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ABSTRACT

Background: This study examines the waste management crisis at Klotok Landfill/Tempat Pengelolaan Akhir
(TPA) in Pojok Village, Mojoroto Sub-district, Kediri City, as a representation of socio-ecological problems
arising from uncontrolled urbanization. Methods: Employing a qualitative case study approach within Ulrich
Beck's Risk Society theoretical framework, this research analyzes the impact of the landfill's overload condition,
which has persisted for more than three decades, on the buffer community of Kelurahan Pojok. Data were
obtained through field observation and in-depth interviews with affected residents, supplemented by academic
document reviews and government archives. Findings: The results indicate that the systemic transition from
controlled landfill to open dumping has transformed Kelurahan Pojok into a sacrifice zone bearing a
disproportionate share of the city's ecological burden. Residents face chronic exposure to respiratory disorders,
groundwater contamination, odor pollution, and social space degradation, constituting a form of slow violence
that erodes community well-being across generations. Government responses have remained ad hoc and
technocratic, failing to address structural roots, while public participation was ignored from the landfill's
inception. Conclusion: This study affirms that the TPA Klotok crisis is a manifestation of organized
irresponsibility, demanding a paradigmatic shift toward ecological justice-based governance and meaningful
community participation. Novelty/Originality of this article: This study offers a novel application of Beck's
Risk Society framework to an underexplored peri-urban landfill context in Indonesia, revealing how
manufactured uncertainty and organized irresponsibility operate at the intersection of local governance failure
and ecological injustice.

KEYWORDS: environmental-health monitoring; environmental health risks; health-
service capacity; peri-urban housing development; primary health care readiness.

1. Introduction

Primary health care (PHC) functions as the first-contact level of care, integrating
promotive, preventive, diagnostic, curative, rehabilitative, and referral services with
population-oriented public-health functions (Jimenez et al., 2021a, 2021b; Khatri et al,,
2023). Its effectiveness depends not only on the availability of health facilities but also on
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accessibility, comprehensiveness, continuity, coordination, workforce capacity, and referral
mechanisms (Ayanore et al, 2022; Khatri et al, 2023). Workforce composition and
multidisciplinary capacity are particularly important for responding to diverse population
needs and coordinating care across different levels of the health system (Kapoor et al,
2022). Therefore, in growing residential areas, PHC readiness should be assessed using a
multidimensional approach that incorporates workforce availability, referral capacity,
surveillance, and population-oriented public-health functions rather than facility numbers
alone (Ayanore et al., 2022; World Health Organization, 2021).

Peri-urban housing growth can expand access to shelter and urban opportunities, but
rapid settlement expansion may also increase pressure on water supply, sanitation, solid-
waste management, drainage, mobility, vector control, and health services (Hutchings et al.,
2022). Peri-urban areas are particularly vulnerable to service gaps because population
growth and land-use transformation can occur faster than the extension and integration of
essential infrastructure, producing uneven levels of service provision across newly
developed settlements (Hutchings et al., 2022). Evidence from Southeast Asia and the
Western Pacific also indicates that peri-urban communities may continue to rely on
inadequately managed sanitation systems, with sanitation deficiencies associated with
adverse health outcomes and substantial infrastructure inequalities (Nasim et al., 2022). In
Indonesia, inadequate water and sanitation infrastructure remains a concern in peri-urban
settings and has been linked to potential exposure to waterborne contaminants and related
health risks (Nasim et al, 2022; Poague et al, 2022).Urban-health research further
emphasizes that health risks are produced through interactions among demographic
change, infrastructure, environmental conditions, and governance, rather than through
population growth alone (Connolly et al., 2020). Therefore, assessment of peri-urban
residential development should consider not only housing provision but also the adequacy,
accessibility, and spatial distribution of essential infrastructure and health-related services
(Caruso et al,, 2015; Hutton & Chase, 2017; Odagiri et al., 2021).

