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Abstract
Potable water is a basic need for humans, but attaining clean drinking water
is a significant challenge for many developing and underdeveloped countries
around the globe. In the United States, potable water is obtained from ground
and surface sources and treated with various chemicals to meet federal and
state standards, prior to its delivery to consumers. The United States Environmental Protection Agency (EPA) has established standards for the maximum level of contaminants (MCLs) to regulate their amounts in the public
drinking water. Raw water can be compromised of physical, chemical, and
biological contaminants and can pose a health burden among immunocompromised individuals such as elderly, pregnant women, and especially children. The EPA publishes a contaminant candidate list (CCL) every five years.
However, many of the drinking water regulations were established decades ago.
This review aims to explore factors impacting water safety, processes used to
purify water, the by-products that might remain after the purification process,
and their impact on the health of the general populace, especially the immunocompromised individuals. In addition to the multibarrier water treatment
process, ultraviolet treatment is also evaluated to determine its benefits and
limitations.
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1. Introduction
Potable water is defined as water that is clean and safe for consumption. Water is
an essential nutrient and attaining clean, contaminant free water is a public health
matter, as waterborne pathogens and contaminants can pose a serious physical
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and financial burden on the general populace, especially among immunocompromised individuals. Although only a small portion of the tap water is used for consumption, all tap water in the United States must meet the Environmental Protection Agency (EPA) standards. The EPA was established by the former US
president Richard Nixon and began to operate in 1970 following President Nixon’s executive order (EPA, Web Archives, 2016) in response to the increasing
public pressure over environmentalism and the need for conservation (Rinde, 2017;
EPA Historical Publication, 1992).
The EPA implements numerous legislations and serves as the authority in the
“Clean air Act”, “Emergency Planning and Community Right-to-know Act”, “Federal Insecticide and Recovery Act”, Toxic Substances Control Act”, “Federal
Insecticide, Fungicide, and Rodenticide Act”, and the “Safe Drinking Water Act”.
The Safe Drinking Water Act (SDWA) was passed by the US congress in 1974,
and is one of the legislations that directly impact the general populace on a daily
basis, as it provides standards for over 150,000 public water utility systems across
the United States (SDWA, 2017). The EPA drinking water standards must be
implemented by every public water system (PWS) in the United States. However,
over forty million individuals who rely on private wells as their main source for
drinking water (Dieter & Maupin, 2017) are not covered under the SDWA (EPA,
2017).
To ensure that drinking water is safe and contaminant free, the EPA provides
a contaminant candidate list (CCL) and updates it, periodically documenting
recent water contaminants and publishing the list every five years (EPA, 2016).
The contaminants include various chemicals and pharmaceuticals, microorganisms, and radiological waste (US EPA, 2018). Since water is not packaged and is
consumed raw, leading to microorganisms posing a significant public health concern, the Food and Drug Administration (FDA) regulated bottled water under
the 1938’s Federal Food, Drug, and Cosmetic Act (United States FDA, 1938).
However, tap water remains to be is regulated by the EPA.
Sources for potable water include surface water (rivers, lakes, and reservoirs)
and groundwater (aquifers). Groundwater and surface water are not isolated systems and are continually recharged by each other, as well as by rain and other
natural sources of precipitation. These sources can become contaminated by waste
water during flooding, and can have a significant impact on the management of
water source (Kundzewics et al., 2014). Extreme weather conditions can also cause
chemical contaminants to become more concentrated in very hot seasons and
become more dilute during rainy seasons. In the United States, majority of the
drinking water is obtained from surface water source (Table 1), while only approximately 13% of states utilize groundwater as their main drinking water source
(Figure 1).

