


Comparative Assessment of Emerging Contaminants Loads in Urban and Rural Wastewater Effluents: A Review

Abstract 
Emerging contaminants (ECs), encompassing pharmaceuticals, personal care products (PPCPs), endocrine-disrupting compounds (EDCs), per- and polyfluoroalkyl substances (PFAS), microplastics, and antibiotic resistance genes (ARGs), are increasingly detected in wastewater effluents worldwide. This systematic review provides a comparative assessment of EC loads in urban and rural wastewater systems, highlighting global patterns, regional disparities, and the specific context of Nigeria. Relevant peer-reviewed studies from 2021–2026 were synthesized to evaluate concentration ranges, treatment efficiencies, and environmental implications. Results reveal that urban wastewater effluents generally exhibit higher EC loads, driven by higher population density, industrialization, and lifestyle-related chemical usage. However, rural effluents increasingly contribute non-negligible EC loads due to agricultural runoff, decentralized sanitation systems, and limited treatment infrastructure. The persistence of PFAS, hormones, and antibiotics underscores gaps in conventional treatment technologies, particularly in low- and middle-income countries. A global-to-local synthesis demonstrates a clear gradient in data availability and monitoring sophistication, with Africa—especially Nigeria—representing a critical data-sparse region. Strengthening analytical capacity, promoting advanced oxidation and biological hybrid technologies, and integrating EC monitoring into national wastewater management policies are essential for sustainable control. This review provides a roadmap for comparative EC assessment, offering insights for future research, policy harmonization, and the protection of aquatic ecosystems in urban and rural contexts.
Keywords: Emerging contaminants, wastewater effluents, urban–rural comparison, systematic review, Nigeria, pharmaceuticals, PFAS.
1. Introduction 
1.1. Background and Rationale
Emerging contaminants (ECs) are synthetic or naturally occurring chemicals not commonly monitored in the environment but known to pose potential risks to ecosystems and human health [1, 2]. These substances include pharmaceuticals, personal care products (PPCPs), endocrine-disrupting chemicals (EDCs), per- and polyfluoroalkyl substances (PFAS), microplastics, and antibiotic resistance genes (ARGs). Their ubiquitous presence in water, sediments, and biota has raised global concern, especially as conventional wastewater treatment plants (WWTPs) are not designed to completely remove them [3, 4].
Urban and rural areas differ significantly in terms of contaminant sources, infrastructure, and treatment technologies. Urban wastewater typically originates from densely populated zones with high domestic, hospital, and industrial inputs, leading to complex mixtures of ECs [5]. Rural wastewater, conversely, often derives from agricultural runoff, livestock operations, and decentralized sanitation systems, resulting in distinct contaminant profiles [6]. Despite these differences, both urban and rural effluents serve as major pathways for EC release into receiving water bodies, threatening aquatic life and potentially entering the human food chain [7].
1.2. Global Significance of Emerging Contaminants
Globally, over 4,000 chemical compounds have been identified as emerging contaminants, many of which have been detected in wastewater effluents at concentrations ranging from nanograms to micrograms per liter [8]. Studies from Europe, North America, and East Asia consistently report high loads of pharmaceuticals—such as carbamazepine, diclofenac, and sulfamethoxazole—in urban effluents [9]. PFAS and microplastics have also emerged as contaminants of concern due to their persistence and bioaccumulative nature [8].
The persistence of ECs in treated wastewater reflects limitations in conventional treatment technologies, such as activated sludge systems and trickling filters, which were originally designed for the removal of biodegradable organic matter and nutrients, not trace synthetic chemicals (Matesun et al. 2024b). Consequently, ECs often pass through treatment plants and enter rivers, lakes, and coastal waters, contributing to chronic exposure and ecosystem disruption [9]. In high-income countries, advanced treatment technologies—such as ozonation, membrane bioreactors (MBRs), and activated carbon filtration—have shown promise in EC removal. However, their high operational costs limit widespread adoption, particularly in developing regions [11].
