar (EMBA) for yeast, and desoxycholate citrate agar (DCA) for 
salmonella / shigella, these media were used for the enumeration of bacteria, yeast and 

mould. All glassware  including Petri-dishes, test tubes, pipettes, flasks and bottles used 

in the analysis were sterilized in a hot oven at 170 ± 5°C for at least two hours, while the 

media and distilled water were sterilized by autoclaving at 121°C for 15 min and at 15 psi 
(Igwegbe et al. (2014). Each medium was prepared following the 

manufacturer‘sinstruction.  Serial dilutions were made using one (1) g of ground 
processed meat sample shaken in 9ml of distilled water. Plating was carried out in 

triplicate and pour plate method was used to make the viable count (Quinn et al., 2002; 

Vipul et al., 2012).  In this method, one (1) ml of the inoculums was mixed thoroughly in 
molten plate count agar held in a hot water bath at 47 ± 2°C.  The agar was allowed to 

set; the plates were inverted and then incubated at 32˚C for 24 – 48 hours for bacterial 
counts and at 25°C for 5 - 7 days for yeast and mould counts.For each dilution, the viable 

colonies, which appeared colourless, in the three plates were counted and the mean was 
calculated. The microbial analyses were carried out at weekly intervals for a period of 12 

weeks. 

Statistical Analysis 
 The data generated from the experiments were subjected to analysis of variance 

(ANOVA) as described by Steel and Torri (1980). And tests for significant differences 
between means were determined using Duncan‘s Multiple Range Test (Montgomery, 

1976) at 5% level of significance.  

Results and Discussion         
 Problems of malnutrition result not only from failure to produce adequate food but 

also from losses due to spoilage.  This is of considerable significance in Africa and Asia 
where high ambient temperatures lead to rapid spoilage of particularly animal products. 

Solutions applicable in the industrialized developed countries ― primarily involving 
refrigeration are often not appropriate to developing countries, including Nigeria, and 

considerable attention has therefore been given to enhancing the traditional preservation 

techniques such as smoking. The smoking of foods has two main purposes, adding 
desired flavours and preserving. Other desirable effects may occur, however, for example, 

improvement in the colour of the inside of meat and in the finished product, or ―gloss‖ of 
the outside and a tenderizing action on meats. The smoking process helps preservation by 
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impregnating the food near the surface with chemical preservatives from the smoke, by 

combined action of the heat and these preservatives during smoking, and by the drying 

effect, especially at the surface of the product. The results obtained in the present study 
are presented as follows: 

Hydrogen-ion concentration (pH): is very important in food preservation. The pH 
of any food determines if a microorganism will grow, will be inhibited, or will be killed. 

Every microorganism has a minimal, maximal, and an optimal pH for growth. In general, 
yeasts and molds are more acid-tolerant than bacteria. Most bacteria grow best when the 

pH is between 6 and 8. In this study, the initial pH values recorded from the samples 

ranged from 6.48±0.02 in untreated control sample (A) to 6.20±0.11 in the sample 
treated with a combination of 0.4% and 2.0% sodium citrate and garlic paste, 

respectively, (Table 2), during the zero week of the storage period. A highly significant 
difference (p≤0.05) was observed between samples BC and DE on one hand and samples 

B, C. D. E and the untreated control sample (A) on the other hand, whereas no significant 

differences (p≥0.05) were observed between samples B and C,  and D and E (Table 2). 
The observed decrease in pH levels of the treated samples when compared with that of 

the control (A), may be as a result of the partial dissociation or breakdown of some of the 
chemical preservatives such as formaldehyde, phenols and other aldehydes from the 

smoke and the curing ingredients ― sodium citrate and the garlic paste. This suggestion is 

however, contrary to the opinion of Jummai et al. (2016) which suggests that the 
increasein pH observed in a similar study in fish was as a result of buildup of toxic 

metabolites produced by microorganisms during the storage period. Moreover, the 
breakdown of these smoke chemicals and the curing ingredients continued to cause a 

gradual and steady increase in the pH values of the smoke-dried meat products from the 
third to the end of twelfth weeks of the storage period at the ambient temperature.  The 

highest and lowest pH values (6.95±0.13) and (6.50±0.02) were recorded in samples A 

and C, respectively, and the values were significantly different (p≤0.05) from those of 
samples D and E during the third week of the storage period (Table 2). In the 6th, 9th and 

12th week, the lowest pH values: 6.06±0.11, 7.09±0.12, and 7.11±0.10, respectively, 
were recorded in sample E, and the values were significantly different (p≤0.05) when 

compared with the rest of the treatments (A, B, C, and D). This indicates that increasing 

the levels of sodium citrate and garlic paste resulted to gradual decrease in pH levels. pH 
value is usually very important in the determination of the quality of fresh meat. Although 

Muchenje et al. (2008) reported no relationships among meat tenderness, pH ultimate, 
and meat colour, several authors (Byrne et al., 2000; Strydom et al., 2000; Vestergaard et 
al. 2000) have reported relationships among these meat quality traits. Stress prior to 
slaughter of any meat animal is said to be one of the most important influences on pH and 

ultimate tenderness as reported by many researchers including Lahucky et al. (1998) and 

Maher et al. (2005). It may also result from transportation, rough handling, inclement 
temperatures, or anything that causes the animal to draw on its glycogen reserves before 

slaughtering.  Furthermore, not only are the rates of growth of microorganisms affected 
by pH of a food, but so are the rates of survival during heating, drying, and other forms of 

processing and storage. 
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Table 2: Effects of Sodium Citrate and Garlic on the pH Values of Smoked-dried Beef 

Stored at Ambient Temperature for 12 Weeks1 
Storage Period (Weeks)2 

Samples3          0 3           6        9            12 

A 6.48±0.02a 6.95±0.13a 7.39±0.11a 7.44±0.12a 7.47±0.11a 
B 6.35±0.12b 6.82±0.01b 7.14±0.03bc 7.29±0.11bc 7.31±0.10bc 
C 6.43±0.01ab 6.50±0.02ab 7.30±0.11ab 7.35±02ab 7.41±0.02ab 
D 6.22±0.02c 6.70±0.03c 7.04±0.10cd 7.16±0.11cd 7.19±11cd 
E 6.20±0.11c 6.68±0.11c 6.06±0.11d 7.09±0.12d 7.11±0.10d 
1Values are means of triplicate determinations; 2In every column, means bearing different superscripts are 
significantly different (p≤0.05); 3A = Control; B = 0.2% Sodium citrate; C = 2% garlic; D = 0.2% sodium citrate 
and 2% garlic; E = 0.4% sodium citrate and 2% garlic. 

Microbial Stability: to maximize the shelf life of meat or its products, it is 
important to begin with high quality fresh meat having a low bacterial count.  Processing, 

handling, and storage procedures must be such that contamination will not occur and 

conditions unfavorable to the growth of microorganisms will be maintained.  Several 
processes are designed to destroy microorganisms in order to prevent the transmission of 

disease and to increase storage stability. The traditional method of examining 
microbiological safety, storage stability, and sanitary quality of food is to test a 

representative samples of the final product for the presence of some pathogens (e.g., 

Salmonella) or the number or level of certain pathogens (e.g., Staphylococcus aureus), 
different microbial groups (e.g., aerobic plate counts and yeast and moulds); indicator 

bacteria such as coliforms are used as an indicator of sanitation per gram or milliliter of a 
product. The results of the microbial analyses obtained in the present study are shown in 

Tables 3 to 7. The aerobic plate counts (log10 cfu/g) of untreated and treated smoked-

dried meat samples are given in Table 3. No any microbial growth was observed in all the 
treated processed meat samples including the control, during the zero week of storage at 

the ambient temperatures (Table 3). This suggests that the smoke-drying process alone, 
with or without the treatments, was effective in destroying the initial microflora in the raw 

meat used in this study. Microbial growth cannot easily occur in smoke-dried meat of any 
type unless the water content expressed as water activity (aw) is raised considerably.  

Smoke-drying is not, however, a sterilization process, although some inactivation of 

vegetative microorganisms is very likely, especially when used in combination with 
ingredients or spices that may contain antimicrobial agents such as sodium citrate and 

garlic. Consequently, microbial growths were observed from the 3rd week to the end of the 
12 weeks of the storage period; the growths were however, significantly higher (p≤0.05) 

in control untreated sample A than other treated samples B, C, D and E throughout the 12 

weeks of the storage  
Table 3: Effect of Sodium Citrate and Garlic Paste on Total Aerobic Plate Count (log10 

cfu/g*) of Smoke-Dried Beef stored at Ambient Temperatures for Twelve Weeks1 
 Storage Period (Weeks)2 

Sample3  0 3 6 9 12 

A ND 1.84±0.70a 0.26±0.10a 0.60±0.07a 0.28±0.00a 

B ND 0.27±0.00b 0.17±0.14b 0.30±0.10b 0.16±0.06b 

C ND 0.50±0.35b 0.13±0.01bc 0.50±0.13a 0.25±0.01ab 

D ND 0.06±0.00b 0.07±0.00c 0.25±0.17bc 0.13±0.00cd 

E ND 0.05±0.00b 0.06±0.01c 0.20±1.00bc 0.04±0.00cd 

*Cfu/g = colony forming unit per gram  
1Values are means of Triplicate determinations ± standard deviation; 2In every column, means bearing 

different superscripts are significantly different (p≤0.05); 3A = Control; B = 0.2% Sodium citrate; C = 2% garlic; 
D = 0.2% sodium citrate and 2% garlic; E = 0.4% sodium citrate and 2% garlic; ND = Not Detectedperiod ― 
the higher the levels of sodium citrate and garlic paste used, the less the number of colonies observed.  
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The highest total aerobic plate count 1.84±0.70 log10 cfu/g,was recorded in 

control sample during the 3rd week whereas the lowest, 0.04±0.00 log10 cfu/g, was 

recorded in sample E at the end of the 12th week (Table 3). Moreover, the observed 
growth may be attributed to injury and recovery of the organisms post processing and 

pick up of moisture by the products. 
Contrary to the total aerobic plate count, mould growth (Table 4) was not 

detected in all the samples, including the untreated control A, and treated samples C, D, 
and E, at the initial, 3rd week  and the end of 12th week  storage period.  However, mould 

growths were observed in samples A and B in the 3rd week, but the counts were not 

significantly different (p≥0.05). As the storage period progressed into the 6th and 9th 
weeks, higher mould counts were recorded particularly in the control sample A (2.40± log 

cfu/g). Mould counts recorded during the 6th week were in the order of A>B>C>D>E; 
whereas during the 9th week of the storage, the order was B>A>C>D>E (Table 4). The 

gradual decrease in the mould counts between the 6th and 9th weeks, and the eventual 

disappearance of mould during the 12th week, may be attributed to the buildup of toxic 
metabolites that may be inhibitory to mould growth in the medium. It is however assumed 

that the meat products were exposed to contamination after processing, because the 
treatments, particularly the smoke-drying process should be adequate in destroying 

moulds and even their spores. No yeast growth was visible in any of the samples, even 

after extended period of incubation at 250C. 
Table 4: Effect of Sodium Citrate and Garlic Paste on Mould Count (log10 cfu/g)* of Smoke-Dried 
Beef stored at Ambient Temperatures for Twelve Weeks1 
 Storage Period (Weeks)2 

Sample3  0 3 6 9 12 

A ND 0.03±0.00a 2.40±1.00a 0.20±0.10a ND 

B ND 0.01±0.00a 2.00±0.20a 1.00±0.03bc ND 

C ND ND 1.68±0.19b 0.15±0.00ab ND 

D ND ND 1.60±0.19b 0.07±0.00cd ND 

E ND ND 1.20±0.13c 0.02±0.01d ND 

*Cfu/g = colony forming unit per gram  
1Values are means of Triplicate determinations ± standard deviation; 2In every column, means bearing different 
superscripts are significantly different (p≤0.05); 3A = Control; B = 0.2% Sodium citrate; C = 2% garlic; D = 
0.2% sodium citrate and 2% garlic; E = 0.4% sodium citrate and 2% garlic; ND = Not Detected.     
          On the other hand, Salmonella spp was not observed in any of the samples from 

the initial zero week up to the end of the 12th week of  the storage period (Table 5), an 
indication that the smoke-drying, in addition to the treatments, were effective in riding the 

processed meat of this organism.  Salmonella is an enteric pathogen associated with 
animal and slaughter hygiene. It has been reported that in European Union (EU), eggs 

and egg products are the most frequently implicated sources of human Salmonellosis 
(EFSA, 2008; Mor-Mur and Yuste, 2010).  Human Salmonellosis infections canlead to 

uncomplicated enterocolitis and enteric fever, the latter being a serious disease that may 

involve dierrheoa, fever, abdominal pain, and headache. Salmonella spp has also been 
reported to cause systemic infections, resulting in chronic reactive arthritis (Meng and 

Doyle, 1998; Echeita et al., 1999; D‘Aoust and Maurer, 2007).     
Table 5: Effect of Sodium Citrate and Garlic Paste on Salmonella spp Count (log cfu/g x 

104) of Smoke- Dried Beef stored at Ambient Temperatures for Twelve Weeks1 
 Storage Period (Weeks)2 

Sample3  0 3 6 9 12 

A ND ND ND ND ND 

B ND ND ND ND ND 

C ND ND ND ND ND 
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D ND ND ND ND ND 

E ND ND ND ND ND 

1Values are means of Triplicate determinations ± standard deviation; 2In every column, 
means bearing different superscripts are significantly different (p≤0.05); 3A = Control; B = 

0.2% Sodium citrate; C = 2% garlic; D = 0.2% sodium citrate and 2% garlic; E = 0.4% 
sodium citrate and 2% garlic; ND = Not Detected. 

The most important aspect of this study is the fact that Staphylococcus was 

significantly destroyed (p≤0.05) by the smoke-drying process and the combination of 
treatments employed (Table 6). The slightly significant growth (p≥0.05) observed 

between samples A (1.46±0.19log10 cfu/g) and B (0.07±0.00log10 cfu/g) during the 3rd 
week, and the growth in sample A (0.03±0.01log10 cfu/g) recorded in the 6th week of the 

storage period could be as a result of post-processing contamination. Also, the fact that 

Staphylococcus, and indeed the other bacteria investigated in this studywas unable to 
sustain their growths in both the treated and untreated samples could have been due to 

the low water activity (aw) of the smoke-dried meat even though the other growth 
conditions such as pH (Table 2) and the range of the ambient temperatures maintained 

during the storage period were within the optimal pH and temperature requirements for 
Staphylococcal growth and toxin production.  The range of conditions permitting growth of 

Statphylococcus, and hence toxin production (Acheson, 2003; McEvoy, 2004), varies with 

the food involved.  In general, the better medium the food is for the organism, the wider 
the range of temperature, pH, or aw over which growth can take place (ref). The 

temperature range for growth and toxin production is about 4 to 460C, depending upon 
the food, whereas the pH range is 4.8 to 8.0; and the range of aw is 0.86 to 0.96.      

Table 6: Effect of Sodium Citrate and Garlic Paste on Staphylococcus spp Count (log cfu/g 

x 104) of Smoke- Dried Beef stored at Ambient Temperatures for Twelve Weeks1 

 Storage Period (Weeks)2 

Sample3  0 3 6 9 12 

A ND 1.46±0.19a 0.03±0.01a ND ND 

B ND 0.07±0.00b ND ND ND 

C ND ND ND ND ND 

D ND ND ND ND ND 

E ND ND ND ND ND 

1Values are means of Triplicate determinations ± standard deviation;2In every column, means bearing different 
superscripts are significantly different (p≤0.05);3A = Control; B = 0.2% Sodium citrate; C = 2% garlic; D = 
0.2% sodium citrate and 2% garlic; E = 0.4% sodium citrate and 2% garlic; ND = Not Detected. 

 Finally, the smoke-drying process and treatment with sodium citrate and garlic 
paste resulted in significant reduction (p≤0.05) of Coliform counts in the meat products 

during the 3rd and 12th week of storage period when compared with the untreated sample 
A and treated samples B, C, D and E (Table 7). The presence of Coliform bacteria during 

the 3rd and 12th week of the storage period is an indication of postprocessing 

contamination. Many studies (Aceson, 2003; Meng et al., 2007; Sofos, 2008; Mor-Mur and 
Yuste, 2010; Olaoye, 2011) have suggested increased consumer awareness and aroused 

interest by public health authorities and the industry in improving sanitary conditions and 
controlling pathogens in meat production and processing.  With the exception of clostridia 

and aerobic bacilli, foodborne pathogenic bacteria are heat sensitive and should be billed 
by proper processing, especially when they are present as surface contaminants as 

reported by McEvoy et al. (2004), Sofos (2008), Mor-Mur and Yuste (2010) and Olaoye 

(2011).  Moreover, some diseases could be associated with consumption of meat 
depending on the processing techniques and hygienic practices adopted. 
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Conclusion 

Many nutritional advantages can be derived from the consumption of meat and its 

products.  However, in meat, there are some associated undesirable changes and 
microbial agents which could constitute major disadvantages when necessary precautions 

are not followed during processing. Meat products may change in color, texture, flavor, or 
any quality attributes depending on the method of processing, condition and length of 

storage. This study has clearly indicated that smoke-drying, in combination with additives 
such as sodium citrate and garlic paste, significantly increased the alkalinity (expressed as 

pH) of the processed meat throughout the storage period of 12 weeks. The study also 

proved that the treatments were effective in reducing the microbial activities in the meat 
products, thereby maintaining the safety of the meat products.  The higher the levels of 

sodium citrate and garlic, the better the preservative effects observed. 
Table 7: Effect of Sodium Citrate and Garlic Paste on Coliform Count (log10 cfu/g)* of 

Smoke-Dried Beef stored at Ambient Temperatures for Twelve Weeks1 
 Storage Period (Weeks)2 

Sample3  0 3 6 9 12 

A ND 0.50±0.02a ND ND 0.37±0.13a 

B ND 0.11±0.00b ND ND 0.02±0.00b 

C ND 0.23±0.03b ND ND 0.14±0.00b 

D ND 0.13±0.00b ND ND 0.04±0.01b 

E ND 0.13±0.10b ND ND 0.03±0.00b 

*Cfu/g = colony forming unit per gram; 
1Values are means of Triplicate determinations ± standard deviation; 2In every column, means bearing different 
superscripts are significantly different (p≤0.05); 3A = Control; B = 0.2% Sodium citrate; C = 2% garlic; D = 
0.2% sodium citrate and 2% garlic; E = 0.4% sodium citrate and 2% garlic; ND = Not Detected.  
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Abstract 
Provision of environmental sanitation is of great importance to the health status of the 
people. However, the success may depend heavenly on the availability of effective 
exposure toinformation and education which are communicated to the public on 
environmental sanitation education. The purpose of this study is to examine the degree of 
correlation of demographic factors and environmental sanitation education has on 
individual‘s health status of residents in Maiduguri Metropolis, Borno State, Nigeria. Survey 
design is used for the study. The population for this study is comprised of all the residents 
in Maiduguri Metropolis. The sampled for this study is 384 respondents.  Deceptive 
statistics of mean, standard deviation, standard error, frequency count and percentages is 
used to organized and describe demographic information while inferential statistics of 
multiple regressions was used to test the formulated hypothesis at 0.05level of 
significance. The finding indicate that demographic factors and environmental sanitation 
education correlate with the health status of the residents in Maiduguri Metropolis in 
Nigeria 
Keywords: demographic factors, environmental, sanitation correlates, health status 

 
Introduction 

Provision of environmental sanitation is of great importance to the health status of 

the people. However,  success may depend heavenly on the availability of effective 
exposure toinformation and education which are communicated to the public (Awareness, 

Report, Victoria, Water, & Board, 2012). The best way to provide information for 
environmental matters and the promotion of the environmentally responsible behaviors is 

by means of increasing access to environmental education. This impression is in line with 

the recommended programs of action for achieving sustainable development in Agenda 21 
of green development environment and sustainability in the third world (Anijah, Ukata & 

Bisong 2015). Apparently, environment itself is one of the determinants of health status of 
individual, family and community at large. People‘s health is affected by the quality of 

place they live and work, air they breathe, the water they drink and the food they 
consume. This can be translated as demographic factors. Demographic factors are socio-

economic characteristics of a population expressed statistically as age, gender, educational 

qualification, income level, marital status, occupation, religion, birth rate, death rate and 
size of the family. The identified demographic factors have positive and negative effects 

on man‘s state of health. However, the purpose of this study is to examine the degree of 
correlation of demographic factors and environmental sanitation education has on 

individual‘s health status (Shehu, et al. Yahaya, Onasanya, Ogunsakin and Oniyangi, 

2011). 
It is the environment which predisposes people to various agents it may have and 

may cause any disease or health problems. The quality of environment is deteriorating 
very fast especially because of population explosion industrialization and urbanization, 

deforestation, automobiles, nuclear technology and green revolution (Ekong, 2015). In 
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addition, environmental sanitation is a system that promotes proper disposal of human 

and animal waste improving the quality of environment and reducing the amount of 

disease but this may be affected by either economic status or level of education of 
individual, family and community at large. An improved environmental sanitation facility is 

that which hygienically separates excreta from human contact, and is used by only 
members of one household: toilets flushing to sewer systems or septic tanks, ventilated 

improved pit (VIP) latrines, pit latrines with a slab, and composting toilets this may be 
affected by either economic status or level of education of individual, family and 

community at large (Abubakar, 2017). Environmental Sanitation means more than special 

street sweeping and the clearing of dirty drainage systems, it include  personal cleanliness  
and health commitments, as well as the mechanism of all the factors in man's physical 

environment which exercise or may lead to  harmful effect on man's physical, mental or 
social well-being. For example, air, water and land pollution have very serious 

consequences on our health but this can only be achieved when the demographic variable 

are favorable.    
 Nevertheless, existing literature indicates a relationship between educational 

attainment, income/wealth, age, gender, household size, access to electricity, housing 
condition and geographical factors such as regions and living in rural/urban areas with 

environmental sanitation and hence affect the health status of individuals, family and the 

community as a whole. The actions include reorientation education towards sustainable 
development and an increased public awareness.  How can one for example, change the 

perception of the Nigerian child or adult who believes that ‗dorti no dey kill black man‘ 
(Filth does not kill black man) (Anijah et al, 2015). 

Level of education is one of the issues that affect environmental sanitation 
education which correlate with the health status of household. Therefore there is a 

relationship betweenenvironmental sanitation education and educational accomplishment 

of household heads. Similarly household income has a significant relationship with the 
type of sanitation facility. The poorest households had no access to VIP latrines and 

modern sanitation facilities (flush to septic tanks or sewer systems). The poorer 
households used pit latrines without a slab; pit latrines with a slab and insignificant 

proportion of the poorer households use other types of facilities. 