2. Conceptual Framework
This research is conducted to evaluate the current water treatment procedures
DOI: 10.4236/vp.2020.64022
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Table 1. Major drinking water sources in major cities in United States.
State

Drinking Water Source

State

Drinking Water Source

Alabama

Potomac River

Montana

Missouri River

Alaska

Eklutna Lake

Nebraska

Platte River

Arizona

Salt and Verde Rivers

Nevada

Kings Creek, Ash Creek and Marlette

Arkansas

Lake Winona and Lake Maumelle

New Hampshire

Bellamy Reservoir

California

Sacramento and American River

New Jersey

Kittatinny Aquifer

Colorado

Strontia Springs

New Mexico

Bernalillo Rivers and Creeks

Connecticut

Farmington River

New York

Delaware River and Croton and Catskill Aqueduct

Delaware

Brandywine, White Clay and Red
Clay creeks and reservoirs

North Carolina

Falls Lake Reservoir

Florida

Floridan Aquifer

North Dakota

Red River

Georgia

Chattahoochee River

Ohio

Scioto River

Hawaii

Haiku Tunnel and Well

Oklahoma

Canton Lake and McGee Creek

Idaho

Boise River

Oregon

Clear Creek

Illinois

Lake Springfield

Pennsylvania

Schuylkill River

Indiana

Teays River Valley

Rhode Island

Scituate Reservoir

Iowa

Raccoon and Des Moines River

South Carolina

Lake Keowee

Kansas

Kansas River

South Dakota

Big Sioux, Big Sioux Aquifer and Middle
Skunk Creek Aquifer

Kentucky

Old Hickory Lake

Tennessee

Cumberland River

Louisiana

Southern Hills Aquifer

Texas

Lake Austin

Maine

China Lake

Utah

Cottonwood Creek

Maryland

Magothy, Upper and Lower Patapsco Aquifers

Vermont

Berlin Pond

Massachusetts

Ware River

Virginia

James River

Michigan

Saginaw Sandstone Aquifer

Washington

Cedar River

Minnesota

Mississippi River

West Virginia

Elk River

Mississippi

Pearl River

Wisconsin

Lake Michigan

Missouri

Missouri River

Wyoming

Granite Springs Reservoir

Figure 1. Drinking water source distribution: Majority of the states utilize surface water
as their main source of drinking water.
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undertaken in the US water treatment facilities. To understand the purpose to
these procedures, the quality and composition of raw water must be examined.
In the United States, drinking water is obtained from spring, reservoirs, creeks,
ponds, aquifers, lakes, and rivers. However, the water treatment procedures are
largely uniform across all facilities, regardless of where raw water is obtained.
Following the water treatment procedure, secondary contaminants are also evaluated to determine the health burden and consequences associated with exposure. In addition, we evaluate the roles of the water quality monitoring agencies,
their efficacy, as well as their means of communication.

3. Methods
This research utilized textbooks, journal articles, information from regulatory
agencies, and data from water facility websites to obtain water quality information for different states. Telephone interviews were also conducted with workers
in water treatment facilities in various states. Additionally, interviews were conducted with water facility superintendents in and around the city of Nashville,
Tennessee to gather information about water quality.

4. Literature Review
4.1. Contaminants
Many factors can compromise drinking water quality, including human waste,
polluting agents, radiological waste material, industrial wastes, and infectious
agents. The EPA has regulated standards for six different groups of contaminants, which all together account for over 90 contaminants as shown in Table 2
(NPDWR, 2017). Many contaminants are not strictly regulated despite EPA’s
recommended standards (NPDWR, 2017). Aluminum, chloride, fluoride, iron,
manganese, sulfate, and zinc are some of the chemicals that are used regularly in
the water treatment process leaving residuals but these residuals are rarely reported.
Table 2. Water contaminant groups.
Group

Contaminants

Microorganisms

Giardia lamblia, Cryptosporidium, Legionella, Total Coliform (including E. coli and fecal coliform), and viruses

Radionuclides

Alpha and Beta particles, Radium 226 and 228, and uranium

Organic Chemicals

Acrylamide, alachlor, atrazine, benzene, carbofuran, carbon tetrachloride, chlordane, chlorobenzene, dalapon, various
forms of dichlorobenzene, dichloroethane, dichloroethylene, dichloromethane, dichloropropane, dinoseb, dioxin, diquat,
endothall, endrin, epichlorohydrin, ethylbenzene, ethylene dibromide, glyphosate, heptachlor, hexachlorobenzene, lindane,
methoxychlor, osamyl, polychlorinated biphenyls, pentachlorophenol, picloram, simazine, styrene, tetrachloroethylene,
toluene, toxaphene, various forms of trichlorobenzene, trichloroethane, trichloroethylene, vinyl chloride and xylenes.

