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Wastewater disposal and treatment are critical, under-recognized components of public health and environmental protection in the Philippines. This systematic review synthesized evidence on wastewater system types, treatment technologies, assessment approaches, and population-level implications from January 1982 to 11 February 2026. Following PRISMA 2020, we searched Scopus, Web of Science, PubMed, ScienceDirect, Philippine E-Journals, and Google Scholar, plus 17 gray/institutional sources. From 717 records identified, 582 were screened and 120 full texts assessed; 57 sources (39 academic studies and 18 operational/regulatory documents) were included. Across four decades, wastewater management was constrained by fragmented governance, limited financing, weak local capacity, and low sewerage coverage, with most households relying on septic systems that often provide inadequate treatment. Evidence linked untreated or poorly treated wastewater to river and lake degradation, groundwater contamination, heavy metal bioaccumulation, eutrophication, and persistent chemical markers, while industrial case studies showed high removal efficiencies where compliant treatment was implemented. Decentralized and nature-based options (constructed wetlands, DHS, MSL, MBBR and hybrids) showed promising pollutant removal and community acceptability, and recent studies highlighted resource recovery and greenhouse-gas mitigation via sludge management. Overall, stronger coordination, investment, monitoring, septage management, and scalable decentralized solutions are essential for climate-aligned wastewater sustainability and public health protection.
[bookmark: _ms1kdwl0dfmb]Keywords: wastewater treatment, decentralized wastewater systems, septage management, environmental health, Philippines
[bookmark: _3cnw52fpb1ro]




[bookmark: _5jbhdep5u8t9]INTRODUCTION
Wastewater disposal and treatment constitute a critical but often under-recognized component of public health and environmental protection infrastructure. Wastewater is technically defined as water whose quality has been degraded by anthropogenic activities, including domestic, industrial, agricultural, and institutional uses, and which contains physical, chemical, and biological contaminants requiring management prior to discharge or reuse (WHO, 2018;Yadav et al., 2020). Wastewater treatment refers to the combination of physical, chemical, and biological processes designed to remove these contaminants to levels that are protective of human health and ecological systems (Silva, 2023;Crini & Lichtfouse, 2018). Despite its centrality to sanitation and disease prevention, wastewater infrastructure frequently remains “invisible” in policy discourse, particularly in low- and middle-income countries where coverage, performance, and monitoring vary widely.
Wastewater systems are commonly classified according to source, collection, and treatment level. By source, wastewater may be categorized as domestic (household sewage), industrial effluent, agricultural runoff, or healthcare wastewater, each with distinct pollutant profiles and risk implications (UN-Water, 2021;Hsien et al., 2019). Collection systems range from centralized sewerage networks to decentralized on-site sanitation systems such as septic tanks, pit latrines, and small-scale treatment facilities. Treatment technologies are conventionally grouped into primary, secondary, and tertiary (advanced) stages. Primary treatment focuses on physical removal of solids; secondary treatment employs biological processes to reduce organic load; and tertiary treatment targets nutrients, pathogens, and emerging contaminants such as pharmaceuticals and microplastics (Muya, 2024;Pasciucco et al., 2022).
Assessment of wastewater disposal and treatment performance relies on multiple methodological approaches. These include engineering and process-based evaluations (e.g., treatment efficiency, hydraulic loading, effluent quality), environmental monitoring (e.g., biochemical oxygen demand, nutrient concentrations, microbial indicators), and population-level sanitation metrics such as sewerage coverage, safely managed sanitation services, and compliance with discharge standards (WHO/UNICEF, 2023;Wondim et al., 2023). In recent decades, assessment frameworks have increasingly integrated risk-based and systems-level approaches, recognizing that inadequate wastewater management affects not only receiving waters but also food systems, groundwater resources, and community health outcomes.
At the population level, effective wastewater treatment is a cornerstone of disease prevention, urban resilience, and environmental sustainability. Inadequate disposal of untreated or poorly treated wastewater has been linked to outbreaks of waterborne diseases, antimicrobial resistance dissemination, eutrophication of surface waters, and long-term exposure to chemical pollutants (World Bank, 2019; WHO, 2022). Rapid urbanization, population growth, and climate-related stresses further amplify these risks by overwhelming existing sanitation infrastructure and increasing the frequency of system failures, particularly in densely populated urban and peri-urban settings.