1.3. Emerging Contaminants in Urban Wastewater Effluents
Urban wastewater effluents serve as concentrated sources of ECs due to intensive anthropogenic activities. Hospitals and households are key contributors of PPCPs and antibiotics, while industrial discharges introduce complex mixtures of solvents, surfactants, and heavy organics [12].
Reported EC concentrations in urban effluents often exceed 1 µg/L for compounds such as sulfamethoxazole, diclofenac, and caffeine [13]. Temporal studies indicate that EC loads fluctuate seasonally, influenced by rainfall, water usage, and treatment efficiency [14]. Urban effluents in megacities like Beijing, London, and São Paulo exhibit some of the highest EC diversity and concentrations globally, highlighting the influence of urbanization intensity [8].
The ecological and health implications are profound. Chronic exposure to low concentrations of EDCs like bisphenol A and estradiol has been linked to endocrine disruption in fish, reproductive toxicity, and altered microbial community structures [15]. Moreover, wastewater-borne ARGs promote antimicrobial resistance in natural water systems, an escalating global health threat (Zhao et al. 2023).
1.4. Emerging Contaminants in Rural Wastewater Effluents
Rural wastewater effluents, though less studied, represent a growing concern. The intensification of agriculture, extensive pesticide use, and inadequate sanitation contribute to diverse EC profiles [17]. In many rural and peri-urban settings, untreated or intermittently treated effluents are often discharged directly to surface waters because wastewater infrastructure is limited. Several studies from South Africa and other parts of Africa have detected veterinary-related antibiotics (notably sulfonamides) in streams and waterways impacted by such discharges, although direct, side-by-side comparisons showing rural loads are consistently comparable to urban discharges remain limited[18].
Furthermore, microplastics originating from plastic mulch, fertilizers, and synthetic textiles are increasingly found in rural effluents [19]. These particles can adsorb other ECs, facilitating their transport and persistence in aquatic environments [20]. The absence of centralized wastewater treatment systems exacerbates the accumulation of ECs in rural catchments, where natural attenuation processes are insufficient.
1.5. The African and Nigerian Context
In Africa, research on ECs remains limited compared to other regions, though recent studies reveal growing contamination across urban and peri-urban waterways [21]. South Africa, Egypt, and Nigeria have reported detectable levels of PPCPs, PFAS, and microplastics in wastewater and surface waters [22].
Nigeria, the most populous country in Africa, faces rapid urbanization, inadequate wastewater infrastructure, and weak regulatory capacity, resulting in frequent discharge of untreated or poorly treated effluents to the environment [23]. Only a fraction of municipal wastewater is treated, and most rural communities rely on pit latrines or open defecation systems. Consequently, both urban and rural wastewater streams act as unregulated sinks and sources for ECs. Recent studies have detected antibiotics, hormones, and plastics in Nigerian water bodies [24]. However, systematic data on comparative EC loads between urban and rural effluents remain scarce, underscoring the need for integrated national monitoring.
To illustrate the major contaminant sources, transport pathways, and environmental fate processes discussed in the introductory sections, Figure 1 presents a conceptual framework summarizing EC dynamics in both urban and rural wastewater systems.
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Figure 1. Conceptual framework showing sources, pathways, and fate of emerging contaminants
1.6. Objectives and Scope of the Review
This systematic review aims to provide a comprehensive comparative assessment of emerging contaminant loads in urban and rural wastewater effluents using a top-down geographical framework—from global to Nigerian contexts. The specific objectives are to:
1. Identify and classify the major ECs reported in urban and rural wastewater effluents worldwide.
2. Compare concentration ranges, removal efficiencies, and ecological implications across regions.
3. Highlight existing data gaps and methodological inconsistencies.
4. Discuss the state of knowledge and policy gaps in Nigeria, with recommendations for future monitoring and control strategies.
