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ABSTRACT 

 

The fugitive, vital and finite nature of water makes it one of the most important natural resources; 

which sustains aquatic and human life and plays a central role in development. Most industries 

and local facilities tend to establish around water resources because of the numerous services it 

provides. Carwash facilities are one of the growing local industries that tend to establish along 

streams in Fako Division, South West Region of Cameroon. Pollution of water has become a 

serious global environmental concern with legal instruments and frameworks, international 

conventions and policies set up to protect natural resources. This research aimed at characterizing 

the water used by carwash facilities that established along streams in Fako Division of Cameroon, 

and assessing the environmental impact. Water samples were collected purposively from carwash 

facilities located inside streams. Samples were collected upstream, at discharge point and 

downstream. Using standard methods to test for different physicochemical and organic parameters, 

results indicate that there is a change in the physicochemical state of water due to high 

concentrations of organic pollutants. Mean concentration of oil and grease ranged from 7.08mg/l 

± 3.16 to 9.50mg/l ±3.66 at Ombe and Bota carwashes respectively. THC ranged from 0.19mg/l 

±0.05 to 0.49mg/l ± 0.16 for Muea and Mile 15 carwashes respectively. These organic pollutants 

were above the Maximum allowable limit by WHO, and USEPA, and showed a positive 

correlation with the TSS, BOD, COD and other physicochemical parameters. THC versus oil and 

grease showed a strong positive correlation of 0.851 at discharge point but slightly positive 

correlation downstream 0.274. The pH of water ranged from 6.62 ± 0.19 to 7.73 ± 0.18. Heavy 

metal concentration was high for Zn, Pb, and Cu but undetectable for cadmium for most sample 

points. Concerning the legal instruments, investigations show that there is little enforcement of the 

laws of the state and concerning international conventions thus the reason for the rapid growth of 

these facilities along streams in the South West region of Cameroon. For the proper protection of 

this vital resource, implementation and enforcement of laws and policies are strongly 

recommended. 

 

Keywords: Physico-chemical parameters, carwash, oil and grease, heavy metals, water, pollution. 
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CHAPTER ONE 

INTRODUCTION 

 

1.1 Background to the Study 

Water as a resource sustains life and enhances development thus being the most important natural 

resource (UNESCO, 2003). It plays a crucial role in development, covering a broad cross-section 

of socio-economic aspects that comprise meeting people’s basic needs which include drinking and 

sanitation, burdens from diverse economic sectors, food security, poverty, health, gender matters, 

governance issues, energy, and transport. Water is undeniably everyone’s business and an 

indispensable resource to all aspects of society. In short water, is life. As a resource, water has 

three key features namely; i) it’s vitality ii) it is finite and iii) it is elusive, which have sufficient 

bearing on the exploitation and management (UNESCO, 2003). 

In June 1992, 178 countries including Cameroon met in Rio at the United Nations Conference on 

Environment and Development to finalize a global strategy for sustainable development that 

merges environmental conservation with economic development (UNCED, 1992).  The very 

concept of Sustainable development point towards the correct use and management of 

environmental resources including water in a way that is well-suited for future generations. 

Africa appears to be blessed with ample water resources and large rivers such as the Congo, Nile, 

Zambezi, Niger and Lake Victoria which is the world’s second-largest; yet it is the second driest 

continent in the world after Australia and millions of Africans still undergo water scarcities 

throughout the year (WWF,2002). Cameroon is a central African nation on the Gulf of Guinea, 

with its coastal plains in the South West Region characterized by rich volcanic soils and numerous 

watersheds. Numerous streams take their rise from these watersheds. The growing populations and 

increase in water demands have reduced the availability of water alongside other factors such as 

poor or no city planning in some of its main towns in the world (UNEP, 2010). The situation does 

not differ, ent in towns of the South West Region of Cameroon; such as Buea, Limbe, Tiko, etc. 

where there is a high rivalry for available fresh water between sectors such as industry, municipal 

water, and agriculture. Sources of water pollution are diverse, numerous and emergent on daily 

bases. As such, many researchers have sought ways and methods to control pollutants, protect the 

environment and man from its negative effects.  
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The numbers of cars all over the world have increased as a result of upgrading to the quality of life 

and wellbeing, thus escalating the number of car wash stations. Car wash establishments are among 

activities that devour large amounts of fresh water per day and release considerable amounts of 

wastewater. These huge quantities of wastewater discharged introduce hazardous pollutants such 

as petroleum products, heavy metals, etc. in water runways.  

Wastewater from car wash establishments contain some pollutants and contaminants, which are; 

•    Heavy metals, e.g., lead, zinc, mercury, copper 

•    Organic pollutants, e.g., polychlorinated biphenyls, polyaromatic hydrocarbons 

•    Plant nutrients, e.g., nitrogen, phosphorus, potassium 

•    Dirt and brake dust.            

Washing cars in streams can impact the environment inimically. Studies around the world show 

that several particles and chemicals have been found in wash waters, but the concentration and 

severity of these in a diluted state are usually not reflected which raises the following questions; 

what is the extent to which these chemicals flow? Are there communities downstream that depends 

on these water bodies for their sustenance or their agricultural practices? Why are automobiles 

washed indiscriminately in streams? What actions have been used so far by the government to 

address these issues? These issues have undeniably received very scanty attention in Fako 

Division, of South West of Cameroon.   

1.2 Description of study area 

 

1.2.1 The Location of the Study Area     

Cameroon commonly referred to as Africa in miniature is a sub-Saharan West-central African 

nation located conspicuously at the hinge of Africa. It is joined to the west by Nigeria, to the 

Northeast, east and South-east by Chad, the Central African Republic and the Republic of Congo 

correspondingly. On its Southern borders are located Equatorial Guinea and the Republic of 

Gabon.  

The country boasts of a population of approximately21 million, annual growth rate of 2.2% 

rendering to the World Bank Environmental Department Report. Cameroon has an entire surface 

area of 475,440 square kilometers with around 6000 square kilometers occupied by water, 

providing a global ratio of 1:100 (Dieudonne, 2006). The country spectacularly has active 

volcanoes amid which is Mount Cameroon, the highest peak in Western Sub-Saharan Africa. 

Mount Cameroon (4100m) nigh the coast is the highest elevation of the country and has main 
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rivers such as River Wouri, Nyong, Ntem, and Sanaga. Cameroon lies between latitudes 1° and 

13°N, and longitudes 8° and 17°E (Angwe and Gabche, 1997). The terrain exhibits a diversity of 

coastal plains in the South-west, mountains in the West, and Plains in the North, all encircling 

plateau regions.  

The Fako Division is a second-order administrative division situated in South-West region of 

Cameroon. The estimate terrain elevation beyond sea level is 2833m; and geographically lies in 

the middle of latitude: 4°10'0.01" and longitude: 9°10'0.01".This division shelters an area of 2,093 

km² and as of 2001 had a population of 534,854 inhabitants. It is administratively divided into five 

communities; Buéa, Idenau, Limbé, Muyuka, Tiko with its capital being Buea.  

Buea Sub Division is found in Fako Division of Cameroon’s South West Region. To the north, 

Buea shares frontier with the Muyuka Sub Division, to the East by the gigantic historical Mount 

Cameroon (Departments of Cameroon, 2015). Buea covers a surface area of about 36,000 hectares 

(Courage al., 1970). It is positioned some 55Km from Douala, 20km from Limbe (Courade, 1970). 

It is situated in the transition zone between the coastal plains of the Littoral Region and the Atlantic 

Ocean. 

Limbe is a city situated on a bay in the South West Region which was commonly called Victoria 

until 1982. 
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Figure 1.1 Location of Southwest region, Fako division and its subdivision in 

Cameroon 
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Mean temperatures of the Fako division in the course of the hottest months record monthly 

temperatures of 33°c (February to March) and the coldest months recording as low as 23°c (June 

to October).Two major seasons use to exist in the area, the rainy seasons from March extending 

until October and the dry season from November to February each year. Presently climate change 

is causing variations in both the precipitations and seasons of the area. 

With the presence of many streams, carwash facilities turn to distribute themselves randomly over 

the various subdivision with the key purpose for livelihood sustenance at the expense for 

environmental or natural resource preservation. 

1.2.2 Climate and Vegetation 

The Fako division is characterized by two distinct seasons, the dry season and the rainy season. 

Rainfall ranges a minimum level of an approximately 140mm amount for December, January, and 

February and extends to a maximum of about 1700mm a year. The wet season starts in March and 

extends to mid-October. In the course of this period, there is the subsequent effect of the Monsoon 

winds. This type of climate is favourable for agricultural activities like the production of palms, 

plantains, cocoyams, groundnuts, cassava, and banana. This variation in the climatic parameter 

concerning months and the relief nature of the area explains the different types of crops cultivated 

in this area (WMS, 2015) 

Given the vegetation, the South West Region in Cameroon exhibits disparity in the distribution of 

vegetation cover. There is thick forest found around the boundaries of Buea in fringe 

neighborhoods like Muea, Bulu Blind, Bokova, Musaka. Agroforestry dominated by the 

Cameroon Development Corporation (CDC) is the most dominant vegetation found in the Tiko, 

Kumba, Buea, and Limbe. Other types of vegetation such as oil palm, maize, cocoa, coffee, and 

rubber also exist. The migration of people into this regions chief capital of Buea, and Limbe; 

especially the working age group has led to serious deforestation. The population needs houses 

(plank houses) for accommodation, and sources of income for livelihood have led to the excess 

pressure on the natural resources. The expansion of settlement has been reducing the land meant 

for the agricultural purpose. In Buea, settlements are concentrated mostly in the lowlands such of 

Muea, Bomaka, Mile 16, and Molyko where the native rainforest vegetation has been cleared 

down. 
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1.2.3: Relief and Drainage 

The relief of this region includes both highlands and lowlands. The highlands constitute the 

forested quota covering an average area of approximately 2.500m above sea level. For case in 

point, the Buea Municipality is branded by a dendritic drainage pattern. This is as a result of the 

relief orientation; springs flow down into the Atlantic Ocean in Limbe such as the River Ndongo 

in Molyko. The drainage density is capable of supporting the cultivation of food crops such as 

cassava, cocoyam, and plantains in the area. This thus eases the dwellers in different activities thus 

remaining an attractive factor for in-migration of the person from different socio-cultural 

backgrounds due to the advantage that agro-land and water have on agricultural activities. 

The soils of Buea, Limbe, Tiko subdivisions are mostly volcanic containing humus. The soils are 

black and very fertile especially for the cultivation of crops such as cocoyam, yams, and corn. 

Some of the soils are partly sandy containing humus. The soils of these areas have developed with 

fine to blocky granular structures; the soils range from very dark brown to yellowish red which 

forms the growth of food crops such as cocoyams, plantains, corn, tomatoes and cassava and cash 

crops such as tea, oil palm, and banana. The fertile soils and the climate preferred the establishment 

of large-scale plantation agriculture which acted as a population trap for migrants who needed 

plantation jobs (Dieudonne, 2009). 

Soils influence is encouraging immigration of people from neighbouring areas leading to cultural 

diversity in this region, especially the northwesterners like the Widikums, Menkas, Ngwo and the 

Bamingis whose dominant activity is agriculture. In the North West Region, the soils are less fertile 

and very difficult to till as compared to the fertile and soft nature of the volcanic soils of this 

subdivision (Dieudonne, 2009). As such, migrants who come in sometimes instead of focusing on 

what brought them rather they hold tight to agriculture as their main economic activity. 

1.3 Statement of the problem 

The challenges faced by water as a resource or its management is currently a global issue. Africa 

is the world’s second driest continent followed by Australia and the availability and access to water 

is more limited to existence than it is almost anywhere in the world. Millions of people in Africa 

suffer water shortages throughout the year, and according to WWF 2002, fourteen countries in 

Africa are already subjected to water stress; other eleven countries are expected to join them by 
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2025 at which time nearly fifty percent of Africa’s predicted population of 1.45 billion people 

would face water stress and scarcity. (WWF, 2002) 

The South West region of Cameroon has varied resources, but water remains one of the most vital 

resources appealing to local communities and the environment. The growing population of the 

South West Region associated with an increase in water demand plays a crucial role in the 

availability of water in the region. Urbanization and a higher standard of living, poor or no city 

planning, a lack of resource and competition for available fresh water between sectors such as 

industries, municipal water, agriculture, etc. aggravate the situation. These factors have made 

water resource issues to be a compound problem. In fact, these have mounted pressure on water 

resources resulting in water stress and water scarcity thus causing communities to turn towards 

different water sources such as streams and boreholes for crop irrigation, livelihood, and 

sustenance. 

In recent years, the bank of streams and rivers such as Musaka, Mile18 and Mile 15 streams in 

Fako Division of the South West Region of Cameroon have been transformed into automobiles 

wash points. Washing one car in a stream may not seem to be a problem for the operators, but 

collectively car washing activities could add up to be a big problem for the local streams because 

the wastewater contributes to water pollution. The pollution associated with washing all sizes of 

cars in streams can be chemical, physical and equally biological. The dirty water that runs off a 

car when washed often contains oil or petroleum, soap, detergent, residues from the exhaust, mud 

from tires, grease, brake dust, dirt, traffic film residues, road grin and heavy metals which are 

pollutants. The pollutants directly contaminate these streams. When they discover their way into 

the environment, they can affect biological and human processes (Samuel et al., 2015). These 

pollutants alter the natural characteristics of these water bodies such as pH, temperature, electrical 

conductivity, and turbidity thereby negatively affecting the ecosystem. Moreover, these chemicals 

may flow over miles downstream where other adjoining communities depend on this water for 

domestic and agricultural use.   

Cleaning agents used on the cars are very poisonous to these streams (Brown, 2002). They contain 

surfactants harmful to fish and amphibians. An example of a chemical found in these detergents is 

phosphate which can cause excessive algae growth which smells and looks bad thus reducing the 
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aesthetic quality of the stream. Also as algae decay, the process uses up oxygen in the water which 

the fishes and other living organisms need (eutrophication). 

According to water quality experts, besides the many impacts of motor vehicles on the 

environment, car washing has been noted as a serious contributor to water pollution. Some vehicles 

drive into the streams directly with hot engines on; this increases the temperature of the stream 

and causes evaporation. In addition to these, when these cars are washed, the stream serves as a 

dump where other solid waste materials found inside the vehicles are disposed (e.g., plastic 

containers, crops, cans). 