In the Philippine national context, wastewater management presents persistent structural and governance challenges. While access to basic sanitation has improved over recent decades, sewerage coverage remains limited, and the majority of households rely on on-site systems such as septic tanks, many of which are inadequately designed, poorly maintained, or directly connected to drainage systems (DENR, 2016; DOH, 2019). Urban centers face pressures from rapid population growth and informal settlements, while rural areas often lack formal treatment facilities altogether. Fragmented institutional responsibilities, uneven enforcement of effluent standards, and limited long-term monitoring further constrain the effectiveness of wastewater management across the country.
Although numerous studies, technical reports, and policy documents on wastewater disposal and treatment in the Philippines have been produced since the late 1970s and early 1980s, the existing body of evidence remains scattered and uneven (Domingo & Manejar, 2021;Corpuz, 2025). Many studies focus on isolated technologies, specific localities, or short observation periods, with limited synthesis of trends over time. Few reviews systematically integrate engineering performance, environmental outcomes, and public health implications across both centralized and decentralized systems. Moreover, there is a lack of longitudinal perspective examining how wastewater infrastructure and assessment practices have evolved in response to regulatory reforms, urbanization, and emerging environmental risks.
The aim of this study is therefore to systematically review the literature on wastewater disposal and treatment in the Philippines from 1982 to 2026, synthesizing evidence on system types, treatment technologies, assessment methods, and population-level implications. By consolidating four decades of research and policy-relevant data, this review seeks to identify critical gaps, inform future infrastructure planning, and support evidence-based sanitation and public health decision-making in the Philippine context.
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Methodology
[bookmark: _j3pops3rmyw1]Study Design
This study adopted a systematic review design to synthesize existing evidence on wastewater disposal and treatment in the Philippines. The review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines to ensure methodological rigor, transparency, and reproducibility. A systematic approach was chosen to consolidate fragmented evidence spanning engineering, environmental, and public health perspectives on wastewater systems.
[bookmark: _ygk1d3cn0eas]Scope and Time Frame
The review covered literature published from January 1982 up to the final search date (11 February 2026). This time frame was selected to capture the historical evolution of wastewater disposal practices, treatment technologies, regulatory developments, and assessment methodologies in the Philippines, while ensuring that all included evidence was available at the time of the search.
[bookmark: _vyuns33zekq2]Information Sources
A comprehensive literature search was conducted across multiple electronic databases and institutional repositories to identify both peer-reviewed and gray literature. Major scientific databases searched included Scopus, Web of Science, PubMed, Philippine E-journals, ScienceDirect, and Google Scholar. To complement academic sources, gray literature was retrieved from reports and publications of government agencies, development organizations, and international institutions involved in water and sanitation management in the Philippines. Manual screening of reference lists from relevant studies was also undertaken to identify additional eligible publications.
In addition to peer-reviewed databases, this review incorporated 17 gray and institutional sources to ensure comprehensive sector coverage. These included key regulatory frameworks such as the CWA (RA 9275), NSSMP, DAO 1990-35, DAO 2016-08, DAO 2021-19, WQG, and GES, which provided statutory standards and governance context. Operational and technical data were obtained from utility and corporate disclosures including MWC, Ilugin WWTP (WABAG), Laguna Technopark WWTP (OW), AVK-PH, and TÜV SÜD. Sector-wide and financing perspectives were sourced from ADB and ARCOWA, while recent infrastructure developments and policy-relevant updates were captured through institutional media reports (INQ (2022), PDI (2020), IndPH (2023)). These materials were necessary to supplement academic literature, particularly for regulatory evolution, treatment capacity expansion, and implementation-level data not consistently reported in indexed journals.
[bookmark: _sn2giwv7fbgm]Search Strategy
The search strategy employed a combination of controlled keywords and free-text terms related to wastewater systems, treatment technologies, assessment methods, and geographic focus. Core search terms included variations of wastewater disposal, wastewater treatment, sewerage, septage management, sanitation systems, effluent treatment, and water quality assessment, combined with the term Philippines. Boolean operators were used to refine search results, and search strings were adapted to the indexing requirements of each database. Only English-language publications were included due to feasibility and consistency considerations.
[bookmark: _crnw6ye1mfpj]Eligibility Criteria
Studies were included in the review if they focused on wastewater disposal, collection, or treatment systems within the Philippine context and reported on treatment technologies, system performance, assessment methods, or environmental and population-level implications. Eligible sources included peer-reviewed journal articles, theses, technical reports, and policy documents published within the defined time frame. Studies were excluded if they focused solely on drinking water supply without reference to wastewater, were conducted outside the Philippines without country-specific relevance, lacked methodological detail, or had inaccessible full texts.
