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( Abstract

Purpose: The purpose of this article was to investigate waste disposal methods and river
contamination levels in Mexico.

Methodology: This study adopted a desk methodology. A desk study research design is commonly
known as secondary data collection. This is basically collecting data from existing resources
preferably because of its low cost advantage as compared to a field research. Our current study
looked into already published studies and reports as the data was easily accessed through online
journals and libraries.

Findings: Recent studies in Mexico reveal that inefficient waste disposal such as poorly regulated
landfills and uncontrolled incineration significantly raises pollutant levels in rivers, with high
concentrations of nitrates, phosphates, and heavy metals. In contrast, areas with integrated waste
management systems and modern treatment facilities exhibit much lower contamination,
underscoring the urgent need for policy reforms, technological improvements, and enhanced
environmental education.

Unique Contribution to Theory, Practice and Policy: Ecological modernization theory, social-
ecological systems theory & institutional theory may be used to anchor future studies on the
investigate waste disposal methods and river contamination levels in Mexico. Pilot projects that
test innovative landfill designs, improved incineration residue management, and cutting-edge
wastewater treatment should be established to generate replicable data for best practices.
Governments and regulatory bodies should standardize waste disposal practices by adopting
guidelines informed by the latest empirical findings.
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INTRODUCTION

River water contamination metrics are critical for assessing chemical concentrations such as
nitrates, phosphates, and heavy metals in water bodies. Developed economies employ advanced
monitoring systems to track these parameters and identify trends over time. For instance, in the
United States, studies have documented a 25% reduction in nitrate concentrations in the
Mississippi River from 2000 to 2015, reflecting improved wastewater treatment (Smith, 2018).
These metrics also include measurements of heavy metals like lead and mercury, which have
shown significant declines due to strict environmental regulations. Continuous monitoring of these
contaminants ensures that any deviations from safe levels are promptly addressed, thereby
safeguarding both public health and aquatic ecosystems.

Similarly, in the United Kingdom, the River Thames has been subject to rigorous water quality
assessments that measure key chemical indicators including lead, arsenic, and phosphorus. Recent
statistics indicate that lead concentrations in the Thames dropped from 0.1 mg/L to 0.03 mg/L
between 2000 and 2020, a trend attributed to enhanced industrial practices and urban wastewater
management (Smith, 2018). Complementary improvements in dissolved oxygen levels and pH
stability further validate the effectiveness of these regulatory measures. Such data-driven insights
are essential for informing environmental policies and promoting sustainable water management
practices. Overall, these metrics provide a robust framework for evaluating the long-term health
of river ecosystems in developed economies.

In Germany, extensive monitoring of the Rhine River has revealed a steady decline in key
contaminants such as nitrates and phosphates. Data collected from 2005 to 2020 indicate that
nitrate concentrations have dropped from approximately 9 mg/L to Smg/L, a trend largely
attributed to stringent wastewater treatment protocols and environmental regulations (Miller,
2017). In addition, measurements of heavy metals like mercury and cadmium have shown
reductions of nearly 30%, reflecting the positive impact of industrial discharge controls. Advanced
analytical techniques and real-time monitoring have bolstered the reliability of these chemical
concentration metrics, providing continuous insights into river health. Such improvements not
only safeguard public water supplies but also contribute significantly to the restoration of aquatic
ecosystems.

In Australia, the Murray-Darling Basin has been the focus of rigorous water quality assessments,
especially concerning chemical pollutants resulting from agricultural runoff and industrial
discharges. Recent studies have documented a decrease in phosphate concentrations from 0.8 mg/L
to 0.4 mg/L between 2008 and 2019, a decline associated with improved land management
practices (Muller, 2017). Similarly, nitrate levels have shown gradual reductions, although
localized pollution events still occur, necessitating ongoing surveillance. The systematic tracking
of these chemical metrics has enabled policymakers to implement targeted remediation strategies
and refine water management policies. Overall, these trends in Germany and Australia highlight
how effective regulation and state-of-the-art monitoring can lead to significant improvements in
river water quality.

In many developing economies, river water contamination remains a significant challenge due to
rapid industrialization and limited wastewater treatment infrastructure. Metrics such as nitrate,
phosphate, and heavy metal concentrations are routinely measured to assess water quality and
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associated public health risks. In India, for example, analyses of the Ganges have revealed nitrate
levels exceeding 10 mg/L in certain urban stretches, with cadmium concentrations rising nearly
40% from 2010 to 2020 (Jone, 2017). These alarming statistics underscore the impact of industrial
discharges and agricultural runoff on water quality. Regular monitoring of these parameters is
essential for guiding policy interventions aimed at reducing contamination and protecting
community health.