Regardless of the type or the source of pollutants entering the streams from car wash wastewater, 

the cumulative result of these individual actions multiplied across these water bodies and 

throughout the seasons degrades the quality of streams and hurt the environment and thus on man 

directly or indirectly, e.g., health impacts. The mere presence of these establishments in water 

resources is an alarm to the general public and inhabitants that specifically depend on this water 

resource. 

1.4 Objective of the study 

The main objective of this study is to characterize contaminants levels in some car wash 

wastewater in the Buea, Limbe and Mutengene municipalities and its effect on the streams into 

which it is discharged. 

The specific objectives will be: 

 Map out and describe activities of carwash points within the study area. 

 Determine the physiochemical parameters (pH, Conductivity, temperature, turbidity, BOD, 

COD, hardness, alkalinity and TSS,) of water. 

 Determine the concentration of pollutants such as THC, oil and grease and heavy metals in 

the water. 

1.5 Research questions 

i. How are carwash establishments geographically located within the area? 

ii. How has physico-chemical parameters of water change from their natural state? 
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iii. What concentrations pollutants such as oil and grease, heavy metals and total hydrocarbon 

are found within the selected study areas? 

1.6 Significance of the study 

Natural resources such as water, soils and vegetation are important because they contribute to 

human livelihood and sustain a wide variety of plants, wildlife and provide many outdoor 

recreation opportunities. Results or findings will provide information on pollution levels of these 

water resources. This will benefit inhabitants who depend on these resources to limit or abstain 

from the use of these water resources. The degradation of these natural resources will affect not 

only the humans and organisms that depend on them but equally the environment. Scientifically, 

this research will provide facts about water pollution from car wash facilities alongside an 

assessment of the level of contamination of water; exposing the risks associated with these greatly 

neglected activities in the South West Region of Cameroon. Appropriate recommendations and 

solutions are provided by the end of this research work thereby protecting the health, preserving 

and enhancing the quality of life of dependent communities, and increase the source of fresh water 

in Fako Division. This study will equally add insight into the already existing body for knowledge 

and foster further research by other researchers to uncover other critical aspects concerning this 

study which have received scanty attention over the past years in the Buea municipality. 

1.7 Scope of the Study 

This study was carried out specifically in Buea, Limbe and Mutengene Municipalities in the Fako 

Division of the South West Region of Cameroon. The study sought to investigate the level of pH, 

conductivity, turbidity, BOD, COD, TSS, hardness, ionic concentration as well as pollutants such 

as heavy metal concentration, total hydrocarbon, oil and grease content of streams for the five 

selected case study. This research was conducted from May 2016 to January 2017. Due to limited 

financial resources, and time frame, the research could not exceed out of the municipalities 

mentioned above. 
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CHAPTER TWO 

LITERATURE REVIEW AND THEORITICAL FRAMEWORK 

 

 

2.1 Literature Review 

It is difficult to express the centrality of water to all life on Earth without resorting to banalities. 

There it is: water is life, for people and the planet. It is essential to the wellbeing of human species 

and a basic requirement for the healthy functioning of all ecosystems. Access to clean water 

services is critical to other facets of sustainable development, in environmental protection and food 

security to increased tourism and investment, from the women empowerment and girls education 

to reductions in productivity losses due to morbidity and malnutrition; yet the water crisis that 

humankind is facing today is large of our making in ways in which individuals and societies have 

assigned value to, made decisions about, and managed the water resources obtainable by them 

(Kevin., 2010). 

The water crisis is principally a silent crisis. According to the United Nations Development 

Program, 2012, every year some 3.4 million people together with children die of water-borne 

diseases, and a high proportion of people live without access to safe drinking water. The water 

crisis has many facets, and one of the most important drivers is water pollution. According to water 

quality experts, besides the many impacts of motor vehicles on the environment, car washing has 

been noted as a grave contributor to water pollution (Mid-America Regional Council).  

Corcoran et al., 2010 defines wastewater as one or more of the following; 

•    Domestic effluents consisting of black water (excreta, urine, and fecal sludge) and grey water 

(kitchen and bathing waste). 

•    Water from commercial establishments and institutions including hospitals 

•    Industrial effluents, stormwater, and other urban run-offs; 

•    Agricultural, horticulture and aquaculture effluents, either dissolved or as suspended matter. 

In other words, wastewater is any water that has been adversely affected in water quality by 

anthropogenic influence for example car wash wastewater. There is no doubt that one of the major 

environmental issues in Cameroon is pollution and researchers have focused more on air pollution, 
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industrial pollution of water resources or water pollution by poor municipal waste disposal. 

Automobiles are rapidly increasing in Cameroon with the growth in transportation sector alongside 

other factors such as development, urbanization, and population growth. These automobile 

vehicles need to be frequently washed to remove dust and preserve the aesthetic appeal and 

increase their lifespan.  Washing cars in streams can impact the environment in ways owners can 

never imagine. Washing one car in a stream may not seem to be a problem, but collectively car-

washing activities could add up to be a big problem for the local streams and watersheds because 

the wastewater contributes to water pollution. 

Poonkothai and Parvatham (2005) studied the physicochemical and microbiological parameters of 

automobile wastewater in Namakkal, Tamil Nadu, and India and indicated that the values for these 

parameters were significantly altering compared to the tolerable limits for their region.  

Microbiological studies revealed the presence of bacteria at high concentration and these 

organisms serves as indicators for pollutants. 

Samuel and Daniel (2015) repeated, on the potential impact of carwash facilities on surface water 

bodies in Kumasi, Ghana and found out that most of these facilities located there were based on 

the proximity to the water resource, availability of client, and regardless of their awareness of the 

adverse impacts of the detergents they use, and engine oils pollution by cars, these businessmen 

make a great profit and do not need environmental permits to run. Their research indicated the 

presence of toxic levels of polychlorinated biphenyls, heavy metal content and other organic 

pollutants inimically affected physicochemical parameters like pH, temperature, turbidity and 

ionic concentrations.  

In Cameroon, washing of vehicles on the banks of streams and rivers is a common practice. 

Urbanization has provided an opportunity for individuals to sustain livelihoods through the 

washing of vehicles along riverbanks. Vehicle washing activities are suspected to contribute to 

water pollution; Oils, grease, and detergents are washed into streams which are untreated resulting 

in pollution of the water in the Fako division where there is ironically a spike in a water crisis. 

According to Sandow (2002), activities of carwash groups very close to streams pose a large health 

risk not only to the communities involved but also to those downstream. Comprehensive phosphate 

contamination in the streams in Kumasi, Ghana had been attributed to the extensive use of 
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detergents in vehicle washing activities. Vehicle washing yards equally produce large amounts of 

wastewater which may carry high levels of hung solids, elements from brake walls, rust, oil and 

grease, heavy metals, phosphorous and organic matter (US EPA, 2000). 

Wastewater from car washes contains some pollutants and contaminants, capable of inducing an 

environmental problem if not dealt with attentively. Likewise, it also uses large volumes of water, 

which is disposed of in the streams as contaminated water, thereby polluting soil and groundwater 

with toxic substances, heavy metals and superficially active substances such as detergents. A 

washing event may include, removal of course materials, debris, dust and the elimination of other 

compounds  present in different physical-chemical form that vary in size, valence electrons and 

charge, oxidation state, density, morphology and structure ( Wei & Yang, 2010; Ahmad, 2010; 

Chaudhari and Murphy, 2010).   

According to Bay et al., (2003), wastewater released from the washed cars equally contains 

hydrocarbons, engine oils, heavy metals and other surface-active substances which eventually 

become dangerous representing a treat to these water resources and soil with potentially serious 

consequences on the ecosystem. Some pollutants found in car wash wastewater and some 

consequences on the environment accordingly are:  

•    Phosphorus and nitrogen which may cause the growth of troublesome plants in watercourses 

(eutrophication). 

•    Oil and grease which include precarious substances resulting from the auto brake. 

•    Chemicals such as hydrofluoric acid products and solvent-based solvents, which are considered 

harmful to living organisms. 

•    Surface active substances enclosed in detergents which are regarded toxic substances that 

reduce water surface tension allowing washing off dirt and grease from vehicles. 

•    Dirt suspended in water. 

Mercer (2002) briefly expounds how the detergents found in carwash cleaners affect fish 

populations, principally through the power of the surfactants to dissolve the external mucus layers 

protecting fish from bacteria and parasites, not to mention the drastic damage to the gills. Most 
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fishes die when detergent concentrations are adjacent to 15 parts per million (ppm); however, 

detergent concentrations below 5 ppm will kill fish eggs. Detergents can also add to the problems 

of aquatic life by lessening the surface tension of the water. Organic chemicals, including 

pesticides and phenols, are then much more quickly engrossed by the fish. A detergent 

concentration of only 2 ppm can cause fish to absorb double the amount of chemicals they would 

normally absorb. All detergents include a surfactant so that the cleaner is cleaned off easily with 

water; some of the most popular types are synthetic phenol-based surfactants. Environment Canada 

and USEPA have identified these as being possible endocrine disrupters that trick the hormone 

system by mimicking estrogen. In wildlife, the result is that aquatic species are not able to 

reproduce, and population levels decline. 

Pisal (2009) has established that concentrations of disseminated oil and grease are an important 

parameter for water quality and safety. Oil and grease in water can cause surface films and 

shoreline deposits leading to environmental degradation and can influence human health risks 

when discharged into surface or ground waters. Additionally, it may interfere with aerobic and 

anaerobic biological processes and lead to decreased wastewater treatment efficiency. Regulatory 

bodies worldwide set limits to control the amount of oil and grease entering natural bodies of water 

or reservoirs through industrial outflows, and also to limit the amount present in drinking water 

but the aspect of engine oil and grease from automobiles is neglected. All these aspects of water 

pollution by car wash wastewater have impacts not only on the environment but equally on the 

communities depending on the quality of water of these streams. 

 2.1.1 Water Quality Indicators 

 

pH: The pH of a solution is the logarithm of the reciprocal of the hydrogen ion concentration where 

pH = log 1/H+ and H2O is ionized as a H+ cation (acid) and an OH- anion (base). In other words, 

it describes the acidity and alkalinity of water and represents the balance between the H+ and OH- 

ions in water. pH values are expressed in a scale range from 0 to 14. Solutions containing more 

H+ ion indicate they have a pH of less than 7. The low values of pH below 7 indicate acidic water 

and influence on the corrosiveness of water. Ionic concentrations, electrical conductivity all 

change or influence the change in the pH of water (Guptaa, 2009). However, water with pH of less 

than 4.8 or greater than 9.2 can be considered extremely harmful to aquatic life. Nonetheless, pH 
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standards are accepted within the range of 6.5-8.5 for the preferred functioning of aquatic 

ecosystems (WHO, 2003). 

Electrical Conductivity:  this is the ability of water to conduct electrical current, and it is an 

indication of the total amount of dissolved ions in water, usually expressed in micro Siemens per 

centimeter (µS/cm) at 25oC (Pinter, 2005). In other words, it is the concentration of dissolved ions 

in water from dissolved solids. These ions influence the ability of water to conduct electrical 

current. Conductivity is influenced by parameters such as temperature, pH, alkalinity, total 

hardness, calcium, total dissolved solids, chemical oxygen demand, and chloride and iron 

concentrations of water (Patil et al., 2012). 

Temperature: this physical parameter controls the rate of biological and chemical processes in 

water and is influenced by natural determinants such as climate and human-induced anthropogenic 

activities such as carwash inside these streams. The rate of DO is affected by the temperature of 

water. The ability of water to contain Dissolved oxygen reduces the temperature of water increases 

(Mark and Williams, 1986). 

Dissolved Oxygen: This is the amount of soluble oxygen in the water. Increasing temperatures will 

indicate a negative correlation to DO due to less percentage solubility of these gases (Premlata 

Vikal, 2009). DO influence the availability of plants nutrients and photosynthetic activities for 

aquatic plants, and also other agricultural systems that depend on these streams along carwash 

points for irrigation. DO of less than 5mg/l is unfavorable for aquatic organisms (WHO, 2003). 

Turbidity: this describes the lack of transparency or cloudiness of water due to the existence of 

suspended and colloidal materials such as clay, silt, finely separated organic and inorganic matter, 

and plankton or other microscopic organisms. By definition, turbidity is caused primarily by the 

suspension of particles smaller than 1micron in diameter in the water system. Turbidity is 

measured in Nephelometric Turbidity Units (NTU) (Chris, 2013). It should be noted that in 

streams, disturbed or eroding soils carried by storm runoff to streams are the major causes of 

elevated turbidity. This reduces the rate of photosynthesis and the feeding ability of micro or 

aquatic organisms (Mark and William, 1986) 

Biological Oxygen Demand: This is a measure of organic material contamination in water in mg/L. 

Also referred to the amount of dissolved oxygen or the amount of oxygen that bacteria can 
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consume or requires for the biochemical decomposition of organic compounds and the oxidation 

of certain organic ions like Iron and Sulphides (Patil et al., 2012) 

Chemical Oxygen Demand: this is another measure of the organic material contamination in water. 

It is the amount of dissolved oxygen required to cause the chemical oxidation of the organic 

material in water. In other words, COD is less specific since it measures everything that can be 

chemically oxidized rather than the actual levels of the biodegradable organic matter. However, 

both Chemical Oxygen Demand and Biological Oxygen Demand are important indicators of the 

environmental health of surface water supply thus need for their testing. The high content of oil 

and grease in water will lead to an increase in the chemical oxygen demand (Lan et al., 2009). 

Chemical oxygen demand represents potential consumption of oxygen in the receiving water 

(Mark and Williams, 1986). 

Alkalinity: this is the neutralizing capacity of water to acidic content. The alkalinity of water is 

derived principally from the salts of acids. Alkalinity, pH, and hardness influence the toxicity of 

many substances in the water. Ions such as carbonate and hydrocarbonate build up the alkalinity 

of water, and extremely high alkalinity is unfavorable for the microbial activities in the water. 

Because carbonate materials are abundant and act as a buffer to resist change in pH, alkalinity can 

also be viewed as a measure of waters buffering capacity. It is affected by chemical or biochemical 

processes in water (Mark and William, 1986). 

