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Abstract 

Despite the fact that water is necessary for life, contaminated water worsens people's 

health. The acquisition of potable water mostly stems from three main sources: 

surface water, groundwater, and precipitation. A significant portion of the population 

residing in developing nations continues to endure the proliferation of waterborne 

illnesses, a trend exacerbated by inadequate sanitation practices and limited 

availability of potable water. To facilitate the formulation of an effective approach 

towards mitigating the possible deterioration of water quality in susceptible regions, 

an extensive examination of scholarly literature pertaining to the management of 

water quality and the prevention of waterborne illnesses was conducted. In order to 

promote a sustainable and healthy environment, it is imperative to undertake 

comprehensive reforms within public health institutions. This includes revitalizing 

the monitoring and evaluation systems within relevant departments, implementing 

sustainable development techniques to enhance water quality, and disseminating 

awareness and health education initiatives among the populace. 
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Introduction 

Water is widely recognized as the most abundant compound found on the planet 

Earth, owing to its presence in three distinct states of matter, namely liquid, solid, and 

gaseous phases. Undoubtedly, the provision of safe drinking water is vital for 

sustaining life and promoting human well-being[1,2]. It is widely acknowledged that 

access to clean water is a fundamental entitlement, universally applicable to 

everybody irrespective of their connections, beliefs, or nationalities. Nevertheless, the 

alteration of Earth's climate, along with the rapid urbanization, technological 

advancements, and industrial activities, poses a significant threat to the overall 

quality of drinking water. This peril arises from a multitude of natural and 
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anthropogenic reasons [3,4]. The adverse impact of polluted drinking water on 

consumer health and the subsequent propagation of epidemic diseases have been 

widely acknowledged [5]. According to reports, a significant proportion of the global 

population, approximately two billion individuals, continue to rely on a drinking 

water supply that is contaminated with fecal matter [6]. Conversely, water is perceived 

as a crucial factor in human productivity and a potent instrument for fostering 

economic advancement [7] .  

The escalating need for water resources coupled with the diminishing supply of water, 

primarily driven by population expansion and economic progress, particularly in rural 

regions, has the potential to result in substantial adverse consequences [8]. Water 

pollution is a significant environmental concern that poses economic and health risks 

to both people and other organisms. In numerous developing countries, there is a 

pressing issue with the contamination of the drinking water supply, leading to a 

significant decline in the quality of surface water [9,10]. The degradation of water 

quality, both in surface and groundwater sources, has been an enduring issue 

influenced by both natural and anthropogenic forces. The degradation of water 

quality, encompassing both surface and groundwater sources, has persisted over an 

extended period due to several natural variables, including hydrological and 

geological conditions, as well as climatic influences, among others, in addition to 

anthropogenic influences such as mining activities, waste disposal practices, and the 

release of heavy metals into the environment. Various sources of freshwater exist, 

including natural springs, rivers, lakes, and groundwater reservoirs. Groundwater 

sources are mostly utilized for drinking water purposes [11,12]. Numerous challenges 

are associated with the provision of drinking water in various regions, encompassing 

issues pertaining to the distribution network and the deteriorating condition of water 

supply infrastructure. In the past, the evaluation of water quality involved the 

comparison of measured values with established local criteria. Nevertheless, this 

methodology fails to offer insights into the geographical and temporal patterns of 

overall quality [13]. Consequently, contemporary advancements in technology have 

led to the development of tools such as the Water Quality Index (WQI). Numerous 

water quality indicators have been developed and established globally. The 

aforementioned indicators are derived from the comparison of various water quality 

measures, resulting in a singular numerical representation of the overall water quality 

of a certain source [14]. The water quality index serves as a concise representation of 

extensive water quality data, condensing it into a singular numerical value 

accompanied by a straightforward descriptor (e.g., excellent, good, poor). This 

facilitates the communication of complete information regarding the overall quality 



 
                                                              

              ISSN: 2776-0979, Volume 4, Issue 9, Sep., 2023 

50 
 
  

of water to various parties involved in water distribution, planning, management, and 

stakeholding [15]. The water quality index is a highly effective tool for quantifying and 

communicating water quality. It serves as a crucial criterion for evaluating and 

managing water sources, providing valuable insights into the temporal evolution of 

water quality [16,17]. Additional research is necessary to comprehensively ascertain 

the underlying factors and origins of water contamination, as it has exhibited a 

progressive decline in quality over an extended period. This study is designed to 

review the fundamental principles involved in addressing the issue of inadequate 

drinking water quality. Specifically, it aims to assess the extent to which drinking 

water meets the national and international standards outlined by the WQI. 