In the study area, the available baseline combines district-level health-facility data,
service-area workforce and disease records, and a rapid household environmental-health
assessment, thereby providing complementary information on healthcare availability,
service capacity, population health needs, and environmental conditions (Agustina et al.,
2019; Mahendradhata & Hort, 2017). The facility data indicate the presence of hospitals,
clinics, inpatient of Public Health Centers/Pusat Kesehatan Masyarakat (Puskesmas), and
pharmacies, while the disease records show a mixed burden of respiratory infection,
tuberculosis, typhoid, dermatitis, acute gastroenteritis, hypertension, and diabetes mellitus;
this combination of communicable and non-communicable conditions highlights the need
to consider both primary-care capacity and continuity of care when assessing local health-
service readiness (Arsyad et al., 2022; Haemmerli et al., 2021a; Khatri et al., 2023). The
household data additionally indicate potential environmental-health exposure pathways
related to wells, septic systems, residential density, flooding, and standing water, which may
increase opportunities for exposure to fecal contamination and water- and vector-related
hazards in densely populated settlements (French et al., 2021; Mills et al., 2025; Odagiri et
al,, 2021) . In this context, combining facility-based health information with household-level
environmental indicators provides a broader basis for identifying spatial overlaps between
service needs and environmental-health risks (Anvari et al., 2025; Aprilia et al., 2025; Singh,
Sharma et al., 2018; Smith et al., 2023) . Such an integrated baseline is particularly relevant
in rapidly developing residential areas, where expansion of the population and built
environment may occur alongside persistent gaps in sanitation, water infrastructure, and
access to adequate health services (French et al,, 2021; Mills et al., 2025).

These data are useful for planning, but physical facility availability should be
distinguished from functional service capacity because the presence of a health facility does
not necessarily indicate that it has adequate staffing, equipment, medicines, diagnostics,
infrastructure, or operational capacity to deliver the required services (Haemmerli et al.,
2021a; World Health Organization, 2021). This distinction is particularly relevant in
primary-care assessment, where service availability refers primarily to the physical
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presence of services and resources, whereas service readiness reflects the capacity of
facilities to provide services according to defined standards (Haemmerli et al., 2021b). The
interpretation of the present baseline therefore also requires careful treatment of
incomplete or inconsistent source tables, particularly when data originate from different
administrative, facility, and household sources with different reporting structures and
denominators (Chaudhuri & Roy, 2017; Husin et al., 2024). The rapid household assessment
was relatively small and several variables had different valid denominators; consequently,
the resulting estimates should be interpreted as descriptive evidence of local conditions
rather than population-representative epidemiological estimates. This approach is
consistent with health-system measurement frameworks that emphasize context-specific
indicators and appropriate interpretation of data for subnational planning and resource
allocation (Arsyad et al., 2022; Mahendradhata & Hort, 2017). Rather than treating the
baseline as a representative epidemiological survey, this study uses the available evidence
as planning-level information to identify service-readiness gaps, characterize
environmental-health risks, and support prioritization of further assessment and
intervention. Such an approach is particularly appropriate for preliminary health-system
and environmental-health planning, where facility-level readiness information can be
integrated with contextual population and environmental data to identify areas requiring
more detailed investigation (Ayanore et al., 2022).

This study therefore aims to; (1) describe the availability, distribution, and basic
characteristics of health facilities and workforce composition relevant to the planned
residential area, including their potential capacity to support the anticipated
population; (2) summarize recorded priority-disease patterns within the relevant service
area to identify major communicable and non-communicable health concerns that may
require consideration in service planning; (3) identify household-level environmental-
health risk pathways, including those associated with water sources, sanitation systems,
residential density, flooding, drainage, and standing water; and (4) integrate the health-
service and environmental-health findings into an implementation framework that
translates identified needs and risks into practical actions, with clearly defined
responsibilities for the residential developer, local government, and Puskesmas. The
framework is intended to support coordinated planning before and during residential
development, strengthen the alignment between population growth and essential health
services, and provide a practical basis for monitoring service readiness and environmental-
health conditions as the residential area expands.

2. Methods
2.1 Study design, setting, data sources and variables

This study used a descriptive case-study design based on pre-existing secondary and
rapid-assessment data compiled for the health baseline of the proposed Sunville Residence
development area in Paccinongang, Gowa Regency, South Sulawesi, Indonesia. A case-study
approach is appropriate for examining a clearly bounded real-world setting using multiple
complementary data sources, including documentary and descriptive quantitative
information (Greenhalgh, 2025). The analysis was designed for baseline interpretation and
planning, not causal inference, because the study describes the characteristics and context
of a specific development area rather than testing causal relationships (Greenhalgh, 2025).
No new field data were collected by the manuscript authors; therefore, the findings are
interpreted as a contextual planning baseline rather than as population-representative
epidemiological estimates.

