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Abstract  

The discharge of waste and effluents into water bodies, driven by rapid urbanization and industrial development, has 
been closely linked to the degradation of aquatic ecosystems and the disruption of essential ecosystem services, 
particularly in urban rivers. These rivers are frequently contaminated with antibiotics that promote the emergence of 
resistant bacterial strains, as well as potentially toxic elements (PTEs), polycyclic aromatic hydrocarbons, and 
pesticides. This review examines the ecotoxicological impacts of contaminants on urban rivers, evaluating their effects 
on ecosystem health and potential risks to human populations. The study was conducted as an integrative literature 
review following PRISMA guidelines, using the descriptors ‘Urban River’ AND ‘Ecotoxicology’ across the databases 
Science Direct, Scopus, and Web of Science. A total of 245 records were initially identified. After applying inclusion 
and exclusion criteria, as well as screening and eligibility assessment, 24 articles were selected for full-text reading and 
critical analysis. The study identifies major pollution sources and hazardous chemicals in urban rivers. In Brazil, 
pollution from antibiotics and PTEs continues to degrade aquatic habitats and compromise water quality, while public 
policies for river restoration remain in early stages, requiring broader implementation and coordinated actions across 
government levels. These patterns reflect a global challenge, as urban rivers worldwide face similar pressures from 
industrialization, urban runoff, and inadequate wastewater management. 

Keywords: Anthropogenic pollution; freshwater ecosystems; toxic substances; environmental management; 
biomonitoring. 
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INTRODUCTION  
 
Rapid urban and technological growth has led 

to a progressive deterioration in the quality of aquatic 
ecosystems, which often receive untreated domestic, 
agricultural, and industrial wastewater (Bunke et al., 
2019; Haarstrick & Sharma, 2024; Guabloche et al., 
2024). The presence of organic and chemical 
substances, including trace metals, pesticides, and 
emerging pollutants such as antibiotics and 
pharmaceuticals, poses significant risks to both human 
health and aquatic biota, as contaminated water can 
lead to waterborne diseases that adversely affect 
communities and healthcare systems (Acioly et al., 
2024; Singh et al., 2024; Thakur et al., 2025). These 
pollutants accumulate in aquatic environments, which 
function as sinks for diverse contaminants (Materon et 
al., 2020), leading to excessive algal growth and the 
mortality of fish and other aquatic organisms. This 
imbalance disrupts ecosystems, threatens public health, 
and contributes to secondary soil contamination, among 
other negative effects. 

In their natural state, rivers form a dynamic 
mosaic of habitats constantly shaped by water flow and 
sediment transport. The interaction between 
hydrological, vegetative, and geomorphological 
processes supports biodiversity and maintains 
ecological integrity. However, the accumulation of 
pollutants and increasing urban development have 
deeply altered these ecosystems, modifying hydrology 
and sediment regimes, fragmenting river systems, and 
disrupting the connectivity between rivers and their 
floodplains. These changes degrade urban river 
ecology, leading to what is commonly known as the 
“urban stream syndrome” (Gurnell, Lee & Souch, 
2007). Urbanization’s impact on rivers is profound, as 
many cities historically developed around them due to 
the resources they provide, such as water, energy, and 
transportation (Mishra et al., 2024; Wu et al., 2024). 
However, the expansion of impermeable surfaces, 
channel modifications, and increasing water demand 
have caused many urban rivers to lose the ecosystem 
services that once supported the flourishing cities 
around them. As aquatic ecosystems deteriorate, there 
is an urgent need to restore and manage these water 
bodies sustainably, recognizing the essential benefits 
that healthy rivers provide to society (Sharma & 
Birman, 2024; Xiong et al., 2024). 

The issue of urban river pollution is 
particularly critical in developing countries, where 
access to basic sanitation services is often limited or 
absent. In the Médio Tocantins River, located in 
northeastern Brazil (state of Maranhão), untreated 
wastewater is directly discharged into the river, 

worsening pollution levels in both water and sediments 
(Acioly et al., 2024; Machado da Silva Acioly et al., 
2024). Rapid urban growth further exacerbates these 
problems and highlights the urgent need for robust 
public policies focused on improving sanitation 
infrastructure and fostering a culture of environmental 
responsibility (Olguín et al., 2010; Kryston et al., 
2024). 

While urbanization drives economic growth, it 
also presents major challenges related to housing, 
infrastructure, and basic services. This expansion 
increases the use of land and natural resources, 
accounting for approximately two-thirds of global 
energy consumption and more than 70% of greenhouse 
gas emissions. Moreover, 1.8 billion people currently 
live in flood-prone areas, making them increasingly 
vulnerable to disasters. Today, more than half of the 
world’s population, over 4 billion people, resides in 
cities, and this figure is expected to reach nearly 70% 
by 2050. Alarmingly, around 45% of this urban 
population lives in flood-prone areas, especially in 
rapidly urbanizing river plains and coastal regions of 
developing countries (World Bank, 2025). Therefore, 
effective coordination between local and national 
governments is essential for achieving sustainable 
urbanization and building greener, more inclusive, and 
more resilient cities. 

The growing contamination of urban rivers 
should also be considered within the One Health 
framework, which recognizes the close interconnection 
between environmental, animal, and human health. 
Chemical contaminants released into aquatic 
ecosystems, including heavy metals, pharmaceuticals, 
and antibiotic-resistant microorganisms, can adversely 
affect aquatic organisms through toxicity and 
bioaccumulation while increasing human exposure via 
contaminated water and aquatic food webs (Sharma et 
al., 2023; Mills et al., 2024). Consequently, protecting 
water quality requires an integrated approach that 
considers both ecosystem integrity and public health. In 
this context, ecotoxicological assessments are essential 
because they identify biological effects that may not be 
detected by physicochemical analyses alone, supporting 
environmental risk assessment, water quality 
management, and evidence-based decision-making for 
the protection of ecosystem and human health (Caixeta 
et al., 2022; Pereira et al., 2026). 