By adopting this approach, this review synthesizes recent findings from peer-reviewed studies to establish a robust comparative understanding of EC dynamics, emphasizing the need for harmonized analytical methods and management policies in low- and middle-income regions.
in urban and rural wastewater systems
2. Methodology
2.1. Review Protocol
The methodology involved three major stages: (i) literature identification, (ii) screening and eligibility assessment, and (iii) data extraction and synthesis. The process was designed to capture recent and relevant studies  addressing emerging contaminants (ECs) in urban and rural wastewater effluents.
A comprehensive literature search was conducted across major scientific databases including Scopus, Web of Science, ScienceDirect (Elsevier), and PubMed. Search strings combined key terms such as “emerging contaminants”, “urban wastewater”, “rural wastewater”, “pharmaceuticals”, “PFAS”, “microplastics”, and “antibiotic resistance genes”. Boolean operators and wildcard truncations (e.g., contaminant AND effluent AND urban OR rural) were applied to refine the scope.
2.2. Inclusion and Exclusion Criteria
The selection criteria were defined to ensure the inclusion of studies that:
1. Reported concentrations or loads of ECs in wastewater effluents (influent and/or treated).
2. Provided comparative or contextual data for urban and rural settings.
3. Contained explicit analytical details (instrumentation, detection limits, quality assurance).
Exclusion criteria included non-English publications, reviews without primary data, studies limited to industrial effluents, and reports lacking quantitative EC data.
3. Review and Discussion
3.1. Global Overview of Emerging Contaminants in Wastewater Effluents
Emerging contaminants (ECs) have transitioned from localized pollutants to global environmental priorities due to their persistence, bioactivity, and ubiquity [25, 26]. Studies across Europe, Asia, and North America reveal widespread detection of pharmaceuticals, endocrine disruptors, per- and polyfluoroalkyl substances (PFAS), and microplastics in both raw and treated wastewater effluents. Concentrations of PPCPs such as carbamazepine, sulfamethoxazole, and diclofenac often range between 50 and 2,000 ng/L in secondary effluents  [9]. Similarly, PFAS compounds such as perfluorooctanoic acid (PFOA) and perfluorooctanesulfonic acid (PFOS) have been reported at median levels of 80–300 ng/L, even in advanced treatment systems [27].
The persistence of ECs reflects both their structural stability and the inadequacy of conventional treatment processes. Primary and secondary wastewater treatment systems are designed primarily to remove suspended solids, organic carbon, and nutrients but not micro-pollutants at trace levels [28]. Advanced oxidation processes (AOPs), ozonation, membrane bioreactors (MBRs), and granular activated carbon (GAC) filtration have demonstrated improved EC removal but remain cost-intensive [29].
Recent meta-analyses [16, 30] highlight that even in regions with advanced technologies, over 30% of targeted ECs persist post-treatment. These residuals accumulate in surface waters, sediments, and biota, contributing to chronic exposure risks. Moreover, the co-occurrence of multiple ECs amplifies synergistic toxicity, an area still underexplored [31].
Urban wastewater systems dominate global EC studies due to higher analytical data availability. However, rural wastewater effluents, though representing smaller volumetric discharges, often exhibit comparable or higher per capita EC loads when normalized by wastewater volume [32]. The lack of treatment facilities in rural settings results in direct discharge, elevating contaminant persistence in soils and aquatic ecosystems [33].
3.2. Comparative Assessment: Urban versus Rural Wastewater Effluents
Urban effluents contain complex mixtures of chemicals originating from domestic sewage, hospital wastewater, and industrial discharges [34]. PPCPs and EDCs dominate urban EC profiles, particularly non-steroidal anti-inflammatory drugs (NSAIDs), beta-blockers, and synthetic hormones such as ethinylestradiol. Temporal monitoring in European and Asian megacities has shown that EC loads in urban wastewater are significantly correlated with population density, per capita income, and healthcare intensity [35].