[bookmark: _khsquzzf10dh]Study Selection Process
All retrieved records were imported into reference management software, where duplicate entries were removed. Study selection was conducted in two sequential stages. First, titles and abstracts were screened to exclude clearly irrelevant publications. Second, full-text articles were reviewed to confirm eligibility based on the inclusion and exclusion criteria. The selection process was documented using the PRISMA flow structure, recording the number of records identified, screened, excluded, and included at each stage of the review.
[bookmark: _mtzcjq3z5670]Data Extraction
Data were extracted using a standardized extraction template to ensure consistency across included studies. Extracted information encompassed authorship and year of publication, study location, type of wastewater system examined, treatment technologies employed, treatment level, assessment indicators used, and key environmental or population-level findings. Where reported, study limitations and contextual factors influencing wastewater performance were also recorded. Data extraction was conducted systematically to support structured synthesis and comparison across studies.
[bookmark: _xr5k3fdnll2]Quality Appraisal
The methodological quality of included studies was assessed using a descriptive appraisal approach appropriate for heterogeneous study designs. Consideration was given to the clarity of study objectives, appropriateness of methods, transparency of data reporting, and relevance to wastewater management outcomes. Due to variability in study types, including engineering evaluations, environmental monitoring studies, and policy analyses, formal risk-of-bias scoring tools were not applied. Instead, strengths and limitations were narratively integrated into the synthesis.
[bookmark: _kdkpacso4qxb]Data Synthesis
Given the diversity of study designs, outcome measures, and reporting formats, a narrative synthesis approach was employed. Findings were organized thematically to examine wastewater system classifications, treatment technologies, assessment methodologies, environmental impacts, and population-level implications. Temporal and geographic patterns were explored to highlight changes in wastewater management practices over time and across different regions of the Philippines. Identified gaps in evidence and recurring challenges were emphasized to inform future research and policy directions.
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[bookmark: _6frchka44vjt]This review was based exclusively on secondary data obtained from publicly available sources. No human participants, personal identifiers, or confidential data were involved. As such, ethical approval was not required for this study.

















[bookmark: _u667yp4qiasq]Fig 1: PRISMA Flow Diagram
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The study selection process followed PRISMA 2020 guidelines. A total of 717 records were identified through database and gray literature searches, including Scopus (n = 150), Web of Science (n = 120), PubMed (n = 90), ScienceDirect (n = 180), Philippine E-Journals (n = 60), Google Scholar (n = 100), and regulatory and institutional sources (n = 17). After removal of duplicate records, 582 records remained for screening. Title and abstract screening resulted in the exclusion of 462 records, primarily because they were not focused on wastewater disposal or treatment, were conducted outside the Philippine context, addressed drinking water systems only, or consisted of commentary without substantive technical or empirical data.
A total of 120 full-text reports were assessed for eligibility. Of these, 63 full-text reports were excluded due to insufficient methodological detail, absence of specific wastewater treatment or disposal analysis, lack of Philippine-specific relevance upon detailed review, inaccessible or incomplete full texts, or duplicate and overlapping datasets. Ultimately, 57 studies were included in the final qualitative synthesis, comprising 39 academic or peer-reviewed studies and 18 operational, regulatory, or institutional sources. Due to heterogeneity in study designs, outcome measures, and reporting formats, a meta-analysis was not performed.

[bookmark: _hbv6atmuh0gb]RESULTS
The included literature (1982–2026) demonstrates that wastewater disposal and treatment in the Philippines has evolved within a context of persistent institutional fragmentation, limited sewerage coverage, and uneven regulatory enforcement. Early national analyses by Ouano (1986) identified poor inter-agency coordination, limited sewerage expansion, and inappropriate technology transfer as structural barriers to effective domestic wastewater management. Regulatory consolidation began with DENR Administrative Order 1990-35, which established effluent standards based on biochemical oxygen demand (BOD), total suspended solids (TSS), oil and grease, and microbiological indicators, although enforcement limitations and the absence of nutrient and emerging contaminant controls necessitated later revisions under DAO 2016-08 and DAO 2021-19. Subsequent regulatory and monitoring reviews, including Tuddao and Gonzales (2016), documented widespread non-compliance with BOD and coliform standards in major water bodies such as the Pasig River and Manila Bay, despite institutional mechanisms like Water Quality Management Areas (WQMAs). Governance-oriented reviews by Magtibay (2006), Domingo and Manejar (2021), and Dela Rosa (2024) consistently identified underfunding, fragmented mandates, weak LGU capacity, and limited long-term planning integration as persistent barriers to achieving Clean Water Act targets. Policy commentaries and sectoral syntheses, including Corpuz (2025) and ARCOWA (2018), reinforced that only about 10% of wastewater is treated nationally and roughly 5% of the population is connected to sewer networks, with untreated domestic wastewater contributing approximately 33% of national pollution loads and generating estimated economic losses equivalent to 0.5% of GDP. Similarly, Breton (2020) and Industrial PH (2023) emphasized rising wastewater volumes driven by rapid urbanization, population growth, and increasing groundwater contamination, situating wastewater management as a critical component of resilient urban development.