Four data components were analyzed. First, health-facility availability in Somba Opu
District for 2021-2023 covered hospitals, maternity hospitals, clinics/treatment halls,
inpatient Puskesmas, non-inpatient Puskesmas, and pharmacies; the published district
source was Somba Opu District in Figure 2024. Second, 2024 workforce records for the
Puskesmas Samata service area included general practitioners, dentists, midwives, nurses,
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nutrition personnel, public-health personnel, environmental-health personnel, pharmacy
personnel, and laboratory analysts. Third, routine disease records covered selected leading
conditions during 2022-2024. Fourth, the project baseline contained 21 household
environmental-health records.

2.2 Rapid household assessment: Provenance and instrument

The 21-household rapid assessment was part of a pre-existing project baseline
database supplied to the authors by Limited Liability Company/Perseroan Terbatas (PT)
Enviro Celebes Konsultan. The manuscript authors did not conduct the original household
visits. The source material available for this revision did not identify the individual
enumerators or specify their organizational affiliation; this limitation is now stated
explicitly rather than inferring personnel not documented in the source.

The complete original questionnaire or observation checklist was not included in the
available source material. The structured dataset nevertheless shows that the assessment
captured dwelling type and ownership, clean-water source, wastewater disposal, solid-
waste management, local density, nearby environmental exposures, ventilation, flood
vulnerability, and standing-water or mosquito-breeding potential. The study therefore
treats these variables as items from a rapid environmental-health screening instrument.
Because the original instrument, validation procedure, interviewer instructions, and
sampling frame were unavailable, no claim is made regarding psychometric validity or
population representativeness.

2.3 Data analysis, missing data, denominator handling, and quality control

Facility counts were summarized by year and interpreted by service role. Workforce
counts were converted to proportions of the 52-person workforce. Disease records were
summarized descriptively by year; blanks were retained as missing rather than interpreted
as zero. The analysis emphasized recorded service demand and planning implications
rather than incidence trends because denominator populations and case definitions were
not consistently available.

Environmental-health variables were summarized as counts and proportions using the
valid denominator available for each item. Water, sanitation, waste, density, flooding,
ventilation, and standing-water indicators were interpreted as potential exposure or
service-pressure pathways. The interpretation was guided by established links between
housing conditions, stormwater, waste management, vector ecology, and health (Bonnefoy,
2007; Gaffield et al., 2003; Hopp & Foley, 2001; Kaza et al., 2018; Rentschler et al., 2022).

The rapid assessment contained 21 household records overall, but some source-table
categories summed to 20. For variables with totals of 20, one of the 21 records was not
represented in the tabulated categories; the source did not document whether this reflected
a missing response, an unclassified observation, or a transcription omission. Those
variables were therefore analyzed using n = 20 valid tabulated observations, whereas
variables with complete category totals used n = 21. No missing value was recoded as a
negative response, and no value was imputed. Facility and workforce totals were cross-
checked against row-level values, disease blanks were retained as missing, and inconsistent
solid-waste labels were flagged rather than merged. These rules preserve the audit trail of
the source data and limit overinterpretation.

3. Results and Discussion
3.1 Health facilities and primary-care access
Health-facility availability changed modestly from 2021 to 2023. Hospitals increased

from two to three, clinics/treatment halls from 15 to 19, and inpatient Puskesmas remained
at two. No maternity hospital or non-inpatient Puskesmas was listed in the district category,
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while pharmacies remained at 62 (Table 1; Figure 1). The pattern indicates growth in
selected service points without a parallel increase in public primary-care units.