Inorganic Chemicals

Antimony, arsenic, asbestos, barium, beryllium, cadmium, chromium, copper, cyanide, fluoride, lead, mercury, nitrate,
nitrite, selenium and thallium.

Disinfectants

Chloramines, chlorine, and chlorine dioxide.

Disinfectant Byproducts

Bromate, chlorite, haloacetic acids and total trihalomethanes (bromoform, chloroform, bromodichloromethane,
dibromochloromethane)
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4.1.1. Physical Contaminants
Turbidity, measure in nephelometric turbidity unit (NTU), is the main source of
physical contaminant in raw water. This measure of cloudiness and is attributed
to a significant amount of invisible particles that arise from agriculture, mining,
and stormwater runoff. The World Health Organization (WHO), and the US
EPA recommend that turbidity levels must not exceed 5 NTU (Lenntech, 2019;
WHO, 2017; US EPA, 2019). Various reagents are used to reduce turbidity. One
of the most commonly used chemicals is aluminum sulfate (Al2(SO4)3∙nH2O) also known as Alum among the PWS community. However, poly-aluminum chloride (AlCl3), ferric chloride (FeCl3) and gypsum (CaSO4∙2H2O) are also utilized
[14].
4.1.2. Biological Contaminants
Drinking water systems are susceptible to the growth of many microorganisms,
including those found in fecal matter such as Campylobacter ssp., Cryptosporidium parvum, and rotavirus, in addition to Legionella ssp. (Szewzyk et al., 2000).
Collectively, water-borne pathogens were responsible for 1006 illnesses between
2013 and 2014 (Benedict et al. 2017). The EPA has set regulations to prevent
human infection from the ingestion of the microorganisms and bacteria from
pathogens, such as Cryptosporidium, Giardia lamblia, Legionella, and total Coliform, which include fecal coliform and E. coli (EPA, 2018). Cryptosporidium
and Giardia lamblia are both parasites which enter the water system from animal
and human feces and can cause diarrhea, stomach cramps, vomiting and other
gastrointestinal illnesses and are not responsive to bleaching (Sponseller et al.,
2014; Despommier et al., 2019; CDC, 2020). Legionella and E. coli are both
gram-negative bacteria and are intrinsically present in water and are responsible
for Pontiac fever which resembles the flu (WHO, 2007). To combat these pathogens, many water treatment facilities use chlorine to disinfect water.
Although the drinking water industry has used chlorine dioxide (ClO2) to
disinfect water, over the years, several facilities have adopted the use of liquid
chlorine bleach, to ensure drinking water industry worker safety and limited
exposure to toxic fumes (ATSDR, 2004; OSHA, 2012). ClO2 has been shown to
be more effective in killing pathogens, controlling microbiological regrowth, and
biofilm control (Gagnon et al., 2005).
4.1.3. Chemical Contaminants
With industrial and population growth, waste disposal has become a growing
concern. Industrial and radiological waste can find their way into the drinking
water source. Organic and inorganic chemicals can be an intrinsic part of raw
water, or they can enter the waterways as runoff from agricultural or chemical
industries. However, various chemicals such as coagulants, odor control agents,
and corrosion control agents enter drinking water as a result of water treatment
processes. Disinfectants are added as an extrinsic factor to reduce microorganisms and improve water quality. However, these disinfectants leave by-products
which cannot be eliminated prior to consumption. Hence, the chemicals can be
DOI: 10.4236/vp.2020.64022
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divided into two groups; those pre-existent in raw water (intrinsic factors) and
those added (remain in the water as by-products) to remove pre-existing compounds. Intrinsic chemicals include minerals such as calcium and magnesium
which contribute to hardness are the manifestation of minerals as water percolates through limestone (NGWA, 2020). Other chemicals also enter water sources
as runoffs from herbicides, chemical plants, termiticide, agricultural chemical
factories, discharge from drug and chemical factories, rubber factories and petroleum refineries, as well as wastewater treatment plants. These chemicals can
be organic or inorganic in nature, and usually are toxic (Laws, 2018). Some of
the chemicals comprising raw water source are listed in Table 2.
In addition to the chemical contaminant as a result of human activity, chemicals added during the water treatment process can also leave residuals and decrease water quality. Chlorine is a halogen gas, or calcium hypochlorite are highly
toxic to pathogens, such as bacteria, viruses, and protozoans are used to disinfect
water (Calderon, 2000). Chlorination process was first published in 1894 and
implemented in 1897 in Maidstone, England to combat the Typhoid epidemic
that killed 132 people and was first implemented as a continuous practice for
eradication of waterborne pathogens in New Jersey, USA in 1908 and across the
world (Turneaure & Russel, 1901; Leal et al., 1909; Hazen, 1916). Studies have
shown the impact of elevated chlorine by-products on human health, including
an increased risk of miscarriages (Leoni et al., 1989; Pathak et al., 2009) infertility (Den Hond et al., 2006), and even cancer (International Agency for Research
on Cancer, 1990). Trihalomethanes, such as dibromochloromethane, bromodichloromethane, and bromoform, arise from the reaction of chlorine or bromine
with organic compounds present in the water. Continuous exposure to dibromochloromethane and bromoform has been associated with kidney and liver cancer, colorectal cancer, bladder cancer, lung cancer, in addition to heart disease
and even death at high exposure (ATSDR, 2011; Flaten, 1992; Morris et al., 1992;
Yang et al., 1998; Guha et al., 2019).
Although addition of ClO2 gas was a common practice to control microorganism growth and regrowth, many facilities have started to make their own chlorine bleach. Water treatment facilities either purchase liquid chlorine or produce
chlorine within their facility as follows:
Electricity
NaCl + H 2 O 
→ NaOCl( liquid ) + H 2( gas )