Urban utility-led expansion efforts, particularly by Manila Water, illustrate both progress and structural limitations. Official disclosures (retrieved February 10, 2026) report more than 7.6 million customers served, 25 Sewage Treatment Plants (STPs), 2 Septage Treatment Plants (SpTPs), and over 450 kilometers of sewer lines, employing conventional multi-stage treatment processes including screening, sedimentation, biological aeration, and chlorination. Media and institutional accounts document significant capacity expansion from a single STP in 1997 to 41 STPs by 2021 with 410 million liters per day (MLD) capacity, targeting 1,322 MLD under a long-term wastewater master plan (Gutierrez, 2022; ADB, 2011). Large-scale facilities such as the Ilugin WWTP employ Sequencing Batch Reactor (SBR) systems with 100,000 m³/day capacity, serving over 600,000 residents, while the Laguna Technopark WWTP utilizes Organica Food Chain Reactor (FCR) technology, integrating nature-based biofilm systems within decentralized industrial–residential catchments. Despite these expansions, approximately 85% of households in some concession areas continue to rely on septic tanks providing only primary treatment, necessitating scheduled desludging programs.
Industrial wastewater studies reveal both compliance potential and significant pollution risks. Egloso et al. (2015) demonstrated high treatment efficiency (approximately 98.5% BOD reduction) in an activated sludge system at a sugar mill, reducing BOD from 710 mg/L to 65 mg/L. Beverage industry analyses (IJESD, 2014; Salonga, 2021) identified activated sludge and lagoon systems as dominant technologies, with growing emphasis on energy recovery via anaerobic digestion. In contrast, Samaniego and Tanchuling (2018) documented severe heavy metal contamination in small-scale gold mining wastewater, with mercury and lead concentrations exceeding regulatory limits by 44 and 94 times, respectively, and TSS exceeding standards by 36 times, highlighting enforcement gaps in extractive industries. Sectoral reviews by Migo et al. (2018) further confirmed weak industrial compliance and pollution control in mining, oil, chemical, and manufacturing sectors.
Decentralized and nature-based wastewater treatment systems have emerged as viable alternatives to centralized sewerage, particularly in resource-constrained settings. Early work on engineered reed beds (Parco and Kanzler, 2006) and pre-construction stabilization ponds and wetlands near Laguna de Bay (Andrade, 2010) demonstrated technical feasibility, though land requirements and funding constraints limited implementation. Experimental studies such as Flores and Adil (2019) reported high pollutant removal efficiencies in slaughterhouse wastewater (BOD removal up to 94.49%; TSS up to 99.9%) using horizontal subsurface flow constructed wetlands. At the institutional level, Melford and Perez (2018) evaluated wastewater from fresh and processed food sections of a university cafeteria in Iloilo City, including effluent routed through a subsurface wetland. Physico-chemical analysis (temperature, pH, TSS, specific gravity, oil and grease) showed no significant differences in temperature, pH, and TSS between sources but significant differences in specific gravity and oil and grease. Bacteriological testing identified Enterobacter cloacae in fresh food wastewater and Vibrio fluvialis in processed food wastewater, with distinct antibiotic susceptibility patterns. The findings highlight both the role of subsurface wetlands as part of institutional wastewater management and the importance of continued microbiological monitoring to address coliform presence and antimicrobial resistance considerations. Laboratory evaluations by Tamang (2023) indicated that while local macrophytes accumulate nutrients and metals to some extent, microbial processes account for the majority of removal in vertical subsurface flow systems. Community-based constructed wetland implementation in Bayawan City (Devanadera et al., 2023) demonstrated high social acceptance (94% awareness), governance support, and replicability potential. Comparative decision analyses by Selerio (2024) ranked Downflow Hanging Sponge (DHS), Multi-Soil Layering (MSL), and Moving Bed Biofilm Reactor (MBBR) systems as top-performing decentralized technologies, with no statistically significant differences among them. Broader reviews by Damalerio et al. (2022) and Velasco et al. (2023) emphasized decentralized wastewater management and constructed wetlands as cost-effective and climate-aligned approaches, though scaling remains constrained by institutional and financial barriers.
