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ABSTRACT

This study examines the phenomenon of design-induced indoor air pollution by evaluating the indoor air quality
(IAQ) implications of importing foreign building typologies particularly British-style terrace housing into the
unique climatic and infrastructural context of Lagos, Nigeria. While global architectural exchange has facilitated
modern urban development across African cities, the transfer of design templates developed for temperate regions
into tropical environments has generated unintended environmental and public health consequences. Lagos
experiences consistently high humidity, elevated ambient temperatures, intermittent electricity supply, and limited
mechanical ventilation reliability. When buildings optimized for cooler climates are reproduced without climate-
sensitive adaptation, they commonly feature restricted cross-ventilation, reduced air exchange rates, high heat
gains, and overreliance on artificial cooling. These conditions create stagnation zones that enable the accumulation
of indoor pollutants, microbial growth, and allergenic particulates, contributing to respiratory stress, sick building
syndrome, and heightened vulnerability to airborne disease transmission. This study proposes an integrated
evaluation framework that combines IAQ sensor monitoring, spatial ventilation modeling, and material emissions
profiling with post-occupancy interviews to assess how imported typologies shape lived air environments. The
findings highlight that design form window placement, corridor depth, roof pitch, and fagcade orientation plays a
determinative role in pollutant concentration patterns, independent of occupant behavior. Furthermore, the
research underscores the importance of designing for passive airflow, shading, porous materiality, and adaptive
ventilation strategies suited to tropical climates. By demonstrating how architectural form directly influences
indoor environmental health, this work advances an under-researched conversation in Nigerian urban studies and
contributes to global sustainable design discourse. It emphasizes that climate-responsive architecture is not merely
aesthetic it is a critical public health intervention.

Keywords:
Indoor air quality; Tropical architecture; Passive ventilation design; Sick building syndrome; Housing typologies;
Environmental health.

1. INTRODUCTION
1.1 Background on Indoor Air Quality and Built Environment
Indoor Air Quality (IAQ) has emerged as a critical dimension of public health, particularly in dense urban
environments where people spend most of their time inside workplaces, schools, commercial complexes, and
residential buildings [1]. IAQ influences respiratory health, cognitive function, and long-term wellbeing, linking
architecture, ventilation engineering, and environmental policy into a shared domain of responsibility [2].
However, global IAQ standards vary widely in both regulatory rigor and enforcement, often reflecting differing
climate conditions, economic priorities, and infrastructural capacity [3]. In tropical regions, such as West Africa,
TAQ concerns are intensified by high humidity, which accelerates mold growth, increases microbial load, and
interacts with building materials in ways that can amplify pollutant concentration [4].
Urbanization and rapid construction further complicate [AQ management, as building stock evolves more quickly
than regulatory frameworks and maintenance practices can adapt [5]. In many growing cities, ventilation strategies
lag behind changes in building envelope design, resulting in a gap between architectural form and indoor
environmental performance [6]. Consequently, [AQ must be understood not only as a technical challenge but as a
fundamental determinant of equitable urban health, requiring coordinated consideration across planning, building
codes, and occupational safety systems [7]. The built environment thus becomes both a site of exposure and a
potential space for intervention [8].
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1.2 Rise of Imported Building Typologies in Lagos

Lagos has experienced a marked increase in the adoption of building typologies influenced by international real
estate markets, global architectural aesthetics, and finance-driven development models [3]. Glass-curtain facades,
fully sealed office towers, and climate-controlled residential blocks have proliferated as symbols of modernity
and economic aspiration [4]. These styles draw technical lineage from temperate regions where heating efficiency
and seasonal insulation prioritize sealed building envelopes over natural ventilation [5]. Their introduction into
Lagos, however, often occurs with minimal adaptation to local climatic, cultural, or infrastructural conditions,
resulting in a mismatch between design assumptions and lived environmental needs [6].

Traditional Lagos housing forms historically incorporated cross-breeze ventilation, shaded courtyards, permeable
fagades, and materials that facilitated heat dissipation in humid conditions [1]. In contrast, imported sealed-glass
typologies rely on continuous mechanical cooling to achieve comfort, increasing dependence on air conditioning
systems that are costly to operate and vulnerable to power supply instability [7]. When cooling or ventilation
systems fail whether due to energy rationing, generator downtime, or inadequate maintenance indoor spaces can
rapidly accumulate heat, pollutants, moisture, and microbial growth, contributing to degraded IAQ [8]. The shift
in building form therefore represents not only an aesthetic transformation but a structural change in exposure
pathways affecting millions of urban occupants [9].