Additionally, the study aims to evaluate the efficacy of these principles in mitigating 

the presence of waterborne pathogens and alleviating associated burdens.  

 

Water quality structure 

The Water Quality Index (WQI) model can be readily characterized as a valuable 

instrument employed to assess the quality of surface water. Through the utilization of 

aggregation techniques, the extensive dataset pertaining to water quality is converted 

into a singular value or indication. The WQI model has been widely utilized on a global 

scale to evaluate the quality of surface and groundwater, utilizing local water quality 

standards as a basis for assessment [18,19]. The fundamental framework of the WQI 

models is outlined in Figure (1) as follows: water quality parameters, sub-indicators 

corresponding to each parameter, weighting values assigned to each sub-indicator, 

and an aggregation function employed to compute the comprehensive WQI [20] . The 

World Health Organization (WHO) has established exposure criteria or safe limits for 

chemical pollutants in drinking water, and the WQI method has been authorized due 

to its effectiveness in assessing water quality [21]. 

 
Figure 1: Basic structure of WQI models [22]. 
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Water Quality Index 

The assessment of water's appropriateness for human consumption involves the 

utilization of a mathematical equation that incorporates various specific parameters 

aimed at evaluating the overall quality of the water [23]. The development of the 

indicator for measuring water quality utilizing 10 commonly employed water 

characteristics was initially undertaken by Horton in 1965. The approach underwent 

subsequent modifications by a team of experts [24]. The indicators included in this 

study adhere to varying water quality criteria based on their quantity and kind. The 

weights assigned to each parameter are contingent upon the specific characteristics of 

those parameters [25].  

These assigned weights serve to quantify the significance of the parameter as well as 

its impact on the indication in question. The evaluation of water quality entails the 

examination of several hydro-chemical characteristics that may provide challenges for 

those lacking basic expertise in water quality or for local communities who may 

struggle to comprehend or interpret such parameters. The primary aim of Water 

Quality Indicators is to offer a straightforward and comprehensible approach for 

evaluating the quality of water. The classification of water quality into distinct groups 

is facilitated by the Canadian Water Quality Index (CWQI), which assigns a numerical 

value to each water sample based on a specific computation (Table 1). The numerical 

scale of this parameter spans from zero to 100, encompassing a spectrum of water 

quality that goes from poor to outstanding [26] . 

The pollution of the environment's air with poisonous gases is a significant risk factor 

that has an adverse effect on water quality, leading to the occurrence of acid rain 

pollution. Furthermore, the presence of agricultural, industrial, and chemical 

pollutants in the water that is in motion has the potential to be transported into 

reservoirs, leading to subsequent contamination. The amount of silt entering the 

water is also significantly increased by soil erosion [27]. 

 

Table 1: The five categories of the CWQI 

 

 

 

 

 

 

 

 

Value   category   NO 

100-95 Excellent      1 

94-80   Good 2 

79-65   Fair   3 

64-45 Marginal 4 

44-0   Poor 5 
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Drinking Water Quality Testing 

In general, water is not regarded as safe to drink even if it looks to be pure, and there 

are simple qualitative readings that quickly establish whether the water is safe or 

harmful for ingestion. Nevertheless, numerous imperceptible components necessitate 

meticulous testing to ascertain the presence of impurities and establish the 

appropriate purification technique for each distinct category of contaminated water 

[28]. Field testing can be conducted through the utilization of portable test kits or 

dedicated laboratories, particularly in industrialized nations. Additionally, it is 

possible to gather samples and afterwards dispatch them to specialized laboratories.  