Urban rivers must be recognized for their vital 
role in maintaining ecological balance and enhancing 
urban quality of life. They provide essential water 
resources and offer economic, social, and 
environmental benefits, supporting ecosystems and 
promoting human well-being (Zingraff-Hamed et al., 
2021; Sousa et al., 2025). Therefore, this article reviews  
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the ecotoxicological of urban rivers, assessing 
ecosystem health and the potential impacts of 
contaminants on human populations. In this context, it 
provides a comprehensive overview of ecotoxicological 
studies conducted in urban rivers in recent years (2014 
to 2024), aiming to analyze the health effects on aquatic 
biota and to establish relationships between 
contaminant exposure in river systems and potential 
human health risks. By addressing these issues, this 
review contributes to the advancement of several 
United Nations Sustainable Development Goals 
(SDGs), particularly SDG 6 (Clean Water and 
Sanitation), SDG 11 (Sustainable Cities and 
Communities), and SDG 14 (Life Below Water), by 
promoting knowledge that supports sustainable water 
management and the protection of aquatic ecosystems 
in urban environments (United Nations, 2015). 
 

METHODOLOGY 
 
​This study is an integrative review of broad 

scope, designed to compile and synthesize the main 
findings of the existing scientific literature, following 
the recommendations of PRISMA 2020 (Preferred 
Reporting Items for Systematic Reviews and 
Meta-Analyses). The protocol was structured based on a 
checklist and flow diagrams covering the following 
stages: formulation of a guiding question, selection of 
databases, choice of keywords, definition of eligibility 
criteria, data collection, listing and presentation of 
information, and discussion and publication of the 
results. The guiding question of this research was: 
“What has the literature addressed regarding 
ecotoxicological impacts in urban rivers?”. 

To answer this question, the descriptors Urban 
River and Ecotoxicology were combined using the 
Boolean operator AND, with the terms applied in 
English in the databases Science Direct, Scopus, and 
Web of Science. In Scopus, the search was restricted to 
titles, abstracts, and keywords, whereas in Science 
Direct and Web of Science, the descriptors were 
searched throughout the text. These descriptors were 
intentionally selected because they directly reflect the 
scope of the review, focusing specifically on 
ecotoxicological studies conducted in urban river 
environments. Preliminary searches using broader 
combinations of keywords retrieved a substantial 
number of studies unrelated to the research question, 
including investigations of non-urban aquatic 
ecosystems and general water quality assessments. 
Therefore, the selected descriptors were considered the 
most appropriate to maximize the relevance and 
specificity of the retrieved literature. Studies published 
in English between 2014 and 2024 were selected. This 

time frame was chosen to provide an up-to-date 
overview of the most recent advances in urban river 
ecotoxicology, considering the rapid emergence of new 
contaminants, analytical methodologies, and ecological 
risk assessment approaches over the last decade.  

Inclusion criteria comprised original 
open-access studies addressing ecotoxicological aspects 
and impacts in urban rivers. Exclusion criteria included 
studies not related to the topic, outside the scope of the 
research question, paywalled content, case reports, 
monographs, theses, dissertations, opinion papers, 
reviews, and duplicates. Articles were considered 
outside the scope if they did not address 
ecotoxicological studies in urban rivers or examined 
non-urbanized environments without clear evidence of 
urban impacts. 

For article selection, a preliminary screening of 
titles and abstracts was performed to verify whether 
each study met the predefined criteria. The screening 
and eligibility assessment were independently 
conducted by two reviewers based on the predefined 
inclusion and exclusion criteria. Any disagreements 
regarding study selection were resolved through 
discussion until consensus was reached. The screening 
process was not blinded, as information regarding 
authors, journals, and institutions was available during 
the selection process. Subsequently, the eligible studies 
were read in full, allowing the extraction of data that 
composed the results of this research. To facilitate data 
interpretation, a summary table was prepared, 
containing the ecotoxicological approach, observed 
impact, and geographical location of the investigated 
river. Additional literature relevant to the topic was 
consulted exclusively to provide background 
information and support the discussion of specific 
concepts. These complementary references were not 
included in the PRISMA selection process and were not 
considered part of the evidence synthesis. 

A total of 245 articles were identified after 
applying the year and language filters across the 
selected databases: Science Direct (76.33%), Scopus 
(12.65%), and Web of Science (11.02%). After 
removing 21 duplicate records, 224 articles remained 
for preliminary screening based on titles and abstracts. 
Following this stage, 65 articles were selected for 
full-text assessment, of which 41 were excluded for 
being outside the scope of the study. Consequently, 24 
articles were included in the final review, as illustrated 
in Figure 1. 

A limitation of this review is that a formal 
risk-of-bias assessment of the included studies was not 
performed. As an integrative review, the focus was on 
synthesizing the available evidence rather than 
evaluating   the   methodological  quality  of   individual 
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studies using standardized risk-of-bias tools. 
 
 

Figure 1. PRISMA 2020 flow diagram illustrating the 
literature search, screening, eligibility assessment, and study 
selection process used in this integrative review. 
 

RESULTS AND DISCUSSION 
​
Overview of Contaminants in Urban Rivers 

Environmental ecotoxicology is a broad and 
evolving field, and its importance continues to grow 
with the increasing complexity of chemical 
transformations in the environment. Isolated chemical 
analyses alone cannot accurately capture the 
environmental impact of contaminants, as they fail to 
demonstrate their true ecological effects (Cheng et al., 
2024; Magalhães & Ferrão-Filho, 2008). A clear 
example of this limitation is the growing presence of 
emerging contaminants in water bodies, which cause 
multiple environmental problems, particularly affecting 
aquatic biota. Numerous studies have reported the 
occurrence of these contaminants in urban rivers and 
documented their impacts on different aquatic 
organisms (Table 1).​
​ Environmental contaminants in urban rivers 
encompass a wide variety of chemical classes, including 
pharmaceuticals, pesticides, metals, plasticizers, and 
microplastics (Table 1). Their widespread presence in 
multiple environmental compartments, such as water, 
sediment, and biota, has been extensively documented 
(Gillis, 2012; Sanchez & Porcher, 2014; Wang et al., 
2016; Tu et al., 2018; Barreto et al., 2020; Tang et al., 
2024). These pollutants are typically introduced through 
untreated industrial effluents, domestic sewage, urban 
runoff, and diffuse agricultural discharges, posing 
cumulative and long-term risks to aquatic ecosystems. 
Taken together, these findings indicate that urban rivers 
act as integrative systems for multiple contamination 
sources, resulting in complex exposure scenarios that 
cannot be fully understood through isolated chemical 

measurements alone. 
 