1.3 Problem Statement and Rationale

Design decisions embedded in sealed-building construction can unintentionally create conditions that concentrate
pollutants indoors, particularly when mechanical ventilation strategies are inconsistent or undersized relative to
occupancy density [2]. Common indoor contaminants including volatile organic compounds from finishing
materials, particulate matter from nearby traffic sources, and CO: from human respiration may build up more
quickly when air circulation depends solely on mechanically driven exchange [5]. In tropical climates with high
humidity, pollutant accumulation interacts with moisture retention, producing persistent microbial growth and
mold colonization on interior surfaces [6]. These exposures can contribute to respiratory irritation, immune stress,
decreased cognitive clarity, and fatigue over long durations [3].

Lagos is a particularly significant site to examine this problem due to rapid construction growth, intense population
density, and architectural adoption patterns shaped by global finance rather than climate-adaptive tradition [7].
The city’s climate conditions high humidity, high heat, and seasonal air pollution create scenarios where
ventilation design plays a decisive role in determining occupant health [4]. Additionally, widespread informal
adaptations, such as window sealing to preserve air conditioning efficiency or generator exhaust proximity to
buildings, further influence IAQ dynamics [8].

Typical Lagos Imported
Vernacular Housing Glass-Front
Sealed Typologie

Porous Skin
Deep-Eaves Mechanical
Cross-Ventilation Cooling

Figure 1: Comparative schematic of typical Lagos vernacular housing vs. imported glass-front sealed
typologies.
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2. CONCEPTUAL AND THEORETICAL FRAMEWORK
2.1 Tropical Climate Ventilation Principles
Ventilation strategies in tropical climates have historically centered on maximizing airflow and minimizing heat
buildup within occupied spaces. These approaches rely on the natural movement of air created by pressure
differentials, temperature gradients, and building orientation, allowing buildings to remain cool without
mechanical conditioning [6]. The stack effect, in which warm air rises and exits through high openings while
cooler air enters from lower ones, is a core principle of traditional architecture in humid regions [7]. Alongside
this, cross-ventilation has played an essential role: buildings were commonly positioned and fenestrated to align
with prevailing wind directions, ensuring continuous air exchange through unobstructed pathways [8].
Shading devices such as deep roof overhangs, verandas, lattice screens, and external shutters reduce solar heat
gain and lower internal temperatures without sealing the building envelope [9]. Materials historically used in
tropical construction, including perforated blocks, woven partitions, and breathable plasters, enhanced
permeability and moisture dissipation, preventing condensation and mold accumulation [10]. These strategies
evolved through climatic adaptation, social use of space, and shared urban morphology, forming a coherent
environmental design logic.
The essential feature of these vernacular systems is that they treat heat and humidity as conditions to manage
through air movement, rather than attempting to entirely exclude outdoor air. When such design logics are
disrupted especially in high-density cities thermal discomfort, poor air quality, and microbial proliferation become
more difficult to prevent [11].
2.2 Imported Sealed Envelope Systems
In contrast, sealed building envelope typologies common in Euro-American and Gulf-region contexts are
predicated on assumptions of reliable centralized climate control systems and abundant energy availability [12].
These designs prioritize thermal insulation, airtightness, and minimal natural ventilation, intending to reduce heat
loss or prevent outdoor desert heat intrusion, depending on the regional context [13]. Such systems rely heavily
on HVAC infrastructures to regulate indoor air temperature, extract pollutants, and maintain comfort.
When adopted in tropical cities such as Lagos, this logic introduces several misalignments. The expectation of
uninterrupted mechanical conditioning is challenged by variable electrical grid performance and frequent
generator dependency [6]. During power interruptions or reduced HVAC operation, indoor temperatures can rise
rapidly, while pollutants including CO: from respiration, volatile organic compounds from finishing materials,
and particulate matter from urban emissions accumulate due to restricted air exchange [8].
Additionally, sealed fagades eliminate opportunities for cross-ventilation and wind-driven flushing, instead
trapping warm humid air that interacts with interior surfaces, creating ideal conditions for mold growth and
microbial aerosolization [9]. Internal moisture control becomes contingent on HVAC dehumidification cycles,
which are often undersized or inconsistently maintained in rapidly built structures [10].
The adoption of these imported typologies in Lagos is often driven by cultural and economic signaling associated
with modernity and corporate identity, rather than climatic suitability. Consequently, the environmental
assumptions embedded in sealed-envelope architecture can inadvertently elevate IAQ risk in high-humidity, high-
occupancy settings [14].
2.3 Design-Induced Indoor Pollution Model
The relationship between architectural form and indoor air quality can be conceptualized through a progressive
exposure pathway: building envelope — airflow restriction — pollutant concentration — health impact [7]. When
a building is sealed, the natural exchange of indoor and outdoor air slows, preventing the dispersal of pollutants
generated by metabolism, material emissions, combustion, and microbial activity [11]. Limited air movement
allows contaminants to accumulate, increasing their concentration relative to volume and occupancy density.
In tropical climates, high humidity intensifies this pathway. Moisture trapped inside promotes fungal colonization
and microbial aerosol release, which, when repeatedly inhaled, contributes to respiratory irritation, immune stress,
and fatigue-related cognitive strain [9]. When HVAC systems function as the sole ventilation mechanism, any
failure whether mechanical or behavioral directly translates into heightened IAQ deterioration [6].
This dynamic illustrates how sealed design is not inherently unhealthy, but becomes so when climatic conditions
and infrastructural realities do not support the operational assumptions of the system.

