Open Access Library Journal
2020, Volume 7, e6408

ISSN Online: 2333-9721

ISSN Print: 2333-9705

Water Treatment Challenges towards Viruses

Removal

Djamel Ghernaout2

'Chemical Engineering Department, College of Engineering, University of Ha’il, Ha’il, KSA

’Chemical Engineering Department, Faculty of Engineering, University of Blida, Blida, Algeria

Email: djamel_andalus@hotmail.com

How to cite this paper: Ghernaout, D.
(2020) Water Treatment Challenges towards
Viruses Removal. Open Access Library
Journal, 7: e6408.
https://doi.org/10.4236/0alib.1106408

Received: May 9, 2020
Accepted: May 22, 2020
Published: May 25, 2020

Copyright © 2020 by author(s) and Open
Access Library Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

Abstract

In spite of the considerable development registered in microbiology, human-
kind remains incapable to dominate scientifically and technologically the
large microbial world. This is well established and illustrated, unfortunately,
in the present Coronavirus disease (COVID-19) pandemic. This work aims to
contribute to highlighting the world of pathogenic microorganisms, especially
viruses, and their removal from potable water. Identical to the manner by
which chemical contaminants are handled in the environment, the particular
properties that control transport and demobilization of enveloped viruses in
solutions, on surfaces, and in the air must be understood. Besides, the fashion
by which ecological parameters form likely virus transmission and mutation
mechanisms should be comprehended. Since water treatment constitutes a
secure barrier against drinking water infection, the main stages in the water
treatment plant dealing with pathogens removal such as disinfection have to
be enhanced with more efficient techniques such as advanced oxidations
processes. In the field of eliminating pathogens, some research trends are
suggested especially those founded on thermal destruction and solar irradia-
tion due to their high performance and low costs.
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1. Introduction

Even if persons are constantly revealed to a large range of microorganisms in
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nature, only a small part of such microbes are able of interacting with the host in
such a fashion that infection and illness will end in [1] [2] [3]. Disease-causing
microorganisms are named pathogens [4] [5] [6]. Infection is the phenomenon
by which the microorganism multiplies or grows in or on the host [7] [8] [9].
Infection does not inevitably conduct to illness as it is conceivable for the organ-
ism to grow in or on the host without provoking disease [10] [11] [12]. As an
example, in the situation of enteric infections (Ze., diarrhea) induced by Sa/mo-
nella, only half of the persons infected grow symptoms of the disease [13] [14].
An obvious pathogen is a microorganism apt for generating illness in both nor-
mal healthy and immunocompromised individuals [15] [16] [17]. Opportunistic
pathogens are frequently apt for provoking infections only in immunocompro-
mised persons like burn patients, patients taking antibiotics [18] [19] [20], those
with impaired immune systems, or elderly patients with diabetes. Opportunistic
pathogens are current in nature and can occur in the human gut or skin without
provoking illness [1].

To occasion disease, the pathogen has frequently first to expand inside or on
the host. The period from infection to the manifestation of symptoms (diarrhea,
fever, rash, etc.) is the incubation time (Table 1). Such time could extend from 6
to 12 hrs in the case of norovirus diarrhea, or up to 30 to 60 days for the hepati-
tis A virus, which provokes liver disease. At any moment throughout infection,
the pathogen may be liberated into nature by the host in feces, urine, or respira-
tory secretions. Even if the maximum liberation can happen at the highest point
of the illness, it may also come before the initial symptoms. In the case of the
hepatitis A virus, the maximum excretion in the feces takes place before the on-
set of signs of clinical disease. The level of organisms liberated into nature
changes with the kind of organism and the pathway of transmission (Table 2).

Table 1. Incubation period for usual enteric pathogens [1].

Agent
Adenovirus
Campylobader jejuni

Cryptosporidium

Escherichia coli (enterotoxigenic-ETEC)
E. coli (enteropathogenic-EPEC)

E. coli (enterohemorrhagic-EHEC)

Giardia lamblia
Norovirus
Rotavirus

Hepatitis A
Salmonella
Shigella

Yersinia enterocolitica

Incubation time Fashions of transmission Duration of disease

8 - 10 days Fecal-oral-respiratory 8 days
3 -5 days Food ingestion, direct contact 2 - 10 days

