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Abstract
A safe and easily accessible potable water supply is essential for good health. About a billion people in
developing countries have not had a safe and sustainable water supply for several decades. Water is said to be safe
to drink and usable for domestic purposes, when it is free from pathogenic agents, harmful chemical substances,
and pleasant to taste. A drinking water quality may be acceptable when it is treated in a treatment plant. Using
unsafe drinking or bathing water can impose serious risks to human health. Microbial contamination of groundwater
due to sewage outfalls, and agricultural runoff can be a serious threat. Globally, the most commonly occurring
diseases transmitted through drinking of unsafe water are infectious hepatitis, cholera, bacillary dysentery, typhoid,
paratyphoid, salmonellosis, colibacillosis, giardiasis, cryptosporidiosis, and amoebiasis. Contaminated water may
also cause many more bacterial, viral, and parasitic diseases. Majority of the diarrheal deaths occurred worldwide
are mainly associated with unsafe water drinking, inadequate sanitation, and poor hygiene. This condition indicated
that water supply, and sanitation interventions can play an important role in combating the incidence of waterborne
diseases among children. The prevention of waterborne diseases may include improving access to safe water,
improving water quality at the source, treating household water and storing it safely, improving access to adequate
sanitation facilities, and encouraging good hygiene practices, particularly proper hand washing with antiseptic
solution. Water sources, such as household connection, public standpipe, and borehole condition, protected dug
well, protected spring, and rainwater collection should be safe and accessible. Regular monitoring of drinking water
for various infectious agents should be applied as it will certainly reduce the incidence of waterborne diseases.
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Introduction
According to the WHO definition, improved drinking water sources
are sources that are protected from outside contamination, in
particular from contamination with fecal matter by nature of its
construction or through active intervention [1]. WHO reported about
9.1% of the global burden of disease and 6.3% of all deaths are due to
unsafe water, inadequate sanitation, and poor hygiene [2]. Microbial
contamination is very common affecting all water source types
including piped supplies in many developing countries [3]. It is
mentioned that approximately, 780 million people in the world were
without access to safe drinking water in 2012 [4]. As the global
population is arising from time to time rapidly, availability of water
will lowers down steadily, and it is estimated that by 2020 countries,
such as India will become a water-stressed nations. According to
Millennium Development Goals 2008, 1.6 billion people in the world
live in water scarcity, with limited access to water. Within The
Millennium Development Goal, the 7th goal indicates about water
crisis. Within this goal, there are several specific targets such as the
reduction of the percentage of the global population without access to
safe water and sanitation by half. It was reported in 2012 that the first
few Millennium Development Goals had been met.
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Waterborne disease outbreak is said to happen if two or more
persons experience a similar illness after consumption or use of water
intended for drinking; and epidemiologic evidence showed the water
as the source of the illness [5]. Around the globe, around 1.8 billion
people use unsafe source of water that is polluted by feces signified by
53% and 35% incidence in Africa and South-East Asia, respectively [3].
It has been estimated that every year, nearly 1 million people die due to
waterborne diseases. In addition, around 37.7 million are affected by
waterborne diseases, 1.5 million children are estimated to die of
diarrhea alone, and 73 million working days are lost due to waterborne
disease annually [6]. In countries with low and middle-income,
diarrhea-related diseases are the tenth leading causes of death [7].
Unsafe water and poor sanitation cause more than 500,000 infant
deaths each year in the Pacific region of Asia [8].
Approximately, 11% of child deaths worldwide are attributed to a
diarrheal disease and of these cases, 88% are caused by unsafe water or
improper sanitation [9]. Therefore, the quality of drinking water
cannot be overlooked when assessing the role of water in public health.
A safe, affordable, and easily accessible potable water reserve is vital for
a sound health [10]. However, for several decades, about a billion
people in developing countries have not had a safe and sustainable
water supply. It has been estimated that a minimum of 7.5 liters of
water per person per day is required in the home for drinking,
preparing food, and personal hygiene, the most basic requirements of
water. At least 50 liters of water per person per day is needed to ensure
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all personal hygiene, food hygiene, domestic cleaning, and laundry
needs [11]. To fulfill all these basic requirements and to avoid water
stress, about 1,000 cubic meters of freshwater per capita per year is
essential [12].
Water is considered ‘safe’ when it is free from pathogenic agents,
free from harmful chemical substances, and pleasant to taste, i.e.,
ideally free from color and odor, and usable for domestic purposes
[13]. A drinking water system’s water quality may be acceptable when
the water just leaves a treatment plant. However, various physical,
chemical, and biological contaminations can happen while the water
travels through a distribution system. The most common diseases that
can be transmitted through water are diarrheal diseases such as
bacillary dysentery, typhoid, paratyphoid, cholera, salmonellosis,
colibacillosis, amoebiasis, giardiasis, and cryptosporidiosis. There are
many emerging waterborne diseases, such as cryptosporidiosis,
cyclosporidiosis, fascioliasis, fasciolopsiasis, and giardiasis, which may
also be acquired by food. Contact of the skin or mucous membranes
with animal urine contaminated water or bathing in contaminated
water (pond, canal, and stream) can result in Leptospira infection in
humans [14,15].