3. METHODS
3.1 Study Area and Building Selection Criteria
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The study area focuses on mixed-use neighborhoods within metropolitan Lagos characterized by rapid urban
development, diverse socio-economic populations, and a visible presence of both vernacular and imported
building typologies [12]. Sampling was stratified across three district clusters: high-density residential zones,
commercial office corridors, and educational or institutional buildings to capture variation in occupancy patterns
and ventilation strategies [13]. Buildings were selected based on criteria including envelope design (sealed vs.
semi-permeable), age of construction, primary cooling method, and typical daily occupancy duration [14]. Public
access and willingness of building management or residents to participate were considered to ensure repeat
monitoring feasibility. This approach allowed representation of both high-income developments employing
centralized HVAC and lower-income, naturally ventilated structures relying on open windows or intermittent
mechanical cooling [15]. The selected sample thus reflects the spectrum of built forms shaping IAQ exposure in
Lagos, providing a basis for comparative analysis across design-environment interaction profiles [16].

3.2 IAQ Monitoring Parameters

Indoor Air Quality monitoring focused on pollutants and comfort variables with demonstrated health relevance in
humid tropical settings: PM2.5, CO., volatile organic compounds (VOCs), relative humidity (RH), and indoor
temperature [17]. PM2.5 was measured using portable laser-scattering particulate monitors capable of continuous
real-time sampling at one-minute intervals, with periodic validation against gravimetric reference measurements
to ensure instrument reliability [12]. CO. concentrations were logged using non-dispersive infrared (NDIR)
sensors positioned at breathing-zone height to assess ventilation sufficiency in occupied spaces [18].

VOCs were monitored intermittently using photoionization detector (PID) spot measurements, supplemented by
periodic passive sampling badges deployed for multi-hour averaging, given temporal variation associated with
cleaning schedules, generator exhaust infiltration, and indoor material emissions [14]. Relative humidity and
temperature were logged via integrated environmental sensors to characterize thermodynamic conditions
influencing pollutant behavior and microbial proliferation [19].

All sensors underwent calibration prior to deployment, and drift checks were performed weekly. Monitoring
periods included both weekday working hours and weekend occupancy patterns to capture variation in building
use and ventilation behavior. Data collection was conducted over multiple weeks to avoid misleading “snapshot”
readings and to approximate real exposure conditions across typical indoor routines [13].

3.3 Data Analysis Approach

Data analysis followed a multi-stage interpretation framework to translate raw IAQ values into exposure-relevant
metrics. First, pollutant concentrations were averaged across defined occupancy periods to reflect realistic
inhalation exposure rather than instantaneous fluctuations [15]. Second, ventilation performance was
characterized using CO: decay curves where feasible, enabling estimation of air exchange rates and identification
of airflow bottlenecks in sealed-envelope structures [12].

Indoor-outdoor ratios (I/O ratios) were computed for PM2.5 and temperature-relative humidity pairs using
portable outdoor reference monitors to determine whether buildings functioned as pollutant buffers or amplifiers
relative to ambient conditions [16]. Buildings with I/O ratios greater than 1.2 for PM2.5 or sustained CO: levels
exceeding 1,000 ppm were flagged as having constrained ventilation performance under typical occupancy loads
[17].

Comparative analysis was then conducted across building typologies to identify patterns linking envelope design,
cooling strategy, and occupancy density with pollutant accumulation behavior [18]. These results formed the basis
for subsequent interpretation of IAQ design drivers and health implications.