Emerging Contaminants and Ecotoxicological Risks 

Studies conducted in different geographic 
regions consistently demonstrate that emerging 
contaminants, particularly pharmaceuticals and personal 
care products, are among the compounds most 
frequently detected in urban rivers worldwide. Arsand et 
al. (2023) evaluated the ecological risk of emerging 
contaminants, including nonsteroidal anti-inflammatory 
drugs (NSAIDs), analgesics, and antipyretics, in the 
Dilúvio Stream (Porto Alegre, Brazil), focusing on 
freshwater organisms such as fish, invertebrates, and 
algae. The study revealed that paracetamol exhibited 
high toxicity to the tested organisms, while 
sulfamethoxazole and trimethoprim posed risks to algae, 
and caffeine affected crustaceans. 

These findings indicate that such compounds 
present a high intrinsic hazard to aquatic organisms; 
however, the actual ecological risk depends on 
environmental concentrations, exposure frequency, 
organism size (weight), and species-specific sensitivity. 
Furthermore, Arsand et al. (2023) detected caffeine, 
metoprolol, paracetamol, propranolol, 
sulfamethoxazole, and trimethoprim in all analyzed 
samples, suggesting continuous inputs from domestic 
sewage and insufficient removal during wastewater 
treatment processes. 

Similarly, Tamura et al. (2017) conducted 
chemical analyses and toxicity tests on water samples 
collected from urban streams in Tokushima, Kyoto, and 
Saitama, Japan, heavily influenced by wastewater 
effluents. A total of 63 pharmaceuticals and 36 personal 
care products were investigated, of which 50 and 18 
compounds, respectively, were detected in at least one 
sample. Caffeine was identified as the most abundant 
pharmaceutical, being detected in all analyzed samples 
at concentrations reaching 11,000 ng/L, whereas 
2-phenoxyethanol was the predominant personal care 
product compound, with concentrations up to 14,000 
ng/L. Reported LOD and LOQ values ranged from 1–10 
ng/L and 5–50 ng/L, respectively, depending on the 
analyzed compound.  

The high environmental concentrations of 
these compounds reinforce their persistence and 
widespread consumption, making them reliable 
indicators of anthropogenic contamination in urban 
aquatic systems. Toxicity assays demonstrated that 
linear alkylbenzene sulfonates (LAS) were most toxic to 
Ceriodaphnia dubia (8-d EC25 = 0.13–1.9 mg L⁻¹), 
followed by Danio rerio (9-d EC10 = 0.40–7.6 mg L⁻¹ 
for hatching and larval mortality) and Raphidocelis 
subcapitata (72-h EC10 = 1.7–26 mg L⁻¹), highlighting 
differences in species sensitivity among aquatic taxa. 
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Table 1. Summary of studies evaluating ecotoxicological impacts in urban rivers 
 

 
 

Author / Year         Ecotoxicological Approach         Observed Impact      River / City / Country 

Arsand et al. (2023)  

Ecological risk assessment of emerging 
contaminants (non-steroidal 
anti-inflammatory drugs — NSAIDs, 
analgesics, and antipyretics). 

 

Paracetamol showed high ecological risk for algae, crustaceans, and fish (RQ 
= 2.84–8.06), with low EC50/LC50 values (0.124–0.352 mg L⁻¹). 
Sulfamethoxazole and trimethoprim also posed elevated ecological risk to 
algae (RQ = 50 and 1.78, respectively), while caffeine presented higher risk 
to aquatic crustaceans (RQ = 2.27). 

 Dilúvio Stream – Porto 
Alegre, Brazil. 

Tamura et al. (2017)  

Chemical analysis and toxicity tests of 
pharmaceuticals and personal care 
products, including linear alkylbenzene 
sulfonates (LAS). 

 

The most abundant pharmaceutical detected was caffeine, whereas 
2-phenoxyethanol was the predominant personal care product. LAS 
compounds were most toxic to Ceriodaphnia dubia (8-d EC25 = 0.13–1.9 
mg L⁻¹), followed by Danio rerio (9-d EC10 = 0.40–7.6 mg L⁻¹) and 
Raphidocelis subcapitata (72-h EC10 = 1.7–26 mg L⁻¹). Very low EC10 
values were also reported for algae exposed to triclosan (0.00054 mg L⁻¹) and 
clarithromycin (0.0037 mg L⁻¹). 

 
Urban streams in 
Tokushima, Kyoto, and 
Saitama – Japan. 

Domínguez-García et al. 
(2024)  Risk Quotient (RQ) and feeding/survival 

bioassay with Daphnia magna.  

RQ assessment and D. magna bioassay. Most pharmaceuticals showed RQ < 
1; atorvastatin and chlorpromazine exceeded toxicity thresholds. No 
mortality occurred, although sublethal feeding effects were observed in D. 
magna. LOQ ranged from 2.0 to 71.9 ng L⁻¹. 

 Besòs and Llobregat 
Rivers – Catalonia, Spain. 

Biswas, Vellanki and 
Kazmi (2022)  Risk Quotient (RQ).  RQ of six out of ten target compounds in surface water exceeded 1, implying 

moderate to high risk for freshwater organisms.  Yamuna River – India. 

Prasad, Shukla, and 
Ahammad (2024)  Contaminants in the Ganges River and Risk 

Quotient (RQ).  

Metformin, triclosan, triclocarban, diclofenac, and methylparaben were the 
most abundant compounds. Maximum RQ in water: triclocarban, 
17α-ethinylestradiol, diclofenac, and triclosan; in sediment: triclocarban, 
followed by 17α-ethinylestradiol, 17β-estradiol, triclosan, and diclofenac. 

 Ganges River – India. 

Murrell et al. (2024)  Enzymatic activities of microbial 
communities.  Inhibition of protease, phosphatase, and lipase activities, and increased 

catalase activity in response to oxidative stress.  Urban and rural rivers – 
Cuba. 

Rapp-Wright et al. 
(2023)  Risk Quotient (RQ) for emerging 

contaminants  Most compounds in the river were classified as low ecological risk.  Urban river – Ireland. 

Zhang et al. (2020)  Mixture Risk Quotient (MRQ) of 
antibiotics.  

Average MRQ values were 3.4 in water and 2.7 in sediments, indicating 
moderate ecological risks from antibiotic mixtures, particularly for algae. 
Synergistic effects were observed for some antibiotic combinations, and 
LOQ values ranged from 0.10 to 3.5 ng g⁻¹. 

 Chaobai River – Beijing, 
China. 
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Table 1 - continued 
 

 
 

Author / Year         Ecotoxicological Approach         Observed Impact      River / City / Country 

Marques et al. (2023)  

Presence of azithromycin (AZI), 
ivermectin (IVE), and 
hydroxychloroquine (HCQ) in urban 
rivers; environmental Risk Quotient 
(RQ); evaluation of individual and 
combined effects on cyanobacteria 
(Synechococcus elongatus) and 
microalgae (Chlorella vulgaris). 

