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Abstract

Antibiotics are a brand-new category of pollution,
and the rise of antibiotic resistance has created a
worldwide health emergency. The distribution of
drinking water and the purification of raw water
are crucial functions of the urban water delivery
system. The drinking water treatment system and
the water distribution system will each be covered
in this evaluation. Not all methods of water
treatment can lower antibiotic  resistance,
according to prior studies. The network of the
water supply also carries the potential danger of
secondary contamination. This paper's study goal
is to provide an overview of the prevalence and
mechanism of antibiotic resistant genes (ARGS)
and bacteria (ARBs) in the urban water supply
system.

Introduction

Since their first discovery in 1928,
antibiotics  have  been  extensively
employed in a variety of sectors [1].
However, owing to a lack of knowledge,
individuals  mistakenly  assume that
antibiotics work, which leads to an overuse
of them. Data indicate a 35% rise in
worldwide antibiotic usage between 2000
and 2010 [2]. According to studies,
methicillin-resistant Staphylococcus
aureus Kkills more Americans than
emphysema, AIDS, and all other illnesses
combined [3]. Nearly 75% of persons in
the US receiving treatment for acute
bronchitis are  receiving  unneeded
antibiotics [1]. The World Health
Organization has named antibiotic
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resistance as the greatest danger to public
health in the twenty-first century [4].
Antibiotic resistance, which has been
identified as a new kind of pollutant, is
enhanced by the misuse of antibiotics and
may increase their residual quantity in the
aquatic environment. Antibiotic resistance
genes (ARGs) have now been discovered
in a wide range of environmental media,
including soil [9], sewage plants [5],
livestock wastewater [6], surface water [7],
drinking water [8], and livestock
wastewater [9. A significant amount of
antibiotics are also released into the
aquatic environment when wastewater
containing feces is discharged into the
water by the municipal sewage treatment
facility [10]. Antibiotic resistance has now
become a major issue for humanity as
more and more ARGs are found in aquatic
environments.

Additionally, the typical drinking water
treatment method may not be able to
completely eliminate ARGs and antibiotic
resistant bacteria (ARB) from the water,
and certain treatment units may potentially
enhance their abundance [11].
Additionally, research has demonstrated
that ARGs may be found in tap water,
proving that the mechanism used to
distribute drinking water is a significant
source of pollution [12]. According to
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domestic and international research, the
presence and transmission mechanism of
antibiotic resistance in urban water supply
systems were examined in this article.
Mechanisms for the bacterial resistance
to antibiotics and transfer of ARGs

The origin and mechanisms of antibiotic
resistance

ARB relates to the bacterium's decreased
sensitivity to the medicine with repeated
contact with the antibiotic, which causes a
decline in the treatment's effectiveness on
the bacteria or even its ineffectiveness.

It is well acknowledged that the following
four factors play a key role in the drug
resistance mechanism of ARB. 1) Because
certain  bacteria's  cell ~ membrane
permeability is relatively low or they lack
the genes necessary to translate the target
proteins that interact with antibiotics, some
bacteria are innately resistant to many
antibiotics [13]. 2) The bacteria pump out
the antibiotic molecules that spread into
the cell via the efflux pump on the cell
membrane, lowering the concentration of
antibiotics in the cell [13]. 3) Antibiotics
are rendered inactive by enzymes
produced by bacteria [14]. 4) A mutation
in the target protein that interacts with
antibiotics affects their affinity for the
target protein, leading to bacterial
resistance [15].

Transfer of ARGs

The molecular biology of bacterial
antibiotic resistance involves the presence
of internal drug resistance genes. The
majority of the genes for resistance that
bacteria carry are for both acquired and
inborn resistance. Vertical gene transfer, as
it is known in the former, is a technique
used to ensure the passage of ARGs
between intermediate  parents  and
offspring [16]. HGT stands for horizontal
gene transfer, which is the last one.

Several of the procedures described below
may result in the major method of HGT,
the transfer of genetic material across
distinct species. 1) Conjugation, a
procedure heavily reliant on mobile gene
elements (MGEs) such  plasmids,
integrons, or transposons [17]. 2)
Transformation, wherein bacteria absorb
extracellular free DNA, create their own
genetic material from it, and incorporate
expression in vivo [18]. 3) Transduction, a
technique  that  primarily  employs
bacteriophages to enable the horizontal
transfer of resistance genes across viruses
[19].