Table 1. Summary of Buildings Sampled, Typology Characteristics, Ventilation Strategy, and Occupancy

Density
Building L(.)ca?lon /Building Envelope Prlm.ary Cooling  &Typical Notes on [AQ
11)) District Typolo Characteristics Ventilation [Power Occupancy Risk Factors
Type ypology Strategy Source Density
Portable Indoor PM2.5
Mainland —3—4  story|Semi-permeable W}ndow- fans; . High (477sp1ke.s ) during
Bl High-density walk-up  [walls operabledrlven intermittent occupants cooking;
Z . . natural AC; shared . moderate  CO>
residential  |apartments [windows o . per unit) .
ventilation |diesel fluctuation;
generator humidity
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Building L(.)caflon /Building Envelope Prlm.ar)f Cooling  &Typical Notes on TAQ
ID District Typology |Characteristics Ventilation [Power Occupancy Risk Factors
Type Strategy Source Density
persistently
high.
Split AC Grid + chzlmulation
. . . [Modern Sealed facade,|systems; Medium (3-5, . o
Ikoyi — Mid- N A o standby during evenings;
B2 income estate multi-unit |limited operable|limited diesel occupants VOC  buildu
apartments {windows natural per unit) outicup
o generator from nter1or
ventilation .
finishes.
Sustained CO:
Victoria Glass Central Central I_Ilﬁlh gfoerr: Z&ggo pgamk
Island — . Fully sealedHVAC withHVAC; highp ’ & P
B3 . . |curtain wall . 20—-60 hours; strong
Commercial envelope forced-air  [generator
tower . . . occupants  |dependence on
office block circulation [reliance .
per floor) continuous
cooling.
Surulere - . . Natu.rall Ceiling fans;[High (2045 CO: varies with
. Low-rise |Open corridors,[ventilation occupancy; PM|
Public . no occupants | .
B4 . classroom |cross-ventilated |enhanced by . increases during
primary mechanical [per
blocks rooms facade . outdoor dust
school . cooling classroom)
openings events.
Yaba —N?W . Mixed- Split AC +Medium—
. mixed- Partial operablejmode: .
Tertiary . fans +high
B5 mode glazing +natural . . .
campus . . . intermittent [depending on
L academic [shading louvers |mechanical .
building - generator  [scheduling
facility support

4. BUILDING TYPOLOGIES IN LAGOS: VERNACULAR VS. IMPORTED SYSTEMS
4.1 Lagos Vernacular Housing Principles
Architectural traditions in Lagos historically evolved to accommodate high humidity, strong solar exposure, and
seasonal wind patterns through vernacular housing that emphasized permeability and airflow. Courtyard-based
spatial layouts were a defining feature, allowing air to circulate across internal rooms while also serving as social
and domestic workspaces [17]. These courtyards acted as natural ventilation regulators, enabling warm air to rise
and escape while encouraging cooler air inflow from shaded exterior corridors. The fagade logic of such buildings
prioritized operable openings wooden shutters, perforated wall screens, and deep roof overhangs to encourage
cross-ventilation without resorting to mechanical conditioning [18].
Many of these design principles drew continuity from Yoruba building traditions and coastal architectural forms
adapted for seasonal monsoon winds and communal living arrangements [19]. Materials such as mud plaster,
laterite blocks, and raffia elements supported breathability, reducing moisture accumulation and mold
proliferation. In addition, building orientation was determined with attention to prevailing wind directions,
shading geometries, and public—private spatial relations that fostered both privacy and environmental efficiency
[20].
This vernacular model conceptualized comfort not as tight thermal sealing but as spatial and climatic adaptability.
Domestic life, circulation, and resting spaces were organized to exploit cooler ambient air layers, promoting
physiological ease without dependency on high-energy cooling devices [21]. The shift away from this system was
therefore not simply technological, but also cultural, reshaping how comfort, prestige, and modernity were defined
in Lagos’ rapidly urbanizing environments [22].
4.2 Proliferation of Glass-Curtain and Sealed Apartment Forms
In recent decades, Lagos has experienced widespread adoption of sealed-envelope architectural typologies,
including glass-curtain office buildings, luxury high-rise apartments, and compact developer-built estates. These
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typologies draw their design logic from Euro-American corporate aesthetics and Gulf-region climate-controlled
towers, where mechanical HVAC systems are assumed to operate continuously and reliably [23]. In Lagos,
however, infrastructural inconsistencies particularly electricity instability complicate this implicit operational
expectation.

Developers often adopt these sealed forms because they are associated with prestige, globalized real estate
investment standards, and aspirational urban identity signaling [19]. The glass fagcade communicates modernity,
professional legitimacy, and upward socio-economic aspiration, regardless of climatic appropriateness [24]. Yet
sealing buildings in Lagos’ humid tropical climate restricts natural ventilation and causes heat and moisture to
accumulate during power outages or HVAC downtime. Indoor temperatures can rise rapidly, and pollutants
including VOCs and particulate matter from nearby diesel generators become trapped within interior volumes
[17].