Nigerians need urgent sanitation education on environmental sanitation. 
Therefore, environmental sanitation knowledge remains a veritable instrument for creating 

public awareness on subjects concerning the importance of environmental sanitation on 
health of the people(Access, 2017). It can help change people‘s perceptions, attitudes, 

habits, inclinations and practices, thereby minimizing the cases of diseases like 
communicable, gastro intestinal and skin diseases. The goal of the National Policy on the 

environment is to achieve sustainable development in Nigeria and in particular, to secure 

for all Nigerians a good quality of environment for their health and well-being, among 
others (FGN, 1989). The right to a healthy environment is akin to the constitutional right 

to life. This is because a poor, filthy and putrid, environment can affect the health of the 
individual and result in subsequent death (Ugolo, 1998). It is therefore, a fundamental 

right of man to live in a clean, safe and healthy environment devoid of any hazards to life 

(Anijah-Obi, 2001). Contrary to this, the typical physical environment in Nigeria, in terms 
of the level of sanitation and environmental indiscipline in our communities is quite 

worrisome. Sanitation maintenance practice is still grossly inadequateAnijah et al, (2015). 
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Research Questions 

To what extend do gender, economic status, level of education and environmental 

sanitation education correlate with health status? 
Objective   of the study 

The objective of the study is to determine if demographic variables such as 
gender, economic status, level of education and environmental sanitation education 

correlate with health status of residents in Maiduguri Metropolis, Borno State 
Hypothesis 

Gender, economic status, level of education and environmental sanitation 

education does not significantly correlate with health status of residents in Maiduguri 
Metropolis, Borno State 

Methodology 
 The research design used for this study is the survey research method.  The 

survey design is used because it allows the relative incidence, distribution and interaction 

of sociological and psychological variables. Survey provide accuracy in that it describes 
what exists and the frequency with which it occurs, assigns new meaning to phenomenon 

and add information into categories  
Population and Sample  

The population for this study will comprise all the residents in Maiduguri 

Metropolis. The sampled for this study will be384 respondents, Krejcie& Morgan in 
Abdulsalam, 2012; Keith, 2002 &Nworgu, 1991 state that with a population of over one 

(1) million 384 sample can represent. Multi-stage sampling procedure will be used for the 
study. Maiduguri metropolis comprises of 2 (two) Local Government Area, which 2 (two) 

Local Government Area will be selected using purposively selected and two (two) ward will 
be selected using dip hand of sampling random system, and systematic random sampling 

will be used to select houses to be sampled and every fifth house in the ward will be 

selected, that is, 5th, 10th, 15th and so on. And dip hand random sampling system will be 
used to select the respondent in each house. 

Validity and reliability of the instrument 
The instrument was validated for face and content validity of the instrument, the 

researcher supervisor and other experts in the field of Physical and Health Education. The 

reliability of the instrument was tested in Bauchi. Split half reliability method will be 
employed to test the reliability of the instrument data collected was subjected to a 

statistical test using spearman brown prophecy formula to determine reliability index and 
0.74 was obtained. 

Method of Data Analysis 
Deceptive statistics of mean, standard deviation, standard error, frequency count 

and percentages will be employed to organized and describe demographic information 

while inferential statistics of multiple regression was used to test the formulated 
hypothesis at 0.05 level of significance. 

Result and Discussion 
Table 1: Gender of Respondents 

S/N   Gender  Frequency  Percentage (%) 

 1  Female  122  54 

 2  Male 102  46 

  Total  224  100 

Table1: indicates that a larger number of the respondents (46%) are male, while 
only 54% are females. 
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Table 2: Age of Respondents 
S/N  Age  Frequency  Percentage (%) 

 1  30 years or less  43  19 

 2  31-39  67  30 

 3  40-49  62  28  

 4  50 and above  52  23 

  Total  224  100 

Source: Generated by Researcher using SPSS 20.0 from questionnaire response 

Table 2 shows that there are more (30%) of the respondents in their thirties than 
there are in their forties (28%) and less than thirties (19%).Those who are in their fifties 

and above also have a relatively high number (23%). 
Table 3: Level of Education 

S/N  Level of Education  Frequency  Percentage (%) 

 1  Doctorate Degree  2  1 

 2  Master‘s Degree  71  32 

 3  Bachelor‘s Degree  107  48 

 4  Diploma  44  19 

  Total  224  100 

Source: Generated by Researcher using SPSS 20.0 from questionnaire response 
Figure 3 show the level of education of the respondents. A larger number (48%) 

of the respondents fall within the first degree group, followed by the 32% who have 

master‘s degree; the diploma group who has 19% whereas only 1% of them possesses a 
doctorate degree. 

Table 4: Level of Income of Respondents 
S/N  Level of Income  Frequency  Percentage (%) 

1  N50,000 or less  33  15 

2  N51,000-100,000  37  17 

3  N101,000-150,000  75  33 

4  N151,000-200,000  49  22 

5  N201,000-250,000  20  9 

6  N251,000-300,000  7  3 

7  N 301,000 and above  3  1 

  Total  224  100 

Source: Generated by Researcher using SPSS 20.0 from questionnaire response 

Figure 4 presents the distribution of the respondents according to their level of 
income. The table indicates that majority of the respondents (33%) had income level with 

the ranges of N101,000-150,000, followed respectively by income levels N151,000-

N200,000 (22%), N50,000 or less (15%), N51,000-N100,000 (17%), N201,000-250,000 
(9%) and the bottom two are the highest paid at levels of N251,000-N300,000 (3%) and 

N301 and above (1%). 
Test of hypothesis 

Table 2: Gender andenvironmental sanitation education correlation with health status of 

residents in Maiduguri Metropolis, Borno State. 
Independent 
variable 

Unstandardized 
Coefficients 

Standardize 
d Coefficients 

t  Sig  Remarks 

 Β S.E     

Gender -.347 2.180 -.047 -.059 .874      NS 
 

Table 2 shows that gender andenvironmental sanitation education does not 
significantly correlate with health status of residents in Maiduguri Metropolis, Borno State, 

Nigeria. The computed outcome has β weight of-.347, S.E=2.180 and p = .874, since 
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p>0.05. This shows that gender andenvironmental sanitation education was not a 

correlate of health status of residents in Maiduguri Metropolis, Borno State, Nigeria. 

Table 3: Age andenvironmental sanitation education does not correlate with health status 
of residents in Maiduguri Metropolis, Borno State, Nigeria. 

Independent 
variable 

Unstandardized 
Coefficients 

 Standardized         
Coefficients 

t Sig    Remarks  

 Β S.E     

Age 1.138 1.143 0.397 7.996 0.002 S 

Table 1 indicated thatage andenvironmental sanitation education significantly 

correlate with health status of residents in Maiduguri Metropolis, Borno State, Nigeria. The 
computed outcome has β weight of 1.138, S.E=1.143and p = 0.002, since p = 

0.002>0.05. This shows that age correlated positively with health status of residents in 

Maiduguri Metropolis, Borno State, Nigeria. 
Table 4: Employment status and environmental sanitation education does not correlate 

with health status of residents in Maiduguri Metropolis, Borno State, Nigeria. 
Independent 
variable 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig Remarks 

 Β S.E     

Employment Status 1.138 1.143 .397 7.996 .002 S 

Table 4 observed that Employment Statusandenvironmental sanitation education 
significantly correlate with health status of residents in Maiduguri Metropolis, Borno State, 

Nigeria. The computed outcome has B weight of -.397, E=7.996 and p = .002, since p = 

.002<0.05. Since, t is 7.996, this shows that Employment Status correlated positively. 
Table 5:  Level of Education andenvironmental sanitation education does not correlate 

with health status of residents in Maiduguri Metropolis, Borno State, Nigeria. 
Independent 
variable 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig Remarks 

 Β S.E     

Level of Education -.871 2.155 -.111 5.404 .007 S 

Table 5 observed that Employment Statusandenvironmental sanitation education 

significantlycorrelate with health status of residents in Maiduguri Metropolis, Borno State. 
The computed outcome has B weight of-.111, E=5.404 and p =.007, since p = .007<0.05. 

This shows that Employment Status was a significantly correlated with health status of 
residents in Maiduguri Metropolis, Borno State, Nigeria. 

Table 6: Level of Income andenvironmental sanitation education does not correlate with 
health status of residents in Maiduguri Metropolis, Borno State, Nigeria. 

Independent 
variable 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig Remarks 

 Β S.E     

Level of Income -.671 1.005 -.111 5.404 .004 S 

Table 6 observed that Level of Incomeandenvironmental sanitation education 
significantly correlate with health status of residents in Maiduguri Metropolis, Borno State. 

The computed outcome has B weight of-.671, S.E=5.005 and p =.004, since p = 
.007<0.05. This shows that Level of Income was a significantly correlate with health 

status of residents in Maiduguri Metropolis, Borno State, Nigeria.   
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Table 7: Summary of Multiple Regression Result showing the composite effect of 

independent variables on correlation of health status of residents in Maiduguri Metropolis, 

Borno State, Nigeria. 
Source of variance  df Ss ms F-ratio sig Remark 

 2 531.473 371.110 22.528 0.0001 S 

 271 3105.530 1.307    

 273      

Note: S represents Significant; NS represents Not Significant 
Multiple R = 0.791,  
Multiple R2= 0.794, 
R2 ADJUSTED=0.79,  
F – VALUE= 22.528 

The result of regression analysis oxygen consumption among Security men 

recorded a coefficient of determination which is the adjusted R2 value of 0.79 implies that 
the variables included in the model explain 79% variation on correlation of health status of 

residents were explained by the independent variables included in the model which 

include age, gender, employment status, level of education and level of income. The 
remaining 21% can be attributed to error in specification and the exclusion of other 

factors from the model. Four of the variables such as age, employment status, level of 
education and level of income, were statistically significant while the remaining one such 

as the independent variable of  gender were statistically insignificant, this indicated that 
the number of independent member in gender does not correlate with health statusof 

residents. The regression was analyzed at 0.05 level of significance. Conclusively, this 

means that all the five (5) variables taken together accounted for 79% of the variance in 
correlation with health status of residents. 

The F-Statistic is 22.528; this is very high and statistically significant at 0.05 
levels. This is higher than its theoretical values. The F-statistic confirms that there is 

correlation with health statusof residents among residents is statistically related to the 

independent variables of age, gender, and employment status, level of education and level 
of income. 

Conclusion 
The conclusion is that demographic factors and environmental sanitation 

education correlate with the health status of the residents in Maiduguri Metropolis council. 
Demographic factors such age, employment status and level of income correlate 

significantly with the health status of the residents in Maiduguri Metropolis. However, 

gender does not correlate with the health status of the residents in Maiduguri Metropolis 
Borno State  

Recommendations 
The government should help in providing sanitation facilities in the slum 

communities to enable the low income earner improve their sanitation practices, similarly 

the government should interpret sanitation awareness messages into local dilate for the 
message to reach the targeted audience.  Re –introduction of environmental sanitation 

officers in to the community for the purpose organizing sanitation awareness talks that 
can cut across people of different groups with no status or gender discrimination will be a 

good idea. 
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Abstract 

The quality of life of people with disorders of sex development/intersex (DSD) depends 
largely on the good psychosocial and psychosexual management of the disorder. The 
literature has shown that, there is lack of qualitative systematic analysis on the quality of 
life of people with disorders of sex development and sex re-assignment. The aim of this 
study was to synthesize the quality of life of people living with disorders of sex 
development and sex re-assignment. Qualitative meta-ethnography design was used in 
this study. Six electronic data bases were search for this study: Science Direct, Scopus, 
Sage online, EBSCOhost, Medline (Ovid) and Google Scholar.Quality of the selected 
studies was assessed independently using 13 items scale for evaluating quality criteria of 
qualitative studies and synthesized using the principles of meta-ethnography. The findings 
of this study shows that 12 studies that meet the eligibility criteria were identified which 
produced 4 major themes on quality of life were identified. These are; physical, 
psychological, social, and sexual quality of life. Disorders of Sex development and sex re-
assignment affect the quality of life of people living with this condition physically, 
psychologically, sexually and socially. Therefore there is need for the multidisciplinary 
team to work toward improving the quality of life of people living with disorders of sex 
development and sex re-assignment. 
Keywords: Disorders of sex development, intersex, quality of life, sex reassignment, 
meta-ethnography   

Introduction 

Sex identification is usually done immediately after birth by midwife, mother, 
traditional birth attendance or any close relative that is conducting delivery using external 

genitalia as a reference point. There are some cases when the external genitalia may 
appear normal for the sex but genetically the sex is different from what is in the external 

genitalia. This may be detected mostly during puberty or early adulthood (Lisdonk, 2014; 
Özbey, Darendeliler, Kayserili, Korkmazlar, & Salman, 2004).There are some instances in 

which the external genitalia may be looking so ambiguous which may lead to difficulty in 

sex identification. These are known as disorders of sex development which is defined as 
the congenital abnormality of the sex development in which the chromosomal, gonadal or 

anatomical sex genitalia is atypical (Hughes, Houk, Ahmed, & Lee, 2006; Woodward & 
Neilson, 2013). Disorders of sex development or intersex condition was defined by 
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Lisdonk(2014), as ―an umbrella term used to describe various congenital conditions in 
which the development of sex differs from what medical professionals generally 
understand to be ‗male or ‗female‘. The differences may be chromosomal, gonadal or 
anatomical‖ (P. 26). 

Disorders of sex development (DSD) can be categorized into three major forms 
which include; under-virilized genetic male (46,XY), over-virilized genetic female (46,XX) 

and sex chromosome (variable) disorders of sex development (Rothkopf & John, 2014; 
Woodward &Neilson, 2013).The sex chromosomes (XY and XX) play an important role in 

normal sex development. The development of sexual organs starts at about 6th week of 

gestation, following the migration of primordial germ cells from yolk sac to the genital 
ridge in the mesoderm (Lisdonk, 2014; Woodward & Neilson, 2013). Testosterone is 

responsible for the formation and  growth of  penis and scrotum and any situation leading 
to the absence of testosterone production, or the testosterone is produced but cannot 

function effectively for some reason, the male external genitalia may generally develop 

into vagina(Lisdonk, 2014).The absence of Y chromosome, AMH and testosterone will 
result into the formation ofovaries and the Mullerian structures. This will lead to the 

formation of female internal genitalia while the Wolffian ducts will regress. Also in the 
absence of dihydrotestosterone, female external genitalia is formed (Lisdonk, 2014; 

Woodward & Neilson, 2013). 

Worldwide there is no exact or standard estimation of the epidemiology of 
disorders of sex development; because it is relatively an unknown condition (Lisdonk, 

2014). Therefore, strong variation exists in the data from one article to the other and from 
one country to another.  According to some studies about 1.7% of the world population 

are suffering from disorders of sex development/intersex(Lisdonk, 2014; Woodward & 
Neilson, 2013). Accordingly, there are no clear estimates rates of the incidence of 

ambiguous genitalia immediately after birth, but still there are some proportions of the 

patients that present a major challenge regarding male or female gender/sex assignment 
issues. This was estimated to be approximately 1 in 4,500–5,500 (Lee et al., 2016). 

According toWoodward and Neilson(2013), the incidence rate of disorders of sex 
development is 1-2/10,000 live births. In Netherland, there were about 800,000 cases of 

disorders of sex development/intersex in 2014 (Lisdonk, 2014). 

Analysis of 6.5 million newborns worldwide found that the incidence of congenital 
adrenal hyperplasia is 1 in 15,000 live births(Hutcheson, 2016). Frequency was highest in 

neonates of European, Jewish, Hispanic, Slavic, or Italian descent(Hutcheson, 2016). In 
the United States, the prevalence differs like in most countries, and with congenital 

adrenal hyperplasia occurring as the highest and followed by mixed gonadal dysgenesis 
(Hutcheson, 2016). There is lack of data on the incidence of intersex/disorders of sex 

development in Africa. This is due to paucity of information and research  (Lisdonk, 2014; 

MacKenzie, Huntington, & Gilmour, 2009; Rebelo, Szabo, & Pitcher, 2008). 
          Patients with intersex/disorders of sex development can present with the condition 

at birth or at puberty and early adulthood stage (Al-Jurayyan, 2010; El-Sherbiny, 2013; 
Woodward & Neilson, 2013). The commonest presentation at birth are; overt genital 

ambiguity like cloacal exstrophy, enlarged clitoris, posterior labial fusion, inguinal or labial 

mass associated with female genitalia. While, those associated with male genitalia include; 
bilateral impalpable testes, hypospadias with undescended testes and bifid scrotum (Al-

Jurayyan, 2010; El-Sherbiny, 2013; Woodward & Neilson, 2013). Other forms of late 
presentation at puberty or early adulthood include; unrecognized genital ambiguity, 

female inguinal hernia, delayed or incomplete puberty, primary amenorrhoea, virilisation 
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in female, absence of breast development in female at puberty or early adulthood, breast 

development in male, and gross and occasional haematuria in male (El-Sherbiny, 2013; 

Mungadi, 2015; Woodward & Neilson, 2013). Others include complaints from husband 
about inadequate vaginal passage and refusal of marriage from males (Mungadi, 2015). 

Disorders of sex development can be diagnosed through laboratory investigation 
like karyotyping of X and Y chromosomes, blood and urine biochemistry, radiologic 

investigation such as ultrasonography, Magnetic Resonance Imaging (MRI) or Computed 
Termography (CT) scan and retrograde genitogram in order to assess the Mullerian 

structures and the kidneys(El-Sherbiny, 2013; Woodward & Neilson, 2013). Others are 

preoperative endoscopy, laparoscopy and gonadal biopsy (El-Sherbiny, 2013; Woodward 
& Neilson, 2013). 

The management of intersex/disorders of sex development is considered as a 
complex medical, social and psychological emergency that required prompt intervention 

(Al-Jurayyan, 2011; Mungadi, 2015). Therefore, management of intersex/disorders of sex 

development serve as a challenging problem, not only because of the chronicity of the 
problem and associated consequences, but due to the complexity of sex assignment/re-

assignment and its impact psychologically (Al-Jurayyan, 2010). In the African setting and 
Nigeria in particular, sex assignment is considered as an emergency issue and as such 

should not be delayed. This is due to cultural, social and psychological crisis that the 

parents/patients may undergoes as a result of ambiguous genitalia (Mungadi, 2015). 
After evaluation of the danger and successful benefit of the assigned gender by 

multidisciplinary team,surgical and medical management are carried out in order to correct 
the anomalies (Massanyi, DiCarlo, Migeon, & Gearhart, 2013).Surgical management are 

more preferable and most successful when carried out during infancy especially less than 
24 months of birth and include feminizing genitoplasty and masculinising genital 

surgery.(Al-Jurayyan, 2010, 2011; El-Sherbiny, 2013; Lee, 2011; Palmer et al., 

2012).Following surgical intervention in patients with disorders of sex development, 
medical treatment is also necessary in form of hormonal replacement therapy due to 

hypogonadism which is common in individual with gonadal dysgenesis (Woodward & 
Neilson, 2013). Testosterone is administered in males while oestrogen supplementation 

with or without progestin is administered in females (Woodward & Neilson, 2013).  

Gender assignment is a difficult and most challenging aspect in the management 
of disorders of sex development due to a number of factors such as difficulty in diagnosis 

(Palmer et al., 2012), potential for intercourse (Özbey et al., 2004), diagnosis-specific 
psychosexual outcome, potential for fertility, surgical treatment options available, the 

possibility for gonadal hormone replacement therapy at puberty (Palmer et al., 2012). 
Others are; psychosocial well-being, overall gender appropriate appearance, cultural 

factors and the patient‘s views which is considered the most important factor (Mungadi, 

2015). Gender assignment involves judgmental decision of the multidisciplinary team that 
involves endocrinology, urology, nursing, psychology, social worker, gynaecology, 

bioethics and parents of the child or patient (El-Sherbiny, 2013; Lee et al., 2016).  
The quality of life of people with disorders of sex development/intersex depends 

largely on the good nursing and psychosocial management of the disorder (Cohen-

Kettenis, 2010). Although, early diagnosis of disorders of sex development and a clear 
counselling provided by nurses is expected to facilitate appropriate management and 

produce positive outcome of the condition(Lisdonk, 2014; Özbey et al., 2004; Rebelo et 
al., 2008). But, socio-cultural factors such as bias concerning the male gender preference 

in the community associated with economic activities, religious and traditional beliefs, and 
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pressures from grandparents influence gender assignment (Al-Jurayyan, 2010, 2011; 

Mungadi, 2015; Özbey et al., 2004; Rebelo et al., 2008). Moreover, other social issues 

associated with disorders of sex development/intersex in Africa and other developing 
countries are; stigma, isolation and linking the condition to witchcraft or the person is 

considered as a witch (Lisdonk, 2014; Özbey et al., 2004; Rebelo et al., 2008). People 
with disorders of sex development/intersex have a range of issues physically, 

psychologically, and socially that affect their quality of life. 
Generally, there are few studies on the quality of life of people living with the 

disorders of sex development. Therefore, this systematic review aims to synthesize the 

quality of life of life of people living with DSD/intersex conditions. This will add to the 
existing body of knowledge and give way for future research on the quality of life of 

people with DSD. 
Methodology 

To synthesize and describe the quality of life of people living with disorders of sex 

development. A Qualitative meta-ethnography was conducted to synthesize qualitative 
studiesusing 7 steps of meta-ethnography (Atkins et al., 2008).  

Search Methods 
Electronic databases were search for the literature using Boolean operators. The 

following databases were searched: Science Direct, Scopus, Sage online, EBSCOhost, 

Medline, Wiley OnlineLibrary and Google Scholar. No time and place limit was placed on 
the literature search.The terms used in the literature search includes: disorders of sex 

development, intersex, ambiguous genitalia, AND quality of life, qualitative study, OR 
method.Only original qualitative studies on DSD describing the quality of life of people 

living with DSD and Sex re-assignment, published in English Language were included in 
this review. Qualitative studies published on the parents‘ experiences, theses, dissertations 

and quantitative studies were excluded. 

Search Outcomes 
Initially the search produced 462 studies of which 76duplicate were discarded. 

The title and abstract of 386 studies were screened and 312 were removed because they 
didn‘t meet the inclusion criteria from their title or abstract or they were duplicates (Fig 1: 

Flow diagram) 74 full-text studies were assessed by 2 authors and 62 were excluded. 

Searching the reference list of the selected articles does not produce further studies. 
Therefore, 12 articles meet the selection criteria and considered appropriate for this meta-

synthesis: Alderson, Madill, & Balen, 2004; Boyle, Smith, & Liao, 2005; Chadwick, Liao, & 
Boyle, 2005; Ernst et al., 2016; Guntram, 2013a, 2013b; Guth, Witchel, Witchel, & Lee, 

2006; Lundberg, Roen, Hirschberg, & Frisén, 2016; MacKenzie et al., 2009; Malouf, 
Inman, Carr, Franco, & Brooks, 2010; Patterson, Crawford, & Jahoda, 2014; Sanders, 

Carter, & Lwin, 2015.  

Quality Appraisal 
The quality of each study was assessed using 13 items scale of the modified 

version of Critical Appraisal Skills Programme (CASP) for evaluating quality criteria of 
qualitative studies (Atkins et al., 2008). One point was awarded if the criterion was met 

while 0 point if the criterion was not met, then the rating was graded as excellent (≥9 

points), average (≥6 points) and poor (<6 points). 
Data Abstraction 

Each study was read and reread in details and relevant information was extracted 
from the studies by 2 authors and discussed with the remaining authors. The decision 

about information to be abstracted was informed by the review question on the quality of 
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life of people living with DSD. The following information was extracted from each included 

studies: purpose of the study, methodology, recruitment, participants and themes as 

indicated in table 1. 
Data Synthesis  

An interpretative meta-ethnography approach was used to synthesized the review 
process by combining findings of the qualitative research (Noblit & Hare, 1988). This 

method of qualitative synthesis has the capability to provide higher level of analysis, 
generate new research questions and prevent duplication of research (Atkins et al., 2008). 