2.1.2 Water quality versus water scarcity 

Water is a universal solvent essential to human beings for various activities. The two main 

problems humans face with water are the quantity and quality of water. Water quality is a term 

that is rarely defined but is frequently used, because it has no fixed definition, obviously fairly 

well understood by users. Thus, water quality is a reflection of the source environment and 

anthropogenic activities including the use and management methods.  

In recent years, the joint impact of the increases in per capita water use that commonly accompany 

development, overall population growth increase, the concentration of the population in urban 

areas, and the effects of climate change has made water more scarce in much of the world. Water 

scarcity is a tremendous problem in many developing countries.  According to the United Nations 

Development Program (2004), only 2.5 percent of water on earth is freshwater, and about two-

thirds of that is locked up in glaciers and snow. The supplies of freshwater are then diminished 
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further by the 2 million tons of waste (human excreta, agricultural wastes like pesticides, and 

chemical and industrial wastes) dumped into lakes and rivers every day. Salinity as well as 

contamination from arsenic, fluoride, and other chemical toxins threatens drinking water supply 

in some areas. The quality and quantity of water have clear impacts on poor people’s livelihoods, 

health, and vulnerability to crises of all sorts. It also greatly affects overall environmental health, 

particularly biodiversity, the ability of ecosystems to provide environmental services, and the 

likelihood of environmental disasters. Poorer water quality means water pollution and car wash 

wastewater poured in streams and water catchments in South-west region are not negligible and 

could be a contributing reasonably in lowering the water quality of Fako where water scarcity is 

increasingly becoming a call for concern. 

 

2.1.3 Poverty and water resource degradation 

 

Africa’s water resources are held in large rivers, widespread aquifers, and lakes as well as in 

atmospheric water vapour and soil moisture. The rivers provide transportation arteries, habitat for 

fish and other freshwater organisms and water for drinking. Africa is widely acknowledged as the 

poorest and least developed continent (UNEP, 2010). There are significant linkages between 

poverty, the environment, and water resources. 

The World Bank’s 1992 World Development Report quotes deforestation, land degradation, water 

deficit and pollution, air pollution and the decline of biodiversity as some of the numerous 

environmental problems we face today in both developed and developing countries. UNDP’s 

Human Poverty Index is a compound of indicator of basic dimensions of deprivation: a short life 

(measured by the percentage of people expected to die before 40), lack of basic education 

(measured by literacy rates), and lack of access to public and private resources (measured by access 

to health services and clean water and percentage of malnourished children under five).  Of the 

world’s 5.6 billion people, about 1.4 billion live in complete poverty with an incomparably 1.1 

billion living at subsistence levels (Leonard, 1993). A further sobering statistic is the 14.6 million 

children, or one in every five, who live in absolute poverty (UNEP, 1995). In fact, comparative 

poverty has not decreased but has been slowly increasing both at a local as well as global level.  

The literature reviewed identified two major issues within the water sector which play an essential 

role in the poverty-environmental degradation nexus. 

•    Water shortage 
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•    water pollution or contamination 

At the global level, 22 countries are presently facing severe water shortages while a further 18 are 

in the danger of facing shortages if fluctuations to the present rainfall patterns occur (World Bank, 

1992). At the regional level, the water shortage issue takes on a more important dimension as the 

water shortages in regions within a country can have significant economic and social impacts 

across the country. It is estimated that approximately 2 billion people live in areas with long-lasting 

water shortages and the numbers are expected to increase, with swelling demand for water caused 

by growing populations and economic activity (UNFPA, 1991; Davidson, 1992). 

Although water shortage is a major threat, water contamination and pollution poses a more 

immediate serious problem. Access to safe drinking water is still considered a luxury for many in 

developing countries (Mink, 1993). The UNEP (1995) study estimates 1 billion people with no 

access to running water while 1.7 billion do not have access to sanitation facilities.  

For the poor, much more than for the non-poor, the fulfillment of humankind’s most basic 

aspirations, is predicated on the state of the environment, including water resources. Poverty 

affects the ability to choose jobs and livelihoods, and adequate time for education and leisure. 

When looking the relationship between people living in poverty and water, three dimensions of 

poverty stand out: health, livelihoods, and vulnerability. 

The capital of the south-west region of Cameroon has experienced rapid urbanization in recent 

years with a spike in the number of cars in quest of improvement in the quality of life and 

wellbeing. In a region dominated by high student population and low employment; the poorer 

populations tend to create jobs for their sustenance and livelihood. In the past, car wash points 

were fewer, but with increasing populations and the quantity of cars, the wash points and pollution 

rate have far exceeded the natural systems absorption and cleansing rate. Therefore, without 

modern sanitation systems to help relieve the natural systems, it is only logical for the natural 

systems, including water, to become degraded.  Pollution associated with car washing degrades 

water quality while also finding its way into sediments, impacting aquatic habitat. By protecting 

the health of our water resources, we can preserve water resources, avoid their degradation and 

improve the quality of life for communities who depend on these water resources for their 

livelihood. 

2.1.4 The sustainability of water resources and intergenerational fairness 
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The world commission on the environment and Development, known as the Brundtland 

Commission, defines sustainable development as a “process of evolution in which the use of 

resources, the direction of investments, the orientation of technological developments, and 

institutional innovation all enhance the potential to meet human needs both today and tomorrow” 

(WEED, 1987).Environmental protection according to the SDG of 2015 is vital for economic 

development, therefore, sustainable management of environmental resources especially water is 

key to contributing to the achievement of the 2015 sustainable development goals. Despite the 

public and international call for water protection and the availability of mechanisms to protect this 

essential and vital resource, carwash facilities in Cameroon tend to receive little attention.  

Water resources are critical to both economic development and the maintenance of natural 

systems. Technically, water doesn’t disappear but only changes form; nevertheless, the quality and 

quantity of water in one place can be degraded or improved by a variety of human activities. In 

June 1992, 178 countries met in Rio at the united nation conference on Environment and 

Development to finalize a global strategy for sustainable development that merges environmental 

conservation with economic development (UNCED, 1992).  In 1990 at the WSTB symposium, 

“Managing Water Resources in the West Under Conditions of Climate Uncertainty,” a theory of 

intergenerational equity and its application to water resources was presented. The theory postulates 

that there, are two essential relationships- to the natural system and other generations of human 

species. 

 The first relationship states that human beings as part of the natural system; are affected by it, 

and their actions affect it. Therefore, they have a special responsibility to care for the system. 

 The second relationship is distinctly intergenerational. As members of the human species, 

humanity holds the natural environment of the planet in common other members: past, present, 

and future generations. As members of the existing generation, we hold the earth in trust for 

the generation to come and have rights as heirs of the trust to use and profit from the 

environment. Past, present and future generations are associated with each other to care and 

make use of the planet. Furthermore, all generations have an equal normative claim about the 

natural system of which they are apart. There are no bases for favoring one generation over 

another in the care and use of the planet. (Weiss, 1989). 
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Sustainable development is essentially intergenerational because it means that we must use our 

environment in a manner that is compatible with maintaining it for future generations. Every 

generation must, accordingly, be concerned about the supply and quality of water, particularly 

fresh water and about who has access to it and at what cost. Pollution of streams and rivers by 

carwash wastewater could have impacts beyond the present; it could lead to degradation of these 

resources and jeopardize the well-being of future generations whose sustenance and livelihoods 

equally depend on. 

2.1.5 Review of the environmental effects associated with carwash facilities 

 

Given the questions surrounding the establishment of these facilities around vital resources such 

as streams and agricultural lands, Samuel and Daniel, (2015) investigated the effects of these 

carwash points around rivers that serve the purpose for domestic consumption and agricultural 

activities in Kumasi, Ghana. They used scientific methods to analyze the toxic contents released 

from these facilities into streams with keen interest of physicochemical parameters and heavy 

metals. They concluded that increasing intensity of human activities upstream would influence 

change in the chemical behavior of water downstream due to the introduction of toxic components 

into the waterway. Concentrations of heavy metals such as Iron and Lead were reported higher 

than the maximum permissible standards by the EPA and proved to have serious inimical effects 

on the agricultural activities and livelihood of downstream consumers. 

2.2 Theoretical Framework 

 

In line with the research of Daniel and Samuel, 2015, this study will adopt an improved method 

whereby both scientific methods and information gathering will be used. Scientific method use 

will bring out a relationship between the changes in physical and chemical parameters concerning 

the induction of these toxic elements or organic pollutants from carwash points. However, it will 

further identify the drivers that push for the establishment of these facilities in these water 

resources. It will equally emphasize on the extent to which environmental management is available 

to protect these resources from degradation, thus looking at the legal instruments available and as 

well the community awareness of the impact of these facilities. However, with the scientific data 

obtained, and the legal instrument available, loopholes to the current problem can be filled, and 

necessary steps to curb the current problem adopted. 
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The main drivers for the establishment of these facilities being unemployment and strive for 

alternative sources of livelihood. The availability of natural resources with limited capital for 

investment makes the profession of carwash operators an easy one to start off with. No records 

indicate on the contribution of these facilities to the GDP of the country, but results indicate it 

resolves some issues of unemployment. 

Meanwhile, the environmental contamination by these facilities is enormous with carwash 

operators being aware they contribute to the pollution problem. Determining the level of toxicants 

and change in physicochemical parameters of water is vital to document the level of pollution 

caused by these local companies on the environment. The fugitive, finite and vital nature of water 

makes it one of the most cherished resources in the world today. The protection of water and 

sustainable management is bound by environmental laws and legislation under international, 

national and local levels. Thus reviewing the existing laws and equally investigations on the 

establishment of these facilities inside the rivers will provide adequate information on whether the 

laws and policies are by the implementations we observe in these facilities. 
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Figure 2.2 Basic principles for this research 
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Figure 2.2, indicates that for every river flow or stream flow system, there exists an upstream and 

a downstream. The upstream indicating area before the carwash discharge points where the control 

samples are collected displaying presumed the normal physicochemical state of the streams. 

Unemployment, poverty and the quest for livelihood sustenance are the predominantly identified 

drivers fueling the indiscriminate creation of car wash facilities. Discharge point indicates 

wastewater effluents from the carwash where both inorganic and organic pollutants such as THC, 

Carwash wastewater (located 
inside streams) discharge 

point 

Environment- soil, 
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deposition of oil films  

Effects on Aquatic 
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Figure 2.3 Relationship for water pollution by carwash facilities (by Researcher, 2016) 
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Oil & grease are released into the water system.  These waste effluents adversely affect the aquatic 

biodiversity of the streams and surrounding vegetation. Subsequently, downstream there is an 

increased human health risk on the dependent communities who rely on this water resource for 

domestic and agricultural use. This study, therefore, seeks to investigate the level of contamination 

by characterizing the wastewater and the difference in these parameters of interest between the 

three key points discussed earlier. If laws of the state are implemented, then suffice to say that 

these carwash facilities should not even exist within the study areas in which they are in, thus a 

curious need to probe the case studies. 

2.3 Legislation and Institutional Framework for management of water in Cameroon 

 

According to global water partnership Cameroon report (2010), there exist an array of incoherent 

documents and statements in speeches that include elements of the water sector policy, Cameroon 

requires a formal national water policy document. Furthermore, no mention is made of water sector 

management. The shortcomings of the legislative and regulatory framework are made visible in 

the lack of a good amount of regulatory texts for the water law, the lack of a legal status of the 

river basin and water point, and the inadequacy of laws in some sub-sectors. All of these are a 

hindrance to water sector development. Notwithstanding, there are some sector documents such as 

the Water Supply and Sanitation Policy in Rural Areas and the Water Sector Policy Letter in 

Metropolitan Areas. 

The Cameroonian government put in place a legal and regulatory framework addressing 

environmental management and sustainable development in 1996. Following the Framework Law 

on Environmental Management (No. 96/12) of 5 August 1996, Cameroon adopted Law No. 98/005 

of 14 April 1998 on the Water Sector, in which water is seen as a national good that the State 

protects and manages while facilitating access to all.  

The framework law describes that “everybody has a right to a healthy environment and also, 

everyone has the right to be told about the harmful impact of environmentally dangerous activities 

on human health and to be told on how to prevent or compensate such impacts. The law outlines 

the conditions for exercising these rights. Unavailability of right structures for limiting discharge 

into water bodies as well as detergents, engine exposures and spills (e.g., oil, coolant, brake fluid) 

invading water bodies untreated are the major issues raising attention concerning pollution from 

vehicle washing in the South-West region of Cameroon. 
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Decree No. 2001/161/PM of 8 May 2001 to lay down the roles, organization, and functioning of 

the National Water Committee (CNE). In its article 2, this decree specifies that the committee is 

responsible for: 

 Studying and proposing, to the government, all measures or actions likely to ensure the 

protection and sustainable use of water; 

 Expressing its opinion on water issues and difficulties raised by the government. 

Decree No. 2001/162/PM of 8 May 2001 to lay down conditions for appointing officials to monitor 

and control water quality. By its article 1(3), the persons concerned are in charge of controlling 

water quality, research, signaling and prosecuting offenses as stated in the provisions of the law 

supervising water activities and its implementation instruments. 

Decree No. 2001/165/PM of 8 May 2001; specifies the conditions for guarding surface and 

underground water against pollution. In its article 15, this decree specifies that “individual or 

corporate bodies owning installations hooked up to public or private sewerage systems, artificial 

drainage channels or wastewater treatment plants, shall be subject to the payment of a sanitation 

tax by the modalities laid down in the finance bill.” 

From field surveys and investigations, no available data describes the characteristics of wastewater 

generated from carwashes in the south-west. Investigations have not been conducted to assess 

requirements put in place for pollution prevention at washing bays upon which measures may be 

established to prevent urban watershed pollution. Little or no information exists to substantiate 

claims of the significance of pollution in the waters into which they release. The industry seems to 

be unregulated, and personnel and the car wash business seem not to understand the meaning of 

their practices on local water quality degradation. 

Decree No. 2001/216 of 2 August 2001 to set up a trust fund for financing development projects 

in water and sanitation. This is to guarantee the sustainability of investments in the sector. 

Implementation of these laws will prevent pollution of natural resources and protect freshwater 

resources from degradation by toxic organic pollutants release by carwash facilities. 

