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Introduction

This review really highlights the massive issue of microplastics in our wastewater
systems, detailing where they come from, how effectively current treatment plants
remove them, and the serious environmental risks they pose once released. It’s
clear we need better strategies to keep these tiny plastics out of our aquatic envi-
ronments, considering their widespread presence and potential for harm [1].

This study provides crucial insights into how hospital and municipal wastewater
discharge contributes to antibiotic resistance in rivers. It pinpoints the prevalence
of specific resistance genes and the bacteria carrying them, showing a direct link
between urban pollution sources and the spread of these critical health threats in
natural waters. Understanding these pathways is essential for managing global
antibiotic resistance [2].

This research maps out the presence and risks of emerging contaminants, like
pharmaceuticals and personal care products, originating from wastewater treat-
ment plants and then flowing into China’s aquatic systems. It highlights that even
after treatment, significant amounts of these pollutants are released, posing envi-
ronmental risks. This calls for improved removal technologies to safeguard water
quality [3].

This paper addresses the critical issue of sewage contaminating bathing waters,
using a comprehensive multi-indicator approach to trace pollution sources and as-
sess human health risks. It underscores how complex detecting sewage pollution
can be, and how essential it is to use diverse markers to truly understand the risks
to people enjoying these environments [4].

This global review, with a special look at Asia, highlights how excess nutrient loads,
largely from untreated or inadequately treated sewage, drive coastal eutrophica-
tion and lead to harmful algal blooms. It clearly links human activities, particularly
wastewater discharge, to significant ecological disruptions in marine ecosystems,
stressing the urgent need for better nutrient management [5].

This study thoroughly investigates how urban river systems, especially those im-
pacted by wastewater, accumulate heavy metals in their sediments. It identifies
key sources of this pollution and assesses the ecological risks these metals pose
to aquatic life. What this really means is that wastewater is a significant pathway
for toxic heavy metals into our waterways, demanding strict control measures [6].

This research offers a practical framework for evaluating the environmental perfor-
mance of urban wastewater treatment plants using multi-criteria decision analysis.
It’s about more than just treating wastewater; it’s about optimizing these facilities
to minimize their overall ecological footprint, ensuring they effectively mitigate pol-

lution without creating new environmental burdens [7].

This review delves into the health risks involved in reusing urban wastewater, high-
lighting how inadequate treatment can lead to human exposure to pathogens and
chemical contaminants. It emphasizes the crucial need for stringent treatment and
monitoring protocols to ensure that wastewater, a valuable resource, can be safely
reused without posing new public health threats, which directly relates to prevent-
ing pollution [8].

This comprehensive review examines the pervasive issue of pharmaceuticals and
personal care products contaminating aquatic environments, predominantly from
sewage. It outlines their presence, current removal efficiencies in treatment plants,
and the worrying ecotoxicological effects on aquatic organisms. The takeaway is
clear: these emerging pollutants from our daily lives are a significant, persistent
threat to water ecosystems [9].

This review explores how climate change, through increased rainfall and altered
hydrological cycles, directly impacts urban wastewater systems, exacerbating pol-
lution challenges. It highlights that extreme weather events can overwhelm treat-
ment infrastructure, leading to more frequent and severe sewage overflows, which
intensify environmental contamination and pose significant management hurdles
for cities worldwide [10].

Description

The widespread issue of microplastics in wastewater systems reveals their diverse
origins, varying removal efficiencies in current treatment plants, and the significant
environmental risks they pose upon release into aquatic environments [1]. Beyond
microplastics, emerging contaminants, including pharmaceuticals and personal
care products, are a major concern, particularly those originating from wastewater
treatment plants and subsequently entering aquatic systems. Research, specifi-
cally in regions like China, confirms that even after treatment, substantial quanti-
ties of these pollutants are released, demanding advanced removal technologies
to protect water quality [3]. The takeaway is clear: these pollutants from our daily
lives present a persistent threat to water ecosystems [9].