2 - 14 days Food or water ingestion, direct and indirect contact Weeks to months
16 -72h Food or water ingestion 3 - 5 days
16-48h Food or water ingestion, direct and indirect contact 5-12 days
72-120h Food/ingestion, direct or indirect contact 2 - 15 days

7 - 14 days Food or water ingestion, direct and indirect contact Weeks to months
24-48h Food or water ingestion, direct and indirect contact, aerosol? 1 - 2 days
24-72h Direct and indirect contact 4 - 6 days

30 - 60 days Fecal-oral, fomites 2 - 4 weeks
16-72h Food ingestion, direct and indirect contact 2 -7 days
16-72h Food or water ingestion, direct and indirect contact 2 -7 days
3 -7 days Food ingestion, direct contact 1 - 3 weeks

DOI: 10.4236/0alib.1106408

2 Open Access Library Journal


https://doi.org/10.4236/oalib.1106408

D. Ghernaout

Table 2. Concentration of enteric pathogens in feces [1].

Organism Per gram of feces
Protozoan parasites 10° - 107
Helminths
Ascaris 10* - 10°

Enteric viruses

Enteroviruses 10%- 107
Rotavirus 10
Adenovirus/Norovirus 101

Enteric bacteria
Salmonella spp. 10* - 10"
Shigella 10° - 10°
Indicator bacteria
Coliforms 107 - 10°

Fecal coliforms 10°-10°

The level of enteric viruses throughout gastroenteritis can be as elevated as 10" -
10" per gram of feces [1].

Pathogenic microorganisms commonly arise from an infected host (either
human or either animal), or directly from nature. Numerous human pathogens
could only be transmitted via direct or near contact with an infected person or
animal. Examples comprise the herpes virus, Neisseria gonorrhoeae (gonorrhea),
and Treponema pallidum (syphilis). This is due to the fact their survival period
outside the host is quite short. Pathogens transmitted through nature can survive
from hrs to years outside the host, depending on the organism and nature. Pa-
thogens could exit a host in respiratory secretions from the nose and mouth, or
be shed on dead skin or in feces, urine, saliva, or tears. Therefore, they may pol-
lute the air, water, food, or inanimate objects (fomites) [1]. When polluted air is
inhaled or food consumed, the organisms are efficiently transmitted to another
host, where the infection phenomenon starts again. Airborne transmission could
happen through liberation from the host in droplets (i.e., coughing) or via natu-
ral (surf at a beach) or human activities (cooling towers, showers) [1]. Several
organisms could be carried important distances, hundreds of meters (like Le-
gionnaires’ disease and foot-and-mouth disease). Virus transmission via the
airborne pathway can be both direct and indirect. Infection of a host may be by
direct inhalation of infectious droplets or via contact with fomites on which the
airborne droplets have settled. Hand or mouth contact with the organism on the
surface of fomite leads to the transfer of the organism to the portal of entry, ie,
nose, mouth, or eye [1].

Microorganisms transmitted by the fecal-oral pathway are commonly men-

tioned as enteric pathogens since they spread the disease to the gastrointestinal

DOI: 10.4236/0alib.1106408

3 Open Access Library Journal


https://doi.org/10.4236/oalib.1106408

D. Ghernaout

tract. They are peculiarly stable in water and food, and, in the instance of enteric
bacteria, are apt for development outside the host under the suitable ecological
conditions [1].

Waterborne diseases (Table 3) are those transmitted via the ingestion of pol-
luted water that works as the passive carrier of the infectious agent. The tradi-
tional waterborne diseases, cholera and typhoid fever, which have considerably
damaged densely populated regions during human history, have been efficiently
dominated via the protection of water sources and via the treatment of polluted
water supplies. Indeed, dominating such traditional diseases lights the signific-
ance of water supply treatment which greatly contributed to the decrease of in-
fectious illnesses. Additional illnesses provoked by bacteria, viruses, protozoa,
and helminths may as well be transmitted via polluted potable water. Neverthe-
less, it is crucial to keep in mind that waterborne diseases are transmitted by the
fecal-oral route, from human to human or animal to human, so that potable wa-
ter is only one of numerous probable sources of infection [1].