Additionally, interior materials commonly used in sealed developments synthetic paints, laminated flooring,
plastic composite cabinetry emit VOCs whose concentrations increase in poorly ventilated environments. Without
operable windows or passive air exchange pathways, indoor air regulation becomes entirely dependent on
continuous mechanical cooling and filtration cycles [25]. As a result, the environmental performance demands of
sealed typologies in Lagos are inherently energy-intensive and structurally vulnerable to infrastructure volatility,
producing conditions that elevate long-term exposure risks for occupants.

4.3 Hybrid Improvisations by Occupants

Faced with discomfort and inconsistent cooling infrastructure, residents and office users frequently improvise
ventilation strategies within sealed or semi-sealed spaces. One recurring adaptation involves partially obstructing
or repurposing window zones by placing storage units, curtains, or appliances against facade openings, further
reducing airflow despite occupants’ need for cooling [18]. In some buildings, diesel-powered portable air-
conditioning units or low-cost split AC systems are installed to offset insufficient HVAC performance, introducing
additional indoor pollutants when exhaust or generator emissions infiltrate living spaces [22].

Other occupants attempt to recreate cross-ventilation by opening hallway doors, positioning fans to direct airflow
between internal rooms, or propping open stairwell entries; however, these practices often produce uneven air
movement and do little to relieve humidity [19]. In multi-tenant apartment blocks, airflow improvisations can
create unintended pressure gradients that pull contaminants including cooking fumes or generator particulate into
units rather than expelling them [17].

These hybrid adaptations illustrate a contradiction: while sealed-envelope buildings were designed to operate
through mechanical conditioning at all times, real-world behaviors and infrastructure constraints result in semi-
sealed environments with incomplete ventilation logic. The result is neither efficient climatic control nor effective
passive airflow, but an unstable indoor environment prone to pollutant accumulation, mold proliferation, and
thermal discomfort [23].

Vernacular Typology Sealed Typology

Solar gain -O=
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/_,tl Living space _tHVr\gP
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Comparative airflow patterns in vernacular vs. sealed typologies

Figure 2: Comparative airflow patterns in vernacular vs. sealed typologies.
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5.IAQ PERFORMANCE ANALYSIS OF SELECTED BUILDING TYPES
5.1 Measured Pollutant Concentration Profiles
Measured IAQ data across the sampled Lagos buildings showed clear patterns linked to building typology and
ventilation strategy. PM2.5 concentrations were notably higher in sealed apartment buildings and commercial
offices located near major traffic corridors, frequently exceeding recommended indoor thresholds during daytime
occupancy periods [23]. The infiltration of outdoor particulate from generator exhaust and roadway emissions
combined with limited air exchange pathways indoors contributed to sustained elevation levels. In contrast,
vernacular and hybrid naturally ventilated buildings exhibited lower average PM2.5 concentrations but
demonstrated sharper spikes during peak cooking periods, particularly when biomass or kerosene-based cooking
occurred in enclosed kitchen spaces [24].
Volatile Organic Compounds (VOCs) exhibited episodic peaks linked to cleaning cycles, interior solvent-based
adhesives, and heat-induced off-gassing from furnishings and flooring finishes [25]. Rooms with synthetic
laminate cabinetry, plastic ceiling cladding, or foam-backed furniture displayed higher VOC baselines, especially
when high indoor temperature and humidity conditions accelerated emission rates [26].
CO: concentration trends aligned strongly with occupancy density and ventilation performance. During workday
and school-day peaks, CO: frequently exceeded 1,000—1,500 ppm in sealed classroom and office spaces,
indicating compromised ventilation effectiveness under real-use conditions [23]. In some high-rise apartments,
evening peak accumulation persisted for hours, suggesting insufficient nighttime flushing ventilation. Conversely,
vernacular housing with openable windows maintained lower CO- averages but showed variability depending on
user window-opening behavior and outdoor pollution load [27].
Relative humidity levels remained consistently high across most buildings, particularly in sealed units, where
moisture accumulation contributed to mold growth and microbial aerosol release. This moisture retention
intensified respiratory stress and contributed to odor buildup, reinforcing the combined impact of poor ventilation
and pollutant accumulation [28].
Overall, pollutant concentration patterns demonstrate how building envelope conditions, ventilation design, and
daily living practices collectively shape indoor exposure environments across Lagos’ heterogeneous built
landscape [29].