Table 1. Health-facility availability in Somba Opu District, 2021-2023

Health facility 2021 2022 2023 Main service interpretation

Hospital 2 2 3 Integrated referral, outpatient, inpatient,
and emergency care

Maternity 0 0 0 Maternal, delivery, neonatal, and

hospital reproductive-health service

Clinic/treatment 15 18 19 Outpatient diagnosis and basic treatment

hall

Inpatient 2 2 2 Public first-level service with inpatient

Puskesmas capacity

Non-inpatient 0 0 0 Public first-level outpatient, preventive,

Puskesmas and promotive service

Pharmacy 62 62 62 Pharmaceutical service and drug-use
counselling

Facility counts should not be interpreted as equivalent service capacity. hospitals,
clinics, pharmacies, and Puskesmas perform different functions, and a large number of
pharmacies does not substitute for prevention, surveillance, maternal-child health,
environmental-health inspection, or coordinated referral. For the planned housing
development, service readiness is therefore better judged by functional coverage and
coordination than by proximity to any single facility type.
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Fig. 1. Health-facility availability in Somba Opu, 2021-2023, excluding pharmacies to improve
visual comparison of primary-care and referral categories

The Samata service area recorded 52 health workers in 2024 (Table 2). Midwives
represented 38.5% of the workforce and nurses 25.0%, followed by public-health personnel
(15.4%) and general practitioners (9.6%). Environmental-health personnel accounted for
5.8%, pharmacy personnel 3.8%, and laboratory analysts 1.9%. The workforce profile
supports routine clinical, nursing, and maternal-child services, but the smaller
environmental-health, pharmacy, and laboratory categories may become operational
bottlenecks if residential population and service demand increase. This finding supports
targeted readiness planning rather than relying on the total workforce count alone.
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Table 2. Health workforce profile of the Puskesmas Samata service area, 2024

Category Number Share (%) Main service relevance

General medical care, diagnosis,
emergency triage, referral

Dentists 2 3.8 Oral-health care and prevention
Maternal, neonatal, child-health, and

General practitioners 5 9.6

Midwives 20 385 . . .
family-planning services

Nurses 13 250 Outpatlept nursing, procedures, wound
care, patient support

Nutrition personnel 3 g NutrlFlon assessmer.lt, counseulng,
stunting and anaemia prevention

Public-health 3 15.4 Surveillance, health promotion,

personnel ' community empowerment

Environmental-health 3 g Water, sanitation, waste, vector, and

personnel ' environmental risk control

Pharmacy personnel 2 38 Drug mapagement and rational-use
counselling
Basic diagnostic an rveillan

Laboratory analysts 1 19 asic diagnostic and surveillance
support

Total 52 100.0

3.2 Disease burden and service implications

Routine records show a mixed communicable, environmental, and chronic disease
burden (Table 3). Acute respiratory infection remained the largest recorded category,
decreasing from 2,686 cases in 2022 to 1,630 in 2024. In 2024, other high recorded
categories included hypertension (845), tuberculosis (439), diabetes mellitus (368),
dermatitis allergy (343), typhoid (316), gastritis (294), acute pharyngitis (231), febrile
illness (201), and acute gastroenteritis (162) (Figure 2).

Table 3. Selected priority-disease records in the Samata service area, 2022-2024

Disease 2022 2023 2024 Planning implication
Acute respiratory infection 2,686 2,348 1,630 Ventilation, density, outpatient triage,
health education

Dermatitis allergy 1,488 1,231 343 Water, hygiene, allergen, and
environmental-contact control

Hypertension 1,398 975 845 Long-term screening, counselling, and
medication continuity

Diabetes mellitus 707 677 368 Chronic care, diet, activity, medicine
access

Tuberculosis - 932 439 Case finding, diagnosis, adherence,
household ventilation

Typhoid - - 316 Water and food safety, sanitation,
outbreak vigilance

Gastritis - 702 294 Outpatient care and health education

Acute pharyngitis - - 231 Respiratory transmission and
outpatient care

Acute gastroenteritis - - 162 Water, sanitation, hygiene, and

rehydration readiness

Note: A dash indicates that the category was not reported in the available annual table and should
not be interpreted as zero cases.

Changes across years must be interpreted cautiously because several disease
categories were blank in 2023 or 2024. A blank was treated as missing, not zero, because
the source did not clarify whether it reflected non-reporting, a change in coding, or
exclusion from the annual leading-disease list. The available data therefore support
description of recorded burden but not formal estimation of year-to-year incidence change.
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The pattern implies simultaneous service needs: respiratory and tuberculosis case finding,
continuity of care for hypertension and diabetes, and water- and sanitation-related
prevention for typhoid and acute gastroenteritis. Source-reported incidence indicators are
summarized separately in Table 4 to distinguish rates from raw case counts.