Rural effluents, by contrast, are typically dominated by agricultural and veterinary pharmaceuticals, pesticides, and manure-related contaminants [19, 36]. The absence of centralized treatment plants in rural areas exacerbates pollutant dispersion. A study in Spain reported that rural effluents contained higher relative concentrations of tetracyclines and sulfonamides compared to nearby urban discharges [37]. Similar findings were reported in India and China, where decentralized treatment systems exhibited limited removal efficiency for antibiotics and PFAS [38]. To visualize the concentration differences reported across multiple studies, Figure 2 compares selected emerging contaminant levels in urban (WWTP) versus rural (on-site sanitation) wastewater effluents.
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Figure 2: Comparative concentrations of selected emerging contaminants (ECs) in urban (WWTP) versus rural (on-site sanitation) wastewater effluents. Data adapted from [21, 39–41]

From a mechanistic standpoint, urban ECs often undergo partial transformation during secondary treatment, producing byproducts that may be more persistent or toxic than parent compounds [42]. Rural wastewater systems—often relying on septic tanks, lagoons, or stabilization ponds—tend to facilitate natural attenuation but are vulnerable to leaching and groundwater contamination [43].
Antibiotic resistance genes (ARGs) are a particular concern in both contexts. Urban effluents serve as hotspots for horizontal gene transfer due to dense microbial communities, while rural effluents from livestock operations provide selective pressure via sustained antibiotic residues [16]. The convergence of these sources enhances the environmental resistome, contributing to antimicrobial resistance spread.
3.3. Regional Overview: Emerging Contaminants in Africa
Compared to Europe and North America, Africa remains underrepresented in EC research. However, emerging data indicate significant contamination in both urban and rural effluents [44, 45]. In South Africa, monitoring studies also confirm the presence of pharmaceuticals in wastewater and receiving waters, including carbamazepine and sulfamethoxazole among more than 100 compounds detected across various regions [44]. A critical review of emerging pollutant occurrence in the Middle East and North Africa (MENA) region reports that pharmaceuticals, including anti-inflammatories and antibiotics, as well as microplastics, are commonly detected in water bodies and treated wastewater systems [46]. In East Africa, emerging contaminant studies document the occurrence of both pharmaceutical compounds and PFAS in water resources, including PPCPs and PFAS detected in Kenyan wastewater and surface waters [47]. Table 1 presents representative data on emerging contaminants reported in wastewater effluents across Africa between 2021 and 2026, summarizing key contaminant classes, measured concentrations, and source studies.
Table 1: Selected emerging contaminants in wastewater effluents across Africa (2021–2026)
	Contaminant class
	Example compounds / markers
	Representative concentrations / findings
	Country / region (study)
	Ref

	Pharmaceuticals (general)
	Analgesics, NSAIDs, antiretrovirals, antibiotics (e.g., ibuprofen, diclofenac, carbamazepine, ciprofloxacin)
	Reported concentrations span ng/L → µg/L in wastewater and receiving waters; >100 pharmaceuticals detected across South Africa (review synthesis).
	South Africa (national review, many WWTPs & rivers).
	[44]
	Antibiotics (sewage sludge / wastewater)
	Fluoroquinolones, macrolides, sulfonamides (e.g., ciprofloxacin, ofloxacin, trimethoprim)
	Antibiotics detected in hospital WWTP sludge; ciprofloxacin up to 674 ng·g⁻¹ (dry weight) in Nigerian hospital sludge; all 14 target antibiotics detected at least once.
	Nigeria (two hospital WWTPs — Ibadan & Lagos).
	[48]
	PFAS (per- and poly-fluoroalkyl substances)
	PFOS, PFOA, PFPeA, fluorotelomer sulfonates
	Mean PFAS detected across sampled treatment/drinking-water plants; province maxima reported up to ~740 ng·L⁻¹ (varied by PFAS and site/season).