The themes from each primary study formed the secondary data for the analysis of this 

review. Two authors independently reviewed and code the extracted data into codes, 
subthemes and themes. All the review themes or subthemes were supported with 

quotations from the original study. The themes were discussed among all the authors in 
order to considered, clarified and refined the emerging findings. The results and themes 

were agreed by all the authors as accurately representing the findings. 

Results 
All the 12 included studies used qualitative approach to study quality of life of 

people living with DSD using various qualitative research methodologies as described in 
table 1. Most of these studies were conducted in developing countries. All the included 

studies employed non probability sampling technique but the number of participants 

differs from 3 to 23 participants across different studies. 
Synthesized themes 

Four major themes emerged describing the quality of lifeof people with DSD: 
physical experience, psychological experience, social experience, and sexual experience. 

Physical Experience 
Participants experiences physical symptoms of DSD in form of their physical 

appearance, amenorrhoea and infertility.  

Physical appearance 
Some participants feel that their body is normal like any other person or function normally 

like any other person having just to take their medications (Guntram, 2013b; Malouf et al., 
2010).  

―research has come so far that I feel I can have good treatment and have kind of 

the same quality of life as everybody else‖ (Guntram, 2013b, p. 234).  
―I function day to day (and) go to work like everybody else‖(Malouf et al., 2010, 

p. 4). 
Women with DSD faced many bodily changes that are different from normal body 

appearance and this compromised their womanhood. They are seen to be looking 
masculine or childlike adults due to the presence of facial hair, high pitch voice, strength 

and excessive sweating (Alderson et al., 2004; Guth et al., 2006; Malouf et al., 2010).  

―I was quite muscular and I felt that I looked quite masculine, and you know, I 
just felt that I looked awful‖(Alderson et al., 2004, p. 87).  
Moreover, the physical appearance of the participants make them feels that they 

are  being labelled as ‗outsiders‘, ‗monsters‘ or ‗freaks‘ and others see them as different 

(Alderson et al., 2004; Boyle et al., 2005). 

―I felt as though I was on the outside, if you like. Maybe they would talk about 
the things they did and often I‘d give it the big, old, ‗Oh yea, you know, me too‖ 

(Boyle et al., 2005, p. 577) 
On the other hand, the physical appearance of male participants and their 

experience at puberty is different from those of female. Most of them experienced delayed 
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pubertal development and their physical appearances are more of feminine than 

masculine and are labelled as children. The main features include high pitched voice, 

absence of hairs in the body, small size body and penis  (Chadwick et al., 2005). 
―. . . when I was 15 or 16. When I noticed that I wasn‘t developing, sexually or 

physically, like my other classmates. They would have some kind of beard growth or 
stubble, their voices would break, they would be bigger, bulkier . . . but I stayed the 

same. I was very underweight, I was very skinny, my voice was quite high pitched, I 
had no beard growth at all.(Chadwick et al., 2005, p. 533). 

Infertility  
Despite DSD treatment, the condition is associated with infertility in both males 

and females. The infertility in DSD may be as a result of absence of uterus, amenorrhoea, 

previous reconstructive surgeries, undescended testes and poor medication compliance 
(Boyle et al., 2005; Chadwick et al., 2005; Sanders et al., 2015). Male participants explain 

their sadness over inability to have biological children through the normal route. 

―Perhaps the most upsetting thing about the diagnosis was the fact that I 
wouldn‘t be able to have children. That was the most upsetting thing.‖ (Chadwick 

et al., 2005, p. 540).  
Female participants also expressed their sadness over infertility. Most participants 

feel that there is loss of sense of identity, function and control associated with the 

infertility resulting from DSD. They compared adoption with being a birth mother which is 
like you are caring for another person‘s child. They view child delivery and reproduction as 

the ultimate role of a woman in the society. 
―It‘s been a little easier in some ways. In other ways it‘s gotten worse, like the 

fact of living knowing I can‘t ever have kids is just depressing … I guess you just 
have really bad days. It feels like everywhere you look somebody‘s pregnant or 

having kids, or it‘s just a really, really touchy subject and just makes you sad all 

the time.‖ (Ernst et al., 2016, p. 156).  
Amenorrhoea  

Some participants considered amenorrhoea and not having to use pills to prevent 
unwanted pregnancy in a positive sense and consequences, describing it as nice and 

unique to be out of the burden of menstruation (Guntram, 2013b). 

―You know, I in some way I kind of feel it‘s pretty nice not having a period (Int: 
Mmm). You know [laughs] (Int: Mmm?), if you‘re allowed to say so, I think it‘s 

kind of a relief, in that sense. Eee not having all that. and not having to be on the 
pill and that yeah that‘s really nice! (Int: Mmm) Kind of, I feel right now and that‘s 

what I felt before too, I‘d sayd that it‘s pretty nice.‖ (Guntram, 2013b, p. 236). 
Other participants expressed their dismay over inability to menstruate as they 

cannot experience the kind of monthly and periodic bleeding. 

―females get periods but I didn‘t know the sort of information you might want to 
know what goes on, what to expect, what happens, how you manage 

them.‖(Sanders et al., 2015, p. 1908) 
Psychological Experiences 

Peoplewith DSD experiences numerous psychological problems due to the effect 

of the condition, diagnosis, treatment and the society. These include psychological 
distress, depression and low self-esteem. 

Psychological distress  
Disorders of sex development are associated with psychological distress and 

intrude in the lives of people living with the condition. Participants expressed their 
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sadness, anxiety, offset, shamefulness and fear over diagnosis and effect of DSD on their 

lives  

―I‘ve got no brothers or sisters, I‘ve had no children either, so I‘m loosing out all 
round now‖(Alderson et al., 2004, p. 86). 

Fear is a factor associated with psychological distress that patient with DSD faced. 
This fears include fear of being misunderstood, fear of rejection, fear of being labelled as 

monster or freak, fear of devaluation and fear of negative thinking about them from other 
people (Alderson et al., 2004; Ernst et al., 2016; MacKenzie et al., 2009). 

Depression 
Participants with DSD faced depression and suicidal ideation due to visible 

underdevelopment of physical appearance as compared to their peers (Chadwick et al., 

2005; Patterson et al., 2014).  
―But it‘s, it started playing about wi(th) my mind so I was like down one day, and 

I‘d be happy the next, and then just really depressed and, I don‘t know, it just 

really took a lot from me so it did. It, like, it was bad, it was really bad.‖(Patterson 
et al., 2014, p. 5) 

Lower self-esteem 
DSD is associated with lower self-esteem and effect on gender identity. Women 

experiences compromised gender identity and feeling of incomplete due to absence of 

menstruation, infertility and lack of pubertal changes(Alderson et al., 2004; Guth et al., 
2006; Patterson et al., 2014).Female participants expressed their concern over their self-

esteem as looking feminine is a positive sense whereas masculine appearance was a 
negative concern and a source of lower self-esteem(Alderson et al., 2004; MacKenzie et 

al., 2009; Malouf et al., 2010). 
―I was quite muscular and I felt that I looked quite masculine, and you know, I 
just felt that I looked awful‖(Alderson et al., 2004, p. 87) 
Men also experienced lower self-esteem when they faced dislocation of social 

identity. They are considered more feminine than masculine due to the effect of DSD. 

Comparing people with the opposite sex is considered as a shame morally; therefore this 
makes them feel differently (Chadwick et al., 2005). Moreover, men with DSD were 

powerless in preventing and protecting themselves from evaluation as abnormal, feminine 

and childlike (Chadwick et al., 2005). 
―I was about 17, 18 and one guy, I still remember ... and he said ‗stop taking female 

hormones‘ ... And you know that was probably the most upsetting comment that 
anyone ever said to me (Chadwick et al., 2005, p. 534) 

Social Experiences 
Participants express difficulty in engaging and maintaining intimate relationships 

with their partners. They negotiate when to tell their partners about their conditions. This 

is due to the fear of rejection, despair, inability or difficulty in sexual intercourse and 
negative reactions from the partners(Boyle et al., 2005; MacKenzie et al., 2009; Malouf et 

al., 2010; Patterson et al., 2014). 
―When I say, ‗oh‘, to a guy, ‗oh look I‘ve got this problem‘, I‘ve, I feel as if they 

are just going to be like that ‗ooft no thanks, don‘t want to go through it with 

you‘, do you know what I mean?‖(Louise,(Patterson et al., 2014, p. 6) 
Many participants were affected by and find it difficult to manage intimate 

relationships because they have taking avoidance and isolations as a coping strategy to 
live with the condition in order to avoid stigmatization and rejection(MacKenzie et al., 

2009). 



 

  ISSN 1813-4262(print) 
ISSN 1813-4270(online) 

Metropolitan Journal of Environmetal and Health Research  
Metropolitan International University Press 

 

Vol. 1, No. 1,2020 

www.miu.edu.ug 

 

 
106 

―Well for me it‘s definitely affected me having relationships.‖ (MacKenzie et al., 2009, 

p. 1779) 

―Sometimes I wonder, do I avoid…I think…I couldn‘t possibly be in a relationship I am 
far too busy.‖ (MacKenzie et al., 2009, p. 1779) 

Despite their fear of rejection, some participants have positive intimate 
relationships. 

―He never ever discussed about me being different, but he found my body 
intriguing.‖ (MacKenzie et al., 2009, p. 1779) 

DSD has negative effect on the academic performance of patients diagnosed with 

it, due to lack of focus and concentration on school activities following DSD diagnosis 
(Ernst et al., 2016; Malouf et al., 2010). There is shifting of attention from learning 

activities to the participants‘ condition (Chadwick et al., 2005). Although, DSD does not 
appear to have any impact on the educational status of people living with it (McKillop, 

2013), but this may be related to participants reports of being bullied in the school which 

makes them to avoid school activities and consequently affecting their academic 
performance (MacKenzie et al., 2009).Diagnosis of DSD makes some participants to be 

more motivated to work harder academically and in their work environment which serve 
as diversion therapy and fruitful future (Chadwick et al., 2005; Ernst et al., 2016).  

Sexual Experience 

Sexual experience can be in form of hugging, kissing, romance,  sexual 
intercourse and emotional feeling of loved  (Sanders et al., 2015). DSD condition is 

associated with difficult sexual experience due to absent or small vagina in female and 
small stature or undescended testes in males(Boyle et al., 2005; Chadwick et al., 2005; 

MacKenzie et al., 2009; Sanders et al., 2015).  Before their treatment, men with DSD felt 
that sex was impossible for them but they were able to perform sexual intercourse after 

the treatment, though most of them reported low sperm count (Chadwick et al., 2005). 

―I just didn‘t think that I was capable of having sex.‖(Chadwick et al., 2005, p. 
537) 

Male with DSD had feelings of unsatisfactory penile appearance despite treatment and 
perceptual normalcy, but they perceived that they had inadequate sexual potency and 

reproduction. This is due to psychological barrier that affect the participants from having 

sexual intercourse because physically they have the right equipment (Chadwick et al., 
2005). 

―But it didn‘t change my life that much, other than physically, because I was still 
left psychologically with inhibitions, towards girls and women. Although I fancied 

them like hell, I was unable to make the approaches, so I found that frustrating . . 
.‖ (Chadwick et al., 2005, p. 538) 

Some men were able to experienced sexual intercourse after treatment. 

―It was quite nice to have sex for the first time; you think ‗right I‘m on the road to 
normality now‘. Although it meant more to me that that. That was a step to being 

normal in a way.(Chadwick et al., 2005, p. 539). 
Having sexual relationship is considered as a very difficult and challenging task by young 

women with DSD but they really want to experienced it though they are afraid of the 

outcome and thinking that it will not work due to the absent of or small vagina(Alderson 
et al., 2004; Ernst et al., 2016; Guth et al., 2006; MacKenzie et al., 2009). 

―In some ways yes, I‘d like to be like all my mates. . . they are all doing it after a 
month but I don‘t know, I‘m not jealous, I‘m far from jealous [about boyfriends] 

I‘m just jealous of them having sex. I have been seeing someone for ages now 
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and I‘ve not been able to do anything with him do you know what I mean? He‘s 

like – I‘m not bothered. But it bothers me that he‘s got to wait so long… it‘s 

twelve months we‘ve been together now. . ..I‘m sure it‘s not normal‖(Sanders et 
al., 2015, p. 1909). 

Other female participants reported having good and positive sexual intercourse (Boyle et 
al., 2005; MacKenzie et al., 2009; Sanders et al., 2015), but they reported lack of sexual 

pleasure and enjoyment experienced by them despite genital surgery or dilatation (Boyle 
et al., 2005). This may be due to the fact that women were more concern in satisfying 

men‘s sexual pleasure and desire. 

―To be honest, it was just like a dead weight [ ] inside, which sounds strange, but it 
was [ ] I,  don‘t know, I didn‘t know how [ ] I could get enjoyment from it‖(Boyle et 

al., 2005). 
Discussion 

Participants with DSD faced many bodily changes, women were looking more 

masculine and vice versa. (McKillop, 2013), noted that tension exist between the gender 
of participants and their physical appearance, a typical gender role and how the 

individuals view themselves which are the sources of discreditment for individuals with 
DSD. This stresses the need to explore the meaning of gender and gender behaviours 

from the societal perspectives. Although, this may be socio-culturally related as most 

society categorised gender as either male or female and no need for third gender.  
Participants considered infertility associated with DSD in a negative sense whereas others 

considered amenorrhoea in positive terms as no need to use pills. 
Disorders of sex development is associated with a variety of negative 

psychological experiences like distress, anxiety, fear, depression and low self-esteem 
among others as indicated in the previous literature. (Schützmann, Brinkmann, Schacht, & 

Richter-Appelt, 2007) noted that the prevalence of psychological distress, self-harming 

behaviour and suicidal tendencies had markedly increased in adults with DSD. 
Intersex patients experiences difficulty in engaging and maintaining intimate 

positive relationships with peers and partners as well due to fear of rejection, 
stigmatization and bullying as reported in the previous studies (Cohen-Kettenis, 2010; de 

Neve–Enthoven et al., 2016). This is also in contrast with the findings of(Kanhere et al., 

2015), who found that DSD does not interfere with the participants social relationship. 
Patients with DSD experience difficulty in sexual intercourse due to small stature in male 

and small or absent of vagina in females (Cohen-Kettenis, 2010). The difficult may be due 
to physical or psychological barriers which may be due to the fear that the partner may 

find them looking different and the consequences of such (Cohen-Kettenis, 2010; de 
Neve–Enthoven et al., 2016; Kanhere et al., 2015). (Kanhere et al., 2015), found that 

some participants reported that their condition did not interfered with their sexual 

relationship and others reported that DSD had interfered with their sexual relationships 
due to body differences  and embarrassment from their partners (Kanhere et al., 2015). 

Patients with DSD used both positive and negative adaptive behaviours as a 
coping strategies to live with the condition (Cohen-Kettenis, 2010).  The positive adaptive 

behaviours include acceptance of DSD as a unique to their body, while, the maladaptive 

behaviours are isolation and withdrawal. According to (de Neve–Enthoven et al., 2016), in 
a quantitative study to assess the psychosocial wellbeing of Dutch adults with DSD. They 

reported that participants with DSD have effective coping with the condition though 
participants reported increase fatigue, attention and memory problems. 
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All the studies included have used qualitative approach to study experience of 

people living with DSD and were conducted in developed countries. Therefore, there is 

need to explore the experiences of people living with DSD in middle and low income 
countries which can be affected by socio-cultural factors.Although, all the studies 

employed non probability sampling (purposive sampling and snow balling) technique, but 
the sample size differs from 3 to 23 participants across different articles and none of the 

article indicated that the data had reached saturation level for the selected sample.  
Although all the included studies had met the quality appraisal criteria, but only 1 

article used a theoretical framework in the investigation (Malouf et al., 2010) and 2 used 

grounded theory approach. There is a need to incorporate theory in the qualitative 
research related to DSD so as to established new theories or validate the existing ones. 

Conclusion 
Disorders of sex development have affected the quality of life of people with DSD. 

Although the systematic review has synthesis and come up with new themes on the 

physical, psychological, social, and sexual experiences on the quality of life of people with 
DSD. This affects the quality of life of people disorders of sex development. Therefore, 

there is need for an intervention study on the improvement of quality of life of people 
living with DSD. 
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Table 1: methodological overview of the reviewed studies  
Study/Ye
ar/ 
Country 

Purpose of the 
study 

Methodology  Recruitment  Participants  Themes Quality 
appraisal 

Alderson 
et al., 
(2004)/ UK 

To explore the 
psychological 
experiences of 
people with AIS 

Grounded 
theory 

Support group 8 AIS distress 
Compromised 
womanhood 
Fear of devaluation 
Talking about AIS 
Medical 
management 
Support group 
Adaptation 

11/13 
Excellent  

Boyle et 
al., 
(2005)/ UK 

To describe the 
experiences of 
women with 
intersex who 
chose surgery at 
adulthood 

Phenomenology  Support group 6 Conferring normality 
Conferring sexual 
and relationships 
entitlement 
Doctor knows best 
Just another funny 
The imperfect result 
of surgery 
Surgery is not 
experienced as 
conferring normality 
or satisfactory 
intimate 
relationships 
Two fixed sexes 
The conflation of sex 
with intercourse 
Absence of pleasure 
talks 

10/13 
Excellent  

Chadwick 
et al., 
(2005) / 
UK 

To examine the 
experiences of 
male with 
atypical 
genitalia  

Phenomenology  Health centre 8 Before discreditment 
Becoming 
discredited 
Managing 
discreditment 
Becoming and being 
discredited 

10/13 
Excellent 

Ernst et 
al., 
(2016)/ 
USA 

To explore the 
process and 
emotional effect 
of disclosure of 
diagnosis to 
peers 

Descriptive Support group 9 Motivators to 
disclosure 
Barriers to disclosure 
Infertility 
Disclosure outcome 
Guidance regarding 
disclosure 
Education in 
healthcare setting 
Lifelong diagnosis 
Overall effect of 
diagnosis 

11/13  
Excellent  

Guntram, 
(2013a)/ 
Sweeden  

To give account 
of experiences 
of people in 
creating, 
maintaining and 
questioning 
vaginal 
construction 

Narrative 
analysis 

Specialist 
hospital 

10 Creating a body that 
works 
Maintaining vaginal 
size 
Refusing 
maintenance and 
questioning result 

9/13 
Average   
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Guntram, 
(2013b)/ 
Sweeden 

To Explore 
participants 
negotiation of 
female 
embodiment  

Exploratory 
descriptive 

Specialist clinic 
and support 
groups 

23 Differently normal 
Normally different 
Meaning of diagnosis 
in negotiating 
embodiment 

11/13 
Excellent  

Guth et 
al., 
(2006)/ 
USA 

To explore self-
perceptions of 
adult women 
with CAH and 
the impact of 
this condition on 
their 
relationships, 
sexuality, 
gender identity 
and self-concept 
as well as their 
perception on 
medical 
treatment. 

Phenomenology  Health centre 5 Perception of 
medical treatment 
Perception of visit to 
physician 
Relationships and 
sexuality 
Gender identity and 
roles 
Personal 
characteristics 
Body image 

9/13 
Average  

Lundberg 
et al. 
(2015)/ 
Sweeden 

To explore 
young women‘s 
experiences of 
receiving DSD 
diagnosis  

Narrative 
analysis  

Health centre 9 Before consultation 
During consultation 
After consultation 

10/13 
Excellent  

MacKenzie 
et al., 
(2009)/ 
New 
Zealand 

To explore the 
experiences of 
people with 
intersex 
conditions 

Descriptive  Through one 
contact 

3 Managing silence 
Coping with 
difference 
Development of 
acceptance 

11/13 
Excellent  

Malouf et 
al., 
((2010) / 
USA 

To investigate 
health related 
quality of life, 
mental health 
concerns of 
women with 
CAH and their 
recommendatio
ns for therapists 

Consensual 
qualitative 
research  

Support 
groups 

8 Physical functioning 
Psychological 
functioning 
Interpersonal 
processes and 
relationships 
Healthcare 
experiences of 
women with CAH 
Recommendations 
for healthcare 
professionals 
Systemic 
considerations 

11/13 
Excellent  

Patterson 
et al., 
(2014)/ 
Scotland  

To explore the 
psychological 
experiences of 
young women 
with MRKH 

Phenomenology  Health centre 5 Managing 
independence 
Sensitivity to 
difference 
Managing intimacy 
Managing threat to 
identity 

10/13 
Excellent  

Sanders et 
al., 
(2015)/ UK 

To explore the 
experiences of 
young women 
with DSD when 
sharing 
information 

Phenomenology  Health centre 14 Self-awareness and 
communicating this 
to others 
Actualizing intimacy 
Expressing meaning 
of altered fertility to 
self, professionals or 
others 

9/13 
Average  
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Figure 1: PRISMA Flow Diagram for Literature Search 
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Abstract 

This paper is an attempt to examine cases of unwanted pregnancies and malnutrition 
among women and children in IDPs camps within Maiduguri and its environs. Data were 
gathered through in-depth interview. Due to limited access to IDPs camps security and 
other reasons, the researchers were able to interviewedonly three ladies who gave birth 
through unwanted pregnancies, and three children were observed and their health and 
nutritional status evaluated. Based on the interaction with their mothers, it was observed 
that, the reasons advanced by the respondents include hunger, lack of clothes, where and 
lack of sleeping items, false promise of marriage and poor or non-nutritional foods. The 
study found that all the respondents were impregnated by security personnelwho were 
posted to protect the IDPs camps. The study also revealed, the deplorable condition and 
inadequacypoor and non-nutritional foods supplied which causes malnutrition among 
children in the camps. The researchers recommended that government shouldmonitor the 
interaction between the security agents and IDPs in the camps; nutritional food should be 
provided to prevent children and adults from malnutrition and diseases associated with it. 
Lastly, reconstruction, rehabilitation and resettlement of IDPs to their various villages and 
towns. 
Keywords: Unwanted Pregnancies, Malnutrition, IDPs, Camp  

 
Introduction  

Northeast in general and Borno state in particular had been suffering the havoc 
caused by the Boko Haram insurgency. The situation is pathetic and has put all residents 

in the State into serious trauma and confusion. It also hindered many of them from 
carrying out their normal day to day activities in the State. People were ejected from their 

towns and villages due to fear of attacks by the Boko Haram sect. This led to loss of many 

innocent lives, destruction of property, and dislocation of people from their homes and the 
consequent relocation in various Internally Displaced Persons (IDPs) camps within and 

outside the state capital Maiduguri. 
The region has experienced colossal destruction of property, displacement 

dislocation of people now scattered in various IDPs camps for the past six years. Internally 

Displaced Persons (IDPs) are persons who have been displaced by natural disaster or 
conflicts from their home and traditional support structure but have not crossed the 

borders of their countries.  Internally Displaced Person Centre (Ogori, 2013) indicated 
that, women and children constitute more than 50 percent of Internally Displaced Persons 

formation. Some women and children are in deplorable conditions in displaced persons‘ 

camps in Nigeria redundant, including Borno State. It was reported that women and 
children were suffering from malnutrition and unwanted pregnancies in various camps in 

Borno State (Ibrahim, 2016). The United Nations Children Emergency Fund, noted that 
children are the worst hit in IDPs camps in North Eastern Nigeria. The malnourishment of 

women is interwoven with that of infant children who rely on their mothers for most of 
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their food. If women are malnourished it implies that infant children are malnourished too. 