 

2.4 Common pollutants released by carwash facilities 

2.4.1 Heavy Metals: 
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Heavy metals are inorganic naturally occurring elements that have a high atomic weight and a 

density greater than other common metals but occur at very low concentrations in the natural 

environment. Lead, Cadmium, Mercury, Arsenic, selenium, and chromium are very toxic 

examples of heavy metals. Heavy metals could equally be released from petroleum products 

including solvents, insulators of cars, lubricants, herbicides, and pesticides used by farmers. 

Accumulation of heavy metals in water can cause toxic effects on aquatic species and increase the 

health risks of direct or indirect consumption of these water sources. Their presence in the 

environment is a threat to the human health as they contain a certain level of carcinogenic 

properties. 

2.4.2 Oil and Grease: 

 

Oil and grease can be defined as a group of related organic materials rather than a specific chemical 

compound that are non-polar and as a result are hydrophobic in nature and insoluble in water 

(Abasset al., 2011). Oil and grease equally measure the variety of substances including fuels, motor 

oil, lubricants and hydraulic oil in a particular system especially their concentration in a body of 

water. The main source of oil and grease is from anthropogenic activities like establishment of 

carwashes in rivers or streams (Michael et al., 1982). The toxic nature of these resource makes it 

potent thus need to be contained from environmental contamination. Avoiding mismanagement of 

used or waste oil through ensuring proper disposal and treatment is one way to solve this problem. 

Oil and grease are typical in car engines which are washed in these carwash points thus an 

unfavorable impact on environmental and human health. The WHO recommended the limit of oil 

and grease is 2.5mg/l of water. 

2.5 Gaps Identified in Literature 

 

This research is a pioneer within the selected region indicating that valuable insight will be 

provided as to the extent of the problem. Research has rarely been done within this framework and 

where done, researchers identified the problem, but the incorporation of the available laws and 

community impact is not available especially for the selected study area. Other researchers have 

done similar studies with carwashes located near agricultural lands, and streams but the key focus 

here is on carwash facilities located inside the streams. 
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CHAPTER THREE 

METHODOLOGY OF THE STUDY 

 

3.1 The Study Design 

 

The study design used was both qualitative and quantitative design to gather data or collect 

information. Pre-field surveys were conducted, observations made. Sample sites were then 

selected purposely based on the intensity of car washing activities, settlements and farming land 
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observed in the surrounding. Water samples were collected and analyzed during August to 

December 2016. Water samples were collected from Bota-Limbe, Ombe, Mile 15 Buea, Muea-

Mile 18 and Musaka with the use of sterile 1000ml beakers and taken for analysis by WHO 

standard methods for water quality sampling and analysis at the University of Buea, Cameroon. 

Samples were analyzed for dissolved oxygen, biological oxygen demand, chemical oxygen 

demand, suspended particles or total suspended solids, turbidity, potential hydrogen, oil and 

grease, heavy metal (Pb, Zn, Cu, and Cd) and ionic concentrations and Microsoft Excel and SPSS 

was used for statistical analysis and presentation of results. 

3.2. The Selection of Sampling sites and Sampling  

3.2.1 Site Selection 

 

The case studies were taken based on their location in streams and the intensity of the activities 

they carry out. This was created using the purposive sampling technique. Carwash facilities were 

selected at sites Musaka- Buea, Muea- Buea, Bota - Limbe, Mile 15- Buea and Ombe – Mutengene 

all in Fako Division of the South West region of Cameroon. The GPS was used to register the 

coordinates, and this assisted in the production of the map showing the sampling locations. 

3.2.2 PHASE I: FIELD WORK 

Data Collection  

1) Primary Data 

 Surveys were conducted within the area of study 

 Observations in order to identify the areas of interest, and evaluate the extent of the problem 

pose by carwash establishments to streams in the Fako Division of Cameroon. 

 Interviews were conducted with some key stakeholders (facility operator, and Municipal 

authorities, inhabitants) to obtain information on the management, and establishment of these 

carwashes in streams. 

 Sample collection 

 Twenty surface water samples were collected from twenty sample points. Four samples were 

collected per study area (five). Samples were collected upstream before carwash facility to 

serve as control (Point A), 20m away, samples were collected at a discharge point (carwash 

base – Discharge point B), and the third sample collected 5m from the initial discharge point 
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(Discharge point C) and downstream 20m away from the discharge points (Point D), at a 

simultaneous collection time period. Consequently, two samples were collected per discharge 

points (labelled B and C). 

 Water samples were collected in prewashed polyethylene containers (250ml) and some 

physicochemical parameters were field tested using equipment presented in table 3.1. Samples 

were labelled and taken to the laboratory of the Department of Chemistry, University of Buea 

for further analysis. 

 GIS and remotely sensed data were used to register the coordinates using a GPS for the 

production of the map of the sample locations. 

2. Secondary Data 

Secondary data made use of related literature from peers. 

3.2.3 PHASE II: LABORATORY WORK 

Analyses of Selected Water Properties  

 Physical Properties 

Water electrical conductivity, temperature, and turbidity were determined instantly on the field 

using standard field equipment provided by the Department of Chemistry, University of Buea 

(Table 3.1). The turbidity of water was measured using a TB 200turbidimeter. Meanwhile, 

conductivity was measured using a WTF LF 91 meter wherein a 100ml of surface water sample 

was placed in a beaker, and an electrode was immersed into the sample, and the value in µS/cm 

was read on the conductivity meter fixed at 25°C. Water temperatures were equally measured 

using the same WTF LF 91 meter following standard field procedures. 

 Chemical Properties 

A chemical parameter such as pH of the water was measured using a pH meter. A 100 ml water 

sample in a beaker was used. In it was inserted the glass electrode of the pH meter and the results 

were recorded after 10 seconds. TSS was measured using gravimetric analysis of water samples. 

In the laboratory of the Department of Chemistry, the University of Buea, the water samples were 

analysed using the equipment presented in table 3.2.  The hardness of water was measured using 

EDTA (ethylenediamine tetraacetic acid) as titrant with ammonium chloride and ammonium 
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hydroxide buffer solution (PH-10) and trichrome black T as an indicator. Using a pipette, a 50ml 

water sample was measured into an Erlenmeyer flask, and 5ml of an NH3 buffer solution (pH 10) 

was added with three drops of the EBT indicator and swirled. The solution was set in a warm water 

bath. Titration was done with the 0.01MEDTA solution until the red colour changed to blue. The 

volume of EDTA used is equivalent to the total hardness. 

Alkalinity was determined by a titrimetric method using a standard solution of 0.01M HCl and 

methyl orange as an indicator in the laboratory. Meanwhile, other parameters such as TSS, BOD, 

and COD were tested using standard methods presented in Table 3.2; DO was measured on site 

using a WTW Oximeter presented in Table 3.1. After which the same water samples were collected 

in BOD bottles, sealed and incubated in the laboratory for a five day period at 20℃ to determine 

the BOD of samples. The samples are removed and tested again for DO, and the difference between 

initial DO and finally DO after five day period gives the BOD which represents the amount of 

oxygen used by microorganisms to break down the organic matter present during the incubation 

period. The test procedure was by IS: 3025 (Part 58), 2006. 

Meanwhile, the COD was measured using a COD digester. 2.5ml of water sample was filled in a 

test vial alongside 2.5ml of distilled water. 1.5ml of Potassium dichromate was added as digestion 

solution to the mixture and unto it was carefully added 3.0ml of Sulphuric acid reagent as catalyst 

solution to the COD vials. The tubes were capped tightly and kept in the COD digester at a 

temperature of 150 degrees for 120minutes. After cooling to room temperature, both samples were 

mixed in a conical flask and titrated against a burette of Ferrous ammonium sulfate. Two drops of 

ferroin indicator were used and continuous titration to indicate the color change. The COD 

concentration was then calculated. 

Ionic concentrations were determined using titration methods, and flame tests concerning standard 

experimental procedures. 

 Organic pollutants 

For organic pollutants to be tested, unto the water samples were added three drops of concentrated 

nitric acid (Conc. HNO3) to reduce the pH < 2. This will minimize metal cation precipitation and 

adsorption to container walls and reduce microbial degradation. Also, samples are required in this 

process to digest before AAS to destroy any matrix interfering during the atomization process. 
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Samples are stored in the laboratory before analysis at the Bayreuth University for heavy metals, 

oil and grease and THC content. 

3.2.4 PHASE III: DATA ANALYSIS 

1. Statistical Analyses: 

 Qualitative analysis made use of means or averages, standard deviations, minimum and 

maximum statistical variables to describe the results obtained using Microsoft excel and 

SPSS software 

 Correlation analysis (parametric technique) to examine the relationship that exists between 

the organic pollutants and the physicochemical properties of water. 

 ANOVA was used to test for mean differences 

 

Table 3.1 Field features and Equipment 

Parameters Method/equipment Location 

Temperature WTW LF 91 meter Field  

Electrical Conductivity WTW LF 91 meter Field 

pH 

Turbidity 

Dissolved Oxygen 

Bluelab pH meter 

TB200 turbidimeter 

WTW Oximeter Oxi 97 

Field  

Field 

Field 

Source: Author (field studies), 2016 

 

Table 3.2 Laboratory features and Equipment 

Parameters Method/equipment Facilities 

TSS Gravimetric analysis Bayreuth University, Germany 

Specific Ionic content Qualitative analysis/ Mohr Titration University of Buea, Cameroon 

Hardness Back Titration method University of Buea, Cameroon 

Alkalinity Titration method University of Buea, Cameroon 
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COD and BOD Incubation(5day BOD), COD 

digester, (USEPA, 410.1) 

University of Buea, Cameroon 

THC GC MS EPA method 1664A Bayreuth University, Germany 

Specific Heavy metals AAS spectrophotometry  Bayreuth University, Germany 

Oil and Grease USEPA Method 1664A Bayreuth University, Germany 

By researcher, 2016 

3.3 Validity of results 

Results were compared concerning standards regulated by the WHO and US EPA and in a 

variation of the upstream, discharge point and downstream. Upstream results served as control. 

Comparative analysis was equally done with that of peers who have researched in a similar field. 

With these available standards, the results will be crosschecked by chemist and laboratory staff 

from the department of chemistry and some other students. However, the generality of the results 

of every case study will prove to be significant for the specific study area but cannot be in general 

conclusion with the entire country, but may serve as guidelines for the management of these 

resources concerning the location of such facilities. Methods used were by international standards. 

 

 

 

 

 

Table 3.3 Standards for physicochemical parameters and ionic concentrations 

Parameter Units Concentration (WHO, 2003; WHO, 2008) 
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4.1 Presentation of Results. 

4.1.1 Mapping of Case Studies and Description of Activities 

 

With the application of GIS and remote sensing, the various carwash facilities were identified and 

the specific sample areas located as shown in Figure 4.0. Field surveys revealed all sorts of vehicles 

are washed and the use of various detergents. 

 

Figure 4.4 Map showing sampled carwash facilities in Fako Division, SW Region of 

Cameroon. 

 

 

 

The five selected case studies as presented in the map are Bota, Ombe, Mile 15, Muea and Musaka 

carwash facilities all located inside streams as seem in Figure 4.0 

a. Bota Carwash 
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This carwash is located in the Limbe municipality and has geographical coordinates of 

9.2029401oN and 4.0220019oE of the equator. The Bota carwash has the reputation of the biggest 

establishment in the domain; characterized by slow flowing stream with human settlements across 

and a minimum of 30 cars washed per day, ranging from small to big cars such as trucks, buses, 

and mini cars. Carwash has a fixed amount of 30,000CFA which it pays to the Limbe Municipal 

council monthly for their establishment in this area. 

 

 

Plate 4.1:  Bota Carwash showing active washing of different vehicles  

 

b. Mile 15 Carwash 

Located along the Mutengene-Buea road and has geographical coordinates of 9.311800oN and 

4.1357219oE on the equator, this carwash is one of the busiest carwash facility located inside a 

stream in the South West region recording a large number of vehicles washed a day. Reports 

indicate they wash a minimum of three “70 seaters” buses a day and over 40 small vehicles daily. 

Operators claim the use of chlorine as a disinfectant to treat water due to their awareness of the 

pollution problem they cause downstream. Operators use stones to reduce the rate of rapid flow of 
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the stream; to conserve water to facilitate their washing activities. This car wash is surrounded by 

agricultural land where the vegetable is cultivated and a garage station about 20 meters ahead. 

 

Plate 4.2: Carwash at Mile 15 showing operator’s method to conserve water for use 

 

Plate 4.3: Carwash showing the use of detergents to wash vehicle inside the stream 
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Operators equally use detergents both local and imported such as Omo Blue, madar, Pax, SABA, 

ariel, Savon, etc to wash vehicles inside the stream as indicated in Plate 4.3 above.  

 

Plate 4.4: Arrival of a bus for cleaning at Mile 15 carwash 

Operators spray kerosene, diesel on engines to dissolve the oil and grease before the use of 

detergents to clean the engines easily. This introduces more toxic organic pollutants found in oil 

products into the water system. Oil films are formed on the surface of water due to the denser 

nature of oily products compared to water. These oil either dissolute, evaporates or is emulsified, 

but migrates within the water cycle and contamination of water is highly probable. 

c. Muea carwash:  

Located in Buea subdivision at Mile 18-Muea along the Buea – Muyuka highway with geographic 

coordinates of 9.313585oN and 4.177659oE of the equator, this carwash has a variety of vehicles 

that are being washed daily such as heavy trucks, cargo vehicles, small vehicles.  Sundays are 

designated especially for the washing of heavy trucks. A minimum of 25 trucks are washed on 

Sundays, and an average of 30 cars are washed per day on weekdays. Operators equally pay a fine 

of 30,000CFA monthly to the Buea Municipal council for their establishment along this stream. It 

has a particularity of always being extremely muddy, and the surrounding settlers use this water 

for farmland irrigation. 
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Plate 4.5: Muea carwash  

 

 

Plate 4.6: Muea Carwash showing washing of trucks 
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Plate 4.7: Muea carwash 

d. Musaka carwash: 

Located along the Muea – Muyuka highway with geographic coordinates of 9.336637oN and 

4.204130oE of the equator, this carwash is located in a fast flowing stream and has fewer activities 

on some days but wash at least 20 cars a day. The carwash operators equally report the disposal of 

waste by indigenes inside the stream both upstream and downstream, but believe their activities 

have less impact on the environment. The settlers in this area carry water from the stream for 

domestic use.  
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Plate 4.8: Musaka carwash 

e. Ombe Carwash: Located along Mutengene – Limbe highway with geographic coordinates of 

9.202940oN and 4.075342oE of the equator, this carwash observes a limited amount of cars 

washed daily compared to the other carwashes 

 

 

Plate 4.9: Ombe Carwash 
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In general, field surveys revealed a variety of vehicles such as buses, trucks, motorcycles; cars 

etc.(as indicated in the plates) are washed in these facilities, with the use of detergents such as 

madar, omo, Ariel, saba, etc. with basic working tools like brushes, foams, sponges, towels, motor 

pumps. Operators in these facilities distort the regular flow of the river by blocking with stones to 

ease collection and remodel their car wash activities.  

