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1. The dual challenge of urban air
and noise pollution in low- and
middle-income countries

Rapid urbanization in low- and middle-income
countries (LMICs) has been driven by the economic
opportunities a city offers and the quality of life
it promises. In general, urban dwellers in LMICs
have health, development, and educational advant-
ages over their rural counterparts [1]. However, city
dwellers are also at higher risk of exposure to both
air and noise pollution from urban and regional
sources. Growing over the last few decades, air pol-
lution has become a major focus of urban environ-
mental health research, activism, and policy mak-
ing in many high-income countries due to the grow-
ing, and now large, body of evidence of its harmful
effects on physical health, mental health, and even
premature mortality [2]. These efforts have resul-
ted in significant improvements in overall air quality
in Europe and North America [3]. Although meas-
urement data is still nascent in most LMICs, the
expanding density of monitoring data is deepening
our understanding of the diversity and complexity
of sources of air pollution in LMICs, and driving
local policymeasures aimed at reducing exposure [4].
In contrast, environmental noise pollution and its
health impacts remain even less studied in LMICs
[5]. The lack of robust measurement and/or modeled
data on source-specific noise metrics in urban LMICs
hampers efforts to understand the scale of exposure
and the associated disease burden. This gap creates

an imbalance in addressing the broader spectrum of
urban environmental health risks, leaving noise pol-
lution as an often-unaddressed risk factor, but one
that may have a significant contribution to the health
and wellbeing of urban residents in LMICs. A com-
prehensive approach to monitoring and mitigation
that places proportionate emphasis on these pollut-
ants, especially in fast-growing cities in LMICs, is
essential to improve urban environmental health out-
comes in LMICs.

Air and noise pollution, particularly in urban
contexts, are emitted frommany shared sources, such
as road traffic, railways, aircraft, construction activ-
ities, and small (informal) and large-scale industrial
as well as commercial activities. Many cities also
have local sources unique to their urban cultural,
social, and religious context, such as household and
commercial biomass use as a source of energy (air
pollution) or loud music or speech emitted from
speakers along the roadside for religious or commer-
cial purposes (noise). The diversity and overlap of
sources influence the spatial and temporal patterns,
meaning that many urban residents may be exposed
to both types of pollution year-round, especially in
densely populated and mixed-land use areas, poten-
tially enhancing health risks and vulnerabilities [2, 6].

Exposure to criteria air pollutants (e.g. PM2.5,
NO2, O3) are robustly associated with numerous
adverse health outcomes inmany high-quality longit-
udinal epidemiological studies conducted around the
world. These include respiratory (e.g. asthma, chronic
obstructive pulmonary disease), cardiometabolic
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(e.g. incidence and/ormortality from ischaemic heart
disease, stroke, and diabetes), cognitive (e.g. vascu-
lar dementia), and birth outcomes (e.g. low birth
weight), as well as all-cause premature mortality
[2]. In large, longitudinal cohort studies, primarily
conducted in Europe, long-term exposure to trans-
portation noise (e.g. from road, rail, and/or aircraft
sources) has also been associated with many sim-
ilar cardiometabolic health outcomes and clinical
markers and risk factors (e.g. blood pressure, body-
mass index, hypertension), self-reported annoyance,
sleep disturbances (from night-time noise expos-
ure), and premature all-cause mortality [6]. These
effects remain, even after adjustment for air pollution.
There is also evidence supporting associations with
impaired cognitive development amongst children
(evidence from aircraft noise exposures) and mental-
health impacts (e.g. depression associated with air-
craft noise) [6]. Despite established independent
effects on cardiometabolic health, there is still a lack
of epidemiological and mechanistic (e.g. controlled
laboratory studies) research and uncertainty about
whether co-exposure may lead to additive—where
each pollutant contributes independently to health
outcomes—or if effects are multiplicative, amplifying
each other’s effects synergistically [7, 8].