Sodium chloride is mixed with deionized water along with electricity to produce sodium hypochlorite (which is stored and used as a disinfectant) and hydrogen, gas which is released into the environment. Potassium permanganate
(KMnO4) is also added to raw water to control odor and improve taste brought
about due to algae growth in the raw water source. This practice was adopted
following an incident in Cedar River, Iowa in May 1962, when drinking water
taste was affected significantly due to major floods that occurred earlier that year
(Cherry, 1962).
4KMnO 4 + 2H 2 O → 4MnO 2 + 3O 2 + 4KOH
DOI: 10.4236/vp.2020.64022
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Potassium permanganate has a purple color and has a sweet taste (PubChem,
2019). It reacts with water to produce manganese oxide, oxygen, and potassium
hydroxide. KMnO4 is effective in decreasing iron concertation and improving
taste and odor in water. However, ingesting small amounts of KMnO4 above 200
mg/L can cause gastrointestinal issues (Wilhite et al., 2012).
Furthermore, hydrogen peroxide (H2O2) is added to water to eliminate cryptosporidium in the oocyst stage, as they can be resistant to chlorine at this stage
(Ramsay et al., 2014). Due to its thermodynamic instability, H2O2 decomposes
into water and oxygen readily, leaving no by-products.
The EPA requires lead levels to remain below 15 parts per billion and copper
levels below 1300 parts per billion in drinking water (EPA, 2018; EPA et al.,
1970). Lead has been shown to cause poor cognition, and no amount of lead has
been deemed to be safe. Studies have shown that even low levels of lead can
burden the body and impair normal cognitive function in children, and has been
associated with behavioral and learning disorders (Yousef et al., 2013; Nigg et al.,
2007; Feldman & White, 1992). To reduce the corrosion, anti-corrosive reagent
(zinc orthophosphate) is added during the treatment process adding to list of
chemicals entering water.
In recent years, hydraulic fracturing also called fracking has raised the concerns about the pollution of water in many countries including Canada, New
Zealand, South Africa, Ukraine, United Kingdom and the United States. The
fracking is a well stimulation technique involving the fracturing of bedrock formations by a pressurized liquid (Gandossi & Von Estorff, 2015). The process
involves the high-pressure injection of “fracking fluid” (primarily water, containing sand or other proppants suspended with the aid of thickening agents)
into a wellbore to create cracks in the deep-rock formations through which natural gas, petroleum, and brine will flow more freely. When the hydraulic pressure is removed from the well, small grains of hydraulic fracturing proppants
(either sand or aluminium oxide) hold the fractures open.
Hydraulic fracturing is highly controversial (World Energy Outlook Special
Report, 2013). Groundwater becomes contaminated by hydraulic fracturing in a
number of ways, including leakage from liquid storage areas, leakage from injection wells, leakage during hydrofracking along faults or up abandoned wells,
seepage into the ground when wastewater and residuals are applied to land
(i.e. used for irrigation or on roads for dust suppression or de-icing), and other
means.
In order to frack, an enormous amount of water is mixed with various toxic
chemical compounds to create frack fluid. This frack fluid is further contaminated by the heavy metals and radioactive elements that exist naturally in the
shale. A significant portion of the frack fluid returns to the surface, where it can
spill or be dumped into rivers and streams. Underground water supplies can also
be contaminated by fracking, through migration of gas and frack fluid underground. Once the frack fluid mixture is injected into the ground it can also pick
up or entrain further contaminants, like radium, a cancer-causing radioactive
DOI: 10.4236/vp.2020.64022
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particle found deep within the Marcellus and other shales (Facking’s Environmental Impacts: Water, 2015).