The huge available space in Musaka, Bota and Mile 15 carwashes makes it easier for the presence 

of customers of all vehicle types. Some vehicles washed per day are 20 minimum on weekdays for 

all facilities. Operators are aware of the contamination of the water bodies by their activities but 

say it’s their only source of livelihood, and they all place blame on the government for their career 

choice. Operators spray kerosene, diesel on engines to dissolve the oil and grease before the use 

detergents to easily clean the engines.  

Equally, field surveys indicated agricultural intensification along these streams with 9 out of the 

ten randomly interviewed downstream consumers saying they depend on this water for domestic 

purpose and their agricultural production. Inhabitants, however, complain of low productivity and 

multiple health-related illnesses after consumption directly or indirectly of this natural resource. 

Regardless of these complains, they cannot conclude the health-related issues came from the 

consumption of the water. 

4.1.2 Physico-chemical Parameters 

 

Results for physico-chemical field parameters are presented in Table 4.1 with detail results in 

appendix 1. Descriptive statistics for the physicochemical parameters are presented in Table 4.2. 

Table 4.4 Results for Physicochemical Parameters for water samples 

Location Sample   pH Temperature DO Conductivity Turbidity 

  CW1A  7.10 27.9 6.2 114.8 7.19 

Bota  CW1B  7.91 28.6 5.7 287.2 61.10 

  CW1C  7.97 28.2 5.4 241.8 63.80 

  CW1D  7.63 28.0 5.9 160.1 21.31 

  CW2A  7.20 28.3 7.8 197.1 19.11 

Mile 15  CW2B  6.46 29.2 5.9 300.3 314.60 

  CW2C  6.43 29.3 4.8 290.2 309.27 
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  CW2D  6.39 29.2 7.4 140.9 27.08 

  CW3A  7.14 28.1 6.8 134.2 15.91 

Muea  CW3B  6.59 29.0 3.9 241.4 283.10 

  CW3C  6.55 28.8 4.3 243.8 292.23 

  CW3D  6.90 28.6 6.0 168.3 27.07 

  CW4A  7.20 27.6 5.7 193.1 3.31 

Musaka  CW4B  7.80 28.0 3.3 214.3 41.60 

  CW4C  8.01 28.2 3.8 223.8 39.08 

  CW4D  7.91 27.9 4.9 200.4 5.12 

  CW5A  7.30 27.3 6.3 140.1 4.29 

Ombe  CW5B  7.83 27.9 4.7 219.9 65.03 

  CW5C  7.80 27.8 5.2 238.0 69.90 

  CW5D  7.69 27.4 5.8 173.5 9.21 

MAV   6.5-8.5 27.4-30 5.0 1400 5 

MAV (Maximum Allowable Values WHO, 2003; 2007); Temperature (0C); Dissolved Oxygen 

(mg/L); Turbidity (NTU), Conductivity (µS/cm) 

For each study area, four water samples were collected, at various distances; “A” represents 

samples collected upstream 20m before discharge point; “B” representing discharge point 

wastewater for the carwash; “C” representing the second discharge point 5m away from initial 

discharge point B; “D” represents downstream 20m from discharge point. pH dropped from 7.20 

upstream to 6.46 at discharge point A and subsequently to 6.39 downstream at the Mile 15 carwash 

stream. Considerably, the pH was below neutral point for discharge points and downstream points 

for the Mile 15 and Muea carwash facilities as seen in Table 4.1. All other sample locations 

recorded above neutral point alkalinity values with highest pH recorded upstream at 8.01 for 

Musaka discharge point B.  The mean pH value stood at 7.65 ±0.20 for Bota carwash, 6.62± 0.19 

at Mile 15 carwash, 6.80 ± 0.14 at Muea carwash, 7.73± 0.18 at Musaka carwash, 7.66±0.12 at 

Ombe carwash. Highest values of pH for Bota were recorded at the two discharge points and a 

minimum value upstream. However, the mean pH value was lowest at Mile 15. pH values ranged 

from 6.62 ± 0.19 to 7.73 ± 0.18.For all sample locations, the temperature ranged from 27.60C ± 

13 to 29.000C ± 23 at Ombe and Mile 15 respectively. Temperatures were higher at discharge 

points compared to upstream points as shown in table 4.1. Temperatures were pretty high for 
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discharge points A and B at Mile 15 carwash maybe as a result of an increase in anthropogenic 

activity. 

The mean values of DO recorded ranged from 4.43mg/l ± 0.52 to 6.23mg/l ± 0.65 for Musaka and 

Mile 15 respectively. However, results show lower values of DO for at upstream locations 

compared to downstream and discharge points as shown in Table 4.1. DO was highest at 7.8mg/l 

for upstream point A which served as a control sample. DO dropped considerably from 5.7mg/l 

upstream to 3.3mg/l downstream point A for Musaka carwash, and from 6.8ng/l to 3.9mg/L and 

6.0mg/L from upstream, discharge points A and downstream respectively. Values of DO did not 

deviate as much for Bota and Ombe carwash facilities. Electrical conductivity recorded high values 

at discharge points relative to upstream and downstream, indicating the presence of organic solids 

thus increase concentrations of different ions from different possible sources. The highest value of 

EC was recorded at 300uS/cm for discharge point A at mile 15 carwash. Mean electrical 

conductivity values recorded was 200.98µS/cm± 38.94 for Bota carwash, 232.13µS/cm ± 38.26 

for Mile 15 carwash, 196.93µS/cm± 27.28 for Muea carwash, 207.90µS/cm± 6.89 for Musaka, 

and 192.88µS/cm± 22.22 for Ombe carwash. Values for conductivity varied greatly from upstream 

through discharge point and downstream. The mean turbidity values recorded for the various 

carwash locations ranged from 22.28NTU ± 10.45 lowest to 167.52NTU ± 83.40 highest at 

Musaka and Mile 15 respectively 
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Table 4.5 Descriptive Statistics for physicochemical indicators of water samples 

Location Stat. pH Temp DO Cond. Turbidity 

 Mean 7.65 28.2 5.80 200.98 38.35 

 SE 0.20 0.15 0.88 38.94 14.22 

Bota SD 0.40 0.31 1.76 77.89 28.44 

 Min 7.1 27.9 5.7 114.8 7.19 

 Max 7.97 28.6 6.2 287.2 63.8 

 Mean 6.62 29.00 6.23 232.13 167.52 

 SE 0.19 0.23 0.65 38.26 83.40 

Mile 15 SD 0.39 0.47 1.31 76.53 166.81 

 Min 6.39 28.3 4.8 140.9 19.11 

 Max 7.20 29.3 7.8 300.3 314.6 

 Mean 6.80 28.63 5.25 196.93 154.58 

 SE 0.14 0.19 0.79 27.28 76.89 

Muea SD 0.28 0.39 1.58 54.56 153.79 

 Min 6.55 28.1 3.9 134.2 15.91 

 Max 7.14 29.0 6.8 243.8 292.23 

 Mean 7.73 27.93 4.43 207.90 22.28 

 SE 0.18 0.13 0.52 6.89 10.45 

Musaka SD 0.36 0.25 1.03 13.77 20.90 

 Min 7.2 27.6 3.2 193.1 3.31 

 Max 8.01 28.2 5.7 223.8 41.6 

 Mean 7.66 27.60 5.50 192.88 37.11 

 SE 0.12 0.15 0.52 22.22 17.58 

Ombe SD 0.24 0.29 1.03 44.45 35.17 

 Min 7.30 27.30 4,7 140.10 4.29 

 Max 7.83 27.90 6.3 238.00 69.90 

Source: by Researcher, 2016 
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Figure 4.5 Mean results for Physico-chemical parameters tested in the field 

Source: By Researcher, 2016 

Figure 4.1 shows results for physicochemical parameters that were tested in the field. Significant 

variations could be noticed in the turbidity for the various sample locations with the mile 15 

carwash recording the highest value of turbidity, followed by Muea carwash. Turbidity values 

were recorded least at the Musaka carwash with low values equally recorded at Ombe and Bota 

carwash facility. Meanwhile, the mean temperatures and pH had no significant variation between 

case studies; it was not equally the case for electrical conductivity; which recorded highest values 

at the mile 15 carwash and lowest at the Ombe carwash. 

Table 4.3 presents results of other physicochemical parameters that were tested in the laboratory. 

Results are for water hardness, alkalinity, biological oxygen demand, chemical oxygen demand, 

and total suspended solids. Meanwhile, detail results are presented in appendix 3 and appendix 5; 

Table 4.4 presents descriptive statistics for these physicochemical parameters.  

Water hardness was 35.13mg/l at Bota upstream, and 38.11mg/l and 38.92mg/l at discharge points 

B and C, and 36.01mg/l at Bota downstream. Seemingly, the hardness of water was lowest for 

upstream samples, highest for discharge points and higher for downstream points. TSS recorded 

19.20mg/l for upstream, 167.1mg/l and 169.9mg/l for discharge points B and C, and 78.2mg/l for 

downstream. 
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Table 4.6 Results for laboratory analysis of Physico-chemical parameters 

Location Samples  Hardness Alkalinity BOD COD TSS 

  CW1A  35.13 110.2 11.0 67.0 19.20 

Bota  CW1B  38.11 181.8 26.8 98.4 167.1 

  CW1C  38.92 149.2 25.3 92.3 169.9 

  CW1D  36.01 139.0 20.9 77.0 78.2 

  CW2A  20.08 130.0 20.8 78.0 14.7 

Mile 15  CW2B  27.19 161.9 39.3 110.2 189.4 

  CW2C  29.41 168.3 41.7 113.0 188.6 

  CW2D  26.98 145.2 26.9 97.9 37.2 

  CW3A  18.01 97.8 10.3 48.0 10.3 

Muea  CW3B  22.67 134.1 28.0 97.0 75.9 

  CW3C  23.56 130.8 31.9 100.3 79.1 

  CW3D  21.13 105.5 31.2 66.7 19.12 

  CW4A  17.49 68.6 20.3 45.9 2.6 

Musaka  CW4B  26.56 73.3 32.1 87.8 63.3 

  CW4C  27.18 72.7 33.4 89.3 65.4 

  CW4D  22.14 69.8 22.6 69.0 9.4 

  CW5A  8.80 60.3 10.6 36.8 2.9 

Ombe  CW5B  23.46 108.0 23.0 98.4 34.2 

  CW5C  29.09 111.7 23.8 96.3 36.2 

  CW5D  18.90 98.0 12.9 48.9 5.6 

MAV      --  ≤75 200.0 10 60 25 

Source: by Researcher, 2016 

BOD recorded highest values at discharge points indicating a low amount of available soluble 

oxygen for aquatic species. Concentrations of BOD were seemingly high at the downstream 

sample points compared to the upstream sample points.  Nonetheless, mean results for other 

physicochemical parameters showed that hardness ranged from 20.06mg/l ± 4.29 at Ombe 

carwash, to 37.04 mg/l ± 0.88. Alkalinity values ranged from 71.10 mg/l ± 1.13 to 151.35 mg/l 

±8.62 at Musaka and Bota carwash respectively. BOD recorded mean values between 17.58mg/l 

± 10.15 to 32.18mg/l ± 4.99 for Ombe and Mile 15 respectively. 
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Table 4.7 Descriptive statistics for other Physico-chemical parameters 

Location Stat. Hardness Alkalinity BOD COD TSS 

  Mean 37.04 145.05 21.00 83.68 108.60 

  SE 0.88 14.77 3.56 7.15 36.62 

Bota SD 1.77 29.55 7.12 14.30 73.25 

  Min 35.13 110.20 11.00 67.00 19.20 

  Max 38.92 181.80 26.80 98.40 169.90 

  Mean 25.92 151.35 32.18 99.78 107.48 

  SE 2.02 8.62 4.99 7.96 47.29 

Mile 15 SD 4.04 17.25 9.98 15.93 94.58 

  Min 20.08 130.00 20.80 78.00 14.70 

  Max 29.41 168.30 41.70 113.00 189.40 

  

  

Mean 21.34 117.05 25.35 78.00 46.11 

SE 1.22 9.05 5.09 12.54 18.23 

Muea SD 2.44 18.11 10.18 25.07 36.45 

  Min 18.01 97.80 10.30 48.00 10.30 

  Max 23.56 134.10 31.90 100.30 79.10 

  Mean 23.34 71.10 27.10 73.00 35.18 

  SE 2.25 1.13 3.31 10.15 16.91 

Musaka SD 4.50 2.26 6.61 20.29 33.81 

  Min 17.49 68.6 20.30 45.90 2.6 

  Max 27.18 73.3 33.40 89.30 65.4 

  Mean 20.06 94.50 17.58 70.10 19.73 

  SE 4.29 11.76 3.40 15.93 8.96 

Ombe SD 8.59 23.52 6.80 31.86 17.92 

  Min 8.8 60.3 10.60 36.80 2.9 

  Max 29.09 111.7 23.80 98.40 36.2 

Source: By Researcher, 2016 
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Figure 4.6 Mean concentration of other physicochemical parameters 

Figure 4.2 above shows significant variation of parameters between locations. Highest value of 

hardness was recorded at the Bota carwash; alkalinity was recorded highest at mile 15; BOD mean 

value was recorded highest at Mile 15 carwash; COD recorded highest mean value at Mile 15; and 

TSS recorded highest mean values at Bota carwash. Ombe however recorded the least mean values 

for all sample locations. 