Acute respiratory infection
Hypertension

Tuberculosis

Diabetes mellitus
Dermatitis allergy

Typhoid

Gastritis

Acute pharyngitis

Febrile illness

Acute gastroenteritis

0 200 400 600 800 1000 1200 1400 1600
Recorded cases in 2024

Fig. 2. Selected priority-disease records in the Samata service area, 2024. Values are recorded case
counts, not population incidence rates

Figure 2 shows that acute respiratory infection (ARI) was the most frequently recorded
condition in the Samata service area in 2024, with 1,630 cases, substantially exceeding
hypertension (845 cases) and tuberculosis (439 cases). Other recorded conditions included
diabetes mellitus (368), dermatitis allergy (343), typhoid (316), gastritis (294), acute
pharyngitis (231), febrile illness (201), and acute gastroenteritis (162). The distribution
therefore indicates amixed disease burden involving respiratory, communicable,
environmental-related, and chronic conditions, suggesting that health-service planning for
the proposed residential area should integrate communicable-disease surveillance with
chronic-disease prevention and management rather than focus on a single disease category.
This multidimensional approach is consistent with the role of primary health care in
addressing both infectious and non-communicable diseases through prevention, early
detection, treatment, continuity of care, and population-oriented interventions (Hone et al.,
2021). The relatively high number of respiratory infections also indicates the importance of
maintaining appropriate respiratory-disease surveillance and health-promotion measures
as population density and service demand increase.

The occurrence of dermatitis, typhoid, and acute gastroenteritis further supports the
incorporation of water, sanitation, hygiene (WASH), food safety, drainage, and
environmental-health measures into residential health planning, particularly where
environmental conditions may influence exposure pathways (Priiss-Ustiin et al., 2019; Wolf
et al., 2023). At the same time, the recorded hypertension and diabetes cases indicate the
need for continued screening, treatment, follow-up, and referral capacity for chronic
diseases as part of an integrated primary-care system (Geldsetzer et al., 2019). Importantly,
the values presented in Figure 2 represent recorded case counts rather than population-
based incidence or prevalence rates; therefore, they should be interpreted as an indication
of service-recorded disease burden rather than direct comparisons of disease risk across
the population. Differences in population size, healthcare-seeking behaviour, diagnostic
practices, reporting completeness, and service utilization may influence recorded case
numbers. Accordingly, Figure 2 should primarily be used as a planning-level indicator of
health-service demand, supporting decisions on surveillance priorities, workforce
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preparedness, health promotion, chronic-disease management, and environmental-health
interventions for the proposed residential development.

Table 4. Source-reported annual incidence indicators for selected priority diseases

Condition Reported rate Unit Planning relevance

Acute respiratory 10.44 Per 1,000 Respiratory prevention, triage,

infection ' population ventilation

Tuberculosis 281 Per 1,090 Case finding, diagnosis, adherence,
population contact follow-up

Dermatitis allergy 220 Per 1,090 Water, hygiene, and environmental
population exposure

Typhoid 2.02 Per 1'00.0 Water and food safety, sanitation
population

Gastritis 188 Per 1,090 Outpat.lent management and health
population education

Acute pharyngitis 1.48 Per 1,090 Respiratory transmission and outpatient
population care

Febrile illness 1.29 Per 1,090 E-arly as.sessment and differential
population diagnosis

Acute gastroenteritis 1.04 Per 1,090 WASH safeguards and rehydration
population readiness

Note: Source-reported vulnerability/priority-disease indicators in the project baseline.
Hypertension (0.54) and diabetes mellitus (0.24) were reported as prevalence indicators, but their
denominator/unit was not specified; they are therefore not combined with the incidence rates above.

This study provides a context-specific health baseline for the proposed Sunville
Residence development in Paccinongang, Gowa Regency, using a descriptive case-study
design that integrates pre-existing secondary records with rapid household environmental-
health assessment. As summarized in Table 4, the baseline brings together information on
health-facility availability, workforce composition, recorded disease patterns, and
household environmental-health conditions, allowing different dimensions of the local
health context to be examined simultaneously. This type of case-study approach is
appropriate for investigating complex, context-dependent health-service conditions using
multiple complementary sources of evidence (Sibbald et al., 2021). The integration of these
data also provides a more comprehensive basis for interpreting the relationship between
existing service capacity and the health and environmental conditions relevant to the
planned residential area (Mahendradhata & Hort, 2017; Mills et al., 2025)