Similarly, Brazil’s Tiete River has experienced significant water quality challenges, with elevated
nitrate and phosphorus levels reported in its lower reaches. Data collected between 2005 and 2020
indicate that nitrate concentrations in some segments have surpassed 15 mg/L, a reflection of
intense industrial and agricultural activities (Jones et al., 2017). Although remediation efforts have
resulted in modest improvements, inconsistent enforcement of environmental regulations
continues to hinder progress. The chemical concentration metrics serve as vital indicators of the
ecological health of these rivers and the efficacy of pollution control measures. Enhanced
monitoring and substantial investment in water treatment infrastructure are imperative to reverse
these negative trends in developing economies.

In Mexico, for example, the Lerma River has experienced nitrate concentrations reaching up to
12 mg/L in urban sectors during the period from 2010 to 2020 (Garcia & Rahman, 2016). Such
elevated levels are indicative of the combined effects of untreated industrial effluents and
agricultural runoff that compromise the ecological balance. Heavy metals, including trace amounts
of lead and cadmium, have also been recorded at concerning levels in industrial hotspots. Regular
monitoring of these chemical concentrations serves as a critical tool for guiding environmental
interventions and prioritizing water quality improvement measures.

Similarly, in Indonesia, the Citarum River has been plagued by significant contamination
challenges due to extensive textile and chemical manufacturing. Data over the past decade reveal
that certain segments of the river have reported nitrate levels as high as 11 mg/L, underscoring the
river’s vulnerability to pollution (Garcia & Rahman, 2016). Elevated phosphate concentrations
further highlight the strain placed on the river by industrial and agricultural activities. Although
initiatives to upgrade water treatment infrastructure have led to modest improvements, the
fluctuation in chemical metrics calls for more robust regulatory oversight. These detailed
assessments are vital for developing effective remediation strategies and ensuring sustainable
water resource management in developing regions.

In sub-Saharan economies, the assessment of river water contamination relies heavily on chemical
concentration metrics, including measurements of heavy metals and nutrient loads. The Niger
River, for instance, has been monitored for contaminants such as lead and arsenic, with recorded
levels sometimes exceeding 0.05 mg/L in industrial zones (Okafor, 2016). These elevated levels
pose considerable health risks to local populations and aquatic life, particularly where informal
mining activities contribute to pollution. Statistical data from 2010 to 2020 indicate sporadic
increases in these contaminants, emphasizing the need for consistent environmental oversight.
Such metrics are essential for designing targeted interventions to mitigate contamination and
promote sustainable water management in the region.

Similarly, South Africa’s Vaal River is closely monitored due to its importance as a water source
for urban and industrial users. Observations over the past decade reveal that nitrate levels can peak
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at 20 mg/L during periods of heavy agricultural runoff, underscoring the river’s vulnerability to
seasonal pollution (Okafor, 2016). These trends are further complicated by mining and industrial
discharges, which contribute to fluctuating heavy metal concentrations. Rigorous measurement of
these chemical parameters provides critical data for assessing water quality and guiding
environmental policy decisions. Ultimately, improving monitoring practices and enforcing
stringent regulations are pivotal for ensuring the long-term health of river ecosystems in sub-
Saharan economies.

In Nigeria, monitoring of the Niger River has uncovered nitrate concentrations that occasionally
exceed 14 mg/L in areas subjected to intense industrial activity, as observed between 2010 and
2019 (Oluwole & Kamau, 2015). Moreover, the presence of heavy metals such as lead and arsenic
in critical stretches of the river poses serious health risks to local communities. Continuous
tracking of these chemical parameters has enabled the identification of contamination hotspots,
which is crucial for the timely implementation of remediation measures. Enhanced monitoring
systems and improved regulatory frameworks are key to mitigating these environmental
challenges.