4.1.3 Ionic Concentration  

Detail results for ionic concentration are presented in appendix 3. Descriptive statistics are 

presented in table 4.6. Specific results for each sample point presented in Table 4.5. Ionic 

concentrations vary greatly for some specific case studies. Concentrations of calcium were higher 

compared to all other cations present. Meanwhile chlorine ions showed significant results 

compared to all other ions tested. Phosphate ions showed significant changes from upstream 

through discharge point and subsequently downstream. Concentration of sulphate showed second 

highest for anions. Concentration of Ca was 16.3mg/l upstream. 15.0mg/l and 18.8mg/l at 
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discharge point B and C, and 15.8mg/l at downstream point all for the BOTA carwash as shown 

in table 4.5. 

Table 4.8 Ionic concentration in mg/l for specific sample locations 

Location Sample [Ca2+] [Mg2+] [Fe] [Cl-] [PO4
3-] [SO4

2]- 

Bota 

 

 CW1A 16.30 3.50 1.01 23.61 0.12 2.01 

 CW1B 15.00 3.00 3.60 44.81 0.79 3.99 

 CW1C 18.80 3.20 3.10 42.55 0.78 4.01 

 CW1D 15.80 4.10 2.92 52.12 0.52 3.96 

 

Mile 15 

 

 CW2A 7.00 1.40 1.23 63.10 0.19 1.21 

 CW2B 6.70 1.50 9.14 54.19 0.64 3.00 

 CW2C 7.80 1.80 8.37 56.75 0.64 3.29 

 CW2D 8.10 1.70 4.88 57.01 0.50 3.32 

 

Muea 

 

 CW3A 5.00 0.90 0.97 33.08 0.13 1.11 

 CW3B 6.40 2.10 4.88 29.19 0.41 2.26 

 CW3C 6.20 1.70 4.00 25.34 0.52 2.52 

 CW3D 5.60 1.50 1.94 23.77 0.36 1.99 

 

Musaka 

 

 CW4A 17.90 1.70 0.09 18.12 0.20 0.98 

 CW4B 11.00 1.00 3.10 21.22 0.48 1.25 

 CW4C 13.20 1.80 3.09 19.98 0.39 1.40 

 CW4D 15.10 1.10 1.47 20.32 0.23 1.23 

 

Ombe 

 CW5A 13.90 0.80 0.09 18.91 0.14 0.79 

 CW5B 9.40 1.90 3.14 32.33 0.41 1.11 

 CW5C 10.90 2.00 3.20 26.78 0.43 1.24 

 CW5D 14.10 1.50 2.01 28.00 0.26 1.07 

MAV  100-150 50 0.1 250 0.5 10 

Source: by Researcher, 2016 

Concentration values of Fe were lowest for upstream points with values of 1.01mg/l, 1.23mg/l, 

0.97mg/l, 0.09mg/l, 0.09mg/l for Bota, Mile 15, Muea, Musaka and Ombe carwash facilities 
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respectively. Values increased at discharge points and dropped slightly for samples collected at 

downstream. 

Meanwhile, the descriptive statistics for both anions and cations tested are presented in Table 4.6. 

The results show variation between sample locations for the tested calcium, magnesium, iron, 

chlorine, phosphate and sulphate ions. 
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Table 4.9 Descriptive Statistics for Ionic concentration of water samples 

Location Stat. [Ca2+] [Mg2+] [Fe] [Cl-] [PO4
3-] [SO42]- 

  Mean 16.48 3.45 2.66 40.77 0.55 3.49 

  SE 0.82 0.24 0.57 6.07 0.16 0.49 

Bota SD 1.64 0.48 1.14 12.15 0.31 0.99 

  Min 15.00 3.00 1.01 23.61 0.12 2.01 

  Max 18.80 4.10 3.60 52.12 0.79 4.01 

  Mean 7.40 1.60 5.91 57.76 0.49 2.71 

  SE 0.33 0.09 1.81 1.89 0.11 0.50 

Mile 15 SD 0.66 0.18 3.63 3.78 0.21 1.01 

  Min 6.70 1.40 1.23 54.19 0.19 1.21 

  Max 8.10 1.80 9.14 63.10 0.64 3.32 

  

  

Mean 5.80 1.55 2.95 27.85 0.36 1.97 

SE 0.32 0.25 0.90 2.08 0.08 0.31 

Muea SD 0.63 0.50 1.80 4.17 0.16 0.61 

  Min 5.00 0.90 0.97 23.77 0.13 1.11 

  Max 6.40 2.10 4.88 33.08 0.52 2.52 

  Mean 14.30 1.40 1.94 19.91 0.33 1.22 

  SE 1.46 0.20 0.73 0.65 0.07 0.09 

Musaka SD 2.93 0.41 1.45 1.30 0.13 0.17 

  Min 11.00 1.00 0.09 18.12 0.20 0.98 

  Max 17.90 1.80 3.10 21.22 0.48 1.40 

  Mean 12.08 1.55 2.11 26.51 0.31 1.05 

  SE 1.15 0.27 0.73 2.80 0.07 0.09 

Ombe SD 2.31 0.54 1.45 5.60 0.14 0.19 

  Min 9.40 0.80 0.09 18.91 0.14 0.79 

  Max 14.10 2.00 3.20 32.33 0.43 1.24 

Source: Researcher, 2016 
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Mean concentration of Calcium ranged from 5.80mg/l ± 0.32 to 16.48mg/l ± 0.82 for Muea and 

Bota carwash respectively. Magnesium ionic concentration had mean values from 1.40mg/l ± 0.2 

to 3.35mg/l ± 0.24 for Musaka carwash and Bota respectively. Iron concentration ranged from 

1.94mg/l ± 0.73 at Musaka carwash, to 5.91mg/l ± 1.81 at Mile 15 carwash. Results, however, 

showed significant variations between downstream and upstream compared to the discharge points 

which indicate the actual location of these facilities.  

For anionic concentrations, Phosphates recorded the least values compared to the three tested ions. 

Mean concentration of Phosphate ranged from 0.31 mg/l ± 0.07 to 0.55 mg/l ± 0.16 at Lyongo and 

Bota carwashes respectively. Meanwhile, sulphate values ranged from 1.05 mg/l ± 0.09 to 3.49 

mg/l ± 0.49 at Ombe and Bota carwashes respectively. 

 

 

Figure 4.7 Results for Ionic concentrations for sample locations 

Figure 4.3 shows results of the various concentrations of ions present in water with the least 

concentrations recorded for phosphates, and highest concentrations for chlorine. Meanwhile the 

concentration of calcium ion was highest at Bota carwash and lowest in Muea carwash. This was 

similar to the concentration of magnesium which was highest for the Bota carwash.  
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4.1.4 Heavy Metal Concentration 

Table 4.7 shows results for descriptive statistics for the heavy metal concentration in water 

samples. The mean concentrations were for specific heavy metals (lead, zinc, cadmium, and 

copper). Mean values of lead ranged from 0.026mg/L ± 0.014 for Bota, to 0.079mg/L ± 0.025 for 

Mile 15. Changes are however noticed for the upstream, downstream and discharge points of the 

various carwashes. Results for the concentration of cadmium ranged from 0.001mg/L to 

0.005mg/L ± 0.001. Cadmium was not detected in most samples as indicated in the detail result of 

appendix 4. Other heavy metals such as copper recorded mean concentrations ranging from 

0.180mg/L ± 0.057 for Mile 15, to 0.013mg/L ± 0.005 for Ombe carwash. The concentration of 

zinc recorded highest values ranging from 1.936mg/L ± 0.725 to 5.904mg/L ± 1.812 for Musaka 

and Mile 15 respectively. 

Concentration of lead recorded 0.001mg/l for upstream; 0.34mg/l and 0.61mg/l for both discharge 

points and 0.009mg/l at downstream for Bota carwash. Cadmium values were undetected both 

upstream and downstream for the Bota carwash.  Copper values were equally undetected upstream, 

with a maximum concentration value recorded at discharge point CW1C of 0.019mg/l. In Bota car 

wash, cadmium values were undetected upstream but showed significant change at the two 

discharge points recording 0.007mg/leach, and 0.004mg/l downstream. At Muea carwash, 

cadmium was undetected upstream and at the discharge points but recorded a value of 0.002mg/l 

downstream. 

For the Musaka carwash, lead recorded a maximum value of 0.011mg/l at discharge point CW4C. 

Cadmium was undetectable at all sampling points for Musaka but not the case for Zn that recorded 

a value of 0.006mg/l maximum at the discharge point CW4B. 
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Table 4.10 Descriptive Statistics for Heavy metal concentration 

Source: Researcher, 2016 

 

 

Location Stat. [Pb] [Cd] [Zn] [Cu] 

 Mean 0.026 0.002 0.167 0.011 

 SE 0.014 0.001 0.066 0.004 

Bota SD 0.027 0.001 0.132 0.008 

 Min 0.001 0.001 0.020 0.001 

 Max 0.061 0.004 0.290 0.019 

 Mean 0.079 0.005 1.636 0.180 

 SE 0.025 0.001 0.555 0.057 

Mile 15 SD 0.050 0.003 1.109 0.114 

 Min 0.003 0.001 0.001 0.011 

 Max 0.107 0.007 2.461 0.261 

 Mean 0.039 0.001 0.656 0.125 

 SE 0.018 0.000 0.227 0.047 

Muea SD 0.036 0.001 0.453 0.094 

 Min 0.010 0.001 0.009 0.004 

 Max 0.091 0.002 1.010 0.201 

 Mean 0.006 0.001 0.009 0.028 

 SE 0.002 0.000 0.005 0.025 

Musaka SD 0.005 0.000 0.009 0.049 

 Min 0.001 0.001 0.001 0.001 

 Max 0.011 0.001 0.021 0.006 

 Mean 0.060 0.001 0.003 0.016 

 SE 0.024 0.000 0.001 0.005 

Ombe SD 0.048 0.001 0.003 0.009 

 Min 0.001 0.001 0.001 0.011 

 Max 0.101 0.002 0.007 0.023 
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4.1.5 THC and Oil & Grease 

Detail results are presented in appendix 6. However, mean results from data analysis revealed that 

high concentrations were recorded for all discharge points compared to the upstream and the 

downstream points as shown in Figure 4.5 and Table 4.8. The highest concentration of Total 

Hydrocarbon content was recorded at sample discharge point CW2B and CW2C. The least 

concentration value of THC was recorded upstream at sample point CW3A; Muea Carwash. 
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Table 4.11 Descriptive statistics for THC and oil & grease in water 

Location Stat. THC Oil and Grease 

  Mean 0.42 9.50 

  SE 0.09 3.66 

Bota SD 0.18 7.32 

  Min 0.24 1.00 

  Max 0.60 15.90 

  Mean 0.49 8.43 

  SE 0.16 2.69 

Mile 15 SD 0.32 5.38 

  Min 0.12 2.80 

  Max 0.78 13.70 

  

  

Mean 0.19 7.15 

SE 0.05 2.42 

Muea SD 0.09 4.84 

  Min 0.09 0.3 

  Max 0.28 10.9 

  Mean 0.23 7.35 

  SE 0.04 3.20 

Musaka SD 0.09 6.40 

  Min 0.12 0.30 

  Max 0.31 13.40 

  Mean 0.35 7.08 

  SE 0.06 3.16 

Ombe SD 0.11 6.32 

  Min 0.20 0.60 

  Max 0.45 13.80 

Source: Researcher, 2016 
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Mean concentration values for oil and grease was 9.50mg/l ±3.66, 8.43mg/l ±2.69, 7.15mg/l ±2.42, 

7.35mg/l ± 3.20, and 7.08mg/l ± 3.16for Bota, Mile 15, Muea, Musaka and Lyongo carwash 

respectively. Meanwhile concentrations of THC was recorded 0.42mg/l ± 0.09, 0.49mg/l ± 0.16, 

0.19mg/l ±0.05, 0.23mg/l ±0.04, 0.35mg/l ± 0.06, for Bota, Mile 15, Muea, Musaka and Ombe 

carwashes respectively. 

 

 Upstream  Discharge Points         Downstream  

Variations for THC in water showed higher concentrations at discharge points CW2B and CW2C, 

followed by CW1C and CW2B as shown in Figure 4.4. Also, concentration of oil and grease in 

water samples are elaborated in Figure 4.5. Higher values were recorded still for discharge points 

2C and 2B respectively. 
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Figure 4.8 Graph showing variation of THC for various sample locations 
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Figure 4.9 Graph showing results of Oil and Grease in water for sample locations 

 Upstream  Discharge points  Downstream 

The values of oil and grease are almost negligible for upstream water samples as shown in Figure 

4.5. Highest values were recorded at discharge points and were slightly lower at downstream 

points.  

4.2 Correlation Matrix for parameters 

A correlation matrix was carried out for discharge points B, discharge points C and downstream, 

the upstream points serving as a control parameter. Table 4.9 shows results of the correlation 

matrix. Correlation of organic pollutants against the physical parameters of water showed 

significant results for some parameters and a positive correlation between most parameters. 

THC versus oil and grease showed a strong positive correlation of 0.851 at discharge point B, and 

equally a strong positive correlation at discharge point C. However, a slight positive correlation is 

observed downstream of 0.274. 

THC versus Hardness of water showed a strong positive correlation of 0.807 at discharge point B, 

and 0.632 at discharge point C, and a slight positive correlation of 0.384. 
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Table 4.12 Correlation Matrix of organic pollutants and physicochemical parameters 

Parameters Discharge Point (B) Discharge point (C) Downstream 

THC versus Oil and Grease 0.851 0.645 0.274 

THC versus Hardness 0.807 0.632 0.384 

THC versus Alkalinity 0.657 0.788 0.719 

COD versus BOD 0.457 0.703 0.575 

COD versus TSS 0.681 0.515 0.527 

Oil and Grease versus TSS 0.647 0.433 0.462 

Oil & Grease versus Hardness 0.994 0.900 0.362 

Bold indicates significant at p < 0.05 

Source: By Researcher, 2016. 

COD versus BOD show a weak positive correlation of 0.457 for discharge point B, strong positive 

correlation of 0.703 for discharge point C, and a positive correlation of 0.575 for downstream. 

Results for COD vs. BOD are statistically significant at p<0.05 for discharge points C and 

downstream. COD vs. TSS show a strong positive correlation of 0.681 at discharge point B; a 

strong positive correlation of 0.515 at discharge points C; and a strong positive correlation of 0.527 

downstream. 