 

AZI and HCQ posed environmental risks to cyanobacteria and microalgae, 
while IVE mainly affected C. vulgaris. Combined exposure altered growth 
and photosynthesis, and AZI + IVE induced cyanobacterial mortality. LOQ 
values ranged from 0.02 to 0.50 μg L⁻¹. 

 Barigui, Belém, and Iguaçu 
Rivers – Curitiba, Brazil. 

Won- Ki, Atique, An 
(2020)  DNA damage in zebrafish (Danio rerio).  Embryonic developmental delays, distal head and tail necrosis, heart 

morphology differences, and altered heart rate.  Geum River – Daejeon, 
South Korea. 

Mata et al. (2020)  Toxicity using benthic crustaceans 
(Heterocypris incongruens)  

Ecotoxicological assays showed 100% mortality after 6 days of sediment 
exposure, indicating severe sediment toxicity associated with high 
concentrations of toxic metals exceeding sediment quality guidelines. 

 Kinshasa – Democratic 
Republic of Congo. 

Sharma et al. (2022)  
Chromium presence in water, sediment, 
plants (Eichhornia crassipes), and fish 
(Labeo rohita). 

 

Chromium concentrations exceeded WHO permissible limits in water and 
sediments. Bioconcentration factors (BCF) were highest in fish gills (6.42) 
and lowest in kidneys (1.04), indicating tissue-specific bioaccumulation. 
HPI and MQI values revealed severe chromium contamination and 
ecological risk in the Yamuna River ecosystem. 

 Yamuna River – India. 

Urmi et al. (2023)  Risk Quotient (RQ) for phthalate esters.  

RQ values followed the order DEHP > BBP > DBP > DEP > DMP. DEHP 
posed high ecological risk to sensitive aquatic organisms, particularly algae 
(RQ = 60.1 in Savar and 20.4 in Tongi), while BBP showed high risk to 
invertebrates. Risk assessment was based on LC50/EC50 and 
NOEC-derived PNEC values. 

 Tongi and Savar – 
Bangladesh. 

Wang et al. (2019) 
  Ecotoxicological risks of polychlorinated 

biphenyls (PCBs) in sediments.  PCBs in most sediment samples exceeded TEL (Threshold Effect Level) but 
were below PEL (Probable Effect Level).  Pearl River – China. 

Barreto et al. (2020) 
  

Embryo-larval development of native fish 
(Salminus brasiliensis, Prochilodus 
lineatus, Pseudoplatystoma corruscans, 
Rhamdia quelen). 

 Most species showed high frequency and severity of deformities depending 
on tested concentrations.  Atuba River – Curitiba, 

Brazil. 

Mwanamoki et al. 
(2014)  

Sediment chemical analysis and toxicity 
using benthic crustaceans (Heterocypris 
incongruens) 

 
Ecotoxicological assays showed 100% mortality in exposed benthic 
organisms, indicating severe sediment toxicity associated with contaminant 
exposure. 

 
Congo River basin and 
Lake Ma Vallée – Kinshasa, 
DRC. 
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Table 1 - continued 
 

 

 

Author / Year         Ecotoxicological Approach         Observed Impact      River / City / Country 

Truong et al. (2023)  Ecological risk assessment.  Risks ranged from low to medium for aquatic organisms.  Urban rivers and lakes – 
Hanoi, Vietnam. 

Alves et al. (2021)  Fish toxicity.  Swim bladder inflation failure, delayed hatching, insufficient mouth 
protrusion, blood stasis, underdeveloped pectoral fins.  Capibaribe River – Brazil. 

Gemusse et al. (2021)  Health assessment of tilapia (Oreochromis 
niloticus).  Negative impacts on fish health.  Iguaçu River – Paraná, 

Brazil. 

Santana et al (2018)  Chemical analysis of tilapia muscles 
(Oreochromis niloticus).  High levels of metals; hepatic alterations (necrosis and inflammatory 

processes).  Iguaçu River – Paraná, 
Brazil. 

Gillis, Higgins and Jorge 
(2014)  Urban-derived contaminants in wild 

freshwater mussels (Lasmigona costata).  
Physiological effects from chronic exposure to complex urban inputs; some 
biomarkers responded cumulatively to municipal wastewater effluents and 
road runoff. 

 Grand River – ON, 
Canada. 

Kumari et al. (2023)  Presence of microplastics in wild fish.  
Fish captured near effluent discharge points were more susceptible to 
microplastic contamination; fish feeding in the water column were 
particularly affected. 

 Ganges River – Patna, 
Bihar, India. 

An et al. (2022)  Presence of microplastics in water and 
benthic snail (Bellamya aeruginosa).  Relatively high abundance of microplastics in surface water and snails 

(mean 28.13 ± 4.18 particles per individual).  Qing River – Beijing, 
China. 

Hou et al. (2024)  
Concentrations and distribution of 
imidacloprid and thiamethoxam after heavy 
rainfall events. 

 

Chronic ecological risk assessment (RQ and joint probability curves) 
showed moderate to significant risks of imidacloprid and thiacloprid to 
aquatic organisms, especially insects and crustaceans. Chronic 
HC5-derived criteria were 0.006 and 0.012 μg/L, respectively; chronic risk 
probabilities affecting 5% of species reached 97% and 68%. LOD/LOQ: 
0.01/0.03 ng/L. 

 Licun River – Qingdao, 
China. 
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Very low EC10 values were reported for algae 
exposed to triclosan (0.00054 mg L⁻¹) and 
clarithromycin (0.0037 mg L⁻¹), indicating high 
sensitivity to these compounds. These findings highlight 
differences in species sensitivity across trophic levels, 
with aquatic invertebrates showing greater susceptibility 
to surfactants, potentially affecting food web dynamics 
and ecosystem stability. 

Environmental risk assessment is an essential 
tool for estimating the probability of adverse ecological 
effects resulting from exposure to environmental 
stressors, including chemical substances, land-use 
changes, and invasive species. The Risk Quotient (RQ) 
is widely applied for this purpose, where RQ < 1 
indicates negligible risk, 1 ≤ RQ < 10 indicates low 
potential for adverse effects, 10 ≤ RQ < 100 represents 
moderate potential, and RQ ≥ 100 indicates a high 
potential for adverse ecological effects (EPA, 2018, 
cited in Domínguez-García et al., 2024). 