The analysis was designed for baseline interpretation and planning rather than causal
inference. The findings presented in Table 4 should therefore be interpreted as descriptive
evidence of the existing planning context rather than as estimates of population-
representative disease prevalence or causal relationships. This distinction is important
because the underlying datasets were collected for different purposes and may vary in
completeness, coverage, and denominator structure. Case-study research can provide
valuable understanding of complex real-world contexts, but conclusions should remain
proportionate to the design and evidence available (French et al., 2021; Greenhalgh, 2025).
Accordingly, the baseline presented in Table 4 is used to identify potential service-
readiness gaps, priority health conditions, and environmental-health pathways that
warrant attention during residential development (Greenhalgh, 2025) . The findings can
subsequently serve as a planning reference for more systematic field assessment, routine
monitoring, and implementation of health and environmental safeguards.

3.3 Household environmental-health risks

The rapid household assessment identified several environmental-health pathways
relevant to a new residential development. Because item denominators varied, the results
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are presented as screening indicators rather than population prevalence estimates (Table
5; Figure 3). Water-source records were complete for 21 households: 12 used Local Water
Company/ Perusahaan Daerah Air Minum (PDAM) water (57.1%), seven used dug wells
(33.3%), and two used boreholes (9.5%). Ten households (47.6%) reported private septic
tanks. The combination of wells and on-site sanitation warrants attention to source
protection, septic placement, desludging, drainage, and periodic water-quality monitoring,
especially where flooding can mobilize contamination.

The source table also reported 11 households using city drainage or disposal channels
for wastewater. This mixed wastewater arrangement suggests that project-level sanitation
design should consider both internal infrastructure and downstream effects on surrounding
drainage networks. Stormwater and wastewater controls are important because
inadequately managed runoff can transfer contaminants beyond individual property
boundaries (Gaffield et al., 2003).

Solid-waste entries were internally inconsistent: two similarly worded collection
categories contained 14 and seven records. These values were not combined because the
source did not explain whether they represented different collection systems or duplicated
labels. The revised analysis therefore treats solid-waste service regularity as a monitoring
priority rather than reporting a single percentage. Reliable collection remains important for
drainage performance and vector control (Kaza et al., 2018).

Table 5. Selected environmental-health risk indicators from the rapid household assessment

Indicator Count Approx. share Public-health interpretation

PDAM water 12/21 57.1% Piped-water access exists but does
not cover all assessed households

Dug well 7/21 33.3% Potential shallow-groundwater
vulnerability if sanitation is weak

Borehole 2/21 9.5% Alternative source requiring quality
and abstraction monitoring

Private septic tank 10/21 47.6% Requires safe design, distance from
wells, and desludging

Very dense or dense 15/20 75.0% Potential pressure on ventilation,

environment waste, drainage, and disease
transmission

Flood-prone houses 11/20 55.0% Risk pathway for waterborne, skin,
and vector-related diseases

Standing-water 16/20 80.0% Mosquito-breeding and dengue-risk

potential pathway

Adequate ventilation 19/20 95.0% Protective factor for respiratory risk

if maintained
Note: Source from project rapid household environmental-health assessment in 2024. Percentages
use the valid denominator available for each item; n = 21 for complete categories and n = 20 where
the source table contained only 20 classified observations.

Among variables with 20 valid tabulated observations, 15 locations (75.0%) were
categorized as very dense or dense, 11 (55.0%) as flood-prone, 16 (80.0%) as having
standing-water potential, and 19 (95.0%) as having adequate ventilation. Flooding and
standing water are the clearest warning signals because they can interact with sanitation,
waste, and mosquito habitat (Hopp & Foley, 2001; Rentschler et al., 2022). These findings
should be read as spatially uneven risks rather than area-wide averages. Future monitoring
should map drains, flood-prone points, wells, septic systems, waste collection points, and
standing-water locations so that corrective actions can be targeted to specific hotspots.

The source-reported priority-disease rates reinforce the same planning priorities.
Acute respiratory infection had the highest reported annual incidence at 10.44 per 1,000
population, followed by tuberculosis (2.81), dermatitis allergy (2.20), typhoid (2.02),
gastritis (1.88), acute pharyngitis (1.48), febrile illness (1.29), and acute gastroenteritis
(1.04) (Table 4). Hypertension and diabetes were reported separately as prevalence
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indicators (0.54 and 0.24), but the source did not specify their denominator or unit; they
are therefore not presented as incidence rates.

