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Abstract 
This article presents a review of the fundamental principles of freshwater distribution and 
appropriation within the hydrologic cycle, and the significance of groundwater in potable water 
supplies and sanitation, especially in urban areas of less-developed regions, like Kano in Nigeria. It 
also discusses the general aspects of groundwater pollution and vulnerabilities, which are critical to 
ensuring sustainable groundwater resource management. The review also highlights the significant 
reliance on untreated groundwater resources for drinking in many parts of the less developed regions. 
Many of the regions’ poor are reliant on unprotected, often, contaminated groundwater sources to 
meet their potable needs. This underscores the need for protecting the quality of groundwater aquifers 
if public health is not to be compromised, especially in the most vulnerable communities. 
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Introduction 
Water is an essential element for sustenance of life, supporting healthy environment, 
maintaining ecosystems and socio-economic development (Ali & Young, 2013). In recent 
years, however, there has been growing concern over a global water crisis resulting from 
increasing demand and competition between the various water users, contamination of 
water resources and degradation of ecosystems due to poor management (Gleick & 
Palaniappan, 2010).  

Underlying those factors are continuing population growth, urbanization, industrialization 
and intensification of agriculture. As the world population increases rapidly, more densely 
populated urban areas evolve that need to be catered for in terms of food and livelihood, 
thus, increasing industrialisation and agriculture (UN-DESA, 2011). Noteworthy, however, 
most of this growth is concentrated in the less-developed regions, with sub-Saharan Africa 
(SSA) having the highest rate of urban population growth of 4.1% per annum, compared to 
the global rate of 2.0% (Santos et al., 2017) and 3.5% for the entire less-developed countries 
(Fotso et al., 2007).  While around 40% of SSA’s total population lived in urban areas by 2010, 
it is expected that, by 2030, about half of its total population would be in urban areas (AfDB, 
2012). A great challenge, therefore, is to make these urban centres habitable by providing 
every citizen with the required basic services of acceptable quality.  

These growths are accompanied by an unprecedented increase in water consumption and 
emission of high levels of wastes that often result is the deterioration of environmental 
quality (UNEP, 2010; Ali & Young, 2014). The resultant pressure is pushing the earth closer 
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to the limit of its carrying capacity. These challenges have been studied extensively across 
many countries by several researchers (such as, Shiklomanov & Rodda, 2003; Gleick, 2003; 
Gleick & Palaniappan, 2010; Nandalal, 2010). In sub-Saharan Africa where population 
growth is staggering (Hove et al., 2013), the per capita water demand is increasing primarily 
as a result of rapid industrialization and urbanization whereas, the per capita water 
availability is decreasing not only by the population growth, but also due to misuse and 
poor management (Gleick & Palaniappan, 2010).  

To address these global challenges, individual countries must look inward to their situations 
and devise local solutions. Also, these issues should be approached holistically in order to 
protect the quality of freshwater resources and encourage their sustainable utilisations. This 
is the basis upon which this article was based. It presents a review of the fundamental 
principles of freshwater distribution and appropriation, significance of groundwater in 
potable water supplies, aspects of groundwater contamination in addition to some key 
challenges affecting sustainable water supplies especially in urban areas of less-developed 
countries.  

Global Freshwater Distribution 
The occurrence, distribution, movement and properties of water on earth are the 
fundamental principles of hydrology. As a concept, hydrology is centred on the hydrologic 
cycle, which is a solar-powered system that supplies and removes water from the earth’s 
surface. By that means, freshwater reaches the land through precipitation and is then 
recycled continuously as a result of evaporation powered by solar energy (Shiklomanov& 
Rodda, 2003). Figure 1 illustrates the various components in the hydrologic cycle. 