Environmental risks of ARGs

Resistance genes are spread by a cyclical
mechanism that is simple to accumulate in
the human body (Fig. 1) [20]. When
surface runoff and rains scour into soil,
rivers, lakes, or groundwater, they
contaminate the aquatic environment with
a huge number of resistant bacteria that are
present in animal feces from farms.
Through horizontal gene transfer, the
resistance genes from these resistant
bacteria may be inherited by native
environmental ~ microorganisms.  The
resistance gene will also eventually reach
the human body via the food chain in the
carnivorous products offered by the cattle
and poultry industries, and the resistance
gene in the soil may also be passed on to
the plant and ultimately enter the human
body through the food chain [21]. When
human feces enter a sewage treatment
facility, the resistance genes they carry are
not entirely eliminated. After being
cleaned up by the sewage treatment
facility, the sewage is released into the
river, which serves as a water supply for
the water treatment facility before entering
the human body.

ARGs will build up in the human body,
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making human cells more resistant to
drugs and posing a severe danger to
ecological security and public health. Both
pathogenicity and multiple drug resistance
are present in pathogenic bacteria when
they acquire multiple resistance genes.
Superbugs with the NDM-1 gene were
discovered in humans for the first time in
New Delhi, India, in 2010, which sparked
concern throughout the globe [22].
Superbugs may simultaneously acquire
resistance to a number of antibiotic
medications, rendering them incurable and
causing human mortality. In other words,
we need to come up with a practical
method for getting ARGs out of the
environment.

Surface water

Although some resistance genes may be
eliminated during the sewage treatment
plant's treatment process, a significant
amount of them are still released into the
surface water with the effluent. By
assessing the water and sediment samples
of the Haihe River in China, Luo et al.
have quantitatively investigated the
presence of ARGs in surface water. The
findings showed that the concentrations of
Sull and Sul2 in sediments were
substantially higher than those in water
[23]. Zhang et al. had comparable results.
In Jiangsu Province, China, they found and
measured the levels of class 1 integronase
genes as well as the tetracycline resistance
genes tetA and tetC in diverse aquatic
environments. Their research revealed that
the amount of ARGs in lake sediments was
much greater than in water samples [24].
Additionally, ARG-contaminated surface
water may cause ARGs to appear in cattle,
endangering human health and polluting
the food chain [5].

Groundwater

ARGs started to appear in groundwater as

a result of sewage tank and soil penetration
in animal farms. Tetracycline resistance
gene was found in groundwater by Koike
et al. Their research revealed that the
widespread dispersion of ARGs in
groundwater was significantly influenced
by the exudation of animal manure [25].
Another study conducted in the US found
that groundwater samples taken close to a
pig farm had Enterococcus spp. that was
resistant to four different antibiotics. This
is consistent with other research showing
that groundwater may contain ARGs [26].
Removal of ARGs in drinking water
treatment
Coagulation
filtration

In water treatment facilities, the main
handling  methods  employed  are
coagulation, precipitation, filtration, and
disinfection. They are designed to clean
the water by removing colloids, suspended
particles, and pollutants while lowering its
chrominance and turbidity [27].

Recently, Li et al. conducted study on the
removal of ARGs during the coagulation
process. The results suggest that when
employing FeCI3 or perfluorinated
compound (PFC) in municipal wastewater
treatment facilities to remove ARGs,
conventional pollutants including
dissolved organic carbon (DOC) and
dissolved ammonia nitrogen can also be
efficiently eliminated.

The pH, temperature, and turbidity of raw
water differ greatly from those of
wastewater treatment facilities, and the
coagulants used in each have different
characteristics. These differences are well
recognised. In the water treatment plant,
the removal of resistance genes by
coagulation and sedimentation will differ
slightly. In this area, it is still unusual to
uncover related studies, which points to a

sedimentation and
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possible trend for the future [29].