Wastewater discharge from hospitals and municipalities directly contributes to the
spread of antibiotic resistance in rivers. This pollution introduces specific resis-
tance genes and bacteria that carry them, establishing a clear link between urban
effluent and critical health threats in natural waters. Understanding these transmis-
sion pathways is vital for managing global antibiotic resistance [2]. Furthermore,
sewage contamination of bathing waters is a critical problem. A comprehensive
multi-indicator approach is essential for tracing pollution sources and accurately
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assessing human health risks, highlighting the complexity of detecting such pollu-
tion and the necessity of diverse markers to grasp the full extent of risk to people
using these environments [4]. On a global scale, and with particular attention to
Asia, excess nutrient loads predominantly from untreated or inadequately treated
sewage are key drivers of coastal eutrophication and harmful algal blooms, directly
linking human activities to significant ecological disruptions in marine ecosystems
and underscoring the urgent need for improved nutrient management [5].

Urban river systems, especially those influenced by wastewater, show significant
accumulation of heavy metals in their sediments. Studies investigate the levels,
identify the key sources of this pollution, and assess the ecological risks these
metals pose to aquatic life. What this really means is that wastewater is a major
pathway for toxic heavy metals into our waterways, making strict control measures
absolutely necessary [6]. The pervasive issue of pharmaceuticals and personal
care products contaminating aquatic environments, mainly from sewage, further
emphasizes the challenge. Reviews detail their presence, current removal efficien-
cies in treatment plants, and their concerning ecotoxicological effects on aquatic
organisms, reiterating that these pollutants are a significant threat [9].

Evaluating the environmental performance of urban wastewater treatment plants
requires practical frameworks, often involving multi-criteria decision analysis. This
work extends beyond merely treating wastewater; it focuses on optimizing facili-
ties to minimize their overall ecological footprint, ensuring pollution is effectively
mitigated without creating new environmental burdens [7]. Despite treatment ef-
forts, challenges persist. There are significant health risks associated with reusing
urban wastewater, as inadequate treatment can expose humans to pathogens and
chemical contaminants. This situation emphasizes the crucial need for stringent
treatment and monitoring protocols to ensure wastewater, a valuable resource, can
be safely reused without introducing new public health threats [8]. Complicating
matters further, climate change profoundly impacts urban wastewater systems. In-
creased rainfall and altered hydrological cycles exacerbate pollution challenges,
as extreme weather events can overwhelm existing infrastructure, leading to more
frequent and severe sewage overflows, intensifying environmental contamination
and creating substantial management hurdles for cities around the world [10].

Conclusion

Wastewater systems worldwide contend with a spectrum of critical pollutants, pre-
senting significant environmental and public health concerns. Microplastics, origi-
nating from various sources, are poorly removed by current treatment plants, lead-
ing to their widespread presence and potential for harm in aquatic environments
[1]. Emerging contaminants, such as pharmaceuticals and personal care products,
also persist after treatment, flowing into aquatic systems and posing ecological
risks [3, 9]. Hospital and municipal wastewater discharge are direct contributors
to antibiotic resistance genes in rivers, creating a serious global health threat [2].
Beyond chemical pollutants, inadequate sewage treatment results in excess nutri-
ent loads that fuel coastal eutrophication and harmful algal blooms, disrupting ma-
rine ecosystems, especially in regions like Asia [5]. The contamination of bathing
waters by sewage is a widespread issue requiring multi-indicator approaches to
accurately assess sources and human health risks [4]. Heavy metals similarly ac-
cumulate in urban river sediments due to wastewater influence, demanding strict
control measures [6]. While efforts are underway to optimize urban wastewater
treatment plants through environmental performance assessments [7], challenges
remain in ensuring safe wastewater reuse due to risks from pathogens and chemi-
cal contaminants [8]. Complicating all these issues is the impact of climate change,
where increased rainfall and extreme weather overwhelm existing infrastructure,

leading to more frequent and severe sewage overflows and exacerbated environ-
mental contamination [10]. Overall, the data points to an urgent need for advanced
treatment technologies, comprehensive management strategies, and resilient in-
frastructure to mitigate the pervasive pollution challenges stemming from wastew-
ater.
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