Drinking water is contaminated with toxic pathogens, and
chemicals; at last count over 4,000 chemicals have been found. Wastes
from animals and humans, papers, pulp plants, and tanneries are
discharged into water bodies, and the organic materials decomposed
by using large quantities of oxygen from water. Among the different
wastes, human and animal feces are the most common cause of water
contamination.
Diarrheal diseases, such as E. coli infection, giardiasis, and typhoid
fever are the very common diseases that happen due to using unsafe
water [28]. Different groups of individuals with low immunity are
more susceptible to waterborne diarrheal diseases [26]. For example,
children and infants due to the improperly developed immune system
are more vulnerable to pathogen related to water borne diseases, and
other toxic contaminants. It is well known that diarrheal disease is one
of the leading causes of illness and death in young children in
developing countries, especially Bangladesh and most countries of
South Asia [29]. Individuals that are more susceptible to diarrheal
diseases include cancer patients, HIV/AIDS patients, and transplant
patients [28] (Figure 1).

Diarrhea alone kills more children than malaria and tuberculosis
together worldwide [16]. Hence, water quality is a critical issue to
ensure public health. Since water is closely associated with daily
human activities, providing safe drinking water is one of the important
public health priorities [3]. Adequate access to safe water, improving
quality of water source, treating household water, and storing it safely,
adequate sanitation facilities, and encouraging good hygiene practices,
especially hand washing can prevent waterborne diseases [17]. Recent
reports have revealed, however, the evidence based regarding water
sanitation system (WSS) interventions, especially with regard to
sanitation, is extremely weak [18-20]. Therefore, this review paper is
aimed on discussing the implications of consumption, and usage of
unsafe water from public health point of view.

Sources of water contamination
There are various environmental factors, such as landscape, weather,
and a season that affect the occurrence of foodborne pathogens in
water samples. Different irrigation systems in agriculture have been
correlated with increased incidence of foodborne infections [21]. In
surface waters, Esherichia coli, Listeria monocytogenes, Salmonella are
found more frequently in areas where agriculture is practiced along
with animal husbandry [22,23]. Listeria monocytogenes was detected
from surface water that was in proximity to dairy farm [24].
Leakage or seepage in septic tanks or inappropriate sewage
treatments results in pollution of groundwater. Bacteria from these
sources enter wells that are either open at the land surface or not
watertight. When there is any natural disaster, water is the first to be
affected. Rodents, insects, animals or plant parts entering the well are
other sources of contamination [25]. Wells not having water-tight
sheath can be contaminated by bacteria infiltrating to the water
through the soil near the well. Human and animal fecal wastes,
agricultural products, such as pesticides and fertilizers, improper
disposal of chemicals, natural occurring floods, and other disastrous
events can contaminate drinking water [26]. These agricultural
compounds have degraded the quality of surface water resources by
causing nitrate contamination. Heavy metals like cadmium, lead,
mercury and zinc are being reported in groundwater in different areas
of India [27] (Figure 1).
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Figure 1: Percentage of affected habitations with chemical
contamination
Drinking water can carry a diverse range of pathogens that may be
bacteria, viruses, and parasites. Surface and ground water is usually
layered by bacteria and viruses; however, parasites/protozoa appear
mostly in surface water.