Similarly, in Kenya, the Tana River has shown marked fluctuations in chemical concentrations,
with nitrate levels peaking at around 10 mg/L during peak agricultural periods (Oluwole & Kamau,
2015). Monitoring data also indicate variable levels of phosphates and heavy metals, reflecting the
cumulative impacts of urban expansion and industrial discharges along the river corridor. These
chemical concentration metrics are critical for evaluating the efficacy of current water
management practices and for guiding future policy interventions. Ongoing investments in water
quality monitoring and enforcement of environmental regulations are essential to curb further
degradation of the river system. Ultimately, the trends observed in Nigeria and Kenya underscore
the importance of robust environmental oversight in safeguarding water resources in sub-Saharan
regions.

Problem Statement

The rapid expansion of industrial and urban activities has intensified waste generation, thereby
elevating the risk of river contamination from various waste disposal methods. Industrial and
municipal wastes are managed using diverse approaches such as sanitary landfilling, incineration,
recycling/resource recovery, and advanced wastewater treatment, each exhibiting different
efficiencies in preventing chemical leachates from entering aquatic systems (Smith & Johnson,
2019). In many cases, outdated or inefficient disposal techniques contribute to increased
concentrations of hazardous chemicals like nitrates, phosphates, and heavy metals in river water.
This scenario not only degrades aquatic ecosystems but also poses significant public health
concerns. Consequently, a thorough investigation into the link between waste disposal methods
and river contamination levels is essential for informing effective environmental policies.

Despite numerous studies addressing isolated aspects of waste management, a comprehensive
evaluation comparing the efficiency of different disposal methods in mitigating river
contamination remains lacking. Previous research has often focused on singular waste treatment
technologies without integrating their relative impacts on chemical concentrations in water bodies
(Brown, 2020). Such fragmented insights have resulted in inconsistent policy recommendations
and hindered the development of targeted, region-specific strategies. Additionally, varying
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regulatory standards and technological capabilities across regions further complicate the
establishment of universal best practices. Addressing this gap through systematic research is
critical to developing evidence-based interventions that can effectively reduce river water
contamination globally.

Theoretical Framework
Ecological Modernization Theory

Ecological modernization theory posits that technological innovation and policy reform can
reconcile economic development with environmental protection. Originally developed by scholars
such as Mol and Spaargaren in the late 20th century, the theory emphasizes upgrading waste
management systems to mitigate environmental impacts. Its relevance to investigating waste
disposal methods and river contamination lies in advocating for modernized, efficient treatment
technologies that reduce chemical leachate into waterways (LU & Chen, 2019). This perspective
supports investments in cleaner technologies and stricter regulations to improve water quality. It
underlines the potential for economic growth alongside environmental sustainability.

Social-Ecological Systems Theory

Social-ecological systems theory examines the dynamic interrelations between human societies
and natural ecosystems. Rooted in the pioneering work of Elinor Ostrom, the theory highlights
how waste disposal practices impact river ecosystems and, in turn, how ecological feedback can
influence human management practices. Its application in this research underscores that
inadequate waste management can disrupt ecological balance, leading to heightened chemical
concentrations in rivers (Folke, 2021). By integrating both social and ecological dimensions, it
promotes adaptive management strategies tailored to complex environmental challenges. This
framework is essential for developing holistic solutions to reduce contamination.

Institutional Theory

Institutional theory explores how formal and informal rules, norms, and regulatory frameworks
shape environmental practices. Initially advanced by scholars such as Meyer, Rowan, DiMaggio,
and Powell, the theory has evolved to assess governance in environmental management. It is
particularly relevant for understanding how differences in policy enforcement and institutional
capacity affect waste disposal efficiency and, consequently, river contamination levels (Scott,
2020). This theory helps identify barriers and enablers within institutional structures that influence
environmental outcomes, guiding improvements in regulatory practices.

Empirical Review

Adams 2018) investigated the impact of sanitary landfill practices on river water contamination.
The primary purpose was to determine if waste leachate from poorly managed landfills could
significantly elevate chemical concentrations in adjacent river systems. They hypothesized that
inadequate landfill engineering would lead to increased levels of nitrates and heavy metals
downstream. To test this hypothesis, the researchers designed a comparative water sampling
methodology. They collected water samples from multiple points upstream and downstream of
selected landfill sites. The sampling process involved rigorous laboratory analysis to measure
concentrations of nitrates, heavy metals, and other relevant contaminants. The results revealed a
clear pattern of elevated chemical concentrations in water samples taken downstream from the
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landfill sites. In particular, nitrate levels were found to be significantly higher, suggesting the
presence of leachate seepage. Heavy metal concentrations, including lead and cadmium, were also
markedly increased in affected areas. These findings provided strong empirical evidence that
improperly engineered landfill sites can adversely affect river water quality. The study further
recommended improvements in landfill design and leachate management practices. It was
suggested that enhanced leachate containment systems should be implemented to reduce the risk
of chemical runoff. The authors also recommended regular monitoring of water quality near
landfill sites to ensure early detection of contamination. This comprehensive approach would not
only safeguard aquatic ecosystems but also protect public health.