	South Africa (multi-province sampling across drinking-water / treatment plants).
	[49]

	Pesticides (river/WWTP influence)
	Triazines, neonicotinoids, organophosphates (e.g., atrazine, imidacloprid, chlorpyrifos, terbuthylazine)
	Passive-sampling campaign found year-round pesticide detections; EQS exceedances recorded (e.g., imidacloprid, chlorpyrifos, terbuthylazine, spiroxamine) — indicates WWTPs can be a pesticide source in agricultural catchments.
	Western Cape agricultural catchments, South Africa (Grabouw, Piketberg, Hex River Valley).
	[50]
	Microplastics (MPs)
	Fibres & fragments; common polymers: PE, PP, PET, PES
	Review synthesis: MPs reported in South African freshwater and treated waters; freshwater concentrations ~0.33–56 particles·L⁻¹ (varies by site/method); WWTPs identified as important MP sources and show limited removal for many MP size classes.
	South Africa (multiple river, reservoir, WWTP and drinking-water studies compiled).
	[51]



Rural communities in Africa often lack centralized wastewater collection, resulting in direct discharge or infiltration of sewage into surface waters and groundwater [52]. For example, in Ethiopia, sulfamethoxazole and other antibiotics have been detected in rivers and groundwater, reflecting limited treatment and disposal infrastructure [53]. These findings illustrate that rural effluents, while less voluminous, exert disproportionately large ecological impacts.
Moreover, the analytical capacity for detecting such contaminants is constrained by limited access to advanced instrumentation like LC–MS/MS and GC–MS in many African laboratories, leading to underestimation of contaminant occurrence [40]. 
3.4. West African Perspective
West Africa presents a complex interplay between rapid urbanization, weak wastewater infrastructure, and agricultural intensification. In Ghana, Nigeria, and Benin, EC loads are driven by informal settlements, industrial clusters, and mixed domestic–agricultural discharges. In Ghana, irrigation and poultry‑farm-related water systems have been shown to contain antibiotic residues and analgesics, including ibuprofen and caffeine [54]. High levels of antimicrobial usage in both commercial and domestic poultry farms have been documented [55]. 
In Benin and other parts of West Africa, untreated or poorly managed on-site sanitation systems — including pit latrines and septic tanks — increasingly contribute to the leaching of contaminants of emerging concern such as pharmaceuticals and endocrine-disrupting chemicals into shallow aquifers and peri-urban wetlands. Evidence from a recent systematic global review of on-site sanitation–groundwater interactions confirms that leakage and contaminant transport risks are strongly influenced by local hydrogeology, system age, and maintenance quality, and that regulatory oversight remains limited in many low- and middle-income settings (Mbae et al. 2024). Across West Africa, a comprehensive regional review reports widespread detection of pharmaceuticals and personal care products across wastewater, surface water, and groundwater systems, highlighting concentration ranges in the ng/L to low-µg/L scale and noting extensive monitoring gaps in countries such as Benin, Ghana, and Nigeria [45]. For PFAS and endocrine-disrupting chemicals, country-specific evaluations show that surveillance capacity remains extremely limited; for example, a recent assessment for Nigeria identifies substantial analytical and regulatory gaps that hinder accurate ecotoxicological and human-health risk assessment, a situation representative of the broader West African region [56]
3.5. The Nigerian Context
Nigeria exemplifies the dual burden of urban expansion and rural underdevelopment in wastewater management. Despite its population exceeding 220 million, less than 10% of municipal wastewater undergoes any form of treatment [48]. Urban centers such as Lagos, Abuja, and Ibadan discharge large volumes of untreated or partially treated sewage directly into surface waters. Conversely, rural communities rely predominantly on pit latrines, septic tanks, or open defecation systems, with no formal effluent treatment.