This approach integrates both exposure and 
toxicity, allowing a more realistic assessment compared 
with analyses based solely on intrinsic hazard. An 
example is the study conducted by Domínguez-García 
et al. (2024), who applied the RQ method to evaluate 
pharmaceuticals in water samples from the Besòs and 
Llobregat rivers in Catalonia, Spain. Most 
pharmaceuticals presented RQ values lower than 1, 
indicating low environmental risk. Although no 
mortality was observed in Daphnia magna, sublethal 
effects on feeding behavior were detected. These 
findings highlight the importance of considering 
sublethal endpoints, since behavioral and physiological 
alterations may precede population-level effects and 
contribute to ecological imbalances under chronic 
exposure scenarios. 

In India, Biswas, Vellanki, and Kazmi (2022) 
reported that six out of the ten compounds detected in 
surface waters of the Yamuna River exhibited RQ 
values greater than 1, indicating moderate to high risks 
for freshwater organisms. This contrast with studies 
reporting low RQ values suggests that environmental 
risk varies substantially according to local conditions, 
including population density, wastewater treatment 
efficiency, and hydrological characteristics. Similarly, 
Prasad, Shukla, and Ahammad (2024) identified 
metformin, triclosan, triclocarban, diclofenac, and 
methylparaben as the most abundant contaminants in 
the Ganges River. Triclocarban showed the highest 
ecological risk, followed by 17α-ethinylestradiol, 
diclofenac, and triclosan in water samples, whereas 
sediments exhibited higher risks associated with 
triclocarban and steroidal estrogens. 

The elevated risks associated with sediments 
indicate that these environmental compartments may act 

as secondary sources of contamination, gradually 
releasing pollutants over time and increasing the 
exposure of benthic organisms. Emerging contaminants 
also affect microbial communities by inhibiting 
protease, phosphatase, and lipase activities, while 
simultaneously increasing catalase activity as a response 
to oxidative stress, as observed by Murrell et al. (2024) 
in urban and rural rivers in western Cuba. These 
biochemical alterations suggest that contaminants may 
impair essential ecosystem functions, including nutrient 
cycling and organic matter decomposition, potentially 
reducing ecosystem resilience. Overall, the studies 
analyzed reveal a consistent global pattern in which 
emerging contaminants are continuously introduced into 
urban rivers, persist across different environmental 
compartments, and induce both lethal and sublethal 
effects at multiple trophic levels. 

Despite regional differences in contaminant 
concentrations and profiles, the recurrent detection of 
compounds such as caffeine, antibiotics, and personal 
care products indicates common contamination sources 
associated with urbanization and the discharge of 
domestic wastewater. However, it is important to 
emphasize that many studies do not report essential 
analytical parameters, such as limits of detection (LOD) 
and limits of quantification (LOQ), which restricts the 
comparability, reproducibility, and robustness of 
environmental monitoring data. Furthermore, although 
pharmaceuticals are widely discussed in the literature, 
pesticides are also frequently introduced into urban 
rivers through surface runoff, particularly during rainfall 
events, representing an important yet still underexplored 
source of ecotoxicological risk. 

 
Mixtures of Contaminants and Synergistic Effects 

Rapp-Wright et al. (2023) monitored more than 
140 emerging contaminants in rivers and wastewater 
treatment plants in Ireland. The authors reported that the 
overall environmental risk of contaminants detected in 
river waters was lower than that observed in effluent 
samples, with most compounds classified as low risk, 
suggesting a dilution effect along the river course. Only 
twelve compounds were quantified in the urban river 
samples. 

These findings suggest that, although dilution 
processes may reduce contaminant concentrations in 
receiving water, they do not eliminate ecological risks, 
particularly under scenarios of continuous input in 
which contaminants are persistently introduced into 
aquatic systems. Furthermore, the lower number of 
quantified compounds in river samples compared with 
effluents may reflect both dilution effects and analytical 
limitations, reinforcing the importance of 
comprehensive monitoring strategies. 
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In Beijing, Zhang et al. (2020) applied the 
Mixture Risk Quotient (MRQ) approach to evaluate 
nine antibiotics in the Chaobai River. This One Health 
perspective recognizes the interconnection between 
environmental, animal, and human health, highlighting 
that contamination of aquatic ecosystems may directly 
and indirectly affect human populations. Representative 
aquatic organisms, including algae, invertebrates, and 
fish, showed moderate environmental risk due to the 
high concentrations, toxicity, and synergistic effects of 
antibiotic mixtures (Zhang et al., 2020). Macrolides and 
sulfonamides were detected at higher concentrations in 
water samples, whereas tetracyclines and 
fluoroquinolones predominated in sediments. This 
compartmentalization of contaminants indicates that 
different classes of antibiotics exhibit distinct 
environmental behaviors, influencing their 
bioavailability and exposure pathways across trophic 
levels. Moreover, the moderate risk associated with 
contaminant mixtures highlights that combined effects 
may amplify ecological impacts beyond those predicted 
from assessments of individual compounds alone. 

Marques et al. (2023) investigated three 
pharmaceuticals widely used during the COVID-19 
pandemic—azithromycin, ivermectin, and 
hydroxychloroquine—in water samples collected from 
three urban rivers in Curitiba, Brazil. The study 
included Risk Quotient (RQ) assessment and the 
evaluation of individual and combined effects on 
cyanobacteria (Synechococcus elongatus) and 
microalgae (Chlorella vulgaris). Concentrations of 
azithromycin (up to 2.85 μg/L) and hydroxychloroquine 
(up to 2.97 μg/L) showed significant environmental 
risks, whereas ivermectin (up to 3.2 μg/L) affected only 
C. vulgaris. 

Marques et al. (2023) observed that exposure 
to the azithromycin + ivermectin combination caused 
cyanobacterial mortality and reduced growth and 
photosynthetic activity when all three pharmaceuticals 
were combined. Although the growth of C. vulgaris was 
not significantly affected, its photosynthetic 
performance was negatively impacted. These findings 
demonstrate that the toxicity of contaminant mixtures 
cannot be inferred solely from the effects of individual 
compounds, since combined exposure may result in 
additive or synergistic interactions capable of altering 
both organism survival and physiological processes. 
The differential responses observed between 
cyanobacteria and microalgae further highlight 
species-specific sensitivity, emphasizing the complexity 
of predicting ecological outcomes under scenarios 
involving exposure to multiple contaminants. 