5.2 Impact of Ventilation Design and Airflow Pathways

Analysis of airflow dynamics revealed that building ventilation configuration is a critical driver of pollutant
accumulation and dispersion. Vernacular buildings with operable windows, permeable wall components, and
courtyard ventilation benefited from steady cross-breezes that facilitated pollutant dilution and moisture
dissipation [24]. These passive ventilation strategies allowed for natural convective lift, preventing stagnant air
pockets from forming within frequently used rooms [25].

In contrast, sealed apartment blocks and glass-fagade office structures exhibited restricted airflow pathways due
to fixed windows, shading glass panels, and centralized HVAC distribution routing. The limited placement of
supply and return vents often created microzones of stagnant air particularly near corners, corridors, and interior
rooms without direct fagade exposure [23]. During partial HVAC operation or intermittent generator power, these
stagnant microzones intensified heat buildup and pollutant concentration, effectively trapping indoor
contaminants.

The imported sealed-envelope logic assumes continuous mechanical ventilation to maintain airflow circulation;
however, the infrastructural reality of Lagos characterized by electricity variability undermines this assumption
[27]. When mechanical ventilation is interrupted, buildings rapidly transition from controlled to stagnant
environments. Moreover, the vertical stacking common in high-rise towers influences pressure differentials: lower
floors often receive cooler airflow, while upper floors accumulate heat and airborne particulate due to stratified
convection [26].

Even where exhaust fans or split air conditioners are installed, these systems primarily recirculate indoor air rather
than exchange it with outdoor air, limiting actual ventilation. Furthermore, occupants often block HVAC diffusers,
reposition movable units, or introduce interior partitions that further disrupt already constrained airflow routes
[28].

These ventilation dynamics indicate that sealed-envelope systems in Lagos not only limit pollutant escape during
normal operation but also exacerbate environmental instability during mechanical failures. The architectural
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configuration itself therefore functions as a structural determinant of TAQ vulnerability in humid tropical contexts
[29].
5.3 Occupancy and Behavioral Modulation Effects
Occupant behavior played a significant role in modifying indoor pollutant levels, though often within the
constraints defined by the building envelope. In naturally ventilated buildings, strategic window opening during
early morning and late evening resulted in improved CO: dilution and thermal comfort, though midday openings
were often avoided due to outdoor heat or pollution [24]. Fan placement patterns particularly in sealed apartments
showed attempts to encourage localized circulation but did not meaningfully reduce pollutant concentrations when
windows remained closed [27].
Shared office spaces exhibited behavioral clustering around airflow sources, reflecting intuitive responses to
perceived comfort, but these adjustments sometimes intensified localized CO: accumulation in poorly ventilated
areas.

Table 2. Average Pollutant Concentration Values Across Sampled Schools, Apartments, and Commercial

Offices

VOCs (ppm | Relative

Building PM2.5 | CO: . s Temperature Primary Influencing
Category (ng/m?) | (ppm) or ppb Humidity cO) Factors
equivalent) (%)

Public Schools High occupancy during
(Naturally 1842 650— 0.15-0.35 daytime; reliance on natural
ventilated o 1200 ’ m 62-82% 29-33°C ventilation; outdoor dust

HE ppm pp infiltration during harmattan;

classroom blocks .. - .
) minimal mechanical cooling.

Apartments Limited operable windows;

. 800— o . generator proximity;
(Mlxeq - spaled 28-78 1600 0.25-0.65 68-90% 30_35 C (higher cooking-related particulate
residential pg/m? ppm during outages) . .
typologies) ppm spikes; moisture entrapment
YPOIog and mold presence.
Continuous HVAC reliance;
Commercial . limited natural ventilation;
900— 24-28°C (with . . ’
Offices (Glass- 35—92 1800+ 0.30-0.80 55-78% [HVAC)/31-36°C synth.etlc.: material off-
facade, sealed or | pg/m ppm ppm (during outages) gassing; notable CO2

semi-sealed) accumulation during peak

occupancy.

5.4 Interpretation: Design as Structural Determinant of Exposure

The measured TAQ patterns indicate that architectural design choices are not neutral but actively configure the
respiratory conditions in which daily life unfolds. Sealed-envelope buildings, when introduced into a climatic and
infrastructural context that cannot reliably support continuous mechanical ventilation, create environments where
pollutant buildup is structurally favored and relief is behaviorally difficult to achieve [29]. Vernacular housing
forms, by contrast, demonstrate how permeability, shading, and spatial openness function as environmental risk
buffers rather than mere stylistic legacies [25].

Occupant adaptations can only partially offset the exposure conditions engineered by the building envelope;
behavioral interventions cannot compensate for structural airflow limitations. Thus, IAQ outcomes in Lagos
reflect not only personal choices but systemic architectural transitions shaped by globalized aesthetics,
development finance, and urban prestige economies [23].