PDAM water

Dug well

Borehole

Private septic tank

Very dense/dense

Flood-prone

Standing-water potential

Adequate ventilation

(I} 2I0 4‘0 ﬁb BIO 100
Share of valid assessed households/locations (%)
Fig. 3. Selected environmental-health indicators from the rapid household assessment. Percentages
use item-specific valid denominators (n = 20-21)

3.4 Integrated readiness, management implications, limitations, and monitoring priorities

The combined findings indicate three linked readiness domains: service availability,
workforce mix, and environmental safeguards (Arsyad et al., 2022; Setiaasih et al., 2025).
These domains should be considered together because population growth can increase
demand for primary healthcare while simultaneously requiring adequate infrastructure,
human resources, and organizational capacity to maintain accessible and integrated
services (Arsyad et al, 2022; Setiaasih et al, 2025). A pre-occupancy coordination
mechanism should therefore link projected household growth with Puskesmas registration,
referral pathways, maternal and child health services, tuberculosis surveillance, chronic-
disease follow-up, water and sanitation management, drainage, and vector control, so that
health-service capacity and environmental-health protection can develop alongside
population growth (Khatri et al., 2023; Setiaasih et al., 2025) . Such integration is consistent
with evidence that effective primary healthcare requires continuity and coordination across
providers and levels of care, supported by multidisciplinary teams, information systems,
community collaboration, and multisectoral coordination (Khatri et al., 2023).

The developer should lead project-level infrastructure and environmental
controls during construction and handover, including reliable water supply, appropriate
wastewater and septic-system design, adequate drainage capacity, construction-waste
management, dust control, and systematic removal of water-holding containers (Nasim et
al,, 2022; Odagiri et al., 2021). These measures fall largely within the development footprint
and can therefore be incorporated into construction specifications, contractor
requirements, inspection procedures, and handover criteria, particularly because
deficiencies in water, sanitation, drainage, and waste infrastructure can create
environmental-health risks beyond individual properties (French et al., 2021; Rahmasary
et al., 2021).Construction-phase dust also warrants explicit management because
construction activities can substantially increase particulate concentrations in surrounding
environments, with potential implications for nearby residents and workers (Wimalasena
etal,, 2021; Yan et al,, 2020). The developer should consequently demonstrate that critical
infrastructure is functional before occupancy and establish a documented mechanism for
identifying, correcting, and verifying deficiencies during construction and early operation,
consistent with the need for systematic environmental assessment and management of
rapidly developing residential areas (Rahmasary et al,, 2021; Yan et al,, 2020).
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Local government should lead regulatory oversight and cross-sector coordination,
including integration of drainage and waste services beyond the project boundary,
monitoring of compliance with relevant requirements, and verification that essential
safeguards remain functional after handover (Sibbald et al., 2021). This role is important
because drainage, waste management, environmental sanitation, vector control, and access
to health services extend across administrative and sectoral boundaries and therefore
require coordinated governance rather than isolated project-level interventions (French et
al, 2021; Khatri et al, 2023). The Puskesmas should lead population-health functions,
including registration of new residents, health promotion, priority-disease surveillance,
maternal-child outreach, tuberculosis follow-up, continuity of hypertension and diabetes
care, and referral coordination, consistent with the increasingly integrated role of primary-
care networks in Indonesia (Setiaasih et al.,, 2025; Arsyad et al., 2022). This division of
responsibilities is consistent with contemporary PHC evidence emphasizing integrated
primary care, multidisciplinary workforce capacity, referral and communication linkages,
community engagement, surveillance, and multisectoral coordination across different
levels of the health system (French et al., 2021; Khatri et al., 2023; Khatri et al., 2023).