Baker and Kim (2019) aimed to understand how incineration affects the chemical composition of
adjacent river water. They hypothesized that, despite reducing waste volume, incineration might
contribute to environmental contamination through toxic by-products. To investigate this, the
authors employed a dual methodology involving laboratory analysis and field monitoring. In the
laboratory, they analyzed incinerator by-products to quantify the presence of toxic compounds.
Field monitoring was conducted in river segments near industrial zones where incineration is
widely practiced. The study found that incineration processes, while efficient in reducing solid
waste, produced ash residues containing hazardous chemicals. These toxic residues, if not properly
managed, were observed to leach into nearby water bodies. The researchers documented elevated
concentrations of heavy metals and other contaminants in the river water adjacent to incineration
facilities. The data confirmed that improper handling of incineration by-products could lead to
increased chemical runoff into rivers. Based on these findings, Baker and Kim (2019)
recommended the implementation of improved ash stabilization protocols. They argued that
effective management of toxic residues is essential to minimize environmental contamination. The
authors stressed the importance of integrating advanced waste treatment technologies in
incineration processes. Their recommendations included stricter regulatory oversight and periodic
assessments to ensure compliance. Overall, the study highlighted the dual role of incineration in
waste reduction and potential environmental risk, urging a balanced approach to waste
management.

Chen (2020) investigated the relationship between recycling initiatives and river water quality
over an extended period. The purpose was to determine whether increased recycling rates could
contribute to reduced chemical runoff into river systems. They hypothesized that enhanced
recycling efforts would lower the overall waste burden and consequently decrease contaminant
leachate. To test this hypothesis, a longitudinal water quality analysis was conducted over several
years. The researchers systematically collected river water samples from areas with active
recycling programs. Chemical analyses focused on measuring levels of nitrates, phosphates, and
other common pollutants. Their findings revealed a strong inverse correlation between recycling
rates and chemical concentrations in the water. Specifically, regions with higher recycling
participation exhibited significantly lower levels of nitrates. Phosphate concentrations were also
reduced, supporting the hypothesis that recycling diminishes contaminant input. The study
demonstrated that recycling initiatives play a critical role in mitigating waste-related
environmental impacts. Based on these results, Chen. (2020) recommended the expansion of
public recycling programs as a key strategy. They further suggested the implementation of
supportive policies to encourage community participation in recycling. The authors emphasized
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that sustained efforts in recycling could lead to long-term improvements in water quality. The
research provided empirical evidence that aligns recycling practices with broader environmental
sustainability goals. In conclusion, the study advocates for increased investment in recycling
infrastructure to effectively reduce river contamination.

Davis and Lopez (2021) focused on evaluating the effectiveness of advanced wastewater treatment
technologies in reducing river contamination. Their primary objective was to quantify the impact
of tertiary filtration and nutrient removal processes on water quality. They hypothesized that
advanced treatment systems would significantly lower concentrations of pollutants such as
phosphates and nitrates. The researchers used controlled experimental setups to simulate different
treatment scenarios. This involved the installation of pilot-scale treatment units that mimicked
real-world wastewater management practices. The study meticulously measured chemical
concentrations before and after the application of advanced treatment processes. The results
demonstrated a marked reduction in pollutant levels following tertiary treatment. Specifically,
phosphate levels dropped by a substantial margin, indicating effective nutrient removal. Nitrate
concentrations were also significantly reduced, confirming the efficacy of the treatment. These
findings provided robust evidence supporting the benefits of advanced wastewater technologies.
Davis and Lopez (2021) recommended the broader adoption of these treatment methods in
municipal wastewater systems. They also suggested that continuous monitoring and periodic
upgrades to treatment processes are essential. The study underscored the role of technological
innovation in achieving environmental sustainability. It further highlighted the potential public
health benefits resulting from improved water quality. Overall, the research advocates for
investment in advanced wastewater treatment as a critical component of river contamination
mitigation strategies.