Filtration is a critical stage in the
purification of water. The filter has
accumulated the greatest biological
material, and horizontal gene transfer is
most probable there. According to Xu et
al., two separate types of resistance genes
were found to have decreased after
treatment by the filtration unit in the water
treatment facility. On the other hand, after
sand filtration, the relative abundance of
most resistance genes increased [30]. Guo
et al. come to the same conclusion. Their
team found that tetracycline resistance
genes (tet A and tet O) had increased after
sand filtration [11]. Although certain
organic matter and suspended particles
may be effectively removed from water by
filtration, it is difficult to ensure biosafety.
A hot field of research at the moment may
be the factors behind the increase in the
absolute quantity of resistance genes in
filter effluent.

Disinfection

The primary types of disinfection
techniques now in use include UV, ozone,
chlorination, and chloramine disinfection.
The most popular disinfection techniques
are chlorination disinfection and UV
disinfection. After chlorine treatment,
Munir et al. found that the amount of
ARGs did not substantially reduce [31].
UV disinfection is a physical procedure as
opposed to chlorination disinfection, and
because to the specificity of UV radiation,
it is efficient at inactivating resistance
genes [32]. According to some researchers,
UV light may render resistance genes in
DNA incapable of being converted,
lowering the possibility of resistance genes
spreading horizontally. The concentration
of resistance genes might be decreased
following UV disinfection, according to
research by McKinney et al., but a 4-

orders-of-magnitude UV treatment was
required to inactivate the resistance genes
[33]. In recent years, some researchers
have suggested that the inclusion of Ag-
TiO2 composite nanomaterials may also
significantly increase the effectiveness of
UV disinfection [32]. They also suggested
that the combination of TiO2 nanoparticles
with near ultraviolet light might boost the
efficiency of eliminating resistance genes.
Spread of ARGs in water-supply
pipeline

Even though the ARG was much reduced
in finished water after source water
treatment, it was still present in tap water
before entering the water delivery
network. It has been shown that the
absolute abundance of ARGs in the water
supply network's effluent is much greater
than that in the network'’s influent [12, 34].
For instance, according to study by Xu et
al., there is a possibility of ARGs
contaminating the water supply network
because of the considerable rise in the
absolute abundance of ARGs, particularly
-lactam ARGs, in the effluent of the water
supply network [30].

In the water supply network, the biofilm
on the pipe walls may encourage the
expression of certain genes. A biofilm will
still build on the pipe wall even if there are
just a few microorganisms in the network
of pipes [29]. The bacteria adhering to the
biofilm may take up the resistance gene
from the water supply network, or the
resistance gene may be horizontally
transferred from the resistant bacteria in
the drinking water carried by the pipe
network to the local bacteria attached to
the biofilm. Therefore, during the transport
of water via pipes, secondary microbial
contamination may occur.

There may be a health danger from the
secondary contamination in the pipe
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network, which has not gotten enough
attention. The study of resistance genes in
the global and Chinese water supply
networks is still in its early stages.
Conclusion

The occurrence of ARGs in urban water
supply systems has been extensively
researched in the literature. There hasn't
been a clear explanation of how ARGs are
removed during the regular water
treatment procedure, however.
Additionally, the systems for distributing
water might act as a breeding ground for
ARGs. The biofilm and its impact on the
enrichment of ARGs and ARB have
recently attracted a lot of study attention.
Research and development of the most
trustworthy, cost-efficient, and efficient
method to remove ARGs are urgently
needed to ensure the biosafety of drinking
water. In light of the analyses indicated
above, we would like to provide a number
of ideas and recommendations about
ARGs.

1) In order to assess their ecological health
concerns and provide a theoretical
foundation for the prevention of resistance
gene pollution, it is essential to examine
the kinds and horizontal movement of
many resistance genes in the environment
as soon as feasible. 2) Drinking water
treatment plants are not only a crucial
location for resistance genes, but also the
means by which they may be eliminated.
In the future, we must concentrate on the
impact of resistance genes being removed
by a new set of water treatment
procedures. 3) The primary focus of future
study will also be the secondary
contamination of the pipe network. To
regulate the content of ARGs entering the
building pipeline system, necessary
disinfection  procedures  should  be
implemented at the conclusion of the pipe

network.

A complete study is still required to
explore the removal and spread of ARGs
in urban water supply systems with more
quantitative data, which would help
eliminate the danger they provide to public
safety. Overall, there is currently little
research on ARGs.
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