Addressing this research gap in LMICs is critical
for developing interventions and policies that protect
urban populations from the potentially compoun-
ded health effects of exposure to air and noise pol-
lution. As such, there is a need for more observa-
tional longitudinal studies investigating the impacts
that short- and long-term exposures to both air and
noise pollution have on the development (e.g. incid-
ence) and worsening (e.g. exacerbation) of adverse
health conditions as well as on mortality, and poten-
tially compounded effects, over time in a diversity of
urban settings and population groups. Furthermore,
groups such as roadside vendors, traffic police, pedes-
trians, and informal and city workers (e.g. sweepers,
utility workers), may be disproportionately exposed
due to their proximity to major pollution sources
such as road traffic, construction sites, and small-
scale industrial units. Understanding the long-term
health impacts on these populations is crucial for
developing interventions that address their specific
needs in LMICs. However, a major gap in conduct-
ing such studies, particularly with regards to environ-
mental noise pollution, is a lack of population-scale,
representative, and robust exposure data to under-
pin such epidemiological investigations. For example,
a 2023 systematic review on environmental noise
and health in LMICs only identified two population-
based epidemiological studies conducted in Africa:
one cross-sectional study of general self-reported
wellbeing symptoms experienced by school children
in Nigeria and a prospective follow-up study of air-
craft noise and school children’s reading comprehen-
sion in South Africa [5].

The lack of environmental noise data and health
evidence in many LMIC’s is not only a barrier to
local environmental and public health policy mak-
ing, but also means that the contribution of envir-
onmental noise on the wider global burden of dis-
ease go uncounted (e.g. in the Global Burden of
Disease study), as the noise data inputs required
for such global-scale estimations does not currently
exist [9]. Advances in monitoring technology, such as
low-cost sensors, satellites and other forms of urban
imagery, offer new opportunities to develop these
critical exposure datasets around the world [10].

While air pollution has rightly been a focus due
to its complex chemistry and severe health impacts,
the growing body of evidence on noise pollution—
including its independent effects on cardiometabolic
health, cognition, and mortality—calls for a more
balanced approach. Historically, noise studies often
focused on exposures above 55 Lden [11], likely
underestimating the broader health burden. Given
the multifaceted mechanisms by which noise affects
health, a more proportionate approach to prioritiz-
ation is now warranted, particularly in LMICs where
noise pollution is under-researched and potentially at
higher exposure levels

2. Advancing monitoring technologies

The monitoring of air pollution in LMICs has
advanced significantly in recent years, driven by
the widespread adoption of low-cost sensors, satel-
lite data, and real-time monitoring networks. These
technological innovations have enabled more accur-
ate and granular assessments of air quality, paving
the way for data-driven policies and interventions.
In contrast, noise pollution monitoring has lagged
behind, particularly in LMICs, where data on noise
levels and other metrics is often sparse or entirely
absent. This disparity is not due to a lack of available
technology—e.g. validated low-cost MEMS micro-
phone noise meters exist—but rather reflects the lack
of city-wide noise monitoring networks compared
to the rapid uptake of low-cost air pollution sensor
networks.

The gap in noise pollution monitoring high-
lights broader issues in evidence generation, resource
allocation, and policy priorities. Air pollution has
benefited from decades of monitoring, epidemiolo-
gical research, and policy evaluations, which have
solidified its position as a critical public health issue.
Its inclusion in global burden of disease estimates
has further amplified its visibility, attracting inter-
national attention and mobilizing resources for mit-
igation efforts. Noise pollution, on the other hand,
remains underprioritized in most LMICs, with lim-
ited data and research hindering its recognition as a
significant environmental health risk. Addressing this
disparity is essential to ensure a balanced approach to
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researching and tackling urban environmental health
challenges.

There are promising opportunities to integrate
noise monitoring into existing and emerging air
quality monitoring frameworks in LMICs, providing
a more comprehensive approach to environmental
health management. Advances in sensor technology,
including portable, low-cost sensors for measuring
air and noise pollution, offer practical solutions for
LMICs. When integrated in monitoring systems and
campaigns, these sensor networkswill simultaneously
collect data on multiple pollutants, enabling a more
thorough understanding of the spatio-temporal pro-
files of the pollutants, and their shared and distinct
sources.