Water-washed illnesses are intimately related to bad hygiene and wrong sa-
nitation. In such a situation, the accessibility of enough amount of water is
usually viewed as more significant than the standard of the water. The shortage
of water for washing and bathing participates in illnesses that have an effect on
the eye and skin, comprising infectious conjunctivitis and trachoma, as well as
in diarrhea diseases, which are a prime source of infant mortality and morbid-
ity in poor countries. Diarrheal illnesses could be immediately transmitted via
person-to-person contact, or indirectly via contact with infected foods and uten-
sils employed by persons whose hands are fecally polluted. When sufficient wa-
ter is accessible for hand washing, the happening of diarrheal illnesses has been
illustrated to lower considerably, as has the prevalence of enteric pathogens like
Shigella [1].

Water-based illnesses are provoked by pathogens that either spend all (or cru-
cial parts) of their lives in water or depend on aquatic organisms for the comple-
tion of their life cycles. Instances of these organisms are the parasitic helminth
Schistosoma and the bacterium Legionella, which lead to schistosomiasis and

Legionnaires’ disease, respectively [1].

Table 3. Classification of water-related illnesses associated with microorganisms [1].

Class Cause Example

Pathogens that originate in fecal material and are trans-
Waterborne J & Cholera, typhoid fever

mitted by ingestion

Organisms that originate in feces are transmitted through

Water-washed ¢ . R Trachoma
contact because of inadequate sanitation or hygiene
Organisms that originate in the water or spend part of . L
T . i K L Schistosomiasis,
Water-based their life cycle in aquatic animals and come in direct X .
Legionellosis

contact with humans in water or by inhalation

Microorganisms with life cycles associated with insects

Yellow fever
that live or breed in water

Water-related
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Water-related illnesses, like yellow fever, dengue, filariasis, malaria, onchocer-
ciasis, and sleeping sickness, are transmitted via insects that multiply in water
(like mosquitoes that transfer malaria) or live near water (e.g., the flies that
transmit the filarial infection onchocerciasis). Such insects are known as vectors
[1].

In spite of the considerable development registered in microbiology, human-
kind remains incapable to dominate scientifically and technologically the huge
microbial world. This is well established and illustrated, unfortunately, in the
present Coronavirus disease (COVID-19) pandemic. This work aims to contri-
bute to highlight the world of pathogenic microorganisms. A special interest will
be accorded to viruses. A general view on the fate and transport of enteric pa-
thogens in nature will be presented. Since water treatment constitutes a secure
barrier against drinking water infection, a brief presentation of the main stages
in the conventional water treatment plant dealing with pathogens will be given.
Finally, some research trends in the field of eliminating pathogens will be sug-

gested.

2. Viruses Background

2.1. Enteric Viruses

Throughout the globe, viruses are a most important reason for gastroenteritis,
especially in infants and young children, in which they are the main reason for
mortality. Four main groups of human gastroenteritis viruses have been classi-
fied: rotavirus (Figure 1); enteric adenovirus (Figure 2); caliciviruses (norovirus
and Sapporo virus); and astrovirus (Table 4). From these, norovirus is of con-
cern since it has become the enteric virus most frequently related to water- and
foodborne disease throughout the globe. Even if endemic viral gastroenteritis
could be transmitted person to person by the oral-fecal pathway, eruptions of
viral gastroenteritis can be initiated through infection of common water or food

source [1].

Figure 1. Electron micrograph of human rotavirus [1].
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Figure 2. Adenovirus [1].

Table 4. Human enteric viruses [1].

Enterovirus
Hepatitis A virus
Reoviruses
Rotaviruses
Adenoviruses
Astroviruses
Torovirus
Human caliciviruses (norovirus, Sapporo virus)
Hepatitis E virus
Picobirnaviruses
Bocaviruses

Coronaviruses

Several human viruses could contaminate the gastrointestinal tract and be ex-
creted in the feces into nature. A person with an enteric viral infection can ex-
crete 10" viral particles per gram of feces (Table 2). Once in nature, viruses
could attain water supplies, recreational waters, crops, and shellfish, via contact
with sewage, land runoff, solid waste landfills, and septic tanks [1].

Illnesses provoked via enteric viruses spread from slight to dangerous or even
deadly. Waterborne eruptions formed by enteric viruses are complicated to re-
port since numerous infections by such pathogens are subclinical. It means that
the virus may replicate in a person, leading to virus shedding even if without
symptoms of the apparent disease. On that account, a person with waterborne
contamination but without apparent illness can contaminate others, who in turn

can become ill, diffusing the infection throughout the society. Moreover, epide-
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miological techniques lack the responsiveness to discover low-level transmission
of viruses via the water. Recreational activities in swimming pools have some-
times resulted in waterborne outbreaks caused by norovirus, hepatitis A virus,
coxsackievirus (Figure 3), echovirus, and adenoviruses. Enteric viruses from
contaminated persons could pollute recreational waters via direct contact or by

fecal release [1].