Due to the occurrence of contaminants as 
complex mixtures, the isolated assessment of individual 

compounds may underestimate actual environmental 
risks. This limitation is particularly relevant in urban 
rivers, where multiple contamination sources 
simultaneously contribute to the chemical composition 
of water and sediments. Furthermore, the persistence of 
many emerging contaminants results from their 
resistance to both abiotic and biotic degradation 
processes. 

Pharmaceuticals may exert biological activity 
at very low concentrations, easily cross biological 
membranes, and remain active long enough before 
being excreted in feces and urine (Bereda, 2022; 
Bhavani & Subbulakshmi, 2025). These characteristics 
increase their potential to interact with other 
compounds, thereby elevating the likelihood of mixture 
effects and cumulative toxicity in aquatic environments. 
Examples include oxolinic acid, cyclophosphamide, 
flumequine, oxytetracycline, clofibric acid, and 
ivermectin, which are known to resist degradation in 
aquatic environments, soils, sediments, and wastewater 
treatment plants (Bottoni, Caroli, & Barra-Caracciolo, 
2010; Gwenzi et al., 2022; Lavrukhina et al., 2024). 

The persistence of these compounds 
contributes to their continuous accumulation and 
increases the probability of interactions with other 
contaminants, reinforcing the importance of considering 
long-term exposure scenarios in ecotoxicological 
assessments. Inadequate wastewater treatment, 
insufficient sanitation infrastructure, and improper 
pharmaceutical disposal further intensify the 
persistence and accumulation of these contaminants in 
aquatic systems. Together, these factors promote the 
formation of complex contaminant mixtures that may 
produce additive, synergistic, or even antagonistic 
effects, complicating environmental risk assessment 
and management strategies. Overall, the studies 
analyzed indicate that evaluating isolated compounds is 
insufficient to fully understand ecotoxicological risks in 
urban rivers, since real-world scenarios involve 
simultaneous exposure to multiple contaminants with 
interactive effects. Therefore, incorporating 
mixture-based approaches, such as the Mixture Risk 
Quotient (MRQ) and multispecies toxicity testing, is 
essential to improve the accuracy and ecological 
relevance of environmental risk assessments. 

 
Ecotoxicological Effects of Metals, Emerging 
Contaminants, and Persistent Pollutants​
​ Bae, Atique, and An (2020) conducted an 
ecological risk assessment in two urban streams (Gap 
Stream and Miho Stream) belonging to the Geum River 
watershed in the metropolitan region of Daejeon, South 
Korea. Using fish biomarkers, the authors analyzed 
DNA damage through the comet assay  (single-cell  gel  
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electrophoresis)  and  physiological responses  based on 
the activity of the enzymes 
7-ethoxyresorufin-O-deethylase (EROD) and 
acetylcholinesterase (AChE).  

The results revealed that fish from impacted 
areas exhibited DNA damage levels 2 to 3.6 times 
higher than those from the control site, in addition to 
alterations in nuclear morphology and increased 
enzymatic activity, indicating exposure to chemical 
contaminants originating from industrial discharges and 
wastewater treatment plants. These biomarkers reflect 
early sublethal effects, allowing the detection of 
chemical stress before impacts occur at the population 
level, thereby reinforcing their importance in 
ecotoxicological assessments. 

The study by Bae, Atique, and An (2020) 
highlighted the usefulness of these biomarkers as early 
warning tools for evaluating the ecological health of 
urban streams contaminated by heavy metals such as 
Zinc (Zn), Chromium (Cr), Cadmium (Cd), Arsenic 
(As), and Copper (Cu). Although these elements 
naturally occur in the environment, elevated 
concentrations represent a high intrinsic hazard, while 
the actual ecological risk depends on bioavailability, 
exposure conditions, and species sensitivity. Exposure 
of benthic crustaceans (Heterocypris incongruens) to 
sediments from the Congo River in Kinshasa, 
Democratic Republic of Congo, resulted in 100% 
mortality after six days, demonstrating sediment 
toxicity likely associated with high metal 
concentrations (Mata et al., 2020). 

Similarly, Mwanamoki et al. (2014) observed 
that sediments influenced by anthropogenic activities, 
urban runoff, and domestic and industrial effluents 
exhibited the highest metal concentrations in the Congo 
River basin. These findings demonstrate that sediments 
act as important contaminant reservoirs, functioning as 
secondary sources of exposure for benthic organisms 
over time. Sharma et al. (2022) evaluated chromium 
levels in water, sediments, plants (Eichhornia 
crassipes), and fish (Labeo rohita) in Mathura and Agra 
along the Yamuna River in India. Metal pollution was 
extremely high in Mathura, and bioconcentration factors 
in fish tissues varied according to organ and sampling 
location, being higher in gills in Agra and lower in 
kidneys in Mathura. 

These variations indicate that bioaccumulation 
depends not only on organism physiology but also on 
local environmental conditions, reflecting differences in 
exposure pathways and metabolic regulation capacity. 
These regions are frequently visited for religious 
activities, while the waters receive inputs from 
tanneries, welding industries, electroplating facilities, 

paint factories in Mathura, and an oil refinery in Agra. 
Living organisms require trace metals to sustain 
metabolic and physiological functions. However, when 
concentrations or bioavailability exceed optimal levels, 
these elements become toxic. 

The biological effects resulting from metal 
exposure depend on physicochemical properties, 
environmental concentration, exposure duration, routes 
of entry, and the developmental stage of exposed 
organisms, making risk assessment highly dependent on 
environmental context. Essential metals such as Fe, Cu, 
and Mn may disrupt cellular homeostasis and alter gut 
microbiota at elevated concentrations, whereas toxic 
metals such as Pb, Cd, As, and Hg are harmful even at 
trace levels due to their bioaccumulation potential and 
interference with antioxidant systems (Zhu et al., 2024; 
Jomová et al., 2025). Carvalho et al. (2017) 
demonstrated that even low concentrations of Zn and Cd 
altered reproductive patterns in Ceriodaphnia dubia, 
compromising freshwater ecosystems. Similarly, Novais 
et al. (2018) reported that Cu and Ni negatively affected 
species development and ecosystem homeostasis, as 
evidenced by morphological alterations in the hepatic 
tissues of Danio rerio. These studies indicate that, even 
at sublethal levels, metals may induce chronic effects 
that impair reproduction, growth, and ecological 
functioning, reinforcing the importance of considering 
endpoints beyond mortality alone.  