4.2. Water Treatment Process
Raw water is extracted from a primary water source (lakes, rivers, or aquifers)
and subject to a long treatment process prior to being made available for public
use. However, EPA has established regulations to mitigate health problems associated with contaminants present in water (Clever et al., 2000). The treatment
process includes coagulation and flocculation process to reduce turbidity, followed by sedimentation and sand or rapid filtration, to remove any dense matter
that may have remained after the coagulation process (Simpson, 2008; Hwang et
al., 2012). The most standard form of water treatment in the United States involves the use of Al2(SO4)3∙14H2O or Alum, which acts as a coagulant. When
mixed with water, various by-products or residuals are formed, according to the
following reaction, leading to the formation of aluminum hydroxide, hydrogen
ion, sulfate ion, and water:

Al2 ( SO 4 )3 ⋅14H 2 O → 2Al ( OH )3 + 6H + + 3SO 24 − + 8H 2 O
During flocculation turbidity is reduced to a desirable amount depending on
the pH, and initial turbidity reducing up to 70% of total organic compounds
(Aragonés-Beltrán et al., 2009; Jiang, 2015; Ayekoe et al., 2017). Aluminum
reacts with water to yield aluminum hydroxide (solid) along with sulfate. Although the usage of alum is a standard procedure for water treatment, the EPA
does not regulate or mandate the regulation of sulfate in drinking water.
Finally, the water is disinfected, prior to being distributed to the consumer, via
chlorination or chloramination (Simpson, 2008; Hwang et al., 2012). The general
scheme for water treatment process is summarized in Figure 2. In some facilities, water is chlorinated prior to and after filtration, while in others, the disinfection process precedes the filtration process.
In 1829, Chelsea WaterWorks company was the first public water system to
KMnO4/ACH

-

ClO2/F /
.
Zn3(PO4)2 (H2O)