2.2. Respiratory Viruses

Throughout the globe, respiratory diseases are the most frequent diseases in
humans and most possess a viral etiology. Respiratory illness is related to a big
number of viruses, comprising rhinoviruses (Figure 4); coronaviruses; parain-

fluenza viruses; respiratory syncytial virus; influenza virus; and adenovirus. Such

Phases in a Coxsackievirus Infection

Ingestion of fecally contaminated food
or water containing Coxsackie virus

\

Virus enters the brain
causing encephalitis Vitus enters
;' 4

Virus grows in intestinal
epithelial cells

loodstream

\

Virus enters centtat'nervous system -
causing meningitis or paralysis

Virus replicates in | &
heart tissue, i
causing myocarditis | ¢

Figure 3. Infection by coxsackieviruses [1].

- N

Coughing

i 0,
\_ Talking 0.01%

Figure 4. Source of rhinovirus dispersion [1].
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viruses, when they contaminate the upper respiratory tract, could provoke acute
viral rhinitis or pharyngitis (common cold); when the primary site of infection is
the lower respiratory tract, they could lead to laryngotracheitis (croup), bronchi-
tis or pneumonia [1].

Mortality linked to acute respiratory illness could be particularly considerable
in children and in the elderly. In adults, temporary disability leads to huge eco-
nomic loss. Respiratory infection frequently results from self-inoculation, when
virus-contaminated hands or fingers rub the eyes or when viruses are introduced
into the mouth or nose. Another significant pathway of transmission of respira-
tory viruses is the inhalation of contaminated aerosols [1].

3. Fate and Transport of Enteric Pathogens in Nature

There are numerous possible pathways for the transmission of excreted enteric
pathogens. The possibility of an enteric pathogen to be transmitted by any of
such pathways relies considerably on its resistance to ecological features, which
dominate its survival and its capability to be transferred by water or air, as it
moves through the environment. Numerous pathways could be categorized as
“natural” pathways for the transmission of waterborne illness; however, others
(like the usage of urban wastewater for groundwater recharge, large-scale aqua-
culture projects, or land disposal of disposable diapers) are in fact novel path-
ways generated by modern human activities [1].

Human and animal excreta are sources of pathogens. Persons become conta-
minated via pathogens during consumption of polluted foods, like shellfish from
infected waters or crops irrigated with wastewater; from potable polluted water;
and via vulnerability to polluted surface waters, as may happen throughout
bathing or at recreational sites. Moreover, such humans contaminated by the
above routes become sources of pollution via their excrement, thereby complet-
ing the cycle [1].

In the main, viral and protozoan pathogens survive longer in nature than en-
teric bacterial pathogens (Table 5). How long a pathogen survives in a specific
medium is a function of many complicated characteristics (Table 6). Of all of
the elements, the temperature remains likely the most significant. Temperature
is a well-defined element with a systematically anticipated impact on enteric pa-
thogen survival in nature. As a rule, the lower the temperature, the longer the
survival time. Nevertheless, freezing temperatures usually conduct to the death
of enteric bacteria and protozoan parasites. Even so, enteric viruses could stay
infectious for months or years at freezing temperatures. Moisture—or lack the-
reof—could provoke reduced survival, and ultraviolet (UV) light from the sun is
the main element in the demobilization of indicator bacteria in surface waters;
therefore, die-off in marine waters could be anticipated by amount of exposure
to daylight. Viruses stay much more resistant to demobilization by UV light [1]
[21] [22].

Several laboratory investigations have established that the microflorae of nat-

ural waters and sewage are hostile to the survival of enteric pathogens [23] [24].
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Table 5. Survival times of enteric pathogens in water, wastewater, and soil and on crops

[1].

Enteric pathogen Excreted load® Survival (months)®

Campylobacter spp. 107 1/3

Giardia lamblia 10° 2/3
Shigella spp. 107 1
Vibrio cholerae 107 1
Salmonella spp. 108 3
E. coli (pathogens) 108 3
Enteroviruses 107 3
Hepatitis A virus 10° 3
Ancylostoma duodenale 10? 3
Taenia saginata 10* 9

Ascaris lumbricoides 10* 12

“Typical average number of organisms/g feces. *Estimated average life of infective stage at 20°C - 30°C.