Ojoye (2016) reported a case of a starving infant whose mother sat and watched 

helplessly decrying because she has no milk in her breast for the child. The women and 
children in IDPs camps may have escaped death in the hands of Boko Haram, but they 

now face a new deadly enemy; hunger. 
Anani, (2016) posit that a major challenge facing many Internally Displaced 

Persons (IDPs) camps are cases of unwanted pregnancies. He further, reiterated that 
Nigeria Red Cross Society (NRCS) discovered rampart cases of teenage and single ladies 

getting pregnant in the camps. The deplorable living condition of the IDPs has prompted 

some of the ladies to offer themselves for basic needs such as clean drinking water, food 
and every female sanitary pad. This situation has inadvertently increased the rate of 

unwanted pregnancies in the camp (Andrew, 2016). Unwanted pregnancy is unintended, 
usually unplanned pregnancy, which may occur to unmarried lady or a teenager, although, 

it could also occur to a married woman, who may be on child spacing or family-planning 

practice. Unwanted pregnancy becomes a subject of concern in the IDPs camps in Borno 
State, because of the prevailing complaint from various camps. Izugbara, and Egesa 

(2014) argued that worldwide, unwanted pregnancies persist as a major social and public 
health concern.  

Apart from rampant cases of unwanted pregnancies in various camps, other 

problems are, the increasing cases of none nutritional food that is mostly served in the 
camps which has an effect on the health, growth and physical development of both adults 

and children. National Emergency Management Agency NEMA said that about 450 children 
have died of malnutrition in 28 Internally Displaced Persons‘ camps in Borno State in 

2015. Mele, (2016) disclosed that, the victims were aged between one and five years and 
more than 209,577 children have been screened for various illnesses, including 

malnutrition, malaria, diarrhea, and vomiting. Poor feeding practices, such as inadequate 

breastfeeding, offering the wrong foods and not ensuring that the child gets enough 
nutritious food also contribute to malnutrition (Opcit). However, malnutrition is a condition 

which occurs when there is a deficiency of certain vital nutrients in a person‘s diet. The 
deficiency fails to meet the demands of the body leading to effects on the growth, 

physical health, mood, behavior and other functions of the body. Mandal, (2016) lamented 

that malnutrition commonly affects children and the elderly. 
So, unwanted pregnancy and malnutrition become common problems in various 

IDPs camps today (Lanre, 2010). An unwanted pregnancy poses health risks to the 
mother as well as to the child such as prematurity, low birth weight, birth injuries and 

damage can occur in the birth process that renders them infertile or endangers their lives. 
Malnutrition, hunger and communicable diseases were suffered by IDPs in various camps 

in Borno state. In most of the camps, there are challenges of malnutrition and unwanted 

pregnancies (Marama, 2016). 
Similarly, Haruna (2016) revealed that the Borno state Governor has lamented 

over the reports reaching him from Human Rights Watch of cases of female sexual 
harassment to the point of impregnating women and teenage girls. The governor is said 

to have promised to request for the deployment of undercover agents to help in dictating 

the culprits who are said to be officials saddled with the responsibility of caring and 
protecting these IDPs in the various camps in Borno state. 

Statement of the Problem 
Borno State is the epicenter of the current Boko Haram insurgency and the 

situation continues to be extremely volatile. Hundreds of thousands of displaced persons 
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today live in Maiduguri, Borno State‘s capital and more keep arriving every day. It has 

become apparent that the cases of unwanted pregnancies and malnutrition in various 

Internally Displaced Persons (IDPs) Camps in Maiduguri Borno state and its environs has 
reached unprecedented and alarming rate. Recently, there was a media report indicating 

that about eighty-seven (87) divorcees‘ women, unmarried ladies and teenagers were 
impregnated and 450 children have died of diseases and malnutrition across the camps in 

the state. Before the advent of insurgency, the affected victims were in their respected 
places of domicile engaged in productive farming, fishing, trading and other professions 

keeping them busy devoid of engaging themselves in suchanti-social behavior. Bukar, 

(2016) reported that the number of females among Internally Displaced Persons (IDPs) 
carrying pregnancies as a result of non-marital sex at camps in Maiduguri, the Borno State 

capital, is assuming alarming dimensions, with an increasing number of unmarried young 
women, widows and divorcees becoming pregnant with no definite man taking 

responsibility. It was also reported that a total number of 54, 000 children under the ages 

of 5 and below were recorded in all the resettlement camps, 98 children (1.5%) had 
severe cases of malnutrition and died last year (Mshelia, 2016). Nevertheless, Bukar and 

Mshelia‘s papers were based on secondary sources while this paper is an empirical one. It 
is against this background, this paper attempts to explore prevalence of unwanted 

pregnancies and malnutrition cases in the IDPS camps in Maiduguri metropolitan and its 

environs.  
The major objective of this paper is to assess unwanted pregnancies and 

malnutrition cases affecting the members of IDPs Camps in Maiduguri metropolitan and 
environs. 

The specific objectives are to: 
1. identify cases of unwanted pregnancies and malnutrition among women and 

children in IDPs camps in Maiduguri metropolitan and its environs. 

2. examine the causes and effects of unwanted pregnancies and malnutrition among 
women and children in the IDPs comps in Maiduguri metropolitan and its environs. 

3. find out the measures taken by authorities concerned in bringing to an end cases 
of unwanted pregnancies and malnutrition among IDPs in the various camps. 

4. suggest solution to the problems of unwanted pregnancy and malnutrition cases 

in IDPs camps in Maiduguri metropolitan and environs.  
Research Questions 

1. Are there cases of unwanted pregnancies and malnutrition among women and 
children in IDPs camps in Maiduguri metropolitan and its environs? 

2. What are the causes and effects of unwanted pregnancies and malnutrition 
among women and children in the IDPs comps in Maiduguri metropolitan and its 

environs? 

3. What measures have been taken by authorities concerned in bringing to end 
cases of unwanted pregnancies and malnutrition among women and children in 

IDPs in the various camps? 
4. In which ways can the problems of unwanted pregnancy and malnutrition be 

ameliorated among women and childrenin IDPs camps in Maiduguri metropolitan 

and environs? 
Phenomenon of Unwanted Pregnancy  

Unwanted pregnancies and malnutrition are closely linked. Sometimes 
pregnancies particularly unwanted ones under certain conditions can result to 

malnutrition, sometimes it is a contributing cause. Unwanted pregnancies and malnutrition 
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cases are one of the most important public health problems worldwide and cause much 

stress and unhappiness for the woman and her child. Mandal (2014) argued that 

malnutrition affects all age groups but is more common in developing countries and 
among children, elderly and pregnant women. According to World Food Programme 

(2016) Malnutrition at an early age leads to reduced physical and mental development 
during childhood. 

Unwanted pregnancy has been described as a very traumatic experience for 
women, unmarried ladies and teenage girls in the lights of their economic, psychological, 

social emotional, medical and educational system (Mitchel, 2007).A significant body of 

research exists in the area of unintended pregnancy that identifies several risk factors for 
experiencing mistimed or unwanted pregnancies. For instance, Andrew (2016) defined it 

as a pregnancy that is either mistimed or unwanted at conception. Mistimed is generally 
defined as a pregnancy that is desired later in life but not at the point of its present 

conception and unwanted is defined as not wanted then or at any time in the future. 

Unintended pregnancies are pregnancies that are mistimed, unplanned or unwanted at the 
time of conception.  
Causes of Unwanted Pregnancies and Malnutrition 

There are many factors behind unwanted pregnancies and malnutrition cases in 

the IDPs camps Worldwide. Mele, (2016) lamented that poverty, peer influence, idleness 

is some of the causes of high rate of unwanted pregnancies in the society. He further 
reiterated that in the IDPs Camps the rate of unwanted pregnancy is high and has become 

a problem that needs to be tackled. He noted that no fewer than 1,500 women gave birth 
in 28 Internally Displaced Persons (IDPs) camps in Borno State in general in 2015.  

Similarly, Haruna (2016) argued that women and teenage girls are lured into 
unprotected sexual relations by camp officials through promises of food, money and other 

basic needs. He further argued that government has failed to do anything tangible to stem 

the rise of sexual harassment of women and girls in IDPs camps in Borno state.  
Furthermore, Adeniran, (2004), the causes of teenage pregnancy include the crave for 

money and materialism in the country; broken/separated homes, inadequate or absence 
of sex education, influence of pornographic materials, ignorance among the teenage girls 

on the use of contraceptives and the general moral laxity in the country. Unwanted 

pregnancy or birth has an effect on the woman, the couple, the child and the rest of the 
family. Various studies have specifically shown that women are at a greater risk for 

suffering negative health consequences during and after an unwanted pregnancy 
(Makinwa, 1982, Andrew, 2016, & Bukar 2016). The irony of the situation in the IDPs 

camps is that as these women and girls sell their bodies for food, money and material 
things, it is not because they want, but because they are in dire need of these basic 

necessities of life, (Haruna, 2016; Ibrahim, 2016; Ojoye, 2016; & Olanrewaju, 2016). 

These women and girls are deprived of sufficient food, water, money and other material 
things, not really of their making, but as Olanrewaju (2016) noted, the food provided by 

the government is not sufficient. Therefore, in order to survive these women and girls 
take the bait, to offer their body to men in order to get what to eat in order to survive. 

Unwanted pregnancy has consistently proven in several studies to be one of the 

main risk factors associated with the development of depression during pregnancy and 
postpartum, and with lower levels of psychological well-being during pregnancy, 

postpartum and in the long term. However, it also poses a major and continuing social 
and health challenge in Africa, accounting for more than a quarter of the 40 million 

pregnancies that occur annually in the region. However, ideally, pregnancies would always 

https://en.wikipedia.org/wiki/Pregnancy
https://en.wikipedia.org/wiki/Fertilisation
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be a wanted and happy event for women, their partners and their families. Unfortunately, 

this is not so. In most IDPs Camps, a number of women become pregnant without 

planning or wanting to have a child at that time in their lives, and some may be more 
distressed than joyful under these circumstances (Abubakar, 2016). According to Bissell 

(2012), teenage pregnancy could lead to incomplete education, unemployment and other 
numerous emotional traumas. 

The IDPs camps, in recent times, have also become topical issues globally due to 
malnutrition, diseases suffered by inmates as well as politics that dominated the 

management. Officials of Medicine San Frontiers, otherwise known as Doctors without 

Borders, had, recently, reported that there was acute malnutrition and food crisis at 
various camps in Borno, leading to deaths. Another research indicated that when a person 

is not getting enough food or not getting the right sort of food, malnutrition is just around 
the corner. Even if people get enough to eat, they will become malnourished if the food 

they eat does not provide the proper amounts of micronutrients, vitamins and minerals to 

meet daily nutritional requirements (World Food Program, 2016). Malnutrition affects 
school performance and studies have shown it often leads to a lower income as an adult. 

It also causes women to give birth to low birth-weight babies. 
Consequently, extreme malnutrition and food insecurity have been reported in 

Borno and Yobe states. Newly accessible areas of Borno and Yobe states are revealing 

extremely high rates of severe acute malnutrition, especially among 275,000 IDPs 
reported to live in 15 camps in Borno state (OCHA, 2016) cited in (reliefweb 2016). Early 

motherhood had been linked to effects the psychological development of the child 
adversely.  

Rate of unwanted pregnancies and Malnutrition in IDPs Camps 
Worldwide, unwanted pregnancies persist as a major social and public health 

concern. Bankole et al (2006) posits that unintended pregnancy rates are highest among 

poor and low-income women, women aged 18–24, cohabiting women and minority 
women. Rates tend to be lowest among higher-income women, white women, college 

graduates and married women. For example, in 2011, the rate of unintended pregnancy 
among higher-income white women was less than half the national rate. To the contrary, 

in Nigeria, unwanted pregnancy is somewhat less prevalent among women with no 

education than among those who have had some or even a great deal of schooling 
(2014).  

Hundreds of children and women in internally displaced persons (IDPs) camps in 
Boko Haram-ravaged Borno State still suffer malnutrition. According to Andrew, (2016) 

between September and December 2015, no fewer than 450 children in some IDPs in 
Borno State alone died of malnutrition. The United Nations Children‘s Fund (UNICEF 2015) 

says it has recorded critical levels of malnutrition among the recent arrivals in the newest 

camp, Dalori in Maiduguri, which was set up in March, 2015. The facts about hunger 
clearly show its relationship to other symptoms of poverty around the world such as 

malnutrition, low birth rate and poor health.  
Consequences of Unwanted Pregnancies 

In everything we do, good or bad there is expectation of result, the result is what 

we referred as consequences. Unwanted pregnancies can terminate through abortion. 
Abortion as most victims of unwanted pregnancy do, is often a frightful and expensive 

operation, only few who have enough money ever seek the services of qualified 
gynecologists while poorer girls either run to quacks or try to get rid of the pregnancy 

themselves by drinking toxic substance which brings about tragic result and death at times 
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(Lanre, 2010). School attendance becomes more difficult while nursing a baby; the 

teenage mother may be forced to drop out from school. Where she is abandoned for the 

boy or the man responsible for her pregnancy, such forced cohabitation arrangements 
hardly last. On the other hand, if she remains unmarried, her child may suffer neglect, 

abuse, abandonment or grow up to face some forms of social discrimination and 
stigmatization (Oguntade,1992). Bankole, (2006) argued that Overall, 25% of women 

obtaining abortions experience serious complications. The level is above average among 
women using a traditional healer or a friend or terminating the pregnancy on their own 

(36%), and below average among those taking tablets (19%) or obtaining an injection 

(10%). 
Methodology 

The study is a case study of three nursing mothers and their children. Both 
primary and secondary data were used for this study. Primary data consist of the 

information collected from the three nursing mothers in the IDPs camps. While secondary 

data consist of information gathered from books, online materials, and newspapers, 
published and unpublished materials respectively. 

Because of limited access to IDPs camps due to security and other reasons, three 
(3) unmarried ladies, who gave birth through unwanted situations and both mothers and 

children were suffering malnutrition cases were interviewed. 

 Structured questions were used for In-depth interview using tape recorder and 
jotter which is the appropriate means of seeking to assess the unwanted pregnancy and 

malnutrition cases in IDPs camp in Borno State.  
The data collected through interviews were analyzed qualitatively. All the 

information gathered from the respondents will be interpreted verbatim.   
Data Presentation and Analysis 

The presentation of the data gathered from the respondents will be based on the 

research objectives and questions of the study. Within the IDPs camps selected for this 
study, there were over Thirty-five thousand and fifteen (35,015) displaced persons in 

Bakassi, Dalori and NYSC camps respectively, comprising of Four Thousand Eight Hundred 
and Forty-Eight Thousand (4,848) male, Eight Thousand Five Hundred and Seventy 

(8,570) female, and Eighteen Thousand Five Hundred and Ninety-Seven (18,597) children 

(NEMA, 2016).  
The first objective of the study sought to know whether there are cases of 

unwanted pregnancies and malnutrition in IDPs camps in Maiduguri and its environs. The 
information obtained from the respondents showed that there is glaring and mounting 

cases of unwanted pregnancies and malnutrition of both women and children. The three 
respondents were of the opinion that many girls and women are often lured into having 

sexual relations with the camp officials including security persons and in most cases they 

engaged in sex without protection and which often results to pregnancy. The three 
females interviewed were impregnated by camp officials and are now having babies. 

Respondent (A):  
I came from Bama and stayed in NYSC camp for three years, I 

was disturbed by hunger and the officer convinced me based on 

the promise to provide food, and gave some money, because at 
the time he approached me am suffering from hunger, lack of 

cloths and where to sleep in the camp. 
(Fieldwork: 2016). 
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Respondent (B):  

…the officer established serious relationship and always telling me 

that he is going to marry me, but when he impregnated me, he 
stopped talking of marrying me, he keeps on telling me there is 

no problem I will take care of everything, and that I should 
exercise patience now he is busy… 

(Fieldwork: 2016). 
Respondent (C): 

…the officer came and met me in Dalori camp; after three weeks, 

the man started giving me money and take away food daily, later 
the officer met me in a side room within the camp. From there I 

became pregnant… 
(Fieldwork: 2016). 

From the responses, it can be established there are cases of unwanted or 

unplanned pregnancies in IDPs camps in Maiduguri and its environs. These pregnancies 
according to the respondents are the result of camp officials taking advantage of the 

predicament of IDPs especially insufficient food and other basic needs to lure themwith 
promises of providing such basic needs and thereby impregnating them in the process.   

 The second objective and question tried to find out the causes and effects of 

unwanted pregnancies and malnutrition in IDPs camps in Maiduguri and its environs. The 
responses obtained from the three respondents showed that hunger, poverty, lack of basic 

needs, enticement by camp officials are among the causes of unwanted pregnancies. It is 
also discovered from the responses that the effects of these unwanted pregnancies is 

more hunger, more poverty, and more deprivation as the men responsible for the 
pregnancies abscond and abandon the woman with the burden of caring for herself and 

the child. An excerpt from the responses of the respondents reveals that:  

Respondent (A): 
…when the pregnancy occurred and I confronted the officer about 

it, he disappeared from the camp, up to this time, I don‘t know 
where the officer is ―My child is among the registered children 

that suffered from malnutrition case because the food we are 

given is not enough… 
(Fieldwork: 2016). 

Respondent (B):  
…the officer ran away from the camp... I cannot provide the 

needed milk for the child because there is no nutrient in the food 
and is not sufficient for me and my child… 

(Fieldwork: 2016). 

Respondent (C):  
…from there I became pregnant, and when I approached him and 

told him that I was pregnant, the officer responded that if I dare 
tell anybody he is the one responsible he will kill me…The food is 

not adequate for me and my child. 

(Fieldwork: 2016).  
The third objective tried to find out the measures taken by authorities concerned 

to bring an end to the cases of unwanted pregnancies and malnutrition. The information 
used to explain this objective was not obtained from the respondents because they are 

not aware what the authorities are doing. Rather secondary data is resorted to. Reports 
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on government effort to forestall unwanted pregnancies shows that according to the 

Premium Times News (November, 1st2016), the government of Borno state is planning to 

request for detectives to be sent into the camps to help apprehend culprits and have them 
punished. The government is determined to deal with official found in the act of luring 

women or girls into sexual acts or raping them. The government of Borno state has vowed 
to stop using persuasion and start applying punishment. The National Agency for Control 

of AIDs (NACA) has collaborated with agencies to bring medical care to women and other 
IDPs who may have contracted diseases in the process of sexual interaction or rape within 

the camp, to create enlightenment on how to stay safe from various diseases from 

sexually transmitted diseases. (Vanguard News, February 28, 2015). Reports on 
government measures to curtail malnutrition showed that according to Vanguard News 

(February, 21, 2016), three steps were taken, the Central Feeding Committee which was 
said to be shortchanging the IDPs of the rations of food was suspended and each house 

hold is directly given its food ration to cook. Second, the government has called in for 

support from international agencies to increase food supply in camps. Third, National 
Emergency Management Agency (NEMA) has directly taken over the distribution of food to 

IDPs to ensure that food meant for them are not siphoned.  
The summary of the interview of the respondents from which the analysis of this 

study are presented below: 

Respondent (A): a twenty-two years old lady, Kanuri by tribe from Bama local 
government area of Borno State.  When asked how she became a nursing mother without 

marriage?  She said, ―I was impregnated by one military man‖, ―I came from Bama and 
stayed in NYSC camp for three years, I was disturbed by hunger and the officer convinced 

me based on the promise to provide food, and gave some money, because at the time he 
approached me, I was suffering from hunger, lack of cloths and where to sleep in the 

camp‖. The nursing mother further reiterated that, ―the officer told me that he will marry 

me then I agreed‖. We started sex without any protection (condom, etc) and when the 
pregnancy occurred and I confronted the officer about it, he disappeared from the camp, 

up to this time, I don‘t know where the officer iss ―My child is among the registered 
children that suffered from malnutrition case because the food we are given is not 

enough‖. (Fieldwork: 2016). 

Respondent (B): a twenty-one years old lady, Mandra by tribe from Gwoza local 
government area of Borno State.  When asked how she became a nursing mother without 

marriage?  She said that, ―I was impregnated by a police officer working in this camp‖, the 
lady explained that, ―I came from Gwoza local government area and stayed in Bakassi 

Camp for three years, and lost my father during Boko Haram crisis‖. She further lamented 
that, ―the officer established serious relationship and always telling me that he is going to 

marry me, but when he impregnated me, he stopped talking of marrying me, he keeps on 

telling me there is no problem I will take care of everything, and that I should exercise 
patience now he is busy‖. ―However, when the pregnancy reached seven months I went 

and told him, the officer told me that he will go to market to buy all the necessary items, 
the officer ran away from the camp‖. No feeding, she said that, ―I cannot provide the 

needed milk for the child because there is no nutrient in the food and is not sufficient for 

me and my child. (Fieldwork: 2016).     
Respondent (C): a twenty-two years old and Kanuri by tribe from Bama local 

government area of Borno State, when asked how she became a nursing mother without 
marriage? She stated that, ―I met one army officer on my way travelling to Yola to attend 

wedding of my sister, and we exchanged phone numbers. The officer came and met me in 
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Dalori camp after three weeks; the man started giving me money and take away food 

daily, later the officer met me in a side room within the camp. From there I became 

pregnant, and when I approached him and told him that I was pregnant, the officer 
responded that if I dare tell anybody he is the one responsible he will kill me. That is why, 

I did not tell any officer in the camp and delivered a baby boy, now the boy is eighteen 
(18) months old‖. When asked are you contented with food given in the camp? The lady 

said,‖ look at me, and see the ribs of my child; we are all suffering from hunger here. The 
food is not adequate for me and my child‖ (Fieldwork: 2016).  

Discussion of Findings 

This section discusses the major findings of the study in relation to the objectives 
of the study. Most scholars whose work were reviewed in the literature, (Lanre, 2010; 

Mandal, 2016; Mele, 2016; and Andrew, 2016) were of the opinion that unwanted 
pregnancies and malnutrition cases exists in various IDPs camps in Maiduguri metropolitan 

and its environs and have continued to increase to the extent that the situation has 

become a global concern. The finding of this study backed up this argument, as the 
responses revealed the respondents interviewed were all victims of unwanted pregnancies 

and they confirmed revealed that it has been occurring among many girls and women 
within the camps. The government of Borno State also recognized this fact and had taken 

steps to forestall its continuous occurrence. The finding also revealed that despite the 

huge donations from Federal, State, Local governments, International donors, NGOs, 
Philanthropists and individual, the IDPs still claimed that there is no improvement in their 

lives. On the other hand, the government believes that its feeding programme and 
security has gone a long way to improve lives of the IDPs.  