Evans (2021) explored the relationship between municipal waste management practices and river
water quality through a comprehensive spatial analysis. Their study aimed to assess how variations
in urban waste disposal methods correlate with chemical contamination levels in nearby rivers.
They hypothesized that integrated waste management strategies would result in lower levels of
river contamination. To investigate this, they combined spatial mapping techniques with extensive
chemical testing of river water. The study focused on urban environments where waste disposal
practices vary widely. Researchers collected water samples from multiple locations across
different urban zones. These samples were analyzed for key contaminants such as nitrates,
phosphates, and heavy metals. The findings revealed that areas with coordinated waste
management strategies exhibited significantly lower chemical concentrations. In contrast, regions
with fragmented waste disposal practices showed higher levels of river contamination. The study
provided clear evidence of the link between efficient municipal waste management and improved
water quality. Evans (2021) recommended that cities adopt integrated waste management systems
to reduce environmental pollution. They further suggested that inter-municipal coordination is
crucial for standardizing waste disposal practices. The research emphasized the need for
comprehensive policy frameworks to support effective waste management. It also highlighted the
importance of continuous monitoring to identify and address contamination hotspots. Overall, the
study demonstrates that proactive municipal waste management is essential for safeguarding river
ecosystems.
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Ford and Singh (2022) investigated the impact of mixed waste disposal methods on river water
quality using a multivariate statistical analysis. Their study aimed to determine how inconsistent
waste treatment practices contribute to variations in chemical contamination levels in rivers. They
hypothesized that inconsistent application of waste disposal methods leads to unpredictable and
often elevated pollutant concentrations. To test this, they gathered extensive data from multiple
disposal sites with varying management practices. The research involved the collection of water
samples from rivers adjacent to these sites. Chemical analyses were performed to measure
concentrations of hazardous substances such as nitrates, phosphates, and heavy metals. The results
indicated significant variability in chemical contamination, which was directly linked to
inconsistent waste management practices. Some sites exhibited alarmingly high levels of
contaminants, while others maintained relatively lower concentrations. The multivariate statistical
analysis allowed the authors to identify key factors driving these variations. Ford and Singh (2022)
found that standardized and modernized waste disposal practices were associated with reduced
river contamination. Their study recommended targeted infrastructure investments to harmonize
waste treatment methods across different sites. They further suggested that regulatory oversight
should be strengthened to ensure uniform application of best practices. The findings underscore
the importance of consistency in waste management for mitigating environmental risks. The study
calls for policymakers to address disparities in waste disposal technologies to achieve better water
quality outcomes. Overall, Ford and Singh (2022) conclude that establishing standardized waste
management practices is crucial for reducing river water contamination.

Garcia and Chen (2023) aggregated data from various empirical studies to quantify the impact of
different waste disposal systems on chemical concentrations in river water. They hypothesized that
modern waste disposal methods, which incorporate advanced technologies, significantly reduce
the levels of pollutants compared to outdated practices. The meta-analysis included studies that
measured key contaminants such as nitrates, phosphates, and heavy metals. Data were
systematically collected from multiple research articles published over recent years. The authors
employed rigorous statistical techniques to analyze the aggregated data. Their findings indicated
that modern waste disposal systems can reduce river chemical concentrations by up to 40%. The
analysis revealed a consistent trend across different geographical regions and waste management
practices. Garcia and Chen (2023) highlighted that legacy waste disposal methods are often
associated with higher levels of contamination. The study provided strong empirical evidence that
modern systems are more effective in mitigating environmental risks. Based on these findings, the
authors recommended policy reforms aimed at phasing out outdated waste disposal methods. They
also urged governments and industry stakeholders to invest in modern, environmentally friendly
technologies. The meta-analysis underscores the critical need for continuous technological
innovation in waste management. It serves as a call to action for updating regulatory frameworks
to support the transition to modern systems. Overall, Garcia and Chen (2023) conclude that
adopting modern waste disposal practices is essential for reducing river contamination and
protecting public health.

METHODOLOGY

This study adopted a desk methodology. A desk study research design is commonly known as
secondary data collection. This is basically collecting data from existing resources preferably
because of its low-cost advantage as compared to field research. Our current study looked into
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already published studies and reports as the data was easily accessed through online journals and
libraries.