Emerging contaminants (ECs), including 
pharmaceuticals, personal care products, PFAS, 
microplastics, and endocrine-disrupting chemicals 
(EDCs), are increasingly detected due to anthropogenic 
activities. These compounds interfere with endocrine 
regulation and may cause reproductive, developmental, 
and metabolic disorders, while also exhibiting 
persistence, bioaccumulation potential, and the capacity 
to induce oxidative stress, genotoxicity, and endocrine 
disruption across multiple trophic levels (Boahen et al., 
2025; Wang et al., 2024). These properties increase their 
environmental risk potential, particularly when 
combined with other contaminants present in aquatic 
systems, contributing to cumulative and interactive 
effects. 

Phthalates (phthalic acid esters), widely used as 
plasticizers since the 1930s, are present in polymers, 
personal care products, and cosmetics, and are 
continuously released into the environment (Godwin, 
2023; Etuk & Inyang, 2024). They accumulate in water, 
soil, and biota, posing risks related to endocrine 
disruption, reproductive toxicity, and developmental 
abnormalities (Skelly, Li, & Braslau, 2021; Srinivasulu 
et al., 2024; Khalid & Abdollahi, 2021; Singh, Gosu, & 
Subbaramaiah, 2025). Their  widespread  environmental  
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distribution, combined with their persistence, reinforces 
the need for continuous monitoring and the 
development of safer alternatives. Persistent organic 
pollutants (POPs), such as polychlorinated biphenyls 
(PCBs) and organochlorine pesticides, are synthetic 
compounds characterized by high environmental 
persistence, lipophilicity, and resistance to natural 
degradation. Their ability to bioaccumulate in adipose 
tissues and biomagnify throughout food webs represents 
serious ecological and human health risks. These 
characteristics favor trophic transfer and increase the 
exposure of organisms at higher trophic levels, 
including humans. Exposure to these compounds has 
been associated with endocrine disruption, reproductive 
and immunological disorders, and other chronic toxic 
effects in aquatic organisms and humans (Miglioranza et 
al., 2022; Najam & Alam, 2023; Aladl et al., 2025). In 
Brazil, PCB management was strengthened through the 
“Projeto PCB Responsável,” approved in December 
2021. Developed through a partnership between the 
Ministry of the Environment and Climate Change 
(MMA) and the United Nations Development 
Programme (UNDP Brazil), with support from the 
Global Environment Facility (GEF), the project aims to 
ensure the safe elimination of contaminated materials by 
2027. 

This initiative represents an important advance 
in mitigating environmental and human health risks 
associated with persistent contaminants. Polycyclic 
aromatic hydrocarbons (PAHs) are hydrophobic 
compounds that accumulate in lipid-rich tissues, 
favoring bioaccumulation and toxicity across trophic 
levels. In particular, high molecular weight PAHs 
exhibit greater mutagenic, carcinogenic, and 
immunotoxic potential, reinforcing their relevance as 
priority contaminants in aquatic environments. Studies 
have demonstrated that these compounds can affect 
essential cellular pathways by inducing oxidative stress 
and impairing immune function (Wang et al., 2024; 
Patel et al., 2020; Othman et al., 2022). 

Collectively, the studies analyzed indicate that 
metals, emerging contaminants, and persistent 
pollutants exhibit distinct mechanisms of toxicity, yet 
share characteristics such as persistence, 
bioaccumulation, and the potential to induce sublethal 
and chronic effects. These factors, combined with 
environmental and biological variability, make 
ecotoxicological risk assessment highly complex and 
reinforce the need for integrated approaches that 
consider multiple environmental compartments, diverse 
organism groups, and multiple toxicological endpoints. 
 
Ecotoxicological Impacts and Management of Water 
Quality in Urban and Coastal Areas  

Regarding organophosphate esters (OPEs), 
Truong et al. (2023) investigated their occurrence and 
ecological  risk in surface  waters from  urban rivers and  
lakes in Hanoi, Vietnam. 

The analysis of 37 water samples collected 
from six rivers and 17 lakes revealed the presence of 
different OPE compounds (triesters and diesters) in all 
samples, with concentrations ranging from below the 
detection limit to 6,138 ng L⁻¹. Risk assessments based 
on the Risk Quotient (RQ) across different trophic 
levels (algae, crustaceans, and fish) indicated low to 
moderate ecological risks, suggesting that combined 
industrial and domestic effluents are the main 
contamination sources. These findings indicate that, 
even when risk levels are classified as low to moderate, 
continuous exposure may result in cumulative effects, 
particularly in ecosystems subjected to multiple 
pollution sources. 

Similar concerns regarding surface water 
contamination have also been reported in Brazil, where 
both rural and urban river stretches are increasingly 
exposed to chemical pollution (de Morais et al., 2023; 
Alves et al., 2021). The Capibaribe River, which 
supplies water to approximately 1.7 million people, 
receives runoff from agricultural areas as well as 
industrial and domestic discharges along its 280 km 
extension. Alves et al. (2021) reported frequent 
developmental abnormalities in fish exposed to these 
waters, including delayed hatching, underdeveloped 
jaws, blood stasis, and underdeveloped pectoral fins. 
These alterations indicate important sublethal effects 
that may compromise species survival, growth, and 
reproductive success, ultimately affecting population 
dynamics over time. In agreement with these findings, 
Morais et al. (2024) reported increasing 
ecotoxicological stress in the Iguaçu River associated 
with rising chemical loads from urban, industrial, and 
agricultural sources, combined with inefficient 
wastewater treatment. Gemusse et al. (2021) also 
demonstrated significant negative effects in 
Oreochromis niloticus, including histopathological 
damage, oxidative stress, and genotoxicity, highlighting 
the risks of aquatic contamination to both biota and 
human populations. This evidence highlights the 
connection between environmental and human health, 
emphasizing the importance of integrated approaches, 
such as the One Health concept, in assessing risks 
associated with water quality. 

Additional studies corroborate these results. 
Santana et al. (2018), for example, chemically analyzed 
tilapia muscle tissues collected from reservoirs 
impacted by industrial activities and observed elevated 
metal concentrations and hepatic alterations, including 
necrosis   and   inflammatory    processes.    In  Canada,  
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chronic exposure of freshwater mussels (Lasmigona 
costata) to urban contaminants revealed physiological 

stress responses, with biomarkers showing cumulative 
responses to municipal effluents and road runoff (Gillis, 

Higgins, & Jorge, 2014). In the Brazilian Legal 
Amazon, Araújo et al. (2024) reported that both water 
samples and tambacu (Colossoma macropomum × 
Piaractus mesopotamicus) tissues failed to meet 
national quality standards, with evidence of E. coli 
bioaccumulation, representing a significant risk to 
human health. 