 
Figure 1: Simplified hydrologic cycle 

 
Energy from the solar system and atmospheric moisture are the primary ingredients for 
precipitation that falls over oceans and land. On land, precipitation can infiltrate the soil, 
percolate downward to the underlying groundwater aquifer, evapo-transpire from confined 
areas and vegetation back to the atmosphere, or flow to the surface water. Because of the 
hydraulic interconnectivity between surface water and groundwater aquifers, the latter can 
be recharged by the flowing rivers and can act as discharge points for aquifer outflows. 
Eventually, the surface and groundwater from surrounding land areas reaches the ocean, 
which is the main source of water for evaporation back to the atmosphere (Shiklomanov & 
Rodda, 2003; Gleick, 2003; Gleick & Palaniappan, 2010; Nandalal, 2010). Therefore, there is a 
continuous transfer of fresh water from the oceans to the land in terms of precipitation, and 
vice versa in terms of runoff. 
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In terms of total volume, Earth has abundant water resources; an estimated 1.4 billion km3 of 
water in numerous forms and qualities, in various stocks and flows in the hydrologic cycle. 
However, about 97% occurs as saline found in the oceans and seas. Of the remaining 3% that 
is low in dissolved salts, nearly 70% exists in the form of permanent ice or snow in the polar 
ice caps, and about 30% in deep groundwater aquifers (Gleick, 2004). The principal sources 
of usable freshwater are lakes, rivers, wetland and shallow aquifers, which comprise less 
than 1% of the total freshwater, and are estimated by Sandhyavitri (2002) to be around 
14,000km3. 

Conversely, uneven spatial and temporal variations in the distribution of rainfall, 
evaporation, groundwater resources and storage sites significantly affect the amount of 
freshwater readily available for human appropriation. For instance, about 20% of the global 
surface runoff comes from the Amazon River alone, while the whole of Europe accounts for 
only about 7% of the global runoff. In Africa, about 30% of the total continental runoff comes 
from a single Congo/Zaire river basin (Gleick, 2003), while the large sedimentary aquifers in 
the North African region holding a large proportion of the continent’s groundwater 
reserves. Aquifers of Libya, Algeria, Egypt, Sudan and Chad stores as much as 75×106 m3 
km−2of groundwater resources (MacDonald et al., 2012). 

Furthermore, a significant amount of freshwater is required to sustain natural ecosystems 
for efficient functioning and environmental sustainability. This requirement is increasingly 
recognised by many authors (for example: Gleick, 2004; Gleick & Palaniappan, 2010; 
Dudgeon, 2010). According to Sandhyavitri (2002) as high as 70% of the total accessible 
freshwater may be needed to sustain the natural ecosystems. Based on this assumption, only 
about 4200km3 of freshwater may remain for human consumption. 

Indeed, these estimates highlight that, despite the limited availability of freshwater, not all 
of it is readily accessible for unrestricted human uses. Of growing concern is the rapid 
growth of the human population, which increases demand pressure and reduces the 
availability of freshwater per capita. The situation is exacerbated further by the associated 
human polluting activities such as discharge of untreated sewage and industrial effluents 
(Rodda, 1995; UNEP, 2010).  

It should be noted that in spite of these limitations (in freshwater availability), which are 
being recognised increasingly, the quantity of freshwater withdrawn and consumed by 
human activities has been increasing steadily over the last century, and is expected to grow 
continuously in line with the rapid growth of human population, urbanisation and changing 
living standards. Many authors, such as Shiklomanov & Rodda (2003) and Gleick & 
Palaniappan (2010) have estimated that about 5000 km3/year of freshwater is withdrawn 
globally for a wide range of human activities. It is, therefore, important to emphasise the 
significance of more efficient and sustainable utilisation of freshwater resources. 

Access to Water Supply and Sanitation in Less Developed Regions 
Adequate access to safe water and good sanitation is crucial to maintaining good quality 
public health. However, despite their importance and the efforts made at various levels of 
authority around the world, access to these vital utilities remain difficult for many people, 
especially, in the less-developed regions. A joint monitoring programme for water supply, 
sanitation and hygiene (WHO/UNICEF, 2019) reported that about 71% of the global 
population use improved water supply sources, there are yet, over 2.2 billion people living 
without access to readily available and uncontaminated drinking water sources. These 
include around 785 million people that lack access to even the most basic unimproved 
sources. All these people live in less developed regions, with over half of which are in sub-
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Saharan Africa, as shown in Figure 2. The lack of access to clean and adequate water supply 
to many people has led to the widespread use of self-supply options that are often un-
protected and contaminated (Smits and Sutton, 2015).  

 

Figure 2: Population without access to unimproved sources of drinking water 

 
Globally, an estimated 2 billion people lack access to the basic sanitation facilities, nearly 
half of which defecate in the open. Majority of the unserved population live in the less-
developed regions, with over 90% of which are in the three regions without access to even 
the basic drinking water sources, as can be seen in Figure 3. Even among the less-developed 
regions, the situation in sub-Saharan Africa (SSA) stands alone as only region where the 
number of people practising open defecation has remained largely unchanged (around 200 
million) between 2000 and 2017(WHO/UNICEF, 2019). 