The assessment of water safety relies on the examination of three key factors: 

microbiological, chemical, and physical [29].  

The properties of drinking water can be described as follows: it is transparent, lacking 

in flavor and color, possesses little or no presence of harmful substances, and is free 

from any microorganisms that may cause disease. The primary focus in assessing the 

quality of drinking water lies in the worry over microbiological contamination, as it is 

widely acknowledged as the leading cause of diseases associated with the 

consumption of untreated water [30]. The Water Quality Index pertains to the 

appropriateness of water for different applications based on its physical, chemical, 

biological, and organoleptic attributes, particularly in relation to taste. The 

measurement of water quality holds significant importance due to its direct impact on 

various aspects including as human consumption, health, industrial and household 

utilizations, and the preservation of the natural environment. The measurement of 

water quality is often conducted through the utilization of laboratory techniques or 

home test kits. Laboratory tests are capable of quantifying multiple parameters and 

yield the most precise outcomes, but at the expense of extended time duration [31-

33]. Home test kits, which encompass test strips, offer expeditious outcomes but 

exhibit diminished accuracy. Water suppliers, encompassing both municipal entities 

and bottled water corporations, frequently disseminate their water quality data to the 

general public through their own websites. The adherence to water quality standards 

that have undergone testing is crucial, as these criteria are established by local 

governments, typically influenced by international norms set by industry or esteemed 

water quality organizations like WHO [34]. Water quality, as defined by the United 

States Geological Survey (USGS), refers to the evaluation of water's suitability for a 

certain purpose through the examination of its various physical, chemical, and 

biological attributes. Hence, it serves as an indicator of the state of water conditions 

with respect to human requirements, purposes, and the needs of diverse terrestrial or 

aquatic animal species [35].Three different water quality indexes are evaluated 
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(Figure 2). Firstly, a range of physical parameters encompassing colour, taste, aroma, 

temperature, turbidity, and dissolved solids levels. Additionally, chemical 

measurements encompass a range of parameters such as pH, hardness, dissolved 

oxygen, chemical and biological oxygen demands, chloride levels, residual chlorine, 

sulphate, nitrogen, fluoride, iron, manganese, copper, zinc, poisonous organic and 

inorganic compounds, and radioactive substances. Biological measures encompass 

the quantification of bacterial, algal, viral, and protozoan populations within a given 

water sample [36,37]. 

 
 

Figure 2: Main WQI assessments [38 ]. 

 

 

Chemical and physical examinations 

Electrical Conductivity and dissolved solids: They are measured for drinking 

water samples using a multimeter, and the electrical conductivity results are read in 

microsiemens / cm unit, and the results of dissolved solids are in mg / liter unit. 

 

Potential of hydrogen: PH is measured using a PH meter using standard solutions 

with different PH values. 

 

Total (T) hardness: Total hardness is checked by calibration with Na2EDTA 

standard solution and by adopting Black Eriochrome dye as a color guide, and the 

results are read in mg/l units. 
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Calcium (Ca) hardness: The examination is by calibration with a standard 

Na2EDTA solution, and Murexide dye is adopted as a color guide, and the results are 

read in mg/l units. 

 

Hardness (Mg) Magnesium: Examination was done by calibration with a 

standard Na2EDTA solution, and by performing the following mathematical equation : 

Hardness Mg = (hardness T - hardness Ca)  0.243. The results were read in mg/L 

units. 

 

Nitrate:Nitrate ions are measured using a spectrophotometer, and the results are 

read in mg/L units. 

 

Sulphate: Sulphate ions are examined using turbidi-metric method with the addition 

of barium chloride crystals BaCl2, and the extent of absorbance is measured by a 

spectrophotometer, and the results are read in mg / liter units. 

 

Chlorides: 

Chlorides are examined based on the index of potassium chromate K2CrO4 and 

titration with silver nitrate solution AgNO3 and read the results in units of mg / liter . 

 

Sodium and potassium ions: 

Sodium and potassium ions are examined using a flame spectrophotometer, and the 

results are read in mg/l units. 

 

Microbiological analyses 

Total Plate Count: The number of total bacteria present in a petri dish is calculated 

as x 1/dilution factor. The culture medium used is Nutrient agar. 