Bacteria
Bacteria can be naturally present in the environment including
water bodies and coliforms are among the possibly harmful bacteria
that may be present in water. Enterococci and Escherichia coli are
commonly present in ocean water as well as fresh recreational water
[30]. However, the World Health Organization recommends that water
with any amount of fecal coliforms should not be consumed [31]. Fecal
indicators that indicate human or animal wastes in water causing
cramps, nausea, diarrhea, headaches are Enterococci or coliforms.
Sometimes contamination of water due to bacteria causes hemolytic
uremic syndrome, a serious kidney disease with potential lifelong
complications [32]. Other such bacteria are Vibrio cholerae, Salmonella
typhii and several species of Shigella normally causing serious diseases
such as cholera, typhoid fever and bacillary dysentery, respectively
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(Figure 2). Infection with Campylobacter jejuni causes
campylobacteriosis with symptoms of abdominal cramps, diarrhea,
fever, and pain. Natural water and drinking water distribution systems
also contain Mycobacterium avium complex (MAC) [33,34]. The most
frequent Mycobacterium species present in potable water and hospital
water distribution systems are M. avium, M. chelonae, M. fortuitum,
M. gordonae, M. kansasii, and M. xenopi that cause nosocomial
infections [35-37]. Using some modern technology, developed nations
have largely buried waterborne bacterial pathogens, however, the
developing world still trying to end with these public health challenges.
Another cyanobacteria Anabaena circinalis living in freshwater
reservoirs mainly Australia, Europe, Asia, New Zealand, and North
America are the producers of neurotoxins causing respiratory arrest,
followed by death. The neurotoxin producing anabaena caused an
outbreak in the 1950’s through the drinking water supply causing a
series of mass die-offs at cattle farms across the U.S. [38].

Figure 2: State-wise cases due to cholera in India 2007 and acute
diarrhoeal disease in 2006. Source: Ministry of Health and Family
Welfare, India.

Viruses
Viruses are very small organisms that can pass through filters, which
retain bacteria. Enteric viruses, such as hepatitis A, polioviruses,
Norwalk virus, rotavirus, echoviruses, and coxsackie viruses are
excreted in the feces of infected individuals as they harbor them in
their intestine, and may contaminate water intended for drinking.
Viruses that are excreted in urine like polyoma viruses, and
cytomegalovirus can potentially be spread through water [39,40].
Enteric viruses that are transmitted through water infect the
gastrointestinal or respiratory tracts and cause diarrhea, fever,
hepatitis, paralysis, meningitis in humans [41]. Rotavirus is the leading
cause of severe acute diarrhea in children under the age of five,
resulting in over half a million deaths annually worldwide [42]. There
are many factors responsible for the survival of viruses in water, such
as temperature, light, pH, salinity, organic matter, suspended solids or
sediments, and air-water interfaces. At low temperatures, hepatitis A,
adenoviruses and parvoviruses can survive for a long time [43]. Viral
infections are usually self-limiting in healthy individuals but can cause
serious effects under immune-compromised conditions. They can
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cause greater morbidity in children under the age of five, the elderly,
immunocompromised people, and pregnant women [44]. In
developing countries with large populations, waterborne viral diseases
are very likely to occur.

Parasites
Parasites mainly protozoa are among the most common pathogens
that can present in environmental samples. They have multistage life
cycles, consisting of an active trophozoite stage, and a resistant phase
(oocyst or cyst) excreted in feces that are capable of infecting new
hosts [45]. Unlike bacteria and viruses, parasites generally have unique
features, which often make them remarkably suited for survival in the
environment including water. Majority of these parasites are difficult to
detect and control in humans. Many of them have the potential to
cause severe public health problems, while others are capable of
inflicting considerable losses to thelivestock sector [46].
Dracunculiasis, also known as Guinea worm disease, is a preventable
infection caused by the parasite Dracunculus medinensis, which is
commonly found in water. This helminthic disease is close to being
eradicated completely, as there were only 126 cases globally in 2014
with a re-emerging nature in developing countries [47]. This infection
affects poor communities in remote parts that do not have access to
safe water to drink [48]. As to the reports of WHO, Cryptosporidium
parvum oocysts and Giardia lamblia cysts are introduced to waters all
over the world by fecal pollution. In developing countries, infection
with C. parvum is highly prevalent during the first two years of life,
when up to 45% of children experience the disease [49].