The occurrence of microbiological 
contaminants together with chemical compounds 
highlights the complexity of risks in aquatic systems, 
involving multiple stressors and distinct exposure 
pathways. Regarding microplastics, their small size and 
increasing abundance in aquatic environments enhance 
their bioavailability compared with macroplastics, 
particularly at lower trophic levels. These particles are 
readily ingested by zooplankton, macroinvertebrates, 
and small fish, facilitating their entry into food webs 
(Wright et al., 2013; Benson et al., 2022). This 
characteristic promotes trophic transfer and intensifies 
cumulative effects throughout the food chain. 

Studies have shown that high surface area, low 
density, and reduced particle size are key factors 
facilitating microplastic ingestion by organisms 
occupying lower trophic levels (Wright et al., 2013; 
Ugwu et al., 2021). The presence of these contaminants 
has already been documented from planktonic 
organisms to fish, highlighting their potential for trophic 
transfer and ecological impacts (Benson et al., 2022). 
Kumari et al. (2023) confirmed the occurrence of 
microplastics in fish collected from the Ganges River, 
with slightly higher levels detected in farmed fish. The 
authors attributed these findings to the use of plastic 
containers in aquaculture and to the lentic 
characteristics of farming environments. 

Fish collected near effluent discharge points 
exhibited greater susceptibility to microplastic 
contamination, particularly species feeding within the 
water column. Such findings suggest that both 
environmental conditions and management practices 
may influence microplastic exposure. An et al. (2022) 
identified high abundances of microplastics in water 
samples and benthic gastropods (Bellamya aeruginosa) 
from the Qing River in Beijing, with an average of 
28.13 ± 4.18 particles per individual. Among the 
identified polymers, polypropylene, polyamide, and 
polyethylene were the most frequently detected. Poor 
sanitation infrastructure, inefficient wastewater 
treatment, inadequate solid waste disposal, and 
improper management of domestic and industrial 
effluents further intensify environmental risks. These 
conditions facilitate contaminant transport into aquatic 

systems through surface runoff and atmospheric 
deposition, thereby increasing their spatial distribution. 

Mwanamoki et al. (2014) highlighted that water  
quality degradation in urban rivers is strongly associated 
with stormwater runoff, untreated industrial discharges, 
and uncontrolled urbanization. Hou et al. (2024) 
demonstrated that rainfall events significantly increased 
concentrations of imidacloprid and thiacloprid, with 
levels approximately 1.93 times higher in surface runoff 
than in river water. This finding underscores the critical 
role of stormwater runoff as a transport pathway for 
contaminants and highlights the importance of 
incorporating hydrological dynamics into environmental 
risk assessments. 

Ecotoxicological assessments may also provide 
valuable support for integrated watershed management. 
Kanzari et al. (2014) suggested that sediment data can 
serve as important references for biodiversity 
conservation and sustainable water resource 
management. Barreto et al. (2020) emphasized the 
relevance of ecotoxicological testing for biodiversity 
conservation, demonstrating the high sensitivity of early 
fish life stages to pollution. These results highlight the 
importance of incorporating ecotoxicological tools into 
public policy development and environmental 
monitoring strategies. More broadly, water quality 
assessments in watersheds require not only the 
identification of contamination sources, but also 
consideration of hydrological factors such as 
precipitation, which strongly influence pollutant 
dynamics. 

Many metropolitan regions are also located 
within coastal zones, resulting in the continuous 
discharge of contaminants into marine and estuarine 
environments. These inputs extend the impacts observed 
in urban rivers, increasing ecological risks and affecting 
highly sensitive coastal ecosystems. In Brazil, studies 
have shown that coastal environments are heavily 
impacted by untreated sewage, industrial effluents, and 
urban runoff, resulting in eutrophication, pathogen 
contamination, and biodiversity loss (Fistarol et al., 
2015; Martinez et al., 2021). Taken together, these 
patterns reflect a global environmental issue and 
highlight the urgent need for integrated coastal 
management policies and improvements in sanitation 
infrastructure. 
 

CONCLUSION  
 

According to the studies included in this 
review, insufficient wastewater management and limited 
pollution control were recurrently identified as major  
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challenges affecting urban river quality. The discharge 
of domestic and industrial effluents, combined with 
urban stormwater runoff, consistently introduces a wide 

range of chemical contaminants into these aquatic 
systems.   These  pollutants   generate  various   adverse 

systems. These pollutants generate various adverse 
effects on aquatic biota, affecting organisms from 
microalgae to fish. Such findings confirm the first 
objective of this work: documenting the occurrence and 
diversity of contaminants in urban rivers. Many of these 
pollutants, including PCBs, PBDEs, PAHs, and PTEs, 
also pose potential risks to human health. The presence 
of pathogenic microorganisms, particularly 
antibiotic-resistant strains, further exacerbates these 
risks, emphasizing the second objective of the study: 
assessing potential ecological and human health 
hazards. Together, these findings highlight that urban 
rivers are under continuous chemical and biological 
stress, with implications for both ecosystem integrity 
and public health. Therefore, ensuring the quality of 
effluents discharged into receiving water bodies is 
crucial, regardless of the treatment methods applied.  

Ecotoxicological assessments are essential to 
understand the effects of contaminants on organisms 
and to evaluate adverse outcomes at individual, 
population, community, and ecosystem levels. 
Implementing sustainable management policies, 
improving wastewater treatment, and developing 
restoration strategies for urban rivers are fundamental 
steps to mitigate pollution, protect biodiversity, and 
safeguard human health. This final synthesis addresses 
the overarching objective of the work: providing a basis 
for informed water management and policy decisions 
aimed at improving urban river quality and resilience. 
Finally, aligning these mitigation efforts with the United 
Nations Sustainable Development Goals (SDGs) 
strengthens their societal impact. Reducing urban water 
contamination directly supports SDG 6 (Clean Water 
and Sanitation) by safeguarding freshwater ecosystems 
and improving water quality. It also contributes to SDG 
14 (Life Below Water) and SDG 15 (Life on Land) by 
conserving aquatic and terrestrial biodiversity affected 
by chemical pollution. Integrating rigorous 
ecotoxicological monitoring, effective wastewater 
management, and community engagement is therefore 
essential for promoting sustainable urban water 
management, protecting ecosystem services, and 
advancing global environmental sustainability. 
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