 

Fecal Coliform count: By the method of multiple fermentation tubes and using 

medium E culture, the results are read on the basis of the most likely number / 100 

ml of the water sample. 

 

Escherichia coli bacteria: Using the method of multiple fermentation tubes and 

using the Mug-E implant, the results should be read from the drinking water table 

based on the most likely number / 100 ml of the water sample [39,40]. 
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Drinking water pollutants 

Water pollution poses a threat to the environment in general and the life of living 

organisms in particular. Figure ( 3 ) briefly explains distribution of main pollutants 

according to water sources into three essential categories as follows: surface water, 

groundwater, and wastewater. Drinking water is exposed to chemical pollutants (such 

as arsenic) as well as various biological ones, as microbial pollution is the worst, 

especially in poor developing countries. According to the statistics of the WHO, 

Approximately 785 million individuals currently lack access to fundamental drinking 

water services, while more than two billion individuals are subjected to the use of 

water that is contaminated with fecal matter [41,42]. 

 
Figure 3: Water pollutants [43] 

 

 According to published reports, thousands of daily deaths are recorded among 

children due to diarrhea infection caused by contaminated water. Piped water sources 

are generally safer. However, there are temporary interventions, such as safe storage 

or household water treatment that significantly and measurably reduce microbial 

contamination even if it is not reduced to zero [44]. To avoid contaminated water 

especially in in relatively technologically advanced countries, a conceptual model was 

modified from source to sip, starting at the water source and ending at the point of 

consumption. All safe drinking water systems include five stages, as shown in Figure 

(4). In contrast, in areas below the poverty line, as well as developing countries, not 

all individuals have access to piped water, and obtain safe and unquestionable 

drinking water [45]. 
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Figure 4: Source-to-sip approach [46 ] . 

 

Drinking water and body health 

The topic of water quality for human consumption pertains to the provision of safe 

drinking and cooking water, which is crucial for the preservation of human well-being 

and is an integral component of public health strategies. Water is well recognized as 

an essential element for the human body, comprising approximately 60% of its total 

weight (Figure 5). Moreover, nearly every cell within the body relies on water to 

sustain its fundamental functions and ensure its survival [47]. The recommended 

daily water intake for women is approximately 2.7 liters, while for males it is 

approximately 3.7 liters. This amount is important to ensure adequate consumption 

of essential electrolytes and minerals, including sodium, potassium, and chloride 

[48]. In affluent nations, the majority of water consumed by the population, 

approximately 80%, is attributed to the intake of potable water and other liquids, 

while the remaining 20% is derived from dietary sources. Nevertheless, this 

percentage exhibits variability contingent upon factors such as climatic conditions, 

physical exertion, and individual body mass. An instance of heightened daily water 

needs can arise due to heightened exposure to moisture, dehydration, elevated 

temperatures, or physical exertion [49]. 
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Figure 5: Distribution of water in the body [50] . 

 

Figure 6 provides a concise overview of the advantages associated with the use of 

water in promoting overall bodily well-being. The significance of the elements resides 

in their role in attaining equilibrium of water and electrolytes, stimulation of 

metabolism, binding of oxygen, and facilitation of many physiological processes. 

When an element becomes depleted, the human body becomes susceptible to adverse 

consequences, leading to an increase in illness rates and death. When individuals 

experience a significant lack of water and fluids, their bodies undergo dehydration, 

resulting in reduced blood volume and impaired physical performance. Conversely, 

the consumption of an excessive amount of water can lead to water intoxication, 

resulting in an elevation of intracellular fluid volume, muscular spasms, seizures, and 

potentially deadly outcomes [51,52]. 