The study discovered that the redundant cases of unwanted pregnancy and 
malnutrition in various IDPs camps in Maiduguri Metropolitan and its environs are real, to 

the extent that ladies under the ages of twenty-five (25) years are at risk of becoming 

pregnant. Furthermore, children under eighteen months and women are suffering from 
malnutrition cases in the camps. From the respondents, it was discovered that the female 

IDPs were impregnated by the security agents who are posted there to protect them, their 
lives and properties: but turn to exploit the young women and girls sexually   but turn to 

engage the ladies in sexual exploitation without any investigations from the side of 

government. 
 The findingindicated that foods they were given in the IDPs camps are not 

enough and lack nutritional values. That is why all the children from unwanted 
pregnancies are suffering from malnutrition cases in the IDPs camps. 

 The result also indicated that, despite the huge assistance received by 
government of Borno State from International donors, Federal government, NGOs, 

Philanthropists and individual IDPs have not benefit from it. It further reveals that 

measures taken to prevent them from sexual exploitation and abuse is also not adequate. 
Conclusion and recommendation 

The problems of unwanted pregnancies and malnutrition cases in various IDP 
camps in Borno State could be attributable to the lukewarm attitude from the stakeholders 

who allowed the security personnel to operate as they wish and impregnated ladies and 

go redundant free without any punishment. Furthermore, donations, assistance from 
various organizations and governments to take care of the IDPs were hijacked by some 

members: of the feeding committee, whoenriched themselves at the detriment of the 
IDPs. Based on the foregoing findings, we concluded that, unwanted pregnancies and 

malnutrition cases are social and health problems are the serious negative consequences 
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on women and children in the IDPs camps in Maiduguri Metropolitan and its environs. 

Recommendations are hereby forwarded which, thus we recommend the followings and if 

carefully considered will help a long way in improving the plight of the IDPs particularly 
women and children: 

i. Government should monitor the activities of security agents posted to Internally 
Displaced Persons IDPs camps and whoever is found to have an affair with 

female(s) or taken away food items should be prosecuted according to the law. 
ii. Nutritional food should be provided to all IDPs camps and additional medical 

expert should be posted too. 

iii. The social welfare personnel should be posted to all IDPs camps for counselling 
and protection. 

iv. Government and all stakeholders should monitor the nutritional status of IDPs and 
the types of food given to them. 

v. As a matter of urgency, government should reconstruct and rehabilitate the 

destroyed communities and resettle the internally displaced persons to their 
various villages and towns, since we are now in a post insurgency era. 
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Abstract 

Growth and survival rate of African catfish (Clarias gariepinus) juveniles fed with imported 
(coppens commercial feed) and local feed were observed for twelve weeks (June to 
August) at the biological science laboratory, the department of biological science, faculty 
of science building, Nigeria Police Academy Wudil Kano State Nigeria. The study was 
aimed at the best quality feed in terms of growth rate, total weight and percentage 
survival rate using African cat fish cultured in an improvised aquarium. The proximate 
compositions and economics of the feeds and water quality of the cultured tanks were 
assessed. Fishes were divided into two groups with 4 fishes per tank in replica of three 
plastic tanks; juveniles were of the same size and length. Fishes in tank A were fed with 
coppens feed (imported feed) which has moisture of 6.1%, crude protein 42%, crude fibre 
1.5%, ash 9.5%, fat/lipid 12% and carbohydrate/NFE 10%. while tank B fishes were fed 
with local feed which has moisture of 6.4%, crude protein 10.9%, crude fibre 2.8%, ash 
4.9%, fat/lipid 3.9% and carbohydrate/NFE 69%. The fishes were fed twice daily; 8am in 
the morning and 5pm in the evening, and growth performance and physiochemical 
parameters were monitored weekly. The result however showed that fishes fed with 
coppens (imported feed) showed the best growth performance, higher weight increase, 
specific growth rate, protein efficiency ratio than fishes fed with local feed. Higher 
mortality was recorded in fishes fed with local feed; the poor growth performance in local 
feed was a reflection of the feed having low crude protein, lipid and ash. While 
carbohydrate and crude fibre were higher and imbalance in local feed. Mortality was 
attributed to stress resulting from the poor quality of the feed, immediate sinking which 
leads to total dissolution of the feed in water, there was a significant difference between 
growth rates of the different feeds, (Imported and local). 
Keywords: Feeds, growth, survival, juvenils, catfish  

 
Introduction 

In general, Clarias gariepinus lives in most river basins. Spawning mostly takes 
place at night in the shallow, inundated areas of the rivers, lakes and streams. Courtship 

is preceded by highly aggressive encounters between males, the rearing of African cat fish 

was presumed to be a very suitable species for aquaculture; because 
 In aquaculture; they are easy to breed and can feed on a large variety of 

agricultural byproduct  

 As source of food to humans and can be sold live at the market 

 It is hardy delicate, tolerates and sensitive to adverse water pollutant/ conditions 

 It matures and relatively easily reproduces in captivity 

 It tolerates difficult conditions in aquaculture, their hardy nature and possession 

of air-breathing organs enable them tolerate adverse aquatic conditions (Reed et 
al, 1967). 
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Fish feed has been projected to account for at least 60% of the total cost of 

production of the species (Gabriel et al. 2007). In an attempt to find cheaper, affordable, 

available alternative fish feed to imported commercial feeds such as Coppens, various 
local fish feeds have been formulated from different varieties of sources. This has led to 

the emergence and proliferation of many fish feed industries in Nigeria manufacturing and 
selling all sorts of fish feed composition. Most farmers opt for this cheaper feed without 

knowing the proximate composition, formulation, and processing of the feeds. A good 
Clarias gariepinus feed should contain essential nutrients such as protein (used to 

determine the protein level in fish), lipids or fats (used to determine crude fat in dried and 

mixed feeds), ash (minerals), fiber, moisture (is essential for controlling moisture in 
powdered feed sample to avoid contamination during storage), NFE (nitrogen free extract 

or carbohydrates) and vitamins in the right proportion and formulated in a balanced ratio 
which will be acceptable, palatable and durable to the fish for its optimum growth. 

According to Ayuba and Lorkohol (2012), there is paucity of information on the 

nutrient content of fish feed produced by different feed companies in Nigeria and no 
reliable published information on chemical composition of commercial feed and feed 

ingredients. The growth of a fish is influenced by its feed utilization which contains a 
balanced nutrient composition of the feed. The studies of the growth response of Clarias 
gariepinus have mainly concentrated on the replacement of fish meal with suitable 

alternatives by using varieties of plants and animal sources as substitute, supplement or 
total replacement in fish feed and this has led to the development of all sorts of fish meal, 

such feeds are often called local, home or farm-made fish or aqua feed. While the foreign 
commercial feeds such as Coppens, Vital, Top and Lynx are termed imported feeds. 

Very few studies have actually looked and compared the growth response of 
African catfish to these local feeds and standard imported commercial feeds. These 

include Mollah et al. (2010) who compared imported and local feeds on the growth and 

survival of riverine catfish. Rita Rita, Shapawi et al (2011) who compared the body 
composition and growth performance of humpback grouper Cromileptis altivelis fed on 

farm made feeds and commercial feeds and Ekanem et al. (2012) who compared the 
growth performance and food utilization of Clarias gariepinus fed on local uncial aqua feed 

and Coppens commercial feeds. 

The objectives of this study is to compare the growth response and survival rate 
of African catfish Clarias gariepinus fed with locally produced and a widely sold imported 

commercial feed of Coppens. The proximate compositions of these two feeds will be 
evaluated and compared with each other. 

1. To compare the nutritive properties of the two types of feeds (imported and local 
feeds) in relation to the growth of the African catfish (Clarias gariepinus) 

2. To determine the effectiveness of the feeds by assessing the rate of growth 

3. To promote the use of the best feed among qualified fish farmers. 
Materials and Method 

Materials used include; 
 Plastic containers; which serves as an improvised aquarium 

 Water source; usually a bore hole water source  

 Experimental fish; African catfish (Clarias gariepinus) species 
 Experimental feeds; the imported/commercial feed and locally made feed 

 Mosquito net; to cover the plastic ponds in order for the fishes not to jump out of 

the plastic pond 

 Thermometer 
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 Weighing scale and ruler 

 Dissolved oxygen meter 

 pH meter 

Study site 

This research study was conducted at the biological science laboratory, 

department of biological science, faculty of science building, Nigeria Police Academy Wudil 
local government, Kano state. Northern part of Nigeria between June to August 2018.  

Collection and Acclimation of Experiment Fish 
Twenty-four juveniles of African cat fish (Clarias gariepinus) of similar sizes were 

selected from Wakawa Poultry and Fishery Farm, 147 Farawa Kumbotso local government, 
Wudil express way, Kano state Nigeria.  The fishes were transported in 50 liters black 

jerican with water to Nigeria Police Academy Wudil Kano state, the fishes were starved 

overnight to eliminate pre-consumed feeds, after which they were feed according to their 
feeding trial twice a day for the duration of twelve weeks using improvised plastic tanks, 

the juveniles used for the experiment were about six weeks (one month and two weeks).  
Experimental feeds 

Two different experimental feeds were used; the locally formulated feed and the 

commercial/imported feed.The locally feed composition include the following ingredients; 
fish meal, soya bean cake, groundnut cake, palm kernel cake, white maize, lysine, 

methionine, salt, palm oil and vitamin C. which was purchased from Sabon Gari market 
Kano state. Feed ingredients were properly processed, mixed and pelleted with a locally 

fabricating pelleting machine to give different pellet sizes. The feed has sinking ability in 
water due to its uncooked nature of carbohydrate in the feed also water pollution in local 

feed is high. 

The commercial/imported feed was also purchased from the feed retailer from 
Sabon Gari market and feeds were also gotten from the fishery firm. The imported feed 

compositions of Coppens include the following refined ingredients; crude protein 42%, 
moisture 6.1%, crude lipids/fat 12%, crude fiber 1.5%, calcium and ash 9.5%. Which are 

also pelleted in different sizes such as 2mm for fries and fingerlings, 4mm for juveniles 

and post juveniles, 6mm for jumbo sizes, and 9mmfor table sizes etc Commercial feeds 
differ from local feed in that it has floating ability in water due to its high quality 

ingredients and water pollution is minimized because the feed is easily digestible and the 
crumbles are water stable. 

Feeding frequency recommended by Marinmuthu et al. (2010) was adopted; feeds 

were administered twice daily, early in the morning and in the evening.  
Methodology 

Six circular plastic aquariums were used to carry out the experiment under 
laboratory condition; the aquariums were obtained from Kourri market and transported to 

the biological science laboratory, Nigeria Police Academy Wudil Kano. Two feeding 
treatment (commercial and local) with different stocking densities designated 1, 2 and 3 

each plastic aquaria were stocked with four African catfish juveniles respectively, total 

juveniles of 24 African cat fish. The catfish stocked in each aquarium has similar sizes, no 
prophylactic treatment was given before acclimation, and fishes were starved for 24hours 

to eliminate pre-consumed feed, after which the mean initial body weight and length were 
measured and recorded accordingly. Fishes in tank L1, L2 and L3were fed with local feed, 

while fishes in tank C1, C2 and C3 were fed with commercial/imported feed of Coppens. 

Feeding were carried out daily (twice a day; in the morning 8:00am and in the evening 
5:00pm) at 3% of their body weight for a period of twelve weeks (90days) from June to 
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August 2018. The pellet size of the feeds was 2mm from the start of the experiment and 

4mm towards the end of the experiment, water in tanks were changed regularly and 

sampling was done weekly by random selection. 
Water quality assessment 

Water quality parameters such as dissolved oxygen, pH and temperature of the 
water were observed weekly using litmus paper and mercury in glass thermometer. The 

main source of water used was the bore-hole water supply directly behind the faculty 
building. 

Experimental design 

Six plastic ponds were placed in two groups, both feeds (imported and locally 
made feed) were used in a feeding trial; the experiment was conducted with three 

replicates for each feeding trial. Each plastic tank was labeled according to the feed the 
fishes consume; the commercial feed tanks were labeled C1, C2, and C3 while the local 

feed tanks were labeled L1, L2 and L3. Four catfish juveniles were randomly allocated to 

each basin and flooded with bore hole water and the experiment lasted for twelve weeks. 
Data statistical analysis 

Data were collected every week on fish growth performance and nutrient 
utilization, the weight of fishes were determine randomly in each feeding trial with an 

electronic sensitive measuring scale, while the standard length was determined with a 

measuring meter ruler. The experiment is completely randomized, fish weight gain, 
survival rate, specific growth rate mortality (if any) and feed utilization ratio were also 

inspected. 
Growth parameters and feed utilization computation 

 Mean weight gain (MWG) = final weight of the fish – initial weight of the fish 

 Length gain = final length of the fish – initial length of the fish 

 Percentage weight gain = final weight – initial weight × 100  

 Specific growth rate (SGR) =  100 

Where w2 = final body weight of fish 
 Where w1 = initial body weight of fish 

 Where t = time (days) 
 Feed Conversion Ratio (FCR); this has been calculated from the relationship of 

feed intake and weight gain.  

                          F.C.R =  100 

 Survival rate (SG); this was calculated by the total amount of fish from the start of 

the experiment and total amount of fish at the end of the experiment. 
S.G = total number of fish harvested 

 Total number of fish stocked 
     (Akinwole et al., 2006) 

Result 

In this section, we can analyze the effect of local and imported feed on the 
growth response of African cat fish (Clarias gariepinus). It also gives answers to the 

research questions. 
Table 1: Percentage composition of the sinking diet (locally formulated) as retrieved from 

the producing industry. 
Feed Ingredients Percentage 

Fish meal 10.18% 
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Soya bean cake 30.56% 
Groundnut cake 53.93% 
White maize 1.29% 
Palm kernel cake 1.29% 
Premix 0.25% 
Salt 0.4% 
Vitamin C 0.1% 
Methionine 0.5% 
Lysine 1.0% 
Palm oil 0.5% 
Total 100% 
 

Table 2: Comparison of the essential nutritive components of the two feeds (local and 
imported). 
Proximate composition 
(important parameters) 

Foreign commercial 
floating feed (coppens) 

Locally formulated 
commercial sinking feed 

Crude protein             42%              10.95% 
Crude fibre             1.5%              2.88% 
Total ash             9.5%              4.92% 
Crude fat/lipid             12%             3.95% 
Carbohydrate/NFE              10%              69.90% 
Moisture             06.10%             06.40% 
 

Table 3: Shows weekly water quality parameters measured during the experiment.  
Week Temperature (ºC)         pH Dissolved oxygen 

        1         27.3(ºc)         7.0       6.3mg/l 
        2         26.5(ºc)          6.9       6.2mg/l 
        3         27.7(ºc)          6.9       6.8mg/l 
        4         26.7(ºc)          6.8       6.9mg/l 
        5         25.9(ºc)           7.3       6.5mg/l 
        6         26.9(ºc)           6.7        5.0mg/l 
        7         25.8(ºc)           6.9        5.2mg/l 
        8         28.1(ºc)           7.8        5.1mg/l 
        9         27.3(ºc)           6.6        6.4mg/l   
       10         28.0(ºc)           7.2        5.3mg/l   
       11         27.5(ºc)           6.8         5.9mg/l 
       12         25.4(ºc)           7.0        5.5mg/l 
 

Temperature was measured using a thermometer (ºC). pH was measured using pH 
meter (an electronic device used to measure hydrogen ion activity) which usually consist 

of a voltmeter and a responsive electrode. Dissolved oxygen was measured using a 

dissolved oxygen (DO) meter/sensor (Mg/l). 
Table 4: This shows the growth parameters, survival rate and mortality rate of Clarias 
gariepinus juveniles fed with local (sinking feeds) and foreign commercial feeds of 
coppens (floating feeds). 

Production parameters for treatment 1  

Foreign feed of coppens 
Weekly length and weight parameters 
P I.W W 

1 
W 
2 

W 
3 

W 
4 

W 
5 

W 
6 

W 
7 

W 
8 

W 
9 

W 
10 

W 
11 

W 
12 

T 

G.T.W(g) 15.22 29.82 39.15 48.19 59.23 70.27 88.31 98.38 108.42 121.45 139.51 148.49 159.61 1140.9 
G.T.L(cm) 28 31 37 42 49 54 59 65 70 76 81 87 92 771 

                      Weekly weight and length growth of coppens 
P: Stands for parameters. 
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I.W: Stands for initial week. 
W: Stands for week. 
G.T.W: Stands for gross total weight in gram. 
G.T.L: Stands for gross total length in centimeter. 
T: Stands for total. 

Production parameters for treatment 2 
Locally pelleted feed 

Weekly length and weight parameters  
P I.W W 1 W 2 W 3 W 4 W 5 W 6 W 7 W 8 W 9 W 10 W 11 W 12 T 

G.T.W (g) 15.25 19.43 23.47 27.51 32.42 38.48 47.32 50.61 56.76 61.41 67.49 73.51 78.51 592.17 

G.T.L(cm) 28 31 35 40 44 49 53 58 62 67 74 78 83 702 

                          Weekly weight and length growth of local feed 
P: Stands for parameters. 
I.W: Stands for initial week. 
W: Stands for week. 
G.T.W: Stands for gross total weight in gram. 
G.T.L: Stands for gross total length in centimeter. 
T: Stands for total. 

Table 5: Growth performance and survival rate of Clarias gariepinus fed with different experimental 
diet. 

Growth parameters Foreign feed (coppens) Local feeds 

Initial weight of fish            15.22g          15.22g 
Final weight of fish            159.61g          78.51g 
Initial length of fish             28 cm           28 cm 
Final length of fish             92 cm           83 cm 
Weight gain             144.39g           63.29g 
Length gain             64 cm           55 cm 
Specific growth rate             1.14           0.76 
Initial number of fish               12             12 
Final number of fish               10             6 
Growth per fish per day         0.14 – 0.18        0.6 – 0.7 
Feed conversion ratio              24.07           10.55 
Depth of water            20 liters           20 liters  

Explanation of the calculated parameters shown above, 

 Initial weight of the fish: the weight of the fish at point of purchase 

 Final weight of the fish: total weight gained at the end of the experiment 

 Initial length of the fish: the length of the fish at point of purchase 

 Final length of the fish: total length gained at the end of the experiment 

 Weight gain: final weight – initial weight 

 Length gain: final length – initial length 

 Initial number of fish: number of fish at the start of the experiment 

 Final number of fish: number remaining at the end of the experiment (survival 

rate) 
 Growth of fish per day: range of daily growth of fish 

 Specific growth rate: using the formula  100 

t   

 Where w2= final weight of fish, w1= initial weight of fish, and t= time       
(number of days used for the practical) 

For coppens 
log159 – log15 × 100 

     90 (days) 
2.201 – 1.176 × 100 

         90 
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1.025 × 100 

  90 

= 1.139 
For local feed 

log78 – log15 × 100 
        90 

1.892 – 1.176 × 100 
        90 

0.716 × 100 

   90 
=0.795 

 
 Feed/food conversion ratio: weight gain× 100 

Feed intake 

For coppens 

144.39× 100 
   600 

= 0.24065 × 100 
=24.07 

For local feed 

63.29 × 100 
  600 

= 0.10548 × 100 
= 10.55 

The result of this study indicates that the mean temperature of water in each 
plastic improvised aquarium ranges from 25 ºC to 28 ºC (table 3); mean dissolved oxygen 

varies from 5.0 to 6.9mg/l. 

The growth data of Clarias gariepinus juveniles fed with local and commercial feed 
of coppens is presented in table 4.5, while the weekly growth performance in weight is 

shown in table 4.4, at the start of feeding trial the mean initial body weight and total 
length of the fishes were 15.22g and 28cm respectively. There was significant difference 

in the growth data of the fishes fed with two different kind of experimental diet. Fishes in 

tanks C1, C2 and C3 which were fed with imported commercial feeds of coppens showed 
significantly higher length and weight increase, specific growth rate and feed conversion 

ratio than fishes in tanks L1, L2, and L3 which were feed with local feed. There was also 
significant difference in the survival and mortality, fishes in tanks L1, L2 and L3 shows 

high rate of mortality and lowest survival rate. 
The proximate composition of the feeds revealed significant differences in the 

composition of crude protein, lipid, ash, crude fiber and carbohydrate while moisture 

content showed no significant difference. The local feed had low crude protein (10.95%), 
lipid (3.95%) and ash (4.92%) when compared to the imported commercial feed of 

coppens which had crude protein of 42%, lipids 12%, ash 9.5%. The NFE (nitrogen free 
extract or carbohydrates) 69.90% and crude fiber 2.88% were higher in the local feeds 

than in coppens which had lesser carbohydrates of 10% and crude fiber of 1.5% 

respectively. Therefore, it enables the feeds to float in water making it easy for fishes in 
tanks C1, C2, and C3 to have higher feed conversion ratio.   
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Discussion 
The water quality parameters showed little variation. The range of temperature, 

pH and dissolved oxygen obtained is favorable for fish culture, they are within the range 

described as optimal by Boyd (1979) and this agrees with similar work of Balogun et al., 
2004. 

Growth data parameters, survival and mortality rates are great tools for evaluating 
the effect of feed and its value composition on fish species. This practical study showed 

that local feeds (generally) used in this research produced poor growth response on 
Clarias gariepinus as compared to the imported foreign commercial feed of coppens. The 

poor growth response as recorded from the length and weight gained and low specific 

growth rate is attributable to the proximate composition of the local feed. According to De 
Silva and Anderson (1995), the quality of a feed is a function of how well that feed meets 

the nutrient requirement of a fish. The good growth performance of fishes fed with 
coppens is an indication that the feed contained well balanced nutrients as seen in the 

proximate composition of the feed as well as its high digestibility and nutrient utilization. 

The very low percentage composition of crude protein, lipid and ash and very high 
percentage composition of NFE or carbohydrate and crude fiber in the local feed were 

responsible for the poor growth performance of fishes in tanks L1, L2 and L3. It has been 
shown by various workers that fish growth is significantly influenced by the level of protein 

in the feed (Degani et al. 1989, Buttle et al. 1995, Siddiqui et al. 1998, Giri et al. 2003, Ali 
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and Jauncey 2004, Goda et al. 2007, Keremah and Beregha 2014, and Corn‘elio et al. 
2014) with 40% dietary protein promoting maximum growth of Clarias gariepinus (Henken 

et al 1986, Van Weerd 1995). The crude protein in the local feed was far less than the 
acceptable range recommended for commercial fish (NRC 2011). The low protein content 

in the local feed was responsible poor growth recorded in the fish, this shows that high 
amount of cheap local feed will be required to produce fish to a table size, thereby making 

the production of the fish more expensive, as compared to foreign feed of coppens which 
requires less feed to feed fish to table size. 

Sawhney and Gandotra (2010) found that food conversion efficiencies in fish 

increases with increasing protein in the diet. In addition to protein, the poor growth 
response in tanks L1, L2 and L3 was due to very low level of lipid in the local feed. High 

amount of lipid ranging between 10-25% has been certified to produce the best growth 
performance in fish species (Jantrarotai et al. 1994, Erfanullah and Jaffri 1998, Ali and 

Jauncey 2004, Agokei et al. 2011, Ali et al. 2012).   