Table 6. Recommended actions and lead implementation responsibility

Action Lead Supporting Minimum monitoring

responsibility actors evidence
Water supply and Developer Local Commissioning records;
wastewater/septic government; water-quality checks;
safeguards Puskesmas desludging plan

environmental-
health staff

Drainage, flood, and Developer during  Residents; Post-rain inspection;
standing-water control construction/han  Puskesmas flood-event log;

dover; local corrective-action record

government after

handover
Construction waste, dust, Developer Local Site inspection
and vector habitat control government checklist; complaint log;

vector-habitat removal
record

New-resident health Puskesmas Developer; Registration coverage;
registration and health neighbourhood outreach schedule;
promotion organizations attendance records
TB, maternal-child health, Puskesmas Referral Program registers;
hypertension, and diabetes facilities; local referral completion;
follow-up government continuity indicators
Cross-sector compliance and  Local government Developer; Inspection minutes;
post-handover oversight Puskesmas assigned responsible

unit; unresolved-action
tracker

Monitoring should compare conditions across four implementation stages—pre-
construction baseline, construction, early occupancy, and full occupancy—using a limited
set of measurable and auditable indicators (Khatri et al., 2023; World Health Organization,
2021). Repeated measurement across implementation stages can help distinguish baseline
conditions from changes associated with construction and population occupancy and can
support timely identification of service-delivery gaps (Khatri et al., 2023; Khatri et al,,
2023). The indicators should include outpatient visits, priority-disease counts, maternal-
child health-service uptake, tuberculosis follow-up, continuity of hypertension and diabetes
care, water-quality results, waste-collection regularity, flood events, standing-water
findings, and completed vector-control actions, thereby combining health-service, disease-
surveillance, and environmental-health measures (Arsyad et al., 2022; Setiaasih et al,
2025).
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Establishing the baseline before construction provides a reference against which
subsequent changes can be assessed, while repeated monitoring allows responsible
institutions to identify emerging gaps and implement corrective measures (Khatri et al.,
2023; Sibbald et al., 2021). The use of a limited, context-specific indicator set is consistent
with primary-health-care measurement approaches that emphasize selecting indicators
relevant to local priorities and using monitoring information to support planning, resource
allocation, and system improvement. Environmental indicators should preferably be
assessed during both dry and rainy seasons, because rainfall and seasonal hydrological
conditions can influence drainage performance, flooding, standing water, and vector-
breeding habitats (French et al., 2021; Geldsetzer et al.,, 2019). This monitoring framework
can therefore function as an adaptive management mechanism, linking measurable changes
in health and environmental conditions to defined institutional responsibilities, predefined
response actions, and subsequent verification of whether corrective measures have been
effective. Table 6 summarizes the proposed division of lead responsibility. The assignment
is intended to reduce ambiguity: coordination is shared, but each action should have a
designated lead institution and a documented monitoring record.

This study is limited by its reliance on secondary and rapid-assessment data. The
source did not provide a sampling frame, response rate, full household instrument,
individual enumerator information, geocoded observations, consistent disease
denominators, or complete explanations for missing categories. The 21-household
assessment should therefore be interpreted as a screening dataset rather than a
representative community survey, and the study does not infer causal effects of the planned
development on current disease patterns. Future baseline updates should use a
documented questionnaire or checklist, record item-level missingness, apply consistent
disease definitions and denominators, geocode environmental observations, and repeat
measurements across seasons. Service-readiness monitoring should additionally include
travel time, opening hours, workload, referral use, water-quality testing, and response
times for drainage, waste, and vector-control problems.

4. Conclusions

The baseline shows that peri-urban housing growth should be managed as a combined
health-service and environmental-readiness issue. Existing facilities provide several points
of care, but public primary-care distribution remains concentrated, and the Samata
workforce has relatively small environmental-health, pharmacy, and laboratory
components. Routine records show simultaneous respiratory, tuberculosis,
gastrointestinal, and chronic-disease demands, while household screening identifies well
use, septic systems, flood exposure, density, and standing-water potential as relevant
environmental pathways. These findings support repeated monitoring rather than a one-
time baseline assessment. Implementation responsibilities should be explicit. The
developer should be responsible for project-level water, wastewater, drainage, construction
waste, dust, and vector safeguards until formal handover. Local government should be
responsible for regulatory compliance, cross-sector coordination, external drainage and
waste-service integration, and post-handover oversight. The Puskesmas should be
responsible for health surveillance, health promotion, maternal-child health, tuberculosis
follow-up, chronic-disease continuity, and referral coordination. A shared monitoring
record should document actions, responsible units, completion dates, and unresolved risks.
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