Oil and grease versus TSS had a strong positive correlation of 0.647 at discharge points B, a weak 

positive correlation of 0.433 at discharge point C, and a weak positive correlation at downstream. 

BOD versus cationic concentrations shows a negative correlation for discharge points B and C as 

indicated in appendix 6. Anion concentrations versus cation concentrations showed a negative 

correlation between discharge points. Water hardness vs. calcium ion showed a significant 

correlation of 0.837, and 0.633 versus Magnesium ion for discharge points B and C, and 

downstream. 
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4.3 ANOVA 

 

Table 4.13 Results of Analysis of Variance between case studies 

 Sum of 

Squares 

df Mean Square F Sig. 

pH 

Between 

Groups 
4.609 4 1.152 9.981 .000 

Within Groups 1.731 15 .115   

Total 6.340 19    

Temperature 

Between 

Groups 
4.943 4 1.236 10.060 .000 

Within Groups 1.842 15 .123   

Total 6.785 19    

DO 

Between 

Groups 
9.033 4 2.258 2.023 .143 

Within Groups 16.745 15 1.116   

Total 25.778 19    

Conductivit

y 

Between 

Groups 
3863.478 4 965.869 .283 .884 

Within Groups 51192.990 15 3412.866   

Total 55056.468 19    

Turbidity 

Between 

Groups 
80193.715 4 20048.429 1.858 .170 

Within Groups 161874.266 15 10791.618   

Total 242067.982 19    

Hardness 

Between 

Groups 
739.597 4 184.899 7.742 .001 

Within Groups 358.251 15 23.883   

Total 1097.848 19    
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Alkalinity 

Between 

Groups 
18290.828 4 4572.707 11.116 .000 

Within Groups 6170.210 15 411.347   

Total 24461.038 19    

BOD 

Between 

Groups 
505.983 4 126.496 1.840 .174 

Within Groups 1031.365 15 68.758   

Total 1537.348 19    

COD 

Between 

Groups 
2205.703 4 551.426 1.097 .394 

Within Groups 7541.855 15 502.790   

Total 9747.558 19    

TSS 

Between 

Groups 
27955.670 4 6988.918 2.043 .140 

Within Groups 51315.403 15 3421.027   

Total 79271.073 19    

OG 

Between 

Groups 
17.525 4 4.381 .117 .974 

Within Groups 560.655 15 37.377   

 Total 578.180 19    

Source: Researcher, 2017 

Table 4.10 presents results for analysis of variance for the various selected case studies; Bota, Mile 

15, Muea, Musaka and Ombe carwash facilities. The results were analyzed to show if there is a 

significant change of the various parameters concerning their locations. 

The result of analysis revealed that there is significant variation in the pH values from one carwash 

facility to another (F= 9.981; p= 0.000). The temperature from carwash to another equally showed 

significant variations with F value of 10.060 and a p-value of 0.00. The hardness of water equally 

showed significant variation with F value of 7.742 and a p-value of 0.001. Similarly, the alkalinity 

of water for the various carwash showed significant variation with F value of 11.116 and a p-value 

of 0.000.   
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However, the results show that there is no significant variation in the Dissolved Oxygen which 

recorded F and P values of 2.023 and 0.143 respectively.  The Electrical conductivity of water 

showed no significant variation in F and P values of 0.283 and 0.0.884 respectively. 

Turbidity showed no significant variation from one carwash facility to another (F=1.858; 

p=0.170). Biological Oxygen Demand (F=1.840; p=0.174), COD (F=1.0.97; p=0.394), TSS 

(F=2.043; p=0.140), and oil and Grease (F=1.117; p=0.974) equally showed no significant 

variation from one carwash facility to another. 

Table 4.11 analyzed results to compare if there is a significant change between the upstream, 

discharge point 1, discharge point 2 and the downstream wherein water samples were collected. 

 

Table 4.14 Results for Analysis of Variance comparing sample points 

 Sum of 

Squares 

df Mean Square F Sig. 

pH 

Between 

Groups 
.076 3 .025 .065 .978 

Within Groups 6.264 16 .391   

Total 6.340 19    

Temperature 

Between 

Groups 
1.481 3 .494 1.490 .255 

Within Groups 5.304 16 .332   

Total 6.785 19    

DO 

Between 

Groups 
13.266 3 4.422 5.655 .008 

Within Groups 12.512 16 .782   

Total 25.778 19    

Conductivit

y 

Between 

Groups 
39035.108 3 13011.703 12.994 .000 

Within Groups 16021.360 16 1001.335   

Total 55056.468 19    
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Turbidity 

Between 

Groups 
98183.073 3 32727.691 3.639 .036 

Within Groups 143884.909 16 8992.807   

Total 242067.982 19    

Hardness 

Between 

Groups 
265.125 3 88.375 1.698 .208 

Within Groups 832.723 16 52.045   

Total 1097.848 19    

Alkalinity 

Between 

Groups 
4465.670 3 1488.557 1.191 .345 

Within Groups 19995.368 16 1249.711   

Total 24461.038 19    

BOD 

Between 

Groups 
870.828 3 290.276 6.968 .003 

Within Groups 666.520 16 41.658   

Total 1537.348 19    

COD 

Between 

Groups 
6750.522 3 2250.174 12.013 .000 

Within Groups 2997.036 16 187.315   

Total 9747.558 19    

THC 

Between 

Groups 
.360 3 .120 4.977 .013 

Within Groups .386 16 .024   

Total .746 19    

OG 

Between 

Groups 
532.804 3 177.601 62.624 .000 

Within Groups 45.376 16 2.836   

OG Total 578.180 19    
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The result in Table 4.11 revealed that there is significant variation in the Dissolved Oxygen from 

one carwash facility to another (F= 5.655; p= 0.008). The conductivity from carwash to another 

equally showed significant variations with F value of 12.994 and a p value of 0.00. The turbidity 

equally showed significant variation with F value of 3.639 and a p value of 0.036 as well as  the 

Biological Oxygen Demand (F=6.968; p=0.003), COD (F=12.013; p=0.000). Total Hydrocarbon 

Content (F=4.977; p=0.013), oil and Grease (F=62.624; p=0.000) equally showed significant 

variation from one sample point to another. 

However, the results show that there is no significant variation in the pH which recorded F and P 

values of 0.065 and 0.978 respectively.  The temperature of water showed no significant variation 

with F and P values of 1.490 and 0.255 respectively. Hardness showed no significant variation 

from one carwash facility to another (F=1.698; p=0.208). Alkalinity equally showed no significant 

variation from one carwash facility to another with F and P value of 1.191 and 0,345 respectively. 

 

4.4 Discussion of Results 

  

Field results obtained and instrumental analysis of parameters obtained are discussed in line with 

the objectives of the study as well as the environmental laws protecting water resources. 

4.3.1 Physicochemical Parameters  

 

The mean pH for each location was within the WHO recommended a maximum permissible limit 

of 6.5-8.5 (WHO, 2008). These were however not the case for some locations like Discharge points 

B, and C, and downstream point D, for Mile 15 carwash sampling points. The extremely low pH 

values recorded for these case studies could be attributed to the disposal or washing of mechanic 

wastes such as engine oils, car batteries which contain acidic components. However, the basic 

nature of the water samples in other sample points could be attributed to the heavy use of detergents 

in the discharge points. The alkali nature of water shows high values at discharge point compared 

to upstream but influences the high results of the downstream points. 

The temperatures ranged within the international recommended limits by the WHO of 27.50C to 

300C. This temperature values may be attributed to the climate nature or natural factors but may 

also be an influence of the heat produced by these vehicle engines in the stream. It should be noted 

that the physical, chemical and biological properties of water are inter-related wherein higher 
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temperatures reduces the solubility of dissolved oxygen thus rendering sensitive species at risk due 

to a shortage in DO as seen in the results obtained. Thus increasing temperatures reduce the amount 

of dissolved oxygen. But note should be taken that the temperature of water depends on both 

natural and human factors that could be an influence of the temperature rates indicated in the 

results. The temperature of water varies with season, elevation, geographic location, and climatic 

conditions. The temperature of the water increases when streamside vegetation is removed. Also, 

when there is discharge or washing of hot engines of cars inside the river thus warm water is 

discharged into the streams. 

The DO exceeded the maximum allowable limit of 5.0mg/l and the upstream control indices for 

sample locations. The high values upstream may be an indicator of the microbial activity in water. 

The low levels of dissolved oxygen at discharge points and downstream maybe as a result of the 

moderately bacteriologically active medium which was later contaminated by organic wastes from 

either natural sources or by organic pollutants in water. In other words, the higher than standard 

values upstream may signify low organic matter content, but the change downstream may be due 

to the concentration of organic pollutants in water. The increase in microbial activity in the water 

is due to the increasing concentration of organic wastes which might have contaminated the area 

thus leading to change in DO. Dissolved Oxygen may have increased due to the increase in 

temperature.  Similar to the study of Kataria (1996), the increase in the level of sunlight or human 

activities influences the percentage of the amount of soluble gases (oxygen and carbon dioxide) in 

water, that is, suspended particles induced by rainwater runoffs, mud content, or petroleum spillage 

will hinder the direct penetration of sunlight and equally reduces the availability of dissolved 

oxygen in water. Thus the changing DO between upstream and downstream may have been an 

effect of wastes dumped before the discharge points and will lead to an increase in the biological 

oxygen demand. Dissolve oxygen decreases with increasing BOD. 

Conductivity values recorded high values but below the WHO recommended a limit of 

1400µS/cm. However, these high values of conductivity were an indication of free ions or radicals 

present in water, but higher during contamination of water b detergent sources. 

 The values of turbidity of water were higher than the upstream control values and the WHO 

recommended limit values of 5NTU which may be an influence of the presence of detergent 

solutions used, and the oil and grease in wastewater generated from the discharge point. Turbidity, 



 

64 

 

however, recorded higher values at all downstream locations compared to the upstream locations. 

The turbidity of less than 10NTU indicates a very clear water; 50NTU indicates the water is 

cloudy, and 100-500 or greater indicates the water is very cloudy or muddy making aquatic species 

stressed and uncomfortable under prolonged exposure (Barnes, 1998) 

For other physical parameters, the hardness of water showed a significant difference between 

upstream, discharge points and downstream. The hardness of water was dependent on factors such 

as calcium and magnesium ions in water, and other ions such as carbonate ions. There exist a 

strong positive correlation as indicated in appendix 7 between the anions and the hardness of water. 

The hardness of water was below the WHO recommended a limit of 75mg/l indicating the water 

was not permanently hard. This may also be attributed to the use of detergents in water. 

The suspended particles or TSS values were found to be higher at the discharge points and 

downstream compared to the upstream point. The WHO recommended a limit of 25mg/l and EPA 

limit of 50mg/l was exceeded for all discharge points and downstream. These concentrations in 

water of TSS may be a contribution from the mud, debris, particulate matter, or dirt washed off 

from the car or around the surrounding. Highest mean values of TSS was recorded at Bota and 

Mile 15 carwashes maybe due to the intensity of the activities, or number or type of cars washed 

ranging from buses, trucks and small vehicles. Also, it is important to note that TSS equally varies 

dependent on rainfall, whereby rainwater runoffs carry soil or plants residue and deposit them in 

the stream. This was not the case here as the mud was being washed off from the vehicles. 

The alkalinity of water serves as a medium to counteract the pH of water due to the presence of 

carbonate ions in water. The too high alkalinity in water at the discharge points and downstream 

is due to the presence of high levels of carbonate and hydrocarbonate ions in water. Alkalinity 

values are however higher at the mile 15 carwash with lowest values recorded at the Musaka 

carwash. Alkalinity is directly proportional to the phosphate levels in water thus an indication of 

the strong positive correlations of 0.756, 0.821, and 0.960 for discharge points B, C and 

downstream respectively. Alkalinity values are however high and show a positive correlation with 

the pH of the water indicating a basic medium. They, however, do not exceed the WHO (WHO, 

2003) limit of 200mg/l. 
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Biological oxygen demand and Chemical oxygen demand showed significant variations with COD 

recording extremely high concentration values compared to BOD. A high concentration of BOD 

decreases the level of Dissolved Oxygen as shown in tables 4.1 and 4.2. The high values recorded 

for BOD may be due to the presence of high concentrations of contaminants in water thus leading 

to a low amount of soluble or DO thus increasing the amount of Biological oxygen demand in 

water. Meanwhile, the chemical oxygen demand in water is relatively higher compared to the 

biological oxygen in water thus an indication of the presence of toxic levels of various pollutants 

such as oil and grease and Total Hydrocarbon Content in water. However, the ratio of BOD to 

COD and BOD to TOC is useful to assess the amenability of water for biological treatment. These 

values are used to determine the level of pollution of water and how amenable the water resources 

are to biological treatment. It is reported that if a ratio is greater than or equal to 0.5, then the 

wastewater is considered to be easily treatable but if the ration is below about 0.3, it indicates the 

presence of toxicants and acclimated microorganisms will be required in the stabilization of the 

water. However, TOC was not measured, so statistical analysis revealed that the ratio of 

BOD/COD is as shown in Table 4.10. 

Table 4.15 Ratio of BOD/COD for water samples 

Location Sample Ratio BOD/COD 

Bota 

 

 CW1A 0.164 

  CW1B 0.272 

  CW1C 0.274 

  CW1D 0.271 

 

Mile 15 

 

 CW2A 0.267 

  CW2B 0.357 

  CW2C 0.369 
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  CW2D 0.274 

 

Muea 

 

 CW3A 0.215 

  CW3B 0.289 

  CW3C 0.318 

  CW3D 0.468 

 

Musaka 

 

 CW4A 0.442 

  CW4B 0.365 

  CW4C 0.374 

  CW4D 0.327 

 

Ombe 

 CW5A 0.288 

  CW5B 0.234 

  CW5C 0.247 

  CW5D 0.268 

Table 4.10 indicates that the water samples contain toxic components with values about 0.3 and 

below. However, the possibility of acclimated microorganisms may be required for stabilization 

of the water samples. Results from above table indicate that water is not highly polluted but 

caneasily be treated. 