This study shows that Clarias gariepinus does not utilize large amount of 
carbohydrates for growth, but protein as observed in fish fed with coppens which 

contained a high percentage of protein. Mollah and Alam(1990) reported negative effect 
of carbohydrates on growth of Clarias batrachus fries when levels were maintained at 

more than 15% in the diet. Similarly Tan et al. (2007) reported that carbohydrate in the 

diet of Clarias species should not exceed 20%, thus, there will be decrease in growth rate.  
Imbalance in carbohydrate and lipid ratio in the local feed were reasons why fish 

fed with local feed showed very poor growth response of the feed. Ali and Jauncey (2004) 
observed that carbohydrates to lipid ratio ranging from 1.70 to 3.40 produced significant 

improved growth performance and feed utilization in Clarias gariepinus. Erfanullah and 
Jaffri (1998) showed that imbalance with respect to non-protein energy sources and their 

inclusion levels may have direct effect on growth, feed conversion, nutrient retention and 

body composition with fish fed with low or high carbohydrate and lipid ratio. 
Another possible cause of the slow growth performance in fishes fed with the local 

feed is the high percentage composition of fiber in the feed. This could be due to the 
inability of the fish digesting and utilizing the high fiber content in the feed. High level of 

fiber content in the feed has been observed to slow the growth of Clarias gariepinus 
juveniles (Adewolu et al. 2010, Agbabiaka et al. 2013). Also in the results of Agokei et al. 
(2011), significant highest growth performance of Clarias gariepinus juveniles was found 

in the diet that contained approximately 2% fiber content. 
The low ash content found in the local feed could also be responsible for the poor 

growth of the fish in L1, L2 and L3 tanks. This occurred as a result of necessary mineral 
element such as calcium and phosphorus that promotes growth in fish lacking in the local 

feed. Ali and Jauncey (2004) noted a better growth performance of Clarias gariepinus on 

diet containing 9.3% ash content, while Alam et al. (2012) opined that ash content in the 
feed of Clarias gariepinus should not be less than 8%. High ash content in feed has been 

reported to produce better growth performance in Clarias species (Kiriratnikom and 
Kiriatnikom 2012, Corn‘elio et al. 2014).Only the moisture composition of the local feed 

was good when compared with imported feed of coppens, Anti-nutritive factors in the 

local feed ingredients which might not have been removed, bad formulation and 
inadequate processing of the local feed might all have synergistic effects on the growth 

performance of the fish when fed with the local feed.  
The imported commercial feed of coppens used in this work which gave significant 

better growth performance in Clarias gariepinus than the local feed, has been reported to 
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produce better growth performance in various species of fish when compared with the 

local feeds. These include the work of Shapawi et al. (2011) who compared growth 

performance of humpback grouper Cromileptis altivelis fed on farm-made feeds and 
coppens and Ahmed et al. (2012) who showed that commercial feeds enhanced better 

growth performance of the fingerlings of Labeorohita. The proximate analysis of the 
coppens feed done in this research agrees with that of Agokei et al. (2011), Ekanem et al. 
(2012) and Ayuba and Lorkohol (2013).  

The high number of mortality recorded in tanks L1, L2 and L3 was attributed to 

the poor quality of the feed; the unbalanced ratio in the feed gave rise to large amount of 

uneaten food which subsequently decomposed leading to the deteriorating water quality 
thereby polluting the water in the tanks. All these caused stress to the fish leading to their 

poor growth and mortality. Huntigford etal. (2006) stressed that lack of essential and 
balanced nutrients in feed could lead to poor growth and mortality, while Mustapha et al. 
(2014) observed that stressful conditions in culture tanks of Clarias gariepinus juveniles 

always lead to their mortality. 
Among the short comings of the local feed when compared to coppens was the 

inability of the feed to float when dispensed, rather it sinks to the bottom of the tanks and 
the inability of the fish species in L1, L2 and L3 tanks to quickly eat the local feed leads to 

the dissolution of the feed at the bottom of the plastic tanks which leads to the pungent 

odor of the feed. Although Clarias gariepinus is a bottom feeder but the species prefer 
floating feeds to sinking ones during experiment.High carbohydrate content in the local 

feed might not have been cooked and this could be the major reason why the feed sinks. 
Conclusion 

This study revealed that most local feeds available in the market are not good 
enough to enhance growth of fish species. This is due to the unguided use of plants and 

animal ingredients in formulation, without recourse to the nutrients composition of the 

ingredients in the fish requirements, unbalanced ration most especially protein and lipid in 
the proximate composition of the feed, bad formulation and inadequate processing. 

Twenty four juveniles of African catfish of similar sizes were used at the beginning of this 
experiment, this studies indicates that the fishes fed with local feed has more mortality 

rate than the fishes fed with coppens, ten juveniles survived in coppens while six survived 

in local. The inability for the local feed to digest easily due to its uncooked nature of 
carbohydrates couple with the fact that it‘s essential feed composition are imbalance  

leads to the detriment growth of the fishes resulting from poor quality of the feed thereby 
leading to the death of the fishes. The use of this kind of local feed will make culture of 

species such as Clarias gariepinus to be more expensive at the long run because it will 
take more time, more feed, more production cost for the fish to attain table or market size 

and uncountable human effort thereby making aquaculture un-profitable and unattractive 

to people. Although producing local feed by the use of locally available ingredients is good 
and helpful to the growing aquaculture industry in Nigeria as it will reduce the cost of 

production of which feed takes about 60%, it is necessary that each manufactured local 
feed must be tested and found to have all necessary nutrients in appropriate proximate 

composition percentage for fish before being certified by the government authority for 

sale to the farmers. It is recommended that feeding trial of the local feed on fish should 
be carried out before the feed is allowed to be sold in the market in order to determine 

their efficiency and performance which should compared well with the imported feeds, 
while routine samplings and quality control of the feeds should also be carried out 

regularly. There should be regularly training of fish farmers on how to formulate and 
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produce nutritionally balanced high quality fish feed. Government should help by 

subsidizing the cost of locally fabricated feed manufacturing machines (especially extruded 

and pelleting machines used in making floating and appropriate size feeds) thus making it 
affordable to fish farmers. In formulating such least-cost local feed, linear programming 

technique could be employed which will establish an optimum replacement level of fish 
feed with plant and animal ingredients and standard for a nutritionally balanced and 

palatable diet for the fish. Doing all these will help in increasing aquaculture production 
and make it attractive to everybody and it will go a long way in providing income as well 

as cheaper and affordable fish to meet the protein needs of the people.  

Recommendation 
Cat fish local feed formulators should employ an agricultural expert in the making 

of the local feed in such a way that the plant and animal ingredient used in formulation 
will be appropriately mixed in an accurate ratio, which will be able to satisfy the essential 

composition of a fish feed/meal. There should also be training regularly for fish farmers on 

how to formulate and produce nutritionally balanced high quality fish feed which can 
compete in growth rate with the foreign/imported feeds of coppens.  
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Abstract 

The study determined the problems associated with broken homes among parents in 
Arochukwu Locality of South-East Nigeria.Descriptive survey research design were 
adopted. A sample of 640 respondents was used for the study. Multi-stage sampling 
procedure was adopted to arrive at the sample size. Questionnaire was used as 
instrument for data collection. The data was analyzed using frequencies, percentages and 
means to answer the research questions while chi-square was used to test the hypotheses 
at 0.05 level of significance and appropriate degrees of freedom. The results showed that 
parents agreed that the following are problems associated with broken homes: single 
parents find it difficult to cater for their children alone; children from broken homes are 
likely to drop out of school for lack of financial support; raising children alone is a very 
stressful endeavour; children from broken home are mostly emotionally imbalanced; 
broken home can cause a parent to suffer from deep seated resentment; and broken 
home can lead to extra marital affairs all with a grand mean of 3.1 which is greater than 
the criterion mean of 2.5. The result further revealed that both male and female 
respondents agreed that all the items are problems associated with broken homes with a 
grand mean of 3; the problems associated with broken homes were based on level of 
education with a mean of 2.9 which is greater than the criterion mean of 2.5. The study 
also revealed that there was no significant difference in the problems associated with 
broken home based on gender while there was a significant difference based on level of 
education. Based on the findings, it was recommended among others that family life skills 
programmes should be incorporated into secondary school curriculum in order to equip 
young ones with family life skills to reduce family crises which lead to broken home. 
Key words: Broken home, Parents, Problems, Home and Arochukwu. 
 

Introduction 

A home is constituted of husband and wife, children and maybe other family 
members. Family is said to be the first institution where one starts to equip oneself to 

grow. But differences have been found in each family. According to Hess and Camara 
(2009), each family produces various kinds of characters. Having healthy and happy family 

is everyone‘s dream. But many could not succeed to experience it. Due to different 
problem, the healthy families have been broken up as well (Ruksana, 2017). According to 

the author, when unwanted things are coming up, many families have been broken, and 

the members are separated. This is a tragic happening out of unrestricted as well as 
unfortunate reasons. The author further reiterated that no matter how ideal a family is in 

terms of their relationship, there are still hardships and misunderstandings that will come 
along the way. It is just part of any relationship anyway. But, the sad part is when one of 

the family members gave up and the others have no choice but to accept and let go. 

Thus, the family starts to break up. When broken home is mentioned, it is not distinct and 
a strange thing, rather a common problem in and around us (Akers, 2004).  
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Broken home is one in which the husband and wife are not cohabiting in the 

family. Nwamadi (2018) referred to broken home as one that is not structurally intact as a 

result of divorce, separation. When a home becomes broken, it implies that either one 
parent is absent, leaving the child in the care of a guardian. A broken home according to 

Yakubu (2017) is a home that is characterized with single parent, as result of divorce, 
separation, death of one of the parents. Broken home in this study refers to a home in 

which there is the separation of a couple as a result of crisis in the family. The crisis could 
be divorce, broken marriage, and or death of one of the spouses. These could lead to 

disarray in the basic functions and responsibilities in the family. 

Every family worldwide has some basic functions or responsibilities towards their 
children. Every parent is expected to be a model for the children to learn from. Parents 

can only become model if they are able to fulfil the basic obligation of preparing the 
children for adult life (Tenkorang, 2011). Parents are expected to act as models by 

showing competences in what they do and generally conducting themselves with respect. 

Children for instance learn to speak any language by listening to and imitating their 
parents and other members of the family (Booth & Dunn, 2004). They also acquire their 

moral values on the child‘s development from the parents‘ attitude towards him or her. 
Such factors as degree of stability of the family, the social position of parents in the 

society and the income of the family usually influence this. From experience, we have 

learned that under-feeding may reduce performance at school. There are many problems 
of development, which arises from poverty. For example if one or two children born at the 

same time is neglected and ill fed and the other cared for and well fed, the latter is likely 
to look stronger and healthier than the former. It is a fact that even if in later years the ill 

fed child gets good nutrition and well cared for, the child will continue to reflect his early 
neglect (Tenkorang, 2011). 

The consequence of broken home to the parent is caused by death and other 

reasons apart from divorce. When they lose their children, they develop grieve and 
anxiety. Their mental suffering adversely affects their health. There are some parents who 

lost their health and eventually died. Here, the breaking of the family is great lost for each 
and every members of the family. Broken home is a major problem of the society that 

should be given enough attention (Blokland & Nieuwbeerta, 2005). The behaviour of 

family setup affects the social, economic and political aspects of a country. More broken 
families produce more negative effects in the society. Society is built up with 

communitarian life of the people who live there in. However just and pleasant society will 
last on the strength and capacity of mutual care for each other. There should be proper 

living standard. In the meantime, society used to have serial problems of robbing, killing, 
raping, stealing, disturbing others, and making some noise. It is said that all these societal 

problems are coming out of people who do not get proper teaching in their homes; 

especially among broken families (Videon, 2002).  
 Similarly, Collins (2007) asserted that separation and divorce may be an easy and 

fast way to deal with extra marital relationship and that infidelity is a legitimate biblical 
reason for divorce. Fernando (2015) submitted that couples do fall prey to extra marital 

affairs where families breakdown, and in most cases end up in divorce. Ezebuiro, Kalu and 

Ibe (2016) observed that extra marital affair is a poisonous serpent that has claimed the 
life of some couples leading to combat in the home and consequently, broken home. The 

problems associated with broken home is an issue that cannot be overlooked and 
therefore, calls for research in the area of study.   
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Generally, together, the father and mother make a home. The father sets the 

pace of love while the mother sets the tone of love in the home. God has put within our 

hearts a deep desire to settle, nest and to build beautiful home for our families. 
Unfortunately, in our society, homes are sometimes exposed to all sorts of dangers arising 

from the absence of one parent or broken home. Life in broken home is observed to be 
associated with problems such emotional, psychological, economic and social imbalance. It 

becomes therefore necessary to ascertain the problems associated with broken home 
among parents in Arochukwu Locality South-East Nigeria. 

The purpose of the study is to ascertain the problems associated with broken 

home among parents in Arochukwu Locality South East Nigeria. Specifically, the objectives 
of study are to ascertain: 

1. the problems associated with broken home among parents in Arochukwu Locality of 
South East Nigeria. 

2. the problems associated with broken home among parents in Arochukwu Locality of 

South-East Nigeria based on gender. 
3. the problems associated with broken home among parents in Arochukwu Locality of 

South-East Nigeria based on level of education. 
Research Questions 

 The following research questions guided the study: 

1. What are the problems associated with broken home among parents in Arochukwu 
Locality of South-East Nigeria? 

2. What are the problems associated with broken home among parents in Arochukwu 
Locality of South-East Nigeria based on gender? 

3. What are the problems associated with broken home among parents in Arochukwu 
Locality of South-East Nigeria based on level of education? 

Hypotheses 

The following hypotheses were formulated: 
1. There is no significant difference in the problems associated with broken home among 

parents in Arochukwu Locality of South-East Nigeria based on gender. 
2. There is no significant difference in the problems associated with broken home among 

parents in Arochukwu Locality of South-East Nigeria based on level of education. 

Method 
 Descriptive survey research design was adopted for the study. The design is 

considered appropriate for the study because it studies a phenomenon as it exists in its 
natural setting. The study area is Arochukwu Locality of South-East Nigeria. The area has 

divers cultural practices and festivals among which the prominent is the New yam festival 
in which married women are obligated to fulfil domestic obligation like cook and serve 

food to people that will visit their homes. Failure of a woman to meet this obligation can 

lead to broken home and its associated problem. This necessitated the study in the area. 
The population for the study is estimated at 82,358 parents in the area. A sample of 640 

parents was drawn for the study using multistage sampling procedure. Stage one involved 
the purposive selection of 10 communities from the 19 communities in the area. Stage 

two involved disproportionate selection of eight households from each of the ten 

communities selected in Area to have 80 households. Stage three involved simple random 
selection of eight parents from each of the 80 households to arrive at 640 as the sample 

size. Researcher designed questionnaire was the instrument used for data collection. Data 
was analyzed using descriptive statistics of frequencies, percentages and means to answer 
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the research questions while inferential statistics of chi-square was used to test the 

hypotheses at 0.05 level of significance and at appropriate degrees of freedom. 

Results 
 The findings of the work were presented based on the research questions and 

hypotheses which guided the study. The findings were presented in tables and followed by 
the interpretation.   

Research Question One 
 What are the problems associated with broken home among parents in 

Arochukwu Locality of South-East Nigeria? 

Table 1:Responses on the Problems Associated with Broken Home among Parents 
S/N ITEMS      SA 

f        % 
    A 
f        % 

    D 
f        % 

    SD 
f         % 

Total 
f        % 
 

Mean  

1 Single parents find it 
difficult to cater for their 
children alone 

120    38 84     26     80      25 36      11 320      100 2.9 

2 Children from broken 
homes are likely to drop 
out of school for lack of 
financial support 

144     
45 

96     30 48      15 32      10 320      100 3.1 

3 Raising children alone is a 
very stressful endeavour  

112     
35 

80      25 80      25 48      15 320      100 2.8 

4 Children from broken home 
are mostly emotionally 
imbalanced  

136     
43 

96     30 48      15 40      13   320      100 3 

5 Broken home can cause a 
parent to suffer from deep 
seated resentment 

142    44 120   38              38     12 20       6 320      100 3.2 

6 Broken home can lead to 
extra marital affairs 

115   36 136   43 47    15 22        7 320      100 3.5 

 Grand Mean      3.1 

 Data in Table 1 show the findings on the problems associated with broken home 

among parents. The table revealed that 120 (38%) respondents strongly agreed that 
single parents find it difficult to cater for their children alone, 84 (26%) agreed while 80 

(25%) disagreed and 36 (11%) strongly disagreed with a mean of 2.9. The table also 
shows that 144 (45%) of the respondents strongly agreed that children from broken 

homes are likely to drop out of school for lack of financial support, 96 (30%) agreed while 
48 (15%) of the respondents disagree and 32 (10%) strongly disagreed with a mean of 

3.1. Furthermore, the table shows that 112 (35%) of the respondents strongly agreed that 

raising children alone is a very stressful endeavour, 80 (25%) agreed while 80 (25%) of 
the respondents disagreed and 48(15%) strongly disagreed with a mean of 2.6.  

 The table further showed that 136(43%) of the respondents strongly agreed that 
children from broken home are mostly emotionally imbalanced, 96 (30%) agreed, while 48 

(15%) disagreed and 40 (13%) disagreed with a mean of 3. The table also showed that 

142 (44%) of the respondents strongly agreed that broken home can cause a parent to 
suffer from deep seated resentment, 120 (38%) agreed while 38 (12%) disagreed and 20 

(6%) strongly disagreed with a mean of 3. More so, the table shows that 115 (36%) of 
the respondents strongly agreed that broken home can lead to extra marital affairs, 136 

(43%) agreed while 47 (15%) disagreed and 22 (7%) strongly disagreed with a mean of 
3.5. The grand mean of 3.1 which is greater than the criterion mean of 2.5 implies that all 

the items are problems associated with broken home.     
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Research Question Two 

 What are the problems associated with broken home among parents in 

Arochukwu Locality of South-East Nigeria based on gender? 
Table 2: Responses on the Problems Associated with Broken Homes among Parents based 

on Gender 
SN    Male     Female 
   SA A D SD  SA A D SA  
   F % f % f % f% Mean f % f % f % f%   Mean 

1 Single parents find it 
      difficult to cater for their 56 34 48 20 2.8 64 50 32 16     3 
     children alone  18% 11% 15% 6%  20% 16% 10% 5% 

2. Children from broken home 
are likely to drop out of 
school for lack of   64 32 25 9 3 80 64 23 11     3.2 
financial support  20% 10% 8% 2.8%  25% 20% 7% 3.4% 

3. Raising children alone 
 is a very stressful 
 endeavour  80 36 30 12 3.2 32 44 50 36      2.4 
    25% 11.3% 9.4% 3.8%  10% 13.8% 16% 11.3% 
4. Children from broken home 
 are mostly emotionally 44 34 26 22 2.9 92 62 22 18      3.2 
 imbalanced  13.8% 11% 8% 6,9%  28.8% 19.4% 6.9% 5.6% 
5. Broken home can cause a 
 Parent to suffer from  62 50 18 8 3.2 80 70 20 12      3.2 
 deep seated resentment 19.4% 16% 5.6% 2,5%  25% 21.9% 6% 3.8% 
6. Broken home can lead to 
 extra marital affairs  53 44 26 15 3 62 92 21 7        3.1 

   16.6% 13.8% 8% 4.7%  19.4% 28.8% 6.6% 2.2% 
Grand Mean      3    3 

 

Data in Table 2 show the responses on the problems associated with broken 
homes among parents based on gender. The data in the table revealed that both male 

and female respondents agreed that single parents find it difficult to cater for their 

children alone with a mean of 2.8 and 3 respectively which are above the criterion mean 
of 2.5. The table also showed that both male and female respondents agreed that children 

from broken homes are likely to drop out of school for lack of financial support with a 
mean of 3 and 3.2 respectively which are above the criterion mean of 2.5. The table 

further showed that male respondents have agreed that raising children is a very stressful 

endeavour with a mean of 3.2 which is greater than the criterion mean of 2.5 while the 
females disagreed with a mean of 2.4 which is lower than the criterion mean. Also, the 

table shows that both male and female respondents agreed that children from broken 
home are mostly emotional imbalanced with a mean of 2.9 and 3.2 respectively which are 

above the criterion mean of 2.5. 
 Furthermore, the table showed that both male and female respondents agreed 

that broken home can cause a parent to suffer from deep seated resentment with a mean 

of 3.2 respectively. More so, the table showed that both male and female respondents 
agreed that broken home can lead to extra marital affairs with a mean of 3 and 3.1 

respectively which are above the criterion mean of 2.5. The grand mean of 3 for both the 
male and female respondents respectively are above the criterion mean of 2.5. This 

implies that both the male and female respondents agreed that the items are problems 

associated with broken home.           
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Research Question Three 

 What are the problems associated with broken home among parents in 

Arochukwu Locality of South-East Nigeria based on level of education? 
Table 3: Responses on the Problems Associated with Broken Home among Parents Based 

on Level of Education 
 

 

             Primary                    Secondary                 Tertiary Mean 

Items SA  % A    % D    

% 

SD  

% 

SA  % A    % D  %  SD 

% 

 SA   

% 

  A  %   D  % SD%  

Single parents find it difficult 
to cater for their children 

alone 

6 
(1.9) 

33 
(10.3) 

24 
(8) 

9 
(2.1) 

50 
(15.7) 

35 
(10.9) 

20 
(6.3) 

15 
(4.7) 

75 
(23) 

20 
(6.3) 

20 
(6.3) 

15 
(4.7) 

2.9 

Children from broken homes 
are likely to drop out of 

school for lack of financial 
support 

65 
(20.3) 

20 
(6.3) 

21 
(6.6) 

10 
(3.1) 

45 
(14.1) 

27 
(8.4) 

32 
(10) 

10 
(3.1) 

21 
(6.6) 

40 
(12.5) 

13 
(4.1) 

16 
(5) 

2.9 

Raising children alone is very 

stressful endeavour 

9 

(2.9) 

21 

(6.6) 

20 

(6.3) 

20 

(6.3) 

75 

(23.4) 

25 

(7.8) 

20 

(6.3) 

8 

(3) 

50 

(5.7) 

40 

(12.5) 

20 

(6.3) 

12 

(3.8) 

2.9 

Children from broken home 

are mostly emotionally 
imbalanced 

31 

(9.7) 

33 

(10) 

30 

(9.4) 

15 

(4.7) 

50 

(15.6) 

22 

(6.9) 

17 

(5.3) 

12 

(3.8) 

50 

(15.7) 

32 

(10) 

16 

(5) 

12 

(3.8) 

2.9 

Broken home can cause a 

parent to suffer from deep 
seated resentment 

18 

(5.7) 

20 

(6.3) 

32 

(10) 

9 

(2.8) 

35 

(10.9) 

40 

(12.5) 

13 

(4.1) 

15 

(4.7) 

81 

(25.3) 

26 

(8.1) 

75 

(4.7) 

16 

(5) 

2.9 

Broken home can lead to 
extra marital affairs 

45 
(14.1) 

32 (10) 10 
(3.1) 

13 
(4.1) 

65 
(20.3) 

21 
(6.6) 

16 
(5) 

10 
(3.1) 

21 
(6.6) 

27 
(8.4) 

40 
(12.5) 

20 
(6.3) 

2.9 

Grand Mean             2.9 

 
Data in table 3 show responses on the problems associated with broken homes 

based on level of education. The table shows that 39 (12.2%) of the respondents with 
primary education agreed that single parents find it difficult to cater for their children 

alone while 33 (10.1%) disagreed; 85 (26.6%) respondents with secondary education 

agreed that parents find it difficult to cater for their children alone while 35 (11%) 
disagreed; 95 (29.3%) respondents with tertiary education agreed that parents find it 

difficult to cater for their children alone while 35 (11%) disagreed with a mean of 2.9 
which is greater than the criterion mean of 2.5. Furthermore, the table shows that 85 

(26.6%) respondents with primary education agreed that children from broken homes are 

likely to drop out of school for lack of financial support while 31 (9.7%) disagrees; 72 
(12.5%) respondents with secondary education agreed that children from broken homes 

are likely to drop out of school for lack of financial support while 42 (13.1) disagreed; 61 
(19.1%) respondents with tertiary education agreed that children from broken homes are 

likely to drop out of school for lack of financial support while 29 (9.1%) disagreed with a 
mean of 2.9 which is greater than the criterion mean of 2.5. 