Table 6. Ecological elements influencing enteric pathogen survival in natural waters [1].

Element Remarks

Probably the most important factor; longer survival at lower
Temperature temperatures; freezing kills bacteria and protozoan parasites, but
prolongs virus survival.

Moisture Low moisture content in soil can reduce bacterial populations.
Light UV in sunlight is harmful.

Most are stable at pH values of natural waters. Enteric bacteria are

H
P less stable at pH > 9 and pH < 6.
Salt Some viruses are protected against heat inactivation by the
alts
presence of certain cations.
Organic matter The presence of sewage usually results in longer survival.

. . Association with solids prolongs survival of enteric bacteria and
Suspended solids or sediments |
virus.

Biological factors Native microflora is usually antagonistic.

As an illustration, enteric pathogens survive longer in sterile water than in water
from lakes, rivers and oceans. Bacteria in natural waters can feed upon indicator
bacteria [25]. Suspended matter (clays, organic debris, and the like) and fresh or
marine sediments have been shown to prolong their survival time (Figure 5) [1]
[26].

4. Conventional Potable Water Treatment

Rivers, streams, lakes, and underground aquifers remain latent sources of drinking
water [2]. All water acquired from surface sources has to be filtered and disin-
fected to keep safe from the danger of microbial pollutants [27] [28] [29]. This
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%?; Temperature

Physical
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Chemical
Sunlight Fators Controlling
Viral Survival in
Marine Waters

Chemical Composition of Seawater

Na* Hg*
Cu**

Figure 5. Elements influencing the survival of enteric bacteria, and viral pathogens in
seawater [1].

treatment of surface waters also enhances esthetic features like the taste, color,
and odor [30] [31] [32]. Further, groundwater, as it is below the direct impact of
surface waters like nearby rivers, has to be treated as if it was a surface supply
[33] [34] [35]. In several situations, nevertheless, groundwater requires either no
treatment or only disinfection before human consumption. This is thanks to the
soil itself has worked as a filter to retain pathogens, averting the hazards of pol-
lution of drinking water supplies.

Before anything else, slow sand filtration was the single method used for puri-
fying public water supplies [1] [2] [36]. After that, things started to alter. In
1881, Koch proved in the laboratory that chlorine can neutralize microbe [37]
[38] [39]. Following an eruption of typhoid fever in London, continuous chlori-
nation of public water supply was utilized for the first time in 1905 [40] [41].
The methodical usage of disinfection in the United States started in Chicago in
1908. Implementing present-day water treatment technologies had a main effect
on water-transmitted illnesses like typhoid in the United States (Figure 6) [2].

Recent water treatment engineering furnishes barriers against waterborne ill-
nesses [42] [43] [44]. Such barriers, if applied as a sequence of treatment tech-
niques, are famous as a treatment process train (Figure 7) [2] [45] [46]. The ea-
siest treatment process train, familiar as chlorination, is composed of only one
treatment method, disinfection via chlorination (Figure 7(A)) [47] [48] [49].
The treatment technique train, renowned as filtration, involves chlorination
pursued via filtration across sand or coal that retains particulate matter from the
water and decreases turbidity (Figure 7(B)) [50] [51] [52]. At the following stage
of treatment, in-line filtration, a coagulant is introduced before filtration (Figure
7(C)) [53] [54] [55]. Coagulation modifies the physicochemical state of both
dissolved and suspended solids and accelerates their elimination through filtra-
tion [56] [57] [58]. More traditional water treatment plants combine a floccula-

tion (slow mixing) stage ahead filtration, which ameliorates the aggregation of
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Figure 6. Influence of water filtration and chlorination on typhoid fever death rate in Al-
bany, New York [2].

Cl,
l B Chlorination
(A)
Cl,
J—.—-} Filtration
(B) Filtration
Coagulant
c, I
l In-Line
- » Filtration
(&) Filtration
Coagulant
CIIZ | <> Cllg
SRt Direct
‘ ALk > Filtration
(D) Flocculation Filtration
Coagulant

Cl, l <> Cl,
‘ ‘ Conventional
Treatment
(E) Flocculation Filtration

Sedimentation

Figure 7. Usual water treatment process trains [2].

flocs, and then enhances the elimination performance in a treatment technique
train named direct filtration (Figure 7(D)) [59] [60] [61]. In direct filtration,
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disinfection is ameliorated through injecting chlorine (or substitutional disin-
fectant, like chlorine dioxide or ozone) at both the commencement and termina-
tion of the process train [62] [63] [64]. The most frequent treatment process
train for surface water supplies, famous as traditional treatment, is composed of
disinfection, coagulation, flocculation, sedimentation, filtration, and disinfection
(Figure 7(E)) (2] [65] [66].