Community-level sanitation assessments consistently revealed behavioral and infrastructural gaps. Amarille and Balomaga (2021) reported high sanitation awareness (mean = 2.98) in Surigao City, with 99.1% toilet access and 98.1% septic tank ownership, yet low compliance with regular desludging. Valera et al. (2024) documented direct discharge of untreated wastewater into rivers in Bulacan, with moderately low awareness levels. Economic valuation by Palanca-Tan (2016) showed mean household willingness-to-pay (PhP 3.29 - 6.01/m³) below projected program costs (PhP 7.11/m³), indicating financing constraints and undervaluation of wastewater benefits. Municipal benchmarking in Cauayan City (Alvarez et al., 2020) revealed absence of adequate treatment facilities and continued direct discharge, despite local ordinances.
Environmental and ecological assessments provide strong empirical evidence of the consequences of untreated wastewater. Dyer et al. (2003) documented severe ecological degradation in the Balatuin River, including fish absence and macroinvertebrate loss under elevated BOD and ammonia conditions. Gorme et al. (2009) and Robles and Monjardin (2025) highlighted nationwide surface and groundwater contamination from heavy metals, nutrients, pathogens, hydrocarbons, and emerging contaminants. Watanabe et al. (2016) detected persistent artificial sweeteners in Manila waters, indicating incomplete wastewater treatment and direct household discharge. Long-term contamination of Laguna de Bay was documented by Diwa et al. (2022), demonstrating heavy metal bioaccumulation in sediments and clams, with copper posing the highest dietary risk.
Recent studies integrate wastewater management with climate mitigation and circular economy strategies. Pahunang et al. (2021) identified constructed wetlands and sludge-to-biochar systems as cost-effective carbon mitigation technologies, while microbial electrochemical systems remain at pilot stages. Coligado et al. (2025) demonstrated that centralized sludge treatment with anaerobic digestion and combined heat and power (CHP) achieved net greenhouse gas sequestration (−67.1 tons CO₂e/day), with disposal pathways contributing 88.8% of emissions. Comparative reuse analyses by Kokkinos et al. (2022) highlighted untapped wastewater and sludge reuse potential in the Philippines. Emerging technological innovations include laboratory-scale photocatalytic reactors for advanced pollutant degradation (Ruiz-Flores et al., 2023) and process optimization frameworks supported by technical advisory organizations (TÜV SÜD, 2026).
Overall, the synthesized evidence indicates that wastewater disposal and treatment in the Philippines remains characterized by low national coverage, dominance of on-site sanitation, uneven regulatory enforcement, and documented environmental degradation of rivers, lakes, groundwater, and coastal ecosystems. While large urban utilities have expanded centralized treatment capacity and compliance under stricter effluent standards, decentralized, nature-based, and resource-recovery-oriented systems show strong potential for addressing infrastructure gaps. However, governance fragmentation, financing constraints, technical capacity limitations, and uneven community engagement continue to constrain nationwide wastewater sustainability and public health protection.

CONCLUSION
This systematic review (1982–2026) shows that wastewater management in the Philippines has improved in regulatory structure but remains limited in coverage and implementation. Despite the Clean Water Act and updated effluent standards, only a small proportion of wastewater is treated, and most households still rely on septic systems that often provide inadequate treatment. Urban utilities have expanded centralized treatment capacity, particularly in Metro Manila, yet structural challenges, including high capital costs, weak local government capacity, and fragmented governance, continue to constrain nationwide progress.
Empirical evidence links untreated and poorly treated wastewater to river degradation, groundwater contamination, heavy metal accumulation, nutrient pollution, and public health risks. Industrial facilities demonstrate that high treatment efficiency is achievable, but enforcement gaps persist in some sectors. Decentralized systems and nature-based solutions, especially constructed wetlands and hybrid biological technologies, show strong potential for cost-effective and scalable treatment, particularly in resource-limited communities.
Overall, wastewater infrastructure in the Philippines remains uneven, with clear environmental and population-level consequences. Achieving sustainable, nationwide wastewater management will require stronger institutional coordination, increased investment, expanded decentralized solutions, improved monitoring systems, and integration of public health, environmental protection, and climate resilience objectives.
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