 The table further shows that 30 (9.6%) respondents with primary education 

agreed that raising children alone is a very stressful endeavour while 40 (12.6%) 
disagreed; 100 (31.2%) respondents with secondary education agreed that raising 

children alone is a very stressful endeavour while 28 (8.8%) disagreed; and 90 (18.2%) 
respondents with tertiary education agreed that raising children alone is a very stressful 

endeavour while 32 (10.1%) disagreed with a mean of 2.9 which is greater than the 

criterion mean of 2.5. The table also shows that 64 (20%) respondents with primary 
education agreed that children from broken home are mostly emotionally imbalanced 
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while 45 (14.1%) disagreed; 72 (22.5%) respondents with secondary education agreed 

that children from broken home are mostly emotionally imbalanced while 29 (9.1%) 

disagreed; and 82 (25.6%) respondents with tertiary education agreed that children from 
broken home are mostly emotionally imbalanced while 28 (8.8%) disagreed with a mean 

of 2.9 which is greater than the criterion mean of 2.5. More so, the table shows that 38 
(11.9%) respondents with primary education agreed that broken home can cause deep 

seated resentment while 41 (12.8%) disagreed; 75 (23.4%) respondents with secondary 
education agreed that broken home can cause deep seated resentment while 28 (8.8%) 

disagreed; and 107 (33.4%) respondents with tertiary education agreed that broken home 

can cause deep seated resentment while 91 (9.7%) disagreed with a mean of 2.9 which is 
greater than the criterion mean of 2.5. The table further shows that 75 (24.1%) 

respondents with primary education agreed that broken home can lead to extra marital 
affairs while 23 (7.2%) disagreed; 86 (26.9%) respondents with secondary education 

agreed that broken home can lead to extra marital affairs while 36 (8.1%) disagreed; 48 

(15%) respondents with tertiary education agreed that broken home can lead to extra 
marital affairs while 60 (18.8%) disagreed with a mean of 2.9 which is greater than the 

criterion mean of 2.5. The grand mean of 2.9 is also greater than the criterion mean of 
2.5 which implies that the problems associated with broken home among parents was 

based on level of education. 

Hypothesis One 
 There is no significant difference in the problems associated with broken home 

among parents in Arochukwu Locality of South-East Nigeria based on gender. 
Table 4: Chi-Square Analysis Verifying the Problems Associated with Broken Home Among 

Parents Based on Gender 
 Variable X2 Cal  X2 Table Value Level of Sign  df Decision 
 Gender  4.22  7.81  0.05  3 Accepted 

 

Table 4 shows the findings on the chi-square analysis verifying the problems 

associated with broken home among parents based on gender. The table revealed that 
calculated x2 value of 4.22 is lower than x2 table value of 7.81 at 0.05 level of significance 

and at 3 degree of freedom, the null hypothesis was retained or accepted. Therefore, 
there was no significant difference in the problems associated with broken home among 

parents based on gender. 

Hypothesis Two 
 There is no significant difference in the problems associated with broken home 

among parents in Arochukwu Locality of South-East Nigeria based on level of education. 
Table 5: Chi-Square Analysis Verifying the Problems Associated with Broken Home Among 

Parents Based on Level of Education 
Variable X2 Cal value   X2 Table value     Level of Sign   df    Decision 
Level of 
Education   591.8       15.507      0.05    8    Rejected 
  

Table 5 shows the findings on the problems associated with broken home among 

parents based the level of education. The table shows that calculated X2 value of 591.8 is 

greater than X2 table value of 15.507 at 0.05 level of significance and at 8 degree of 
freedom, the null hypothesis is rejected. Therefore there was significant difference in the 

problems associated with broken home among parents based on their level of education. 
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Discussion 

The discussion was presented based on the tables on the following headings: 

responses on problems associated with broken home among parents; problems associated 
with broken home among parents based on gender; problems associated with broken 

home among parents based on level of education.  
 The findings in table one showed the responses on problems associated with 

broken home among parents. The table revealed that the majority of the respondents 
agreed that single parents find it difficult to cater for their children alone, children from 

broken homes are likely to drop out of school for lack of financial support, raising children 

alone is a very stressful endeavour, broken home can cause a parent to suffer deep 
seated resentment and broken home can lead to extra marital affairs. This finding is 

expected and not surprising because experience has shown that a parent raising children 
alone is likely to live in low level residential areas, and a single parent is financially over 

burdened by all sorts of bills to pay alone.  This finding also connotes with the 

explanations of Felson (2012) who submitted that the financial implications of living in 
broken homes negatively affect both the children and the parents. The finding that broken 

home can lead to extra marital affairs is similar to the assertion of Collins (2007) who 
asserted that separation and divorce may be an easy and fast way to deal with extra 

marital relationship and that infidelity is a legitimate biblical reason for divorce. This 

finding further agrees with the submission of Fernando (2015) who submitted that couples 
do fall prey to extra marital affairs where families breakdown, and in most cases end up in 

divorce. 
 The finding in table two and four revealed the responses on problems associated 

with broken home among parents based on gender.  Table two revealed that both the 
male and female respondents agreed that single parents find it difficult to cater for their 

children alone, children from broken homes are likely to drop out of school for lack of 

financial support, raising children alone is a very stressful endeavour, broken home can 
cause a parent to suffer deep seated resentment and broken home can lead to extra 

marital affairs are all problems associated with broken home. Data in table four also 
revealed that there was no significant difference in the problems associated with broken 

homes based on gender. These findings were expected and not surprising because in 

support of the findings, Gyimah (2012) observed that every member of a broken home 
experiences problems whether male or female. Experience has also shown that both male 

and single parent does not find it easy managing the home alone, it is difficult to keep an 
eye on the children alone be you a single male or female parent and also difficult to meet 

all the children‘ needs as a single male or female parent. 
  The findings in table three and five revealed the responses on problems 

associated with broken home among parents based on level of education.  Table three 

revealed that the primary, secondary and tertiary education respondents agreed that 
single parents find it difficult to feed their children alone, children from broken homes are 

likely to drop out of school for lack of financial support, raising children alone is a very 
stressful endeavour, broken home can cause a parent to suffer deep seated resentment 

and single parents find it difficult to clothe their children are problems associated with 

broken home. These findings are not surprising but expected because they agree with the 
observation of Deutschmann (2007) who observed that education cannot prevent anyone 

from experiencing setbacks as a result of being part of a broken family. Experience has 
also shown that one‘s level of education does not separate one from encountering 

problem as a single parent. Irrespective of one‘s educational level, one is bound to 
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experience some challenges as a single parents at one point in time. Also, some parents 

of broken homes with different levels of educational qualification indulge in extra marital 

affairs to gratify their sexual desires. Table five revealed that there was significant 
difference in the problems associated with broken homes among parents based on level of 

education. This finding is surprising because problem in the home is no respecter of any 
parent irrespective of educational level. Experience has shown that marriage between 

those with tertiary, secondary and primary levels of education can break up resulting into 
emotional imbalance in the home, members of the family may be left with deep rooted 

resentment and children may be left without being well catered for. Broken home may 

also lead to extra marital affair because a parent who cannot control his or her sexual 
drive may like to gratify it outside marriage.  

Conclusion 
Based on the findings of the study, the following conclusions were drawn: 

1. Majority of the respondents agreed that single parents find it difficult to cater for their 

children alone; children from broken homes are likely to drop out of school for lack of 
financial support; raising children alone is a very stressful endeavour; broken home 

can cause a parent to suffer deep seated resentment and broken home can lead to 
extra marital affairs; 

2. Both male and female respondents agreed to the items as problems associated with 

broken home; 
3. Respondents with primary, secondary and tertiary education agreed to the items as 

problems associated with broken home;  
4. There was no significant difference in the problems associated with broken home 

among parents based on gender; and 
5. There was significant difference in the problems associated with broken home among 

parents based on level of education. 

Recommendations 
1. Family life skills programmes should be incorporated into secondary school 

curriculum in order to equip young ones with family life skills to reduce the family 
crises which lead to broken home. 

2. Life skills Programme should be developed and implemented for intending 

couples.  
3. Health Educators should organized and implemented Family life skills programmes 

at the grass root levels to empower parents with family life skills. 
4. Behavior Change/Modification Programmes should be developed to target broken 

homes. 
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Abstract 

This paper examined the environmental effect of hazardous waste from the activities of oil 
and gas companies in Port Harcourt Metropolis, Nigeria. There are five major dumpsites in 
Port Harcourt Metropolis. Three dumpsite locations (Rumuolumeni; Igwuruta and Eliozu 
dumpsites) represents the sample size were used for the purpose of the study.The sample 
area of study comprises dumpsite point of discharge, upstream dumpsite and downstream 
dumpsite. Experimental research design method was adopted, as it is a scientific involving 
the use of controlled laboratory experimental method in testing. The discharges are in two 
different state (solid and liquid forms). Samples were collected at different range 
(intervals) and at different locations. More samples were collected from Rumuolumeni, 
relative to Igwuruta and Eliozu, because it of its cost effectiveness compare to others. The 
result obtained were tested using some parameters, The level of corrosiveness of an 
element depends on the relative difference between experimental site result and control 
site. If the experimental site result exceeds control site result, the outcome is said to be 
very high (highly corrosive), implying that the discharge, whether in solid or liquid sate is 
highly dangerous to human health, and aquatic life, by inference dangerous to plant. 
Descriptive tools such as mean standard deviation were used to facilitate comparison of 
result obtained from different location Hypotheses were tested within the range of 1-5% 
confidence levels. Elements tested at 5% degree of confidence with correlation level range 
of 0.5 and above are considered as highly correlated. Similarly, correlation level range 
between 0.4 and below are considered as low correlation value. Elements such as 
Cadmium (Cd)  (mg/kg) , Magnesium (Mg) (Cmol/kg)Lead (pb) (mg/kg), Cadmium (Cd)  
(mg/kg), Chromium (Cr) (mg/kg), Zink (Zn) (mg/kg), Manganese (Mn) (mg/kg, Copper 
(Cu) (mg/kg), were tested at confidence level of 5% the result obtained showed high 
correlation(r) value of over 0.765 or R2 = .5852 implying that the mishandling of these 
elements will result in severe negative human and aquatic health problems. We observed 
that it is not possible to completely wipe out the negative effect of this elements, rather 
we can minimise the environmental effect to a manageable proportion through proper 
sensitisation of the public. Water quality represented by P

H (H20) can be enhanced through 
proper handling of these dangerous elements. To this end, we compared experimental site 
result and Control Site Parameters.The mean ± standard deviation value of the 
experimental site value is higher for such elements such as lead, zinc cadmium, cobalt, 
Manganese and iron than the control site value. 
Keywords: Hazardous waste, Aquatic effect, Material Safety Data Sheet,              
Introduction 

The most important chemical compound that enables the existence of living 
organisms on Earth is water. Water circulates in the solid (ice), liquid, and gaseous 

(vapor) states, water supports the activities of living organisms on Earth. A hydrosphere is 

that in which water exists in either of the phases, and is described as the mass of water 
found on, under, and over the surface of the Earth. When we accept this definition, and 

call organisms living in hydrosphere as aquatic organisms, most of the organisms on Earth 
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can be regarded as aquatic organisms. In this study, we therefore define the aquatic 

organisms as those living mainly in liquid water bodies such as ponds, lakes, rivers or 

oceans. The importance of water cannot be overemphasizes, the life of this organisms and 
beings depend on water; water is the natural Habitant of most living organisms. Human 

beings, also depend on water, we drink from it, use it for all domestic and industrial 
activities. Whatever affect water adversely affect all organism including man.   

The Earth was called ―the planet of water‖ (Yanagi, 2004). In fact, 75% of the 
Earth‘s surface is covered with water when we include the ice-covered areas. Water is 

indispensable for living organisms. Life originated in water and all living organisms are 

dependent on it. Among the planets of the Solar System, liquid water exists only on the 
Earth. The distance between the Earth and the Sun enables the existence of liquid water 

on the Earth.  Total amount of water in the Earth is 137 × 109 km 3, 97% of which exists 
in the oceans. As the second largest pool, 1.7% is permanent ice/glacier, and another 

1.7% is underground water. Thus, it is not possible for us to use most of the water 

directly. Water in the pond, lake and river is only 0.007%. The quality of water is a 
function of how preserved the water is, that is, the lesser the level of hazardous waste 

discharge the higher the quality of water. The release of industrial effluents or wastewater 
into surrounding terrestrial or aquatic habitat has been implicated as one of the major 

sources of environmental pollution as industrial effluents are one of the by-products of 

industrial activities.  
  Water pollution, in summary, occurs when the hydrosphere cannot process and 

neutralize harmful by-products of human or industrial activities. Pollution reaches its most 
serious proportions in the densely settled urban-industrial centers of the more developed 

localization area of the country (Kromm, 1973). For an instant, Industrial activities 
generate waste of diverse characteristicssuch as pesticides, oil, hydrocarbons, heavy 

metals as well as thermal and radioactive pollutants which can get into the environment 

through direct or indirect release from industries, especially activities of oil and gas 
companies, agriculture and households (Fathi et al., 2008). The excessive levels of these 

pollutants in the environment are causing a lot of damage to aquatic life, plants and trees 
including tropical rainforest (Khan and Ghouri, 2011). It is against this background that 

the researcher considers it imperative to examine the impact of hazardous waste 

discharge from oil and gas companies on aquatic life in Port Harcourt metropolis. 
A number of empirical studies have investigated the effect of hazardous discharge 

from oil companies on the environment, however, research in the area of hazardous waste 
discharge from oil and gas companies on aquatic life has little coverage and a conflicting 

result, as some study focused on the open dumping of municipal solid waste and its 
hazardous impacts on soil and vegetation diversity at waste dumping sites of Islamabad 

city (Syeda et al., (2014). This study only accesses the prevailing condition of soil physio-

chemical characteristics and its impact on vegetation in Islamabad city. Al-Nori (1999), 
investigated the effect of chemical quality of the leachate from solid waste on 

groundwater and soil. The study revealed that concentrations of pollutants (heavy metals) 
on soil, and the acidity of leachate and anions in high concentrations were responsible for 

groundwater pollution. Mishra et al., (2005) studied the problem of contamination of 

water due to open refuse dumping by major industries in the steel city of Orissa. Polluted 
drinking water or water polluted by chemicals produced waterborne diseases like, 

Giardiasis, Amoebiasis, Hookworm, Ascariasis, Typhoid, Liver and kidney damage, 
Alzheimer‘s disease, non-Hodgkin‘s Lymphoma, multiple Sclerosis, Hormonal problems 

that can disorder development and reproductive processes, Cancer, heart disease, 
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damage to the nervous system, different type of damages on babies in womb, Parkinson‘s 

disease, Damage to the DNA and even death, meanwhile, polluted beach water 

contaminated people like stomach aches, encephalitis, Hepatitis, diarrhoea, vomiting, 
gastroenteritis, respiratory infections, ear ache, pink eye and rashes (Water Pollution 

Effects, 2006). Loss of wild life is directly related to pollution (Progressive Insurance, 
2005) and according to Water Pollution Effects (2006) on animals i) Nutrient polluted 

water causes overgrowth of toxic algae eaten by other aquatic animals, and may cause 
death; it can also cause eruptions of fish diseases, ii) Chemical contamination can cause 

declines in frog biodiversity and tadpole mass iii) Oil pollution can increase susceptibility to 

disease and affect reproductive processes and negatively affect development of marine 
organisms and it can also a source of gastrointestinal irritation, damage to the nervous 

system, liver and kidney damage iv) Mercury in water can cause reduced reproduction, 
slower growth and development, abnormal behavior and death v) Persistent organic 

pollutants may cause declines, deformities and death of fish life and Fish from polluted 

water and vegetable/ crops produced or washed from polluted water could also make 
impact on human and animal health. More sodium chloride (ordinary salt) in water may kill 

animals and plants, plants may be killed by mud from construction sites as well as bits of 
wood and leaves, clay and other similar materials and plants may be killed by herbicides in 

water (Kopaska-Merkel, 2000). For tree and plants water pollution may disrupt 

photosynthesis in aquatic plants and thus affecting ecosystems that depend on these 
plants (Forestry Nepal, n.d). The present study is designed to investigate the effect of 

hazardous waste discharge from oil and gas companies and aquatic life in Port Harcourt 
Metropolis. This study attempts to address this issue looking at it from liquid and solid 

waste discharge. To accomplish the research aim, the following hypotheses were 
generated:  

H01: There is no significant relationship between Hazardous Liquid Discharge by the oil 

and gas companies and the aquatic life in Rivers State Nigeria. 
H02: There is no significant relationship between Hazardous solid Discharge by the oil and 

gas companies and the aquatic life in Rivers State Nigeria.                                                       
Literature Review 

Several works have consistently showed that soil characteristics is directly 

influenced by a diversity of vegetation with evidence of serious hazards caused by open 
waste dumping which ultimately affects plant life on the planet leading to an irreversible 

erosion trend. Furthermore, studies have revealed that solid waste pollutants serve as an 
external force affecting the physio-chemical characteristics of soil, ultimately contributing 

towards poor production of vegetation.  
           Al-Nori (1999) investigated the effect of chemical quality of the leachate from solid 

waste on groundwater and soil. The study revealed that concentrations of pollutants 

(heavy metals) on soil, and the acidity of leachate and anions in high concentrations were 
responsible for groundwater pollution. Mishra et al., (2005) studied the problem of 

contamination of water due to open refuse dumping by major industries in the steel city of 
Orissa. The result showed that contamination of groundwater is common in the areas 

surrounded by industrial refuse dumping sites, and the probability of contamination is 

more in low-lying areas with a higher percolation rate through the soil. Ramia (2006), 
investigated the impacts of solid waste leachate on soil and its simulation to groundwater 

at Nablus Area by purring leachates collected into soil samples collected that the Nablus 
area. The result revealed that groundwater pollution hazard is due to the interaction 
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between the aquifer pollution vulnerability and the contaminant load applied to the 

subsurface of the environment because of human activity.  

Ukpong and Agunwamba(2011) studied the effect open dump in some 
engineering and chemical soil properties of soil by investigating the effect of three open 

dumps on engineering and chemical properties, with the soil of similar layer situated at 
about 40 meters from the sump site used as a control. The findings showed a higher 

specific gravity, plasticity index, maximum density, permeability, iron, lead and zinc 
content in the soil than the control area. This they attributed to the fact that stated that 

solid waste open dumps are situated indiscriminately in Nigeria and are always potential 

hazards to health and source of groundwater pollution. They noted the need for proper 
site investigations before a solid waste dumpsite is selected.  

David et al., (2017) studied the impact of dumpsite leachate on groundwater 
quality in a residential institution in Ota.  Focusing mainly on the impact of leachate from a 

dumpsite of a residential institution on the groundwater and soil. In order to determine 

the degree of contamination around the institution‘s environment, physio- and biochemical 
analysis: BOD, COD, pH, DO, TDS, total hardness, nitrate, chloride, calcium and heavy 

metals such as Pb, Fe, Zn, and Cu, in line with international standards, were carried out 
on both soil and water samples obtained from different points on the dumpsite. The 

results obtained from the tests showed a significant level of acidity, No2, BOD5 above the 

allowable limit when compared to the UNEPA standard.Kenneth et al., (2015) pointed out 
that the problem of poor waste management exerts physical, social, economic and political 

effects on all sectors of society, and that this has to do with the quantum of waste 
generated and effective ways of management.  

Odunola (2015) explained that rapid urbanization and lifestyle change has 
contributed to increasing the waste load to an alarming proportion. Kadam and Sarawade 

(2016); listed some of the environmental impact of poor management of hazardous waste 

to include; unsanitary conditions, a proliferation of disease vectors, toxic metabolites, 
ambience; pollution of water sources (Ground and Surface), Noise, Air and Soil pollution, 

of which waste management is fundamental.  
Amadi et al., (2017) in reviewed the principles and methods of Hazardous waste 

management, and noted that Hazardous waste management entails procedures and 

policies carried out to deal with hazardous wastes in a way that will not pose a problem to 
man and the environment. He further opined that a suitable hazardous waste 

management system involves control from cradle to final disposal and even pollution 
monitoring.  The subject of waste management as discussed at various levels by experts 

all agreed on the environmental and health implication of poor waste management.  
Daniel et al., (2016) discussed hazardous waste management in developing countries with 

an emphasis on industrial hazardous waste. They stated the reasons for poor hazardous 

waste management in developing countries to include; lack of information on the 
quantities of hazardous waste generated, lack of capacity and awareness; low incentives 

or penalties; lack of clear roles and responsibilities for stakeholders; limited infrastructure; 
and inadequate institutional framework. They also pointed out the other challenges to 

include lack of technically skilled manpower, financial resources, know‐how, testing 

facilities, and equipment; and the absence of an integrated framework regarding the 
monitoring and management of hazardous wastes as well as inadequate collection, 

treatment and disposal system; and government lack-leisure posture.  

Okonkwo and Olukunle (2015) investigated the concentration of brominated flame 
retardants and Hexabromocyclododecane (HBCD) in leachates and sediments from 
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selected municipal solid waste landfill sites in Gauteng province in South Africa confirmed 

the presence of novel‘ brominated flame retardants and HBCD in six municipal solid waste 

landfills for the first time in South Africa. The study focused more on the physicochemical 
and chemical characteristics of the raw leachates. The biological effects and its implication 

to the environment and human were not covered. In addition, the research was carried 
out in South Africa and may present different outcome in NigeriaGarg (1998) stated that 

waste can be disposed of by sanitary land filling, burning or incineration, barging it out 
into the sea, compositing by the bacterial agency. Al-Nori (1999) pointed out that 

unplanned heaps impair the landscape, threaten landslides and pollute groundwater.  

Furthermore, some wastes are recyclable whereas others non-recyclable (API, 
2000). Tchobanoglous (2002) stated the basis of management option for integrated waste 

management to include: Source reduction, recycling, composting, re-use, combustion 
waste to energy facilities, and landfill.  Shao et al., (2005) revealed the rapid hydrolysis of 

food waste results in the imbalance of anaerobic metabolism in the land filled layer, 

indicated by accumulation of volatile fatty acids (VFA) and decrease in pH value. Sponza 
et al., (2006) investigated the effects of shredding on the anaerobic treatment of domestic 

solid waste. The study reveals that waste shredding reduced the waste quantity, the 
organic content of the solid waste and the biodegradation time.   