Coagulation implicates the introduction of chemicals to accelerate the elimi-
nation of dissolved and suspended matters through sedimentation and filtration
[67] [68] [69]. The most frequent coagulants are hydrolyzing iron salts [70] [71],
ferric sulfate (Fe,(SO,);) and ferric chloride (FeCl;) [72] [73] [74]. Coagulation
could as well reduce dissolved organic and inorganic compounds [75] [76] [77].
Iron hydrolyzing metal salts injected to the water can react with the organic
matter to form a precipitate, or they may form ferric hydroxide floc particles to
which the organic molecules adsorb [78] [79] [80]. The organic matter is then
retained through sedimentation and filtration, or filtration alone if direct filtra-
tion or in-line filtration is used [2] [32] [81].

Flocculation is a simple physical process in which the treated water is softly
stirred to augment interparticle collisions, so encouraging the generation of big
flocs [82] [83] [84]. Following convenient flocculation, most of the flocs settle
out throughout the step of sedimentation (1 - 2 h) [85] [86] [87]. Microorgan-
isms are entrapped or adsorbed to the suspended particles and retained through
sedimentation [2] [88] [89].

Sedimentation is one more entirely physical method, implying the gravita-
tional settling of suspended solids that are denser than water [22] [90] [91]. The
resulting effluent is then subjected to rapid filtration to retain solids that are still
suspended in the water [92] [93] [94]. Rapid filters are commonly composed of
50 - 75 cm of sand and/or anthracite, having a diameter between 0.5 and 1.0 mm
[95]. Details that affect pathogen elimination via filtration are temperature, sand
grain size, filter depth, flow rate, and well-developed biofilm layer [2] [96] [97].

Considered jointly, coagulation, flocculation, sedimentation, and filtration ef-
ficiently eliminate several pollutants (Table 7) [98] [99] [100]. To the same level
crucial, they remove turbidity, rendering water of fine limpidity and so improved

disinfection efficacy [101] [102] [103]. If not retained by these techniques, particles

Table 7. Coagulation, sedimentation, filtration: Usual removal efficiencies and effluent

quality [2].
Organisms . Coaglflation and Rapid filtration  Slow sand filtration
sedimentation (% removal) (% removal) (% removal)
Total coliforms 74 - 97 50 - 98 >99.999
Fecal coliforms 76 - 83 50 - 98 >99.999
Enteric viruses 88 -95 10-99 >99.999
Giardia 58 -99 97 -99.9 >99
Cryptosporidium 90 99 -99.9 99
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can hide pathogens and bring about ultimate disinfection more complicated
[104] [105] [106]. Filtration is a particularly essential barrier in eliminating pro-
tozoan parasites Giardia lamblia and Cryptosporidium [107]. Indeed, the cysts
and oocysts of such microorganisms are extremely resistant to demobilization
via disinfectants [2]. Therefore, disinfection by oneself cannot be relied on to
avoid waterborne diseases [1] [108] [109]. Nevertheless, due to their smaller size,
viruses and bacteria could travel across the filtration technique. Eliminating vi-
ruses via coagulation and filtration relies on their fixing on solids (adsorption),
which is a function of the surface charge of the virus. This is linked to the isoe-
lectric point (the pH at which the virus has no charge) and is both strain and
type-dependent (Table 8) [3]. The changes in surface characteristics have been
employed to interpret why diverse kinds of viruses are retained with changing
performances via coagulation and filtration [2]. Consequently, disinfection stays
the final barrier to such pathogens [110] [111] [112].

As a rule, disinfection is realized during the introduction of an oxidant. Chlo-
rine stays out and away the most frequent disinfectant utilized to treat potable
water; however, different oxidants, like chloramines, chlorine dioxide, and ozone

are as well employed [2].

5. Eliminating Pathogens from Drinking Water: Research
Trends

As shown in Table 6, there are several environmental parameters affecting enteric

Table 8. Influence of main natural elements on microbial diversity [3].