Cryptosporidium is considered as a major threat to the US water
supply because it is highly infectious, resistant to chlorine, and because
of its small size that makes it difficult to filter. The cysts of Giardia have
been found on many vegetables, such as coriander, carrots, mint,
radishes, and potatoes that were irrigated with untreated wastewater
[50,51]. The resistant nature of these parasites permits them to persist
in surface waters and makes these microorganisms resistant to normal
drinking water chlorination [52]. Free-living amoebae (FLA) of
Balamuthia, Naegleria, Sappinia, and Acanthamoeba genus are human
pathogens causing encephalitis, keratitis, pneumonitis, and dermatitis
[53,54] over the globe, and the infection routes are mostly from the
environment. The systems that filter water before presented for
consumption may successfully remove many protozoan parasites. In
addition to waterborne diseases, there are also water-related diseases
that can be transmitted through skin contact with parasites that have a
part of their life cycle in water. The typical example is schistosomiasis,
a disease caused by a flatworm parasite. Out of parasitic diseases,
schistosomiasis is considered to be the second biggest threat to public
health after malaria.

Impact on health
Most of the diarrheal diseases commonly occur through oral-fecal
or hand-to-mouth transmission, and can be facilitated by water [55].
Other health risks that are caused by chemical contamination of
drinking water include skin lesions, vascular, and cardiac problems,
and cancer of the bladder, lungs, or skin, liver, and kidney damage,
damage to the nervous system, suppression of the immune system, and
birth defects [29]. Contamination and pollution of water causes both
public health and economic implications. These losses may include
human deaths, health expenditures, loss of man-days, and reduction in
agricultural output, reduction in fish population etc. River pollution
has been quite alarming in recent years as a result of waste discharges
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from industries, sewage outfall from townships, pilgrimage centers etc.
Chemical manufacturing units are the major polluters of the river [56],
and health related problems including skin diseases, stomach and
intestinal ailments, and bronchial problems. It also affects the livestock
based economy.

Water Quality
The quality of drinking water is an influential environmental
determinant of health. Quality of water is determined considering
three major categories i.e., physical, chemical, and microbiological
properties. Physical and chemical properties indicate the presence of
heavy metals; some organic compounds, total suspended solids (TSS),
and turbidity. Microbiological parameters include coliform bacteria, E.
coli, and specific pathogenic species of bacteria (such as choleracausing Vibrio cholerae), viruses, and protozoan parasites. Most of the
time, chemical parameters cause a chronic health risk through the slow
and constant accumulation of heavy metals although some
components like nitrates/nitrites and arsenic can have a more
immediate impact. On the other hand, physical parameters affect the
aesthetics and taste of the drinking water, and may complicate the
removal of microbial pathogens. As far as drinking water quality is
concerned, it is necessary to consider susceptible populations that are
more prone to exposures, including children, immune-suppressed
individuals, and the old ones. Newborns, for example, are especially at
risk for enteroviruses [57].
Contact with unsafe drinking or bathing water can impose serious
risks (both acute and delayed) to human health [58]. Water fecal
contamination can be determined by checking for the presence of
coliform bacteria, a convenient marker for a class of harmful fecal
pathogens. If fecal coliforms such as E. coli are found in water, it serves
as an indication of contamination by sewage. Further, microbial
pathogenic parameters are typical of greatest concern because of their
immediate health risk. Generally, the most commonly known
contaminant of water sources is human excreta, particularly faecal
pathogens, and parasites. In the developing countries, the only sources
of water are from small streams often directly contaminated by sewage.
Hence, there is a need to have access to clean water in adequate
quantity, water purification technology, and accessibility and
distribution systems for water.