Sanphoti et al., (2006) studied the effect of the design of leachate recirculation on 

biodegradation and effect on leachate quality. The results showed that bioreactor landfill 
helps accelerate waste decomposition and methane production by providing buffer 

capacity as well as diluting organic content. Considering the health and environmental 
impact of this waste, which could be harmful and toxic in nature, there is no doubt, the 

need for a proper waste management system to be in place (Obiageli et al., 2016).   
Severe pollution of land, surface and groundwater may occur (Ramakrishna and 

Babu, 1999), Rap (1999), if the options available (Wents, 1995; Parsa et al., 1996; 

Chakradhar et al., 1999) for Hazardous waste management are not being efficiently 
utilized by the waste generator. Past research studies by Couto et al., (2013), Gu (2014) 

have established that the key driver to hazardous waste management is the involvement 
of all stakeholder including waste generators, regulators, decision-makers.  

Waste processors and informal and formal sectors. Lu (2013) noted that in 

developing countries there are limited options for generators of hazardous waste to 
manage it appropriately. According to (Thanh, 2013), the treatment of hazardous waste in 

developing countries take place in unregulated or uncontrolled condition, and in some 
cases, hazardous waste is exported to developing countries by the developed countries. 

For instant, the dumping of radioactive substance in Koko, Delta State of Nigeria. 
Methodology 

This work adopted experimental design. The essence of the laboratory experiment 

is to empirically obtain testable results and to reduce biases of all kinds as much as 
possible. The research assumed to have great control over the variables of the study and 

does not in any way influence the outcome of the test. It employed the use of cross-
sectional data generated through a series of systematic pilot survey methods to generate 

data. The data will be collected from a wide range of subjects to elicit acceptable 

generalization. This will involve a preliminary study of the study areas, the testing of the 
stored containers, light-gauge open head drum, large-capacity tanks, etc used in carrying 

hazardous wastes to the location of the dumpsites. 
  These helped to determine the environmental impact of the activities of the oil 

and gas industry in Port Harcourt. The design helped to elucidate knowledge on types and 
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volume of hazardous wastes generated, how they are generated; the method of disposal 

methods used. It is important to note the specific waste generation considered, namely: 

Solid waste, solid heavy metal, and water-reactive, they are as hazardous to the waste 
disposer. There are five major waste disposal dumpsites in Rivers State. Owing to the 

non-functioning of two of the dumpsites, the study will be limited to three functioning 
dump sites located at Rumuorlumeni, Igwuruta and Eliozu dumpsites. 
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experimental site. The second Soil samples will be collected from an area of about 900 

meters away from the dumpsite, the area was considered as free from the dumping of 

refuse; the area is considered to have relatively less disturbed vegetation. 
The soil sample will be air-dried and carefully sieved with 2mm diameter mesh to 

enable us to conduct a standard laboratory test to determine some physical and chemical 
properties of the soil. The essence of the Soil samples test is analyzed for particle size 

composition using the hydrometer method as specified by Bouyocous (1926) as cited in 
Eludoyin (2008), Eludoyin & Wokocha (2010). Additionally, bulk density and porosity will 

be assayed using the core method (Igwe, 2001). Exchangeable bases comprising of 

Calcium (Ca), Potassium (k) and sodium (Na) will be determined through flame 
photometry and exchangeable magnesium and by atomic absorption spectrophotometer. 

Cation exchange capacity (CEC) will be determined using the ammonium acetate method 
(Vazquez et al., 2008) and total Nitrogen (N) will be determined by Kjeldahl steam 

distillation. Available Phosphorous (P) will be extracted with Bray P solution using Murphy 

and Riley method (Uye and Maltuda, 1988; Ogbonna and Okeke, 2011). Soil pH will be 
measured potentiometrically in 0.0 1M Calcium chloride solution while organic carbon was 

determined by 51 Walkey-Black methods (Walkey and Black, 1934). Trace metals Lead 
(Pb), Zinc (Zu), Manganese (Mn), Cobalt (Co), Cadmium (Cd), Chromium (Cr) and Iron 

(Fe) will also be analyzed. Extracts used for determining heavy metals will be obtained by 

leaching soil samples using 0.1 EDTA. The concentrations of the extracts of these 
elements will be determined using an atomic absorption spectrophotometer (Aweto and 

Oyenuga, 2000). 
 The study adopts an experimental survey, involving descriptive and inferential statistics 

methods. Descriptive statistics involve the use of such measures as mean, and standard 
deviation, while inferential statistics involve ANOVA, regression, post HOC, multiple 

regression, were used to test the various research hypotheses. The justification for the 

adoption of experimental and descriptive survey methods of research was because these 
methods offer a systematic analysis of a phenomenon or situation of interest factually and 

accurately. The physical and chemical properties of both soil and water samples will be 
explained using the mean values, while the testing of the hypotheses raised will be tested 

using t-test statistics, ANOVA and Post HOC Multiple regression. 

Data Analysis and Results 
Table 1 shows the samples collected from the three dumpsites in Port Harcourt city 

Type of waste 
collected 

 Distance or 
range 
of collection 

 
 
                                              Dump sites 

 
 
 
Soil samples 

Range(0-1m) 

Number collected 
from Rumuorlumeni 

Number collected 
from        Igwuruta 

Number collected from   
Eliozu 

 
           12 

 
                    8 

 
               10 

100cm 
 
          18 

 
                  10 

 
             14 

 
 
Liquid waste Shaw( 1-25M) 

 
 
          15 

 
 
               10 

 
 
           12 

45-100M 

 
 
            12 

 
 
                   7 

 
 
            8 

Source: Field work 2019 
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  Table 1 above is a display of the various samples of waste discharge in solid and 

liquid states.The table shows that more samples of waste were collected from 

Rumuorlumeni. Two reasons account for this, first the site accommodate the largest waste 
dump in the State. The rates paid were relatively lower compared to other two sites.The 

reasons accounted for more sample being taken from the dumpsite in Rumuorlumeni.The 
dumpsite in Igwuruta recorded the lost sample collection relative to Eliozu. 

Table 2 Comparison of the Means of the Hazardous Waste with the Standard parameters 
(Rumuorlumeni   Dumpsite) 

Waste Disposal Types Parameters 
Experimental 

site Control site Remarks 

Solid Waste PH  (H2O) 6.70 6.10 Slightly Higher 

  Organic Carbon (g/kg) 294.00 155.00 very High 

  Nitrogen (N) (g/kg) 3.05 2.32 Slightly Higher 

  Phosphorous (p) (g/kg) 15.80 11.84 Slightly Higher 

  
Potassium (K) 
(Cmol/kg) 0.95 0.36 Slightly Higher 

  Sodium (Na) (Cmol/kg) 0.66 0.87 slightly lower 

  Calcium (Ca) (Cmol/kg) 22.02 12.51 very High 

  Chlorine (Cl) (Cmol/kg) 242.67 223.20 very High 

  
Magnesium (Mg) 
(Cmol/kg) 2.24 2.31 slightly lower 

Solid Heavy Metal Lead (pb) (mg/kg) 0.48 0.48 Normal 

  Cadmium (Cd)  (mg/kg) 0.41 0.41 Normal 

  
Chromium (Cr)  
(mg/kg) 0.00 0.01 Normal 

  Zine (Zn) (mg/kg) 362.63 220.64 very High 

  Copper (Cu) (mg/kg) 21.68 12.30 very High 

  
Manganese (Mn) 
(mg/kg) 56.17 38.20 very High 

  Cobalt (Co) (mg/kg) 0.99 1.03 Normal 

  Iron (mg/kg) 185.00 179.90 very High 

Water Reactive  Chloride (mg/I) 10.80 6.27 Slightly Higher 

  Nitrate (mg/I) 3.73 4.00 slightly lower 

  Phosphate (mg/I) 0.52 0.77 slightly lower 

  Sulphate (mg/I) 3.73 4.85 slightly lower 

  Copper  (mg/I) 0.02 0.02 Normal 

  Iron (mg/I) 0.06 0.06 Normal 

 

Table 2 Comparison of the Means of the Hazardous Waste with the Standard parameters 
(Rumuorlumeni   Dumpsite) 

Waste Disposal 
Types Parameters 

Experimental 
site 

Control 
site Remarks 

Solid Waste PH  (H2O) 6.70 6.10 Slightly Higher 
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  Organic Carbon (g/kg) 294.00 155.00 very High 

  Nitrogen (N) (g/kg) 3.05 2.32 Slightly Higher 

  Phosphorous (p) (g/kg) 15.80 11.84 Slightly Higher 

  Potassium (K) (Cmol/kg) 0.95 0.36 Slightly Higher 

  Sodium (Na) (Cmol/kg) 0.66 0.87 slightly lower 

  Calcium (Ca) (Cmol/kg) 22.02 12.51 very High 

  Chlorine (Cl) (Cmol/kg) 242.67 223.20 very High 

  Magnesium (Mg) (Cmol/kg) 2.24 2.31 slightly lower 

Solid Heavy Metal Lead (pb) (mg/kg) 0.48 0.48 Normal 

  Cadmium (Cd)  (mg/kg) 0.41 0.41 Normal 

  Chromium (Cr)  (mg/kg) 0.00 0.01 Normal 

  Zine (Zn) (mg/kg) 362.63 220.64 very High 

  Copper (Cu) (mg/kg) 21.68 12.30 very High 

  Manganese (Mn) (mg/kg) 56.17 38.20 very High 

  Cobalt (Co) (mg/kg) 0.99 1.03 Normal 

  Iron (mg/kg) 185.00 179.90 very High 

Water Reactive  Chloride (mg/I) 10.80 6.27 Slightly Higher 

  Nitrate (mg/I) 3.73 4.00 slightly lower 

  Phosphate (mg/I) 0.52 0.77 slightly lower 

  Sulphate (mg/I) 3.73 4.85 slightly lower 

  Copper  (mg/I) 0.02 0.02 Normal 

  Iron (mg/I) 0.06 0.06 Normal 

 
Table 3: Comparison of the Means of the Hazardous Waste with the Standard Parameters (Eliozu  
Dumpsite)  

Waste Disposal 
Types Parameters 

Experimental 
site 

Control 
site Remarks 

Solid Waste PH  (H2O) 6.70 6.30 Slightly Higher 

  Organic Carbon (g/kg) 293.33 140.00 very High 

  Nitrogen (N) (g/kg) 3.32 2.32 Slightly Higher 

  Phosphorous (p) (g/kg) 15.83 11.84 Slightly Higher 

  Potassium (K) (Cmol/kg) 0.99 0.36 Slightly Higher 

  Sodium (Na) (Cmol/kg) 0.66 0.87 slightly lower 

  Calcium (Ca) (Cmol/kg) 22.02 12.51 very High 

  Chlorine (Cl) (Cmol/kg) 237.01 223.20 very High 

  Magnesium (Mg) (Cmol/kg) 3.24 2.31 Slightly Higher 

Solid Heavy Metal Lead (pb) (mg/kg) 0.51 0.48 Normal 

  Cadmium (Cd)  (mg/kg) 0.41 0.41 Normal 
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  Chromium (Cr)  (mg/kg) 0.01 0.01 Normal 

  Zink (Zn) (mg/kg) 334.20 220.64 very High 

  Copper (Cu) (mg/kg) 24.38 18.30 very High 

  Manganese (Mn) (mg/kg) 56.17 38.20 very High 

  Cobalt (Co) (mg/kg) 1.03 1.03 Normal 

  Iron (mg/kg) 182.67 179.90 very High 

Water Reactive  Chloride (mg/I) 10.80 6.27 Slightly Higher 

  Nitrate (mg/I) 3.77 4.00 slightly lower 

  Phosphate (mg/I) 0.49 0.77 slightly lower 

  Sulphate (mg/I) 3.07 4.85 slightly lower 

  Copper  (mg/I) 0.02 0.02 Normal 

  Iron (mg/I) 0.06 0.06 Normal 

It is important to note that each of the four hypotheses raised is categorically 
divided into two sub categories. This is justified by the need to fully capture the various 

themes (aspect) of the study. 
There is no significant relationship between hazardous liquid discharge of the 

oil and gas companies and aquatic life in Rivers state.  
The variation of hazardous waste parameters of the three locations are shown in 

table 2 to 3 below.The table shows result of comparison between the three locations 

hazardous waste parameters and the standard environment parameters (control). The 
result showed significant effects of hazardous waste parameters in term of hazardous 

solid waste and solid heavy metal, which is highly harmful to aquatic life and water 
habitant environment since the parameters are greater than the standard environment 

parameters (control). The implication of the result on aquatic life is enormous. It shows 

that a wide diversification in the types of pollutants that reach inland bodies of water 
causes great harm to aquatic habitants. These transformations have undesirable effects 

on the different components of the aquatic environment and on the potential for fisheries. 
Moreover, the result shows that fish and other human consumable aquatic substances 

stand high risk of extinction. The biggest threat to aquatic life in the state is hazardous 

waste discharge from oil and gas companies. 
Two-Factor Factorial Design ANOVA Procedure of the Parameters 

The two-factor factorial design ANOVA was done in term of two hazardous waste 
parameters (solid waste and solid heavy metal) below are the result for the three 

locations. This section provides us the basis for answer research hypothesis two and 
three, using. The statistical software called SPSS 21 will be employed to analysis the two-

factor factorial design ANOVA. 

Hypothesis 2 
H02: There is no significant relationship betweenthe hazardous liquid discharge of oil 

and gas companies and aquatic life in the three locations dumpsite using 
standard parameters measurement in Port Harcourt, Rivers  State. 

Response on Hazardous Waste versus Parameters, Dumpsites, 

Locations (ANOVA) 

Table 5 Dependent Variable: Response on Hazardous Waste 

  

Source Type III Sum of Squares Df Mean Square F Sig. 
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Corrected Model 1.279E6a 28 45676.421 4.393 0.000* 

Intercept 35405.155 1 35405.155 3.405 0.070** 

Dumpsite 273099.140 2 136549.570 34.371 0.001* 

Parameters measured 998891.610 6 166481.935 16.013 0.000* 

Locations 75665.817 3 25221.939 2.426 0.075** 

Error 571806.146 55 10396.475   

Total 3676625.218 84    

Corrected Total 1850745.947 83    

Footnote: R Squared = .691 (Adjusted R Squared = .534)   

*. The mean difference is significant at the 0.05 level. 
**. The mean difference is significant at the 0.10 level. 

          The results in Table 5 shows significant difference between the dumpsite dot, 

parameters measured and the three locations considered. Since the p values of the 
dumpsite dot and parameters measured are significant at 5%, while the p value of the 

locations considered are significant at 10%. Thus, conclude that there is significant 
difference among the factors (dumpsite dot, parameters measured and the three locations 

considered). Then, the least squared difference (LSD) comparison tests were done to 

identify the factors that aresignificant in Table 3,4, and 5,   
Table 6 Response on Hazardous WasteLSD comparison tests for Locations 

Multiple Comparisons 

Response LSD     

(I) 
location 

(J) 
location Mean Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

1 2  -1.5152 34.33512 0.965 -70.2968 67.2663 

3 .0000 34.33512 1.000 -68.7815 68.7815 

4 68.7924* 34.33512 0.050** .0109 137.5739 

2 1 1.5152 34.33512 0.965 -67.2663 70.2968 

3 1.5152 34.33512 0.965 -67.2663 70.2968 

4 70.3076* 34.33512 0.045* 1.5261 139.0891 

3 1 .0000 34.33512 1.000 -68.7815 68.7815 

2 -1.5152 34.33512 0.965 -70.2968 67.2663 

4 68.7924* 34.33512 0.050** .0109 137.5739 

4 1 -68.7924* 34.33512 0.050** -137.5739 -0.0109 

2 -70.3076* 34.33512 0.045* -139.0891 -1.5261 

3 -68.7924* 34.33512 0.050** -137.5739 -0.0109 

Footnote:  Based on observed means 
 The error term is Mean Square (Error) = 12378.458. 

  

*. The mean difference is significant at the 0.05 level.  

**. The mean difference is significant at the 0.10 level. 
1= Rumuorlumeni Dumpsite; 2= Igwuruta  Dumpsite; 3= Eliozu  Dumpsite; 4= Control 

The results in Table 6 shows significant difference between the three locations 

and control at 0.05 for Rumuorlumeni and Eliozu  dumpsite, while 0.10 for Igwuruta  
dumpsite. This result show that there is high tendency of the phenomenon to cause 

disease and there is no health facilities close to this dumpsites whereby the residents of 

the study area can be treated easily if they come in contact with any of the disease 
discovered in the neighbourhood.   
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Table 7: Response on Hazardous Waste LSD comparison tests for Dumpsite dot  

Multiple Comparisons 

Response LSD      

(I) dumpsite (J) dumpsite Mean Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

1 2 -136.7100* 16.84563 .000 -170.3733 -103.0467 

3 -93.1157* 16.84563 .000 -126.7790 -59.4524 

2 1 136.7100* 16.84563 .000 103.0467 170.3733 

3 43.5943* 16.84563 .012 9.9310 77.2576 

3 1 93.1157* 16.84563 .000 59.4524 126.7790 

2 -43.5943* 16.84563 .012 -77.2576 -9.9310 

Footnote: Based on observed means. 
The error term is Mean Square (Error) = 3972.851. 

  

*. The mean difference is significant at the 0.05 level.  

1= Dumpsite point of discharge; 2= Upstream dumpsite; 3= Downstream dumpsite 
 

Table 7 result shows significant difference among dumpsite point of discharge, 
upstream and downstream dumpsite. Indicating a very high hazardous waste and solid 

heavy metal and on the other hand, the concentrations of the parameters were highest at 
the upstream dumpsite. In addition, downstream dumpsite was higher dumpsite point of 

discharge with respect to the considered parameters of hazardous waste and solid heavy 
metal. The high significant of the three dumpsite dot will result in health hazards and have 

negative impact on the environment. 

Discussion  
This finding support the earlier finding made by Sartaj and Arabgol (2015).the 

study identified the presence of zink (zn); iron, lead (Pb) and chlorine (Cl) as being 
responsible for low yield of agriculture cash crops in the area where hazardous wastes are 

dumped and treated. The situation is more disturbing if we realize that the waste are not 

properly managed. Therefore, based on this outcome, the hypothesis of no significant 
relationship between hazardous liquid discharge of the oil and gas companies and aquatic 

life in Rivers state is rejected. We replace this with the alternative hypothesis that there is 
significant relationship between hazardous waste discharge of oil and gas companies and 

aquatic life of Rivers state. 

We observed in table 4.17 that the parameters measured at different controlled 
level showed that the correlation (r) of the element varies, the first test has a correlation 

value (r) of 0.544 indicating significant difference among parameters measured. The 
correlation differed in value due to the test being conducted at different degree of 

freedom or significant value and at a varying distance (in length and in debt). However, 
what is consistent was that, each of the correlation value is positive, implying a direct 

relationship between hazardous waste discharge and human and aquatic discharge. This 

simply put, the higher the discharge, the more dangerous it constitute to human health. 
This is predicated on the assumption that if proper and efficient method are not employed 

to check the disposal and handling of dangerous hazardous discharge unpleasant health 
consequence will result.  

Conclusion 

The converse of the varying correlation coefficient with ( r )  value ranging 0.369, 
0.046 is that the volatility of the element depends on the degree of concentration, 
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however, it should be noted that there are some exceptions to this rule, (some elements 

even in minute quantities, can pose a great risk to both human and aquatic life). If the 

concentration level is high, the correlation coefficient will be high, with minimum level of 
0.5000. With low concentration level will exhibit correlation value of 0.33 and below. Test 

two, table 4.17 recorded higher correlation value with maximum level been.0.960 or R2= 
.9216, representing 92.16% degree of correlation between hazardous waste discharge 

and environmental safeties. The correlation value recorded showed that element exhibit 
different level of correlation. Those that have high correlation value have high degree of 

corrosiveness and are more dangerous to human and aquatic life. From the above findings 

we make the following inferences: 
 There is need to properly charnel the hazardous discharge away from aquatic 

water used for fishing and other activities.  

 Legislative law must be instituted and implemented to prevent dumping of 

hazardous waste discharge in to aquatic waters. 
 The practice of farming on the land were dangerous chemical substances are 

buried should be stopped or banned                                                 

References 
Yanagi, T. (2004): umi no kagaku (Science of Sea). 2nd ed., Kouseisha-Kouseikaku, Tokyo, 

137 pp. (in Japanese).  

Kromm, D. E. 1973. Response to Air Pollution in Ljubljana, Yugoslavia, Annals of the 
Association of American Geographers, 63(2), pp. 208-217  

Colls, J. (2002). Air Pollution. New York: Spon Press.  
Khan, M., Ghouri, A. (2011) environmental essay. 

Al-Nori, Qusai,(1999) Effects of the Chemical Quality of Leachate from Solid Waste on Ground 
Water and Soil, (Unpublished Master‘s Thisis). 

Shao, L., He, P., Zhang, H., Yu, X., Li, G., (2005). Methanogenesis acceleration of fresh 

landfilled waste by micro-aeration. J Environ Sci (China).17(3): 371-4.   
Tchobanoglous, George, and O‘leary, P.: Landfilling. Tchobanoglous, George, and Kreith. 

Frank, Hand book of solid waste management. 2 nd ed. United State of America, New 
York, McGraw-Hill, 2002, 14.34-35  

Sponza, D. T., and Ağdağ, O. N., (2005). Effects of shredding of wastes on the treatment of 
municipal solid wastes (MSWs) in simulated anaerobic recycled reactors. Enzyme and 

Microbial Te gy . 36 (1): 25-33  
Sanphoti, N., Towprayoon, S., Chaiprasert, P., Nopharatana, A., (2006). Enhancing waste 

decomposition and methane production in simulated landfill using combined anaerobic 

reactors. Water Sci Technol. 53(8):243-51.  
EPA,, 2003. National primary drinking water standards. Office of Water (4606M), EPA 

816-F-03-016.   
 Amadi A.N, Olasehinde P.I, Okosun E.A, Okoye N.O, Okunlola I.A, Alkali Y.B and DanHassan 

M.A., (2012), A Comparative Study on theImpact of Avu and Ihie Dumpsites  
Al-Nori, Qusai, Effects of the Chemical Quality of Leachate from Solid Waste on Ground Water 

and Soil,(Unpublished Master‟s Thisis). An-Najah National University, Nablus, 
Palestine, 1999.  

Mishra, P.C., Behera, P.C, Patel, R.K.. 2005. Contamination of water due to major industries 

and open refuse dumping in the steel city of Orissa: A case study, ASCE, J. 
Environ.Sci. Eng. 47 (2), 141–154.  

 Fathi, A. A., El-Shahed, A. M., Shoulkamy, M. A., Ibraheim, H. A. and Abdel-Rahman, O. M. 
(2008). Response of Nile water phytoplankton to the toxicity of cobalt, copper and 

zinc. Research Journal of Environmental Toxicology, 2: 67-76. 