In Nigeria, recent monitoring reveals substantial contamination of surface waters by pharmaceuticals: in Lagos State 26 different pharmaceuticals — including antibiotics — were detected in wastewater-impacted rivers and sewage effluent, with several compounds reaching up to 129 µg/L [57]. Meanwhile, studies on sediments from rivers in Southwestern Nigeria, such as the Ogun River basin, confirm microplastic pollution in receiving waters [58].
These data show that emerging contaminants — pharmaceuticals and microplastics — are present in Nigerian aquatic systems. However, data gaps remain for other classes of ECs (e.g. PFAS, bisphenol A, EDCs) in many regions.
In Nigeria, wastewater-related pollution and contaminated groundwater present important environmental health risks. Studies from rural areas show that boreholes and wells — common water sources for communities — are contaminated with antibiotics and other emerging pollutants, likely as a result of inadequate sanitation and waste-handling infrastructure [59]. Meanwhile, investigations of sewage sludge from hospital wastewater treatment plants have revealed accumulation of multiple antibiotics, demonstrating that even treated wastewater streams can contribute to environmental EC loads via sludge disposal [48]. Regulatory oversight remains limited: Nigeria’s principal sanitation and waste-control regulation (2009) does not specify standards for trace organics or emerging contaminants, exposing a regulatory gap in control of ECs. 
These findings suggest that both rural groundwater use and wastewater treatment practices in Nigeria may contribute to environmental exposure to ECs. However, the literature is still sparse — data remain fragmentary, and there are no recent peer-reviewed studies that comprehensively compare urban vs rural wastewater EC profiles across multiple contaminant classes. This underscores an urgent need for systematic monitoring, regulatory updates, and research on decentralized or low-cost treatment systems appropriate for Nigeria’s varied urban and rural contexts.
3.6. Treatment Efficiency and Policy Disparities
Treatment efficiency for ECs varies widely across technologies and geographies. Advanced systems (MBR, ozonation, GAC) achieve >80% removal for most PPCPs but remain rare in low-income contexts (Kumar et al., 2023). Biological treatments, such as activated sludge and wetlands, exhibit variable removal efficiencies—typically 30–70%, depending on contaminant class and operational parameters [60].
In Africa, the implementation of advanced treatment technologies for emerging contaminants (ECs) is constrained by persistent economic, infrastructural, and governance challenges. Peer-reviewed assessments highlight that many water and sanitation systems across the continent continue to operate below design capacity due to chronic underfunding, limited maintenance, and institutional fragmentation [61]. These systemic constraints impede the adoption of higher-level treatment processes capable of removing pharmaceuticals, PFAS, and other micropollutants.
At the global level, regulatory frameworks are increasingly shifting toward integrated monitoring of emerging contaminants (ECs) and the use of ecotoxicological risk assessment to inform policy. In the European Union, recent developments in water-policy legislation reflect this trend: scientific evaluations of the EU’s updated Water Framework Directive proposals indicate that pharmaceuticals, PFAS, and other emerging pollutants are now being prioritized for more systematic monitoring and regulatory attention [62]. Complementary assessments further highlight that these substances are increasingly ranked and selected for inclusion in EU monitoring schemes through structured prioritization tools designed to support Watch-List decision-making[63]. Scientific analyses of these reforms emphasize that coupling chemical monitoring with ecological-risk evaluation is becoming an international benchmark for modern water-quality regulation [62].
4. Future Perspectives and Challenges 
Despite significant progress in understanding emerging contaminants (ECs), multiple challenges persist in achieving comprehensive management, particularly in low- and middle-income regions. The future of EC control depends on four interconnected dimensions—analytical advancement, policy integration, treatment innovation, and public awareness.