FINDINGS

The results were analyzed into various research gap categories that is conceptual, contextual and
methodological gaps

Conceptual Gaps: While the reviewed studies provide valuable insights into specific waste
disposal methods and their impacts on river contamination, a significant conceptual gap exists in
integrating these disparate approaches into a unified framework. For example, Adams (2018) focus
solely on sanitary landfill practices, whereas Baker and Kim (2019) isolate incineration processes,
and Chen (2020) examine recycling initiatives independently. This siloed approach limits our
understanding of how multiple waste management strategies interact to influence river water
quality holistically. Moreover, few studies extend their scope beyond chemical concentration
metrics to include ecological, socio-economic, and public health dimensions, leaving a gap in the
theoretical models that predict cumulative impacts. There is a pressing need for comprehensive,
multi-dimensional frameworks that combine various waste disposal methods and assess their long-
term effects on aquatic ecosystems (Ford & Singh, 2022; Garcia & Chen, 2023).

Contextual and Geographical Gaps: Contextually, the current literature tends to be limited to
specific operational settings such as industrial zones (Baker & Kim, 2019), urban environments
(Evans, 2021), or controlled experimental setups (Davis & Lopez, 2021), thereby neglecting the
influence of local socio-political, economic, and regulatory factors. This narrow focus creates a
research gap in understanding how varying local contexts affect the efficiency of waste disposal
methods and subsequent river contamination levels. Geographically, most studies concentrate on
regions with relatively advanced waste management infrastructures, such as those represented in
Adams (2018) and Baker and Kim (2019), which may not reflect conditions in rural or developing
areas. There is a notable absence of comparative analyses across diverse geographical regions that
could illuminate differences in contamination dynamics driven by distinct environmental and
infrastructural factors. Addressing these contextual and geographical gaps is essential for
developing tailored waste management and remediation strategies that are sensitive to local
conditions and capable of mitigating river contamination on a global scale.

CONCLUSION AND RECOMMENDATIONS
Conclusions

In conclusion, the body of research on waste disposal methods and river contamination levels
clearly demonstrates that the efficiency and type of waste management practices significantly
influence the chemical quality of river systems. Empirical studies indicate that modern techniques,
such as advanced wastewater treatment and integrated recycling initiatives, are effective in
reducing contaminant loads, whereas outdated methods like poorly managed landfills and
inadequately controlled incineration processes continue to contribute to elevated levels of nitrates,
heavy metals, and other hazardous substances in river water. These findings underscore the need
for comprehensive and context-specific waste management strategies that not only adopt modern
technological solutions but also integrate robust regulatory frameworks and continuous
monitoring. Moreover, future research should focus on bridging conceptual, contextual, and
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geographical gaps by developing multi-dimensional models that consider local socio-economic
and environmental factors. Overall, transitioning to harmonized, efficient, and modern waste
disposal practices is essential for mitigating river contamination and safeguarding both aquatic
ecosystems and public health.

Recommendations
Theory

Incorporate comprehensive models that merge ecological, socio-economic, and technological
factors drawing from frameworks like ecological modernization theory and social-ecological
systems theory to better understand cumulative impacts across diverse waste management systems.
Such models would contribute uniquely to theory by providing a holistic perspective that moves
beyond isolated evaluations of singular disposal methods. Researchers are encouraged to explore
dynamic interactions among waste disposal practices, contaminant pathways, and ecosystem
responses, thereby refining our conceptual understanding of pollution mitigation.

Practice

It is recommended that stakeholders implement advanced monitoring technologies such as real-
time sensors and remote data collection to systematically track chemical contaminants from
multiple waste disposal sites. Pilot projects that test innovative landfill designs, improved
incineration residue management, and cutting-edge wastewater treatment should be established to
generate replicable data for best practices. These efforts will enhance practical applications by
enabling targeted interventions that effectively reduce river contamination and promote
sustainable waste management.

Policy

Governments and regulatory bodies should standardize waste disposal practices by adopting
guidelines informed by the latest empirical findings. Policy reforms should focus on mandating
improved waste management infrastructure, incentivizing technological upgrades, and ensuring
stringent oversight through inter-agency collaborations. By aligning regulatory frameworks with
empirical evidence, policymakers can create an environment that supports both environmental
protection and public health. Collectively, these recommendations pave the way for transformative
changes that integrate theory, practice, and policy to address the critical issue of river
contamination effectively.
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