Element Effect on microbial diversity
H Maximum diversity at neutral pH (6 - 8). Extreme pHs lead to decreased
P diversity.
. Different plants may stimulate and/or inhibit different microbial
Vegetation

populations.

Greater diversity with moderate water content. Water-saturated

Water content

Oxygen concentration
Temperature

Organic matter content
Soil depth

Addition of organic
substrates

Soil tillage

Addition of organic
pollutants

Addition of metal
pollutants

conditions decrease diversity due to less spatial isolation of organisms
and also the generation of anaerobic conditions.

Greater diversity under aerobic conditions.

Extremely high or low temperatures reduce diversity.
Higher organic matter content results in higher diversity.
Decreasing diversity with increasing depth from surface.

Addition of a single, organic substrate often results in a reduction in
diversity due to the stimulation of a subset of the microbial community.

Decreased diversity due to soil homogenization and reduction in
microsite variation.

Similar to organic substrates in general, often a reduction in diversity due
to stimulation of specific populations but also potentially toxicity of the
xenobiotic to other populations.

Reduction in diversity due to toxicity to some populations.
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pathogen survival in natural waters [1]. Increasing temperature and UV irradia-
tion (sunlight) are most unfavorable for pathogens survival in water. This means
that those elements are favorable for removing microorganisms from water.

A few years ago, the concept of the best available technology of water/wastewater
treatment and seawater desalination which is, in fact, a simulation of the seawater
distillation at the open sky: coagulation in salty water aerated basin/coagulation
using seawater as coagulant solution with distillation using stored solar energy
followed by a waterfall on a natural mountain was suggested [26]. Such a natu-
ral, green, and technico-economical technology is composed of three steps: the
first one is coagulation which may be achieved: 1) in salty water aerated basin
(air stripping, AS; dissolved air flotation, DAF) where the raw water is “diluted”
in seawater; or 2) in “conventional” coagulation using seawater as coagulant so-
lution instead of alum/ferric salts. The first option seems to be more natural as it
simulates river water dilution in seawater and the second one is more practical
for “rapid” water consummation. For colloids and microorganisms’ removal,
double-layer compression and charge neutralization, as main coagulation and
disinfection mechanisms, would be involved in the first and second options, re-
spectively. Aerated basin (AS/DAF) reproduces the natural aeration to simulate
a healthy natural water basin. Using stored solar energy, distillation as the best
liquid-solid/liquid-liquid separation process provides the removal of dissolved
pollutants. For well-balanced calco-carbonic equilibrium, the last step of this
green treatment is the waterfall on a natural mountain providing useful gases,
dissolved oxygen and carbon dioxide, and mineral salts to the water [26] [27].

It is well established that the drinking water treatment has several disadvantages
such as it may rupture the algae, thereby releasing the taste- and odor-producing
oils before the whole algae are removed from the treatment system. The concept of
algae recovery instead of its removal in drinking water treatment plant was sug-
gested [43]. In fact, algae recovery instead of its removal in water treatment plant
is a promising perspective and a suitable issue when the surface water comes
from dams where algae blooms occur frequently. Micro-algae are a sustainable
energy resource with great potential for CO, fixation. The micro-algae could be
grown in photo-bioreactors or in open ponds. A new interesting field of research
would be fast and simultaneous algal biodiesel production with drinking water
treatment in the biodiesel production/water treatment plant without chemicals

[43]. Such green technology will remove simultaneously pathogens.

6. Conclusion

In spite of the considerable development registered in microbiology, humans
stay incapable to dominate scientifically and technologically the huge microbial
world. This is well established and illustrated, unfortunately, in the present Co-
ronavirus disease (COVID-19) pandemic. This work focuses on the world of
pathogenic microorganisms, especially viruses, and their removal from potable
water. Identical to the manner by which chemical contaminants are handled in
the environment, the particular properties that control transport and demobili-
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zation of enveloped viruses in solutions, on surfaces, and in the air must be un-
derstood. Besides, the fashion by which ecological parameters form likely virus
transmission and mutation mechanisms should be comprehended. Since water
treatment constitutes a secure barrier against drinking water infection, the main
stages in the conventional water treatment plant dealing with pathogens have to
be enhanced with more efficient techniques such as advanced oxidations
processes. In the field of eliminating pathogens, some promising techniques are
suggested especially those founded on thermal destruction and solar irradiation
due to their high performance and low costs.
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