4.3.2 Ionic Concentration of Water 

The extremely high values of calcium and magnesium at the two Discharge points and downstream 

is an indication of the use of soaps or detergents, and surfactants thus increasing the concentration 

of these cations in water at these locations. These values, however, do not exceed the maximum 

allowable limits as presented in Table 3.3 but contribute significantly to the hardness of water and 
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is unfavorable for downstream consumers. The concentration of phosphate recorded for discharge 

points was extremely higher compared to upstream and just a little higher compared to the 

downstream. This could be interpreted as the fact that different detergents were used at these 

facilities which contain phosphate. These results show a significant difference at mile 15, and this 

could be due to the intensity of activities, and the number of vehicles washed a day. The high 

values of phosphate could stimulate microbial growth or mold growth in humans (Patil et al., 

2012). 

The concentration of Iron was relatively higher at the discharge points and downstream, and 

highest at the mile 15 discharge points. These values were higher than the acceptable limit of 

2.0mg/l (WHO, 2003; USEPA, 2003).  The iron in water may have come from the rusted parts of 

the vehicles. The extremely high values of iron make the water unfavorable for irrigation according 

to Pescod (1992); with a maximum permissible concentration for crop irrigation of 5.0mg/l for 

iron.  

High concentration values of chloride may render water unsuitable for consumption and will affect 

the aesthetic properties of water. It may equally cause body irritation in humans, stomach 

discomfort and increase the corrosiveness of water (Adefemi and Awokunmi, 2010). However, the 

chloride values recorded did not exceed the maximum allowable concentration of 200mg/l but 

recorded concerned values at the discharge points.  

The presence of high concentrations of Sulphate in water may be due to dissolved Calcium, 

magnesium or iron in water which may be effluents from detergents. Alarming concentration 

affects the gastrointestinal system and equally causes an increase in the scaling potential of calcium 

sulfate in water thus corrosiveness of the water is probably downstream (Patil et al., 2012). 

Sulphate values, however, did not exceed the maximum allowable concentration value of 10mg/l 

as indicated in Table 3.3. 

4.3.3 Heavy Metals concentration 

The concentration of lead was below the maximum EPA allowable limit of 0.1mg/l for most 

sample points except for discharge points 2C, 2B, 3B, 5B and 5C; and downstream point 2D. There 

is a significant variation of concentration of Pb between upstream and downstream. The high value 

for the lead at the downstream point 2D may be due to the disposal of mechanic wastes like 

batteries of cars nigh this point by the mechanic workshop. High concentrations of lead may 
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influence a reaction with the high concentration of calcium ion thus causing possible poor 

metabolic functioning if consumed (Samuel and Daniel, 2015). High concentration of lead in these 

areas can also affect the intellectual performance of children, increase blood pressure, or cause 

impairment in the cognitive development in adults ( Momodu and Anyakora, 2010).  

Concentrations of cadmium were undetected at most sampling points. The values recorded were, 

however, lower than the maximum allowable concentration value of 0.01mg/l (WHO, 2008).  

Zinc recorded concerned values at the mile 15 carwash discharge points. Concentrations of zinc 

were, however, higher for all discharge points and downstream points compared to the upstream 

points. The values, however, exceeded the maximum allowable value of 2.0mg/l. These high 

values may have come from the brake pads of the vehicles or could equally have been transported 

by rainwater or the tires of these vehicles on the road.  

High concentrations of lead and zinc, as well as other heavy metals,  may be due to the spillage of 

petroleum in this water or oil and grease content, which constitute heavy metals too. High 

concentration of copper was recorded for mile 15 carwash compared to other locations. The copper 

may have come from vehicle parts which have rusted. 

It should be noted that these heavy metal concentrations showed alarming values in some locations 

making the water unfavorable for irrigation a recommended by Pescod (1992) in a review of 

wastewater treatment and use in agriculture provided guidelines for irrigation; in which he 

recommended maximum heavy metal concentration for crop irrigation of 0.2mg/l for Cu, 2.0mg/l 

for Zn, and 5.0m/l for Pb. 

4.3.4 THC and Oil & grease 

The level of concentration of THC in water exceeded the maximum allowable value of 0.1mg/l 

with alarming values for discharge points compared to downstream, and downstream compared to 

upstream. The concentration of THC shows significant correlation with oil and grease thus an 

indication that oil and grease increase with an increase in the THC of water and vice versa. 

According to correlation analysis, physicochemical parameters influence the THC in water 

positively. The THC in water was ranked as follows for discharge points 2B > 2C > 1C > 1B > 5B 

> 5C > 4C > 4B > 3C > 3D. The high concentration indicates oil sources of pollution in water 



 

69 

 

which may have come from the vehicle engines or tanks or picked up during mobility by the tires 

of the vehicle. These levels are toxic to human health and aquatic organisms. 

Concentrations of oil and grease in water equally show alarming values for discharge points with 

highest values recorded at discharge points 1B and 1C. Values however recorded extremely lower 

than the standard for all upstream points but not the case for downstream points which may be due 

to migration from the discharge point. These values at discharge points and downstream points are 

higher than the standard for the maximum allowable concentration of 2.5mg/l for oil and grease in 

water thus an indication of contamination of surface water by petroleum products. The exceeded 

levels of the oil and grease make the water toxic for human consumption, irrigation and equally 

for aquatic organisms. Oil and grease showed a strong positive correlation with many 

physicochemical parameters thus indicating its effect on these parameters. 

4.4 Implication of Results 

Results have revealed that there is a great difference between the parameter levels upstream, at the 

discharge points, and downstream. The water resources of the various selected sample case studies 

showed high levels of pollution for oil and grease, THC, and some heavy metal contents. These 

results are alarming specifically for the Mile 15 carwash which recorded highest values of these 

organic pollutants in water. The Bota carwash equally recorded significant values compared to the 

other carwashes. The change in chemical, physical and organic parameters downstream is due to 

possible pollution of water at the discharge point thus subsequent migration.  

The results from reviews and interviews equally conducted showed there exist international laws 

and national laws that govern the protection of water. However, implementation of these laws is a 

problem to thus establishment of such facilities has received little attention from the management 

bodies. Equally health complaints were registered by some consumers, but the research didn’t go 

further to investigate the link between these issues raised with the actual cause of the problems. 

Downstream consumers equally complained of poor crop growth and suggested it was due to the 

establishment of these facilities and the pollution of water by the HYSACAM waste management 

facility as in the case of Musaka. They complained wastes are disposed along the streams, and 

equally there is the establishment of an abattoir along this stream which they depend on for their 

domestic activities and farming.  
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4.4.1 Environmental Impact of organic pollutants in water 

According to Kulkarni (1997), high levels of pollutants largely organic matter in river water causes 

a rise in biological oxygen demand, chemical oxygen demand, total dissolved solids, total 

suspended solids and fecal coliform. They make the water unfit for drinking, irrigation or any other 

use. 

The effects of the contamination of streams by oil and grease, THC and heavy metals can be 

irreversible for aquatic living organisms, and the consequences transferred either directly or 

indirectly to humans who also are very active in the food chain of the ecosystem. When water is 

polluted at the discharge points by oil and grease, oil layers are formed on the surface of the water 

body that causes significant pollution problems such as the reduction in the penetration of sunlight 

required by aquatic plants for photosynthesis. Oil and grease in water also hinder the penetration 

or transfer of oxygen from the atmosphere into the water medium and thus an indication of the low 

levels of dissolved oxygen as indicated in the results for the discharge points. 

Oil and grease, hydrocarbon contents also cause an objectionable taste and odor in water, 

influences the turbidity of water, and makes filtration and treatment of water difficult. Due to this 

pollution of water, downstream farmers have difficulties in increasing agricultural yields and the 

possible effect on the human health. 

DO of water is among the most important water quality features necessary for protecting aquatic 

species. Thus the low levels of DO as indicated by the results will reduce the reproduction of rates 

in aquatic biota. The high content of TSS may also implicate the depletion of DO as well as other 

inimical aquatic impacts. TSS can settle in the stream bed and damage invertebrate populations, 

remove DO from overlying water column; and suspended matter that doesn’t settle may obstruct 

the transmission of sunlight into the water column and reduces photosynthetic activities and the 

abundance of food available for aquatic organisms. 

The pH of water equally affects the solubility of nutritive chemicals and equally toxic pollutants, 

thus a change in the availability of the nutrients for aquatic organisms and humans if the pH of the 

water is unfavorable as indicated in the results. Acidic pH is counteracted by the alkalinity of the 

water, but alkaline water has a high pH as indicated by the results thus making water unpalatable 

and can cause gastrointestinal discomfort if consumed by humans. 
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Concerning health issues to humans, heavy metals cause a variety of problems if present in high 

concentrations such as interference with the uptake of vitamins, disruption of proper renal 

functioning, and neurological disorders. These human problems can result due to high exposure or 

cumulative exposure to these heavy metals thus a serious concern to operators at these facilities, 

and downstream consumers.If the water quality in these case studies degrades, then the more 

sensitive species in this ecosystem will be lost and thus a decline in the diversity of the area.  

4.6 Limitation of the Study 

This study was specifically conducted in the Fako Division of the south-west region of Cameroon 

identifying only five selected studies. Other carwash facilities could not be experimented due to 

the limited availability of funds to do an extensive study of the extent of the problem. The cost of 

experimental or instrumental analysis was too high and served as a challenge but was overcome 

with the help of the supervisor and the laboratory technicians.  

Operators in these facilities made the data collection stage a nightmare due to their fright for 

government suspension of their activities if results turn out to be unsatisfactory. However, the 

requested for motivation or support to provide for their basic needs to collaborate with the research 

team during the field surveys and interviews. 

 

 

 

 

 

 

CHAPTER FIVE 

SUMMARY OF FINDINGS, CONCLUSIONS AND RECOMMENDATIONS 

 

5.1 Summary of Findings 
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Results obtained in the field show that physical parameters such as pH and temperature were within 

the WHO recommended the limit of 6.5-8.5, and 27.5-30oC respectively. However, the pH of the 

water indicated alkali nature. This was not the case for the Mile 15 carwash where pH of the water 

was almost indicating an unfavorable acid value may be due to the active washing of motor spare 

parts inside the river by an adjacent mechanic workshop. The results downstream showed 

significant difference with the upstream results, and alarming values recorded for the discharge 

points. Conductivity values recorded fewer values compared to the WHO and EPA recommended 

values.  

The hardness of water showed a significant difference between upstream and downstream due to 

possible contamination at the discharge points. This hardness is about the high levels of Calcium 

and magnesium in the water samples as indicated in the appendices. The BOD was extremely high 

but relatively low compared to the COD thus leading to a decrease in the dissolved oxygen of 

water. This is an influence of the toxic levels of organic pollutants in water. 

Ionic concentration of water was high especially for calcium and chlorine. The presence of high 

concentrations of iron in water may be due to its release from the rusted parts of cars washed in 

the stream. Sulphate and other ions, however, did not exceed the MAC set by the WHO and the 

US EPA. It was equally lower upstream that served as control. 

Heavy metal concentrations were alarming especially for the Mile 15 carwash. Most values of 

Cadmium indicated undetected. Meanwhile, the zinc values exceeded the MAC value for zinc in 

most carwashes. Lead equally showed significant values might be due to release from car batteries 

especially in the mile 15 carwash. 

However, the THC and oil & grease content exceeded the maximum allowable concentrations. 

The possible source could be from petroleum in cars and equally the engines of cars releasing oil 

and grease. These values showed significant correlation with other physicochemical parameters 

thus an increase in them caused a change in the properties of the water. 

5.2 Conclusion 

This study was conducted to determine the potential effects carwash waste water in selected 

streams in the Fako division of Cameroon. Results compared the upstream, downstream and 

discharge points. The significant presence of contaminants such as heavy metals, THC and oil and 
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grease were recorded showing that the change in physicochemical parameters may have been 

induced by the presence of these carwash facilities in streams. 

This study established that very high levels of contaminants were found in the wastewater 

discharged from the carwash waste water into the streams. A good number contaminants exceeded 

EPA effluent limit in streams and did contribute to the pollution of these water resources in the 

South West Region.There was a significant variation in the pH of water according to the laboratory 

results; even though their value remains within the standards of the WHO locally, there exists a 

potential negative impact in future. Other physicochemical water indicators are highest at 

discharge points, lowest upstream and slightly lower at downstream. The physicochemical 

parameters such as electrical conductivity, turbidity, and Dissolved Oxygen amongst the various 

locations studied were highest at discharge points. Although heavy metals values were low 

compared to the maximum allowable concentrations for all sample locations, this doesn’t cancel 

the possibility of another type of heavy metal contaminants. Meanwhile, oil and grease values were 

highest at discharge points, almost negligible at upstream points, and slightly lower at downstream 

compared to the discharge points. This was the same case for THC which showed alarming values 

for mile 15 carwash compared to the other carwash facilities. 

In general, pollution of downstream water was significant compared to the upstream points; this is 

because discharge points release high levels of organic pollutants such as THC, oil and grease and 

heavy metals, thus pollution of water for downstream consumers. The mile 15 carwash showed 

the highest concentration of these organic pollutants and change in its physicochemical parameter; 

followed by the Bota carwash, Muea carwash, Musaka carwash and the Ombe carwash. 

5.3 Recommendations 

This study illustrated a significant impact of carwash wastewater on stream water quality, it is 

evident that carwash facilities, if not correctly managed contributed to increase in contaminant 

levels in our water bodies. Their establishment in streams does not encourage the sustainable use 

of natural water resources. City authorities must take action to regulate the operations of car 

washing activities in streams. 

There exist laws that protect these water resources, but the administrators do not control the 

presence of these services on the banks of streams. The government should ensure the efficient 

implementation of laws that protect these water resources, and create sustainable employment 
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opportunities both skilled and unskilled for these operators who rely on these activities for their 

sustenance. 

Most operators are not aware of the impact of their activities on the environment; City authorities 

must take action to regulate the operations of car washing establishments in streams. Operators 

need to be trained and made aware of impacts of their activity.  

The use of harsh detergents and toxic car-care products should be discouraged at the carwash. The 

operators should also be made aware of health risks associated with regular manipulation of toxic 

chemicals which they may come in contact with daily; not only on them but equally on the 

dependent communities and aquatic lives by the city authorities.  

The study revealed that vehicle washing activities in streams in the Fako Division took place in an 

open environment and indiscriminately thus affecting both water quality and the natural aesthetics 

the city authorities should relocate these  establishments in a less sensitive area where there are 

limited environmentally sensitive activities and resources like water, agricultural lands, and 

inhabitants. 
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