4.1. Analytical and Monitoring Gaps
Accurate quantification of emerging contaminants (ECs) is still constrained by technological and financial limitations, particularly in low- and middle-income regions. Recent global reviews emphasize that advanced analytical platforms such as LC–MS/MS and high-resolution mass spectrometry are essential for sensitive EC detection, yet their high cost, technical complexity, and lack of standardized methods limit widespread deployment and routine monitoring [9]. In Africa, these challenges are magnified by shortages of mass spectrometry infrastructure and trained personnel: a recent review on PFAS detection explicitly highlights the limited availability of MS-based methods as a major barrier to reliable contaminant monitoring on the continent [21]. Regional assessments of contaminants of emerging concern in African wastewater effluents similarly note that research and monitoring capacity remain concentrated in high-income regions, with most African countries only beginning to build analytical capability [40].
To close these gaps, future EC-monitoring frameworks should prioritize capacity building through regional reference laboratories, investment in advanced mass-spectrometric instrumentation, and the development of harmonized detection protocols. In parallel, suspect and non-target screening approaches based on high-resolution mass spectrometry—already widely promoted in Europe through NORMAN network guidance and regulatory-oriented applications—offer powerful tools to expand detection beyond a predefined target list and should be adapted for use in resource-limited settings [64, 65]. 
4.2. Technological and Treatment Innovation
The development of cost-effective treatment technologies is critical. Biochar-amended constructed wetlands, microalgae-based systems, and photocatalytic nanomaterials show promise for EC removal [66–68]. Integration of advanced oxidation processes with biological treatment improves degradation of persistent compounds such as pharmaceuticals and some PFAS precursors [69]. Scalability depends on energy efficiency, maintenance simplicity, and local material availability; solar-driven hybrid reactors and solar-assisted photocatalytic systems are promising for tropical regions [70].
4.3. Policy and Regulatory Evolution
At the policy level, governance of emerging contaminants (ECs) remains fragmented, with only a few countries worldwide adopting formal EC monitoring guidelines, and none in sub-Saharan Africa establishing enforceable effluent standards. Incorporating EC parameters into national water-quality indices and effluent discharge permits would represent substantial progress. A risk-based monitoring model—similar to approaches promoted in recent EU water-policy reforms, which emphasize prioritization of pharmaceuticals, PFAS, and other ECs for systematic surveillance—could be adapted for African regulatory contexts [62]
5. Conclusion 
This systematic review provides a comprehensive comparative synthesis of emerging contaminant (EC) loads in urban and rural wastewater effluents, with a geographical progression from global to Nigerian contexts. Across all scales, urban effluents consistently exhibit higher EC concentrations and diversity, primarily driven by intensive domestic, medical, and industrial activities. However, rural effluents, characterized by limited treatment and extensive agricultural inputs, increasingly contribute significant pollutant loads to surface and groundwater systems.
Persistent compounds—such as PFAS, EDCs, and antibiotics—remain inadequately removed by conventional wastewater treatment systems. The global disparity in monitoring infrastructure and policy attention underscores the need for harmonized frameworks, especially in Africa and Nigeria, where data scarcity and weak regulation prevail. Nigeria exemplifies a dual challenge: rapidly expanding urban centers lacking adequate treatment facilities and rural communities dependent on decentralized sanitation systems.
Future management should focus on (i) strengthening national monitoring and laboratory capacity, (ii) developing affordable hybrid treatment systems suited to local contexts, and (iii) integrating ECs into environmental policy and education programs. Bridging the urban–rural divide requires recognizing both the technological and socio-economic dimensions of wastewater governance.
Ultimately, controlling EC pollution demands a holistic, multi-scalar strategy that aligns scientific innovation with environmental justice—ensuring that all communities, regardless of geography or infrastructure, are protected from the long-term risks posed by emerging contaminants.
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Comparative concentrations of selected emerging contaminants
in urban vs rural wastewater effluents (representative ranges)
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Notes: Concentrations shown are illustrative, literature-informed representative medians with
asymmetric ranges (not raw measured data). Urban points represent typical WWTP/sewered effluent
ranges; rural points represent typical on-site sanitation / decentralized effluent ranges.

Replace with site-specific measured values for publication. Units = ng L~ (log scale).