NaClO

Figure 2. General scheme of water treatment process. Each water treatment facility utilizes a
slightly different process however, majority of plants use this general process. ClO2 gas was
generally used for the disinfection process however, many plants have started to generate chlorine at their plants.
DOI: 10.4236/vp.2020.64022
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utilize sand filtration and chlorination for water treatment (Christman, 1998;
Huisman & Wood, 1974). Varying types of filtration systems are currently used,
which include slow sand filter beds, and rapid sand filters or membrane filtration, often through reverse osmosis (Huisman & Wood, 1974; National Drinking
Water Clearinghouse, 2000). Slow sand filtration is thought to be highly effective
in reducing 90% - 99% of the contaminants, but requires a significant amount of
filter media spread over a large surface area, and manual labor for everyday
maintenance, since water turbidity can clog the filter while rapid sand filtration
requires less land area, is less susceptible to clogging from turbid water, due to
coarse sand granules, and the filtration process is faster (National Drinking Water Clearinghouse, 2000; American Water Works Association, 2003; US EPA,
1990). Reverse osmosis is most effective in reducing chemicals and microorganisms and functions by applying pressure to pass water through a thin membrane
against its natural flow, hence, trapping contaminants inside the membrane
producing contaminant-free water for consumption but this process is not efficient for mass water purification (Malaeb & Ayoub, 2011). Finally, potable water
is distributed to households by pipes, composed of metal, plastic, or cement
which play a significant roles in the formation and proliferation of microbials,
post purification of the water source (Niquette et al., 2000; Pinto et al., 2012).
Internal portion of the piping systems provides a good niche for the formation
of bacterial biofilm, especially where the iron piping material is corrodes (Van
Der Kooij et al., 1995; LeChevallier et al., 1993; Jang et al., 2011; Yu et al., 2010).
Based on evidence, PVC is a better alternative to traditional metal based pipes
due to reduced microbial growth depending on environmental factors (Hwang
et al., 2012; Niquette et al., 2000; Wang et al., 2014; McCoy & Van Briesen,
2012).

4.3. Ultraviolet Treatment
Ultraviolet (UV) radiation, of wavelength 10 - 400 nm, is naturally present in
sunlight at low concentrations, and accounts for approximately ten percent of
the electromagnetic radiation produced by the sun. The disinfectant properties
of ultraviolet radiation were first discovered in 1887. However, UV radiation was
first utilized for water treatment in 1910 in Marseilles, France (U.S. Army Public
Health Command, 2011) and in the early 1900s in the United States. Ultraviolet
photolysis has been shown to be highly effective in the degradation of pesticides
(with the exception of isoproturon) (Sanches et al., 2009); pharmaceuticals such
as ibuprofen and diclofenac; endocrine disruptors; and microorganisms such as

Giardia lamblia cysts and Cryptosporidium oocysts, when used in conjugation
with hydrogen peroxide (Kruithof et al., 2007). Although UV treatment is an effective alternative for reducing microbials in drinking water, studies have shown
that E. coli is able to undergo photo-repair following exposure to ultraviolet
treatment at lower pressures (Zimmer & Slawson, 2002).
UV treatment, although expensive and hard to maintain, is important because
DOI: 10.4236/vp.2020.64022
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it helps to eliminate many contaminants with minimal to no use of chlorine.
This benefit, combined with the lack of bromate formation, is an added advantage to using UV. Currently, UV treatment is used in newer facilities and those
that have sufficient funding to add UV treatment to their existing water treatment facility. However, to implement UV radiation, one must evaluate the disadvantages to UV technology. In addition to cost and maintenance, UV treatment is not effective with turbid water, although it can serve as an additional
barrier following coagulation, flocculation, and sedimentation processes. In addition, because UV radiation is a timed process, microorganisms may be able to
repair the DNA and start to contaminate water post the radiation process, while
chlorine remains in the water until it is distributed to the consumer.