 

Figure 3: Population without access to basic sanitation facilities 

 
The linkages between provisions of water supply and sanitation (WSS) on one hand, and a 
cluster of other issues like health, education, agriculture, and environment on the other, 
have been well documented previously (Gleick, 2003; Shiklomanov & Rodda, 2003; 
UNICEF/WHO, 2006; Hunter et al. 2010; UNICEF/WHO, 2012; Ayyam et al., 2019). 
Significant linear correlations were reported between poor WSS standards and a decline in 
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indicators in health, education and productivity (Henley, 2000; Pruss-Ustun et al., 2014; 
World Bank, 2017). According to WHO (2014) and Pruss-Ustun et al. (2014), up to 842,000 
deaths occurred in the year 2012 due to inadequate WSS and hygiene worldwide. This 
represents 58% of total diarrhoeal deaths. Diarrhoea remains a major killer but is largely 
preventable. These underscore the need for a paradigm shift in the region, from the 
traditionally fragmented approach, to a more holistic, adaptive and sustainable solutions 
that can address the challenges faced by the less developed regions relating to WSS and the 
pursuit of sustainable development. 

Groundwater Utilisation in Water Supplies 
As an important natural resource, groundwater is used widely by humankind for potable 
uses, agricultural and various industrial activities across many parts of the world. In fact, 
about half of the global portable water supplies are sourced from groundwater (Smith et al., 
2016; UNEP, 2010). This includes water supplies in most of the highly populated urban 
centres in less-developed regions, such as, Jakarta in Indonesia, Lagos, Maiduguri and Kano 
in Nigeria, Addis Ababa and Mekele in Ethiopia, and Mexico City in Mexico (Mautner et al., 
2020). For most of these places, groundwater is considered primarily an affordable 
alternative to the piped water systems that are often difficult for the local authorities to 
provide (Ali & Young, 2014). It is also favoured because of its wide distribution, 
dependability and inexpensiveness. Additionally, groundwater tends to have better 
chemical and microbial quality, in natural state, than surface water. As such, it often requires 
little or no treatment before use (Morris et al., 2003; Gleick & Palaniappan, 2010; UNEP, 
2010). 

Across continental Africa, over 75% of the total population are estimated to be reliant, 
almost exclusively, on groundwater for potable supplies (Lapworth et al., 2017). For 
countries that receive very little precipitation in the region such as Libya, Tunisia, Namibia 
and Botswana, groundwater represents the single most important source that accounts for 
nearly all their potable water needs (MacDonald et al., 2012; WWAP, 2012). Given the poor 
access to access to readily available and uncontaminated drinking water sources in many 
parts of the less developed regions, many people resort to the use of self-supply options, 
that include shallow wells and boreholes, for drinking and other domestic purposes without 
any form of treatment (Smits & Sutton, 2015; Silva et al., 2020). Therefore, development of 
groundwater resources represents a critical path to increasing water supply coverage in 
continental Africa (MacDonald et al., 2012). While poorly developed and unsustainable in 
most cases, these options are, often, the only economically viable water supply option for 
many people, especially in the rural, peri-urban and urban slums across the regions 
(Gronwall et al., 2010; Smits & Sutton, 2015; Silva et al., 2020).  

Groundwater Pollution 
Pollution of groundwater results from a number of naturally occurring and anthropogenic 
sources of widely varied origin, manifestation and chemistry (Foster et al., 2002). Although, 
the natural sources are often difficult to control, they are mostly less damaging compared to 
anthropogenic sources. Most groundwater contamination incidences occur because of 
various anthropogenic activities subject to the degree of vulnerability of the aquifer to such 
activity (Dimitriou et al., 2008). A range of point and non-point sources of pollution 
originating from varied land use practices infiltrates the aquifer system and contaminate the 
groundwater resources. These sources include fertiliser and chemical applications in 
agricultural processes, increasing urbanization, infiltration of sewage, solid waste leachates, 
discharge of industrial effluents and many others (Rodríguez et al., 2018). Pollution of 
groundwater resources has been reported in many parts of the world (for example: 
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Adhikary et al., 2010; Vinod et al., 2015; Ali & Young, 2014). It is established that once 
groundwater is contaminated, restoration of its quality is technically difficult and 
economically expensive (Ali & Young, 2014). In fact, full restoration of groundwater quality 
is even impossible in some cases (UNEP, 2010). Determining the extent of the pollution 
requires a multitude of physical, chemical and sometimes biological parameters for both the 
porous medium and the concerned contaminant (Sililo et al., 2001). Because of the 
complexity of factors surrounding the assessment processes in terms of pollutant loading, 
mobility and the peculiarity of each situation, groundwater pollution assessments involve a 
range of activities are conducted under a variety of conditions. These could range from a 
simple setting that is easy to identify, such as high density of poorly-sealed latrines on a 
shallow unconfined aquifer, to a highly complicated urban and industrial activities that are 
very difficult to evaluate.    