Design, therefore, emerges as a primary determinant of respiratory well-being, framing what air is breathed, how
pollutants accumulate, and how bodies interact with their everyday environments.

6. HEALTH AND ENERGY IMPLICATIONS
6.1 Respiratory and Cardiovascular Risk Associations
The pollutant exposure patterns identified in the sampled Lagos buildings align with an increasing body of
epidemiological observations linking PM2.5, VOC accumulation, and sustained CO: elevation with rising
respiratory and cardiovascular health burdens in urban populations [26]. Elevated particulate concentrations,
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particularly those originating from generator exhaust and high-traffic corridor infiltration, have been associated
with airway inflammation, reduced lung function, and heightened asthma exacerbation risk [27]. In sealed spaces
with limited ventilation, these pollutants persist within the breathing zone for prolonged periods, increasing
cumulative exposure over time rather than producing only acute short-term effects.

Relative humidity levels consistently above recommended thresholds further enhance microbial activity,
encouraging mold proliferation and microbial aerosol release, which can contribute to chronic sinus irritation and
bronchial hypersensitivity [28]. Long-term inhalation of VOC mixtures especially those emitted by synthetic
interior finishes has been linked to oxidative stress, immune system dysregulation, and hypertension pathways
[29].

Additionally, CO: concentrations exceeding 1,000 ppm have been implicated in impaired cognitive performance
and increased perceived fatigue, which indirectly influences cardiovascular strain when compounded with thermal
discomfort [30]. These exposure-response relationships indicate that IAQ is not solely a comfort concern but a
determinant of chronic disease vulnerability. In Lagos, where aging infrastructure and economic pressures shape
daily indoor occupancy patterns, the architectural and ventilation conditions of buildings contribute meaningfully
to population-level respiratory and cardiovascular risks [31].

6.2 Cooling Energy Demand and Diesel Generator Dependency

The adoption of sealed-envelope building typologies has intensified reliance on mechanical cooling systems to
maintain habitable indoor temperatures. In contexts where grid reliability is limited, this dependency produces a
feedback loop with significant IAQ consequences: sealed buildings require continuous air conditioning to support
airflow and temperature regulation, yet frequent power interruptions necessitate diesel generator use to sustain
these systems [32].

Generator emissions contribute substantial particulate matter and nitrogen oxide pollutants to the outdoor
environment. These pollutants infiltrate indoor spaces through facade gaps, shared corridors, ventilation shafts,
and building service penetrations especially when windows are opened in attempts to offset indoor heat [26]. The
sealed-envelope logic, intended to isolate indoor conditions from outdoor pollution, thus paradoxically heightens
exposure to combustion particles by driving generator use and preventing natural dilution pathways.

Further, generator operation frequently occurs in proximity to air intake points or open windows, intensifying
localized pollutant loading at the building envelope. The result is a cyclical environmental burden: buildings
designed to require energy-intensive cooling contribute to worsening ambient air, which in turn makes natural
ventilation less viable and reinforces mechanical cooling reliance [33].

This dynamic demonstrates that IAQ cannot be addressed in isolation from building energy systems. Indoor
environmental quality, outdoor emissions, and energy infrastructure stability are interdependent dimensions of
Lagos’ evolving urban metabolism [28].

6.3 Co-Optimization Challenge

Addressing IAQ, health, and energy performance in Lagos requires recognizing these systems as mutually shaping
rather than independently solvable. Effective policy and design strategies must co-optimize airflow, thermal
management, and pollutant control, rather than pursuing maximal airtightness or maximal ventilation in isolation
[31]. Hybrid building envelopes featuring operable fagades, adjustable shading, and mixed-mode ventilation offer
pathways for balancing energy efficiency with respiratory well-being [27].

However, these strategies require coordinated planning across architecture, mechanical engineering, and public
health governance. A system-level framework is needed to evaluate building performance trade-offs, occupant
behavioral patterns, and local climate conditions as interrelated variables [26].
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Figure 3: Integrated 1AQ-Health-Energy Optimization Control Model.
This figure illustrates how building design parameters, ventilation strategies, and energy sources interacts to
determine exposure outcomes and operational sustainability [29].