5. Results and Discussion
Upon reviewing different raw water sources, it was determined that the majority
of water is obtained from surface water, which is more susceptible to pollutants
from human activity, as well as human and industrial waste. When surface water
first enters the water treatment facility, turbidity is the major concern, as it reduces the quality, taste and smell of water. In addition, turbid water does not
respond well to filtration, as small particles present in the turbid water can clog
filtration membranes. Hence, it is necessary to reduce turbidity prior to the filtration process. However, because each water body varies in the level of turbidity, some water treatments my use more or less coagulants depending on the level
of turbidity. The more turbid the raw water source, the more alum is required,
which will increase the likelihood that there will be more aluminum residuals in
the resulting water. Because turbidity tends to fluctuate depending on the levels
of precipitation, water quality may also fluctuate during different seasons.
During the interview process, it was determined that, although each facility
monitors their own drinking water, federal level monitoring is not always enforced strictly. In Smyrna, Tennessee, it was determined that the water treatment
facility was not able to upload water monitoring results for as long as six months,
in 2019, due to the EPA website malfunction. These malfunctions can jeopardize
water quality because, when the authoritative agency is not responsive, water
treatment facilities may not adhere to the required safety standards. Hence, it is
necessary for independent local and state level inspecting agencies to regularly
monitor water quality.
Additionally, when speaking to the average citizens, it was determined that
many of them lacked knowledge regarding the water treatment process. Many
water treatment facilities have established regular and very beneficial facility
tours; however, these tours do not allow documentation or photography of their
facility. Upon speaking to water treatment facility superintendents, it was determined that iron (Fe) is retained in the predominant piping material due to it
durability. In addition, the city of Nashville, Tennessee, has piping material made
of concrete, iron, and even wood. This demonstrates the aging and crippling inDOI: 10.4236/vp.2020.64022
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frastructure among older cities and the possible need for upgrading with more
state-of-the-art technology to ensure that these cities obtain and sustain high quality water.

6. Recommendations
Based on the results of this study, the following recommendations are made to
enhance the quality of water and ensure that all citizens have access to safe potable water.
1) Different bodies of water should be evaluated independently and alternative
treatment procedures must be adopted for less polluted water to avoid the introduction of too many chemicals, in an effort to purify an already clean water.
2) Continuous monitoring of treated water is essential in determining how
water quality fluctuates in different seasons.
3) Establishing city-based and state-based independent monitoring procedures are necessary to ensure that regulations are adequately enforced.
4) More legislation is necessary to ensure that rural areas have excess to contaminant-free water.
5) Educational programs are required to ensure that citizens remain well-informed
about the quality of water being consumed, in addition to the health of their raw
water source.
6) A thorough review of water infrastructure in each state should be undertaken, and updated, if necessary.
7) Increased mandatory inspection of secondary contaminants such as sodium, chlorine, and aluminum residuals are necessary.

7. Conclusion
Raw water is not safe for human consumption, due to the presence of intrinsically present contaminants. Multistep procedures are implemented, along with
the addition of various chemicals, to ensure that water is clean and safe to drink.
These reagents may leave behind residuals or by-products that may be hazardous to human health. Raw water turbidity is reduced by using aluminum sulfate
or another coagulant. Chlorine, hydrogen peroxide, carbon dioxide, calcium hydroxide, potassium permanganate, and sodium hypochlorite are some of the other
chemicals added to raw water to reduce pathogens, improve taste, reduce odor,
neutralize pH, and increase water clarity. Water treatment facilities must adhere
to federal and state regulations, to provide contaminant-free water to consumers. However, there is scientific evidence, as outlined in this review, that demonstrate the health risks associated with chlorination, presence of lead, and potassium permanganate. In addition, disinfectants may react with other organic materials to form by-products, which have also been shown to increase the chance
of developing cancer as well as developmental and reproductive issues. In addition to chemical by-products used in the water treatment process, heavy metals
can also enter drinking water, as a result of eroding household plumbing. ProDOI: 10.4236/vp.2020.64022
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longed exposure to these heavy metals has been associated with adverse health
effects, especially in reducing cognitive function in children. The most concerning of these chemicals is chlorine and its increased usage, which has been the
only barrier against microbial growth. Elevated chlorine levels have been associated with reproductive abnormalities, fertility issues, and even cancer. In addition, chlorine by-products can also react with humic and fulvic acid to yield trihalomethanes. To mitigate the hazards associated with chlorine use, UV radiation has proven to be a promising treatment. Ultraviolet radiation has been shown
to eliminate pathogens and break down micropollutants, such as pharmaceuticals and pesticides. The benefits of UV treatment are becoming increasingly popular in many water treatment facilities in the United States that can afford to add
this innovative technology with the financial means to maintain it. Although
there are risks associated with various chemicals and by-products during the water treatment process, the benefits far outweigh the risks posed by consuming
raw and contaminated water. Continued research is empirical in improving the
water treatment process to ensure that all people have access to safe drinking
water, free from pathogens, harmful chemicals, and by-products.
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