Groundwater Vulnerability to Pollution 
While the significance of groundwater resource utilisation in sustenance of humankind and 
ecosystems cannot be overemphasised, unsustainable practices could lead to degradation of 
its quality, often, with overwhelming negative consequences. Naturally, all groundwater 
aquifers are connected hydraulically to the overlying land surface through complexly 
interwoven pore fringes. Thus, as the groundwater moves along flow lines from recharge to 
discharge areas, its chemistry is altered by the effect of a variety of geochemical processes 
(Suresh & Kottureshwara, 2009). However, a certain combination of geological and 
hydrological characteristics of an area give rise to situations where a groundwater system is 
more at risk from any form of pollution than other combinations. This natural inherent 
phenomenon implies the vulnerability of the groundwater to pollution (Klinck, 1994; 
Dimitriou et al., 2008). 

The degree of vulnerability of an aquifer to contamination therefore depends to a large 
extent on the effectiveness of this connection. Consequently, groundwater that readily and 
quickly receives water and contamination from land surface is thus considered more 
vulnerable than groundwater that receives water and contaminants more slowly and in 
lower quantities. In line with this, the WHO has classified groundwater vulnerability into 
four broad categories, as defined in Table 1 (WHO, 2006). 

Table 1: Classes of groundwater vulnerability to pollution (WHO, 2006) 
Vulnerability class  Definition  

Extreme Vulnerable to most water pollutants with a relatively rapid impact on many 
pollution scenarios 
 

High Vulnerable to many pollutants, except those highly absorbed and/or readily 
transformed, in many pollution scenarios 
 

Moderate Vulnerable to some pollutants, but only when continuously discharged or leached 
 

Low Only vulnerable to most persistent pollutants in the very long-term, when 
continuously and widely discharged or leached 
 

Negligible Confining beds present and prevent any significant groundwater flow 

 
Generally, groundwater quality depends largely on the relative quantity of contaminants 
that can reach the aquifer, the travel time of groundwater and contaminants, and the 
contaminant-attenuation capacity of the geological system. Also, the degree to which 
attenuation occurs depends on the type of soil and rock, the type of contaminant and the 
associated activity (Klinck, 1994; WHO, 2006). 
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Conclusion and Recommendations 
The significance of freshwater resources to the survival and efficient functioning of 
ecosystem cannot be over emphasised. Furthermore, groundwater represents an important 
component of the available freshwater resources. It is also central to water supply systems in 
many parts of the world. However, groundwater pollution in urban areas is a growing 
environmental problem worldwide, especially as many urban areas in the less-developed 
regions depend on groundwater for drinking purposes. The rapid growth of urbanisation 
experienced in these regions, especially in SSA, can have a profound effect on the 
groundwater resources, both quantitatively and qualitatively. Inadequate protection of 
groundwater resources from anthropogenic contamination represents one of the greatest 
challenges facing the present generation, especially the populations in cities of less-
developed countries. Unlike the situation in most parts of the more-developed regions, 
where public perception of groundwater protection is geared towards a more preventive 
approach, groundwater protection measures in less-developed regions are often non-
existent or are initiated at a stage where severe contamination has already occurred. It is, 
therefore, recommended for the communities in less-developed countries to experience a 
paradigm shift from the existing curative ‘fire brigade’ approach to preventative and more 
sustainable solutions. To achieve that, there need to be an effective precautionary plan for 
the various forms of land use and human activities, which can be used as a guide in the 
regulation and supervision of groundwater operations. These require a range of 
information, such as the hydrogeological conditions and possible pollution sources that can 
be gathered through strategic activities that include: identification and mapping of sources 
of pollution; establishment of a database and information management system; 
development of groundwater vulnerability map; assessing groundwater protection needs 
and priorities; initiation of a monitoring network; integration of groundwater protection in 
the urban planning process, legislation and institutional coordination; establishment of 
protection zones; and promotion of public awareness and participation. 
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