7. POLICY, CODE, AND DESIGN RECOMMENDATIONS
7.1 Revising Building Codes for Climate-Specific Ventilation Requirements
Improving long-term IAQ outcomes in Lagos requires updating building regulations so that ventilation is treated
as a primary health protection parameter rather than a secondary comfort consideration. Existing code frameworks
often replicate Euro-American or Gulf-region standards that prioritize full-envelope sealing and mechanical
conditioning, assumptions misaligned with tropical humidity, intermittent power supply, and high occupancy
intensity [32]. Revised codes should establish minimum operable window area thresholds, airflow pathway
continuity criteria, and acceptable CO: concentration baselines during occupied periods, grounded in region-
specific climatic ventilation science [34].
Furthermore, code enforcement must expand beyond structural compliance to include performance verification
under real-use conditions. This could involve requiring IAQ commissioning at building handover, periodic
ventilation system audits, and certification tied to demonstrated air exchange rates rather than solely installed
HVAC capacity [36]. Regulatory shifts should encourage mixed-mode buildings that permit natural ventilation
when external conditions allow, while reserving mechanical conditioning for peak thermal loads. This would
reduce dependence on continuous diesel-powered cooling and curb pollutant entrapment inside sealed envelopes
[33].
Such revisions require collaboration between public health agencies, urban planning authorities, and professional
organizations to ensure ventilation standards reflect both medical evidence and architectural feasibility [38].
Embedding climate-specific IAQ protections within the regulatory framework positions respiratory well-being as
a core dimension of building safety, comparable to fire protection or structural integrity [40].

7.2 Incentivizing Hybrid Natural-Mechanical Ventilation Designs
To shift construction practices, policy reform must be paired with economic and design incentives encouraging
hybrid ventilation systems. These systems combine passive airflow features such as operable facade elements,
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shading geometry, thermal chimneys, and courtyard air corridors with targeted mechanical ventilation or cooling
where necessary [32]. Incentives may include expedited permitting for buildings exceeding natural ventilation
performance benchmarks, tax credits for designs that reduce generator dependency, or green building certification
schemes emphasizing IAQ outcomes rather than solely energy reduction [35].

Hybrid designs are particularly effective in Lagos because they reduce cooling energy demand during moderate
temperature periods while improving indoor air turnover during occupancy peaks [37]. Their flexibility allows
occupants to adapt ventilation strategy to daily weather patterns without compromising comfort or health.
Encouraging such designs disrupts the current prestige-driven reliance on sealed fagades by offering economic
and regulatory advantages that align modern development aspirations with respiratory well-being [39].

7.3 Local Design Knowledge Integration and Material Adaptation

The success of IAQ improvement strategies depends on acknowledging and reviving local architectural
knowledge developed through long-term adaptation to Lagos’ climate. Integrating principles such as cross-
ventilation corridors, shaded communal courtyards, deep eaves, and permeable facade materials can significantly
improve airflow and humidity control without intensive mechanical systems [34]. Material adaptation also
matters: locally available breathable wall renders, clay-based finishes, and screened external shading elements
can reduce VOC emissions and mold risk while supporting heat dissipation.

Collaboration with local architects, builders, and community housing associations ensures that IAQ interventions
remain contextually grounded rather than externally imposed [36]. Such integration reframes vernacular strategies
not as outdated forms to be replaced, but as climate-intelligent infrastructures compatible with contemporary
building needs [38].

8. CONCLUSION
This study has demonstrated that the growing adoption of sealed-envelope and glass-curtain building typologies
in Lagos has introduced new patterns of indoor environmental risk, particularly when these forms are transplanted
without adjustments to local climatic, infrastructural, and cultural conditions. The findings show that buildings
designed to depend on continuous mechanical ventilation and cooling are structurally vulnerable in a context
where electricity supply is unstable, humidity is consistently high, and diesel generators are widely relied upon.
As a result, these imported designs often create indoor environments in which heat, moisture, and airborne
pollutants accumulate, producing exposure conditions that can contribute to long-term respiratory strain, cognitive
fatigue, and cardiovascular stress among occupants.
By contrast, Lagos’ vernacular building traditions characterized by permeable fagades, courtyard-based layouts,
and climate-responsive shading demonstrate that IAQ resilience can be achieved through spatial strategies that
work with, rather than against, existing environmental forces. The comparison highlights that design is not simply
a stylistic or aesthetic decision, but a determinant of the air people breathe daily and the long-term health
trajectories of communities.
Moving forward, there is a clear need for place-sensitive architectural design approaches that integrate natural
ventilation, mixed-mode cooling, and breathable material systems as core principles rather than optional features.
Urban policy and building regulation frameworks should reflect region-specific understandings of ventilation
performance, thermal comfort, and energy reliability. Similarly, incentives for hybrid ventilation systems and the
active inclusion of local building knowledge can help realign development practices with public health priorities.
Reframing indoor air quality as a foundational aspect of building safety and environmental justice allows design,
planning, and public health stakeholders to work collaboratively toward creating respiratory-healthy, energy-
conscious, and socially grounded built environments in Lagos.
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