Treating Drinking Water
Water sources that include household pipesystem, public standpipe,
borehole condition, protected dug well, protected spring and rainwater
collection should be safe and accessible. The accessibility to safe water
should be collateral with improved sanitation facilities such as
connection to public sewer, connection to the septic system, or a pit
latrine or water seal.
It is pertinent that water intended for drink require a system of
treatment before use, even water from deep wells or springs. The
treatment procedure mainly depends on the source of the water. The
type and amount of water treatment can vary depending on the type of
bacteria/viruses present. In difficult situations that compromise
conventional treatment systems, waterborne pathogens may be killed
or inactivated by boiling [59], but this requires a facility to store boiled
water in sterile conditions.
Other techniques like filtration, chemical disinfection, and exposure
to ultraviolet radiation have been validated in an array of randomized
control trials to appreciably reduce levels of water-borne diseases
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among users in low-income countries [60], but these also may have
some problems, such as absence of required facilities. The most
commonly used forms of disinfection technologies include use of
ultraviolet light, chlorine, chloramines, and ozone. Since viruses are so
small, conventional treatment, including filtration, is ineffective at
physically removing viruses. UV technology has been proved to be
beneficial and gaining popularity for water treatment. Ozone is also an
effective water treatment commonly used to reduce color, taste, and
odor.
The routine treatment of water for bacteria/viruses is using chlorine,
but this is not common for protozoa, mostly when applied to low
turbidity water. Chloramine, a reaction product of chlorine and
ammonia, which is less potent than chlorine may be used sometimes to
successfully reduce Legionella counts. The efficacy of disinfectants is
calculated by concentration (C) in mg/l, as well as time (T) in minutes
(CT value,) necessary to attain the desired logs of disinfection under
the temperature, and pH conditions. Bacteriophages act as good
indicator organism, and their use as virus indicators to monitor human
enteric viruses in waters, is applied [43]. Desalination is another type
of water treatment that is used mainly in dry areas with access to large
bodies of saltwater. However, monitoring for all pathogens still remains
impractical [43]. Regardless of the disinfectant applied at a drinking
water utility, cross-contamination can occur throughout the water
distribution system due to cavitations; therefore, the use of secondary
disinfectants in distribution systems is required [44].

Prevention
Any water origin disease outbreak should immediately be notified
to healthcare officers. Detection should be done through routine
reporting conditions, bacterial isolate sub-typing, and molecular
analysis in the laboratory, consumer complaints, and systematic
surveillance systems. The procedure might include calling potentially
exposed groups, sending alerts, requesting specimens from
laboratories, or issuing a media alert. Any type of water based illnesses
associated with harmful toxicants, such as algal blooms should also be
noted. It is important to mention that epidemiological investigation
should be done to identify causes, and to apply preventive measures.
Samples should be transported to public health laboratories to confirm
an etiologic agent, if necessary [61] and to implement public health
measures to prevent further spread. Other simple measures can be
taken to prevent contracting the disease, such as wearing gloves and
shoes when in contact with water, boiling water that is used to wash
dishes and clothes, and discouraging children from swimming in
bodies of water [62,63].

Conclusion
Ensuring water quality and safety requires active participation of all
stake holders with the medical community. However, the majority of
health care professionals have received limited training in the
evaluation of waterborne diseases. Lack of safe water to meet daily
needs is a reality for many people around the world, and has serious
health consequences. The situation is getting worse due to population
growth, urbanization, and increased domestic and industrial water use.
To overcome the water scarcity and other health issues, research is
required in three main areas: increasing efficiency of domestic water
use, developing technology for implementing and monitoring safe
water reuse, and economic policies to promote effective water
conservation. Practicing recycle and reuses strategies for wastewater
and solid wastes should be the first option. The main challenge in
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detection of any waterborne disease outbreak is significant number of
people may not consult a doctor so that it goes unnoticed. Globally,
there were many waterborne disease outbreaks with several hundred or
a thousand people affected, which are discovered more or less
accidentally. Moreover, even with a good surveillance system
waterborne outbreak detection is difficult. Therefore, Waterborne
Disease and Outbreak Surveillance System (WBDOSS) should be
established in each country mainly in developing countries. This
system collects data on waterborne diseases, and outbreaks associated
with recreational water, drinking water, environmental, and
undetermined water exposures. Besides, there is a need to develop
improved ways for better water treatment, and hygienic handling and
management of water.
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