 
Figure 6 : Drinking water and body health care . 
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Drinking water pollution and public health 

Water challenges continue to be a significant focal point within the realm of 

international public health, warranting considerable attention and priority. According 

to data from WHO, it has been established that a significant proportion, namely 80%, 

of diseases are transmitted via water. This transmission occurs due to the presence of 

diverse bacterial, viral, and parasite infections that propagate through contaminated 

water sources. Moreover, the capacity of water to dissolve and transfer pollutants 

poses a potential hazard to the well-being of individuals. It is well acknowledged that 

water serves as a carrier for a multitude of detrimental environmental contaminants 

that pose significant risks to public health, including but not limited to petroleum 

products, arsenic, lead, and other similar substances. It is noteworthy to remark that 

WHO has estimated that a significant number of deaths occur each year due to water-

related diseases, including but not limited to cholera, hepatitis, malaria, and several 

other infections [53, 54]. 

 

Water quality improvement 

Regrettably, the presence of water pollution has deleterious consequences for both the 

environment and the flora and fauna inhabiting it. Incidents such as spills, improper 

waste disposal, and other anthropogenic activities contribute to the disruption of 

crucial biological processes within organisms. It is vital to acknowledge that 

eutrophication is a significant expression of environmental contamination that arises 

as a consequence of water pollution. The presence of nutrients in elevated levels leads 

to the occurrence of detrimental algal blooms, which have the capacity to deplete 

substantial quantities of oxygen and generate hypoxic dead zones, resulting in 

extensive fish mortality on a large scale [55-58]. There is little question that the 

increase in infectious diseases can be ascribed to a range of issues, such as the lack of 

attention given to healthcare and public health infrastructure, limited access to clean 

water, and insufficient sanitation practices. In order to provide a strong foundation 

for promoting positive changes, it is crucial to address and resolve fundamental issues 

related to water quality, sanitation techniques, and waste management [59]. Regular 

maintenance and periodic assessment of nutritional content are essential components 

of conventional water treatment processes, and appropriate supplementation is 

administered as necessary. The establishment of an appropriate and conducive 

healthy environment, together with the reformation of the public health system, 

necessitates the use of sustainable approaches to ensure water quality [60]. The 

accomplishment is achieved by means of the establishment and execution of 

initiatives focused on water quality and sustainable development, carried out in 
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collaboration with the Food and Agriculture Organization of the United Nations [61]. 

When compared to governmental organizations, the efficiency and creativity of the 

private sector are typically higher, allowing them to provide financial aid and promote 

environmental sustainability. The dissemination of information through media 

channels has the potential to raise public consciousness regarding water health in 

order to effectively tackle significant issues. Home water treatment and proper storage 

of treated water are crucial components in preventing waterborne diseases [62]. The 

concept of point-of-use water treatment centers around the implementation of 

straightforward household techniques for water purification, including boiling, 

bleaching, sediment filtering using sand and gravel, and ultraviolet disinfection[63]. 

The process of boiling water in impoverished nations may pose challenges in terms of 

environmental sustainability, as well as the potential for re-contamination during the 

transit and storage of boiled water. Moreover, the utilization of chemical disinfectants 

may prove to be costly and impractical for household purposes [64]. 

  

Conclusions 

Water has a significant role in the provision of nutrients and the potential for toxicity 

and severe health impacts, owing to its remarkable capacity to dissolve and transport 

a wide range of particles. There is considerable variation in water quality, nutritional 

composition, and availability across different countries worldwide. The disparity is 

contingent upon various factors, encompassing the climatic conditions, geographical 

placement, and economic circumstances of the nation. Water contamination is 

influenced by a multitude of reasons. Throughout previous ages, numerous nations 

experienced a significant decline in population due to a multitude of wars. These 

conflicts directly and indirectly aggravated the persistent issues surrounding 

waterborne diseases. There is an ongoing prevalence of waterborne disease outbreaks 

that are cause for concern. The integration of government reform and public health 

initiatives is necessary in order to effectively achieve and maintain enduring 

transformations. Achieving substantial and enduring reductions in waterborne 

diseases necessitates the implementation of comprehensive public health and 

healthcare reforms, enhancements in the accessibility of potable water, such as the re-

mineralization of desalinated water, the establishment of robust monitoring and 

evaluation mechanisms, and the implementation of sustainable development 

initiatives. A sustained dedication to transformation can afford individuals the 

opportunity to avail themselves of potable water resources, thereby fostering public 

health on a nationwide scale. 
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