Integrating noise sensors into existing and emer-
ging air quality networks represents a cost-effective
strategy for LMIC cities to address the dual challenge
of monitoring air and noise pollution. Many cities
in LMICs have already invested in low-cost air qual-
ity sensors, aiming to improve their environmental
monitoring capabilities with initiatives such as the
BreatheLife Cities Campaign10, Google’s investments
in low-cost air quality sensors across Sub-Saharan
Africa through the AirQo project [12], local govern-
ment efforts, NGOs, citizen groups, etc. By adding
low-cost sound level meters (SLMs) to these exist-
ing or planned networks, LMIC cities can createmore
comprehensive monitoring systems without the need
for substantial additional investment. These types of
sensors (such as NoiseSentry SLMs or AudioMoth
records), increasingly used globally [13], have been
successfully adapted for community-led monitor-
ing in LMICs [14], as demonstrated by Accra’s spa-
tially resolved noise maps [15] and Kigali’s land-
use noise assessments [16]. When setting up these
devices, strategic placement (e.g. street-level deploy-
ment near traffic or industrial zones) and calibration
are critical to ensure data accuracy. This approach
allows for greater spatial and temporal coverage of
both pollutants, providing critical data to inform
holistic urban planning and public health policies,
and supporting future epidemiological studies into
the independent and combined health effects. While
it is too early to quantify the downstream impacts
of these monitoring systems, the data they gener-
ate create essential foundations for the integrated
policy approaches (section 3) particularly for evaluat-
ing the effectiveness of urban planning interventions
in LMIC contexts.

10 The BreatheLife Cities Campaign campaign is led by the World
Health Organization (WHO), UN Environment Programme
(UNEP) and the Climate & Clean Air Coalition (CCAC), https://
breathelife2030.org/.

3. Integrated urban planning and policy
approaches

Urban planning plays a crucial role in managing
both air and noise pollution, particularly in rap-
idly growing LMIC cities. Poorly planned cities,
where residential areas are located near major traffic
routes or industrial zones, often expose large pop-
ulations to high levels of pollution. These impacts
are often further exacerbated by systemic racism
and classism, which disproportionately placemargin-
alized communities in areas with higher pollution
and fewer resources for mitigation [17]. Thoughtful
urban design can mitigate these risks through green
infrastructure—such as parks, green corridors, and
buffer zones—which can reduce noise pollution
while improving air quality [18, 19]. While research
exists on green infrastructure and its co-benefits
for air and noise pollution in high-income coun-
tries, more work is needed to determine which
types are sustainable and effective in reducing expos-
ure in diverse geographical and climatic contexts—
particularly in LMICs, where suitable vegetation may
differ. Moreover, not all interventions that reduce air
pollution are equally effective for noise. Strategies
like pedestrian zones, low-emission areas, and stra-
tegic zoning can significantly reduce exposure to air
pollution [20], though more real-world evaluation
research is needed on their impacts on noise, and
on their overall effectiveness when implemented in
LMICs.

A coordinated policy approach across pollutants
and government departments—such as health, trans-
port, environment, and urban planning—is essen-
tial for managing environmental health risks. Many
sources of air and noise pollution, such as traffic,
overlap, yet regulations often treat them separately.
For example, vehicle emissions standards typically
aim to reduce air pollutants but do not consider the
noise generated by traffic. More coordinated policy
efforts that address both air and noise pollution
would be more effective in reducing overall exposure.

However, a major challenge in many LMICs is
not just the existence of regulations, but the weak
enforcement of them—particularly for noise pol-
lution. For instance, India treats noise as part of
its ambient air quality standards under the ‘Noise
Pollution (Regulation andControl) Rules, 2000,’ noti-
fied under the ‘Environment (Protection) Act, 1986.’
These rules specify limits on noise in dB(A) Leq, a
frequency-weighted measure of sound energy. Yet,
monitoring data often lack spectral analysis, report-
ing only noise levels in dB(A). While spectral data
would provide deeper insights, dB(A) metrics remain
critical for population-level epidemiological studies,
particularly in LMICs where advanced monitoring is
scarce. Such data can still identify high-risk areas and
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inform broad mitigation strategies. Strengthening
enforcementmechanisms is therefore critical, as regu-
lations without implementation have limited impact.
A more integrated and coordinated approach can
help ensure that efforts to reduce pollution are com-
prehensive and consistent. By adopting such a hol-
istic approach, urban planners and policymakers can
develop solutions that improve overall environmental
health.

Source apportionment studies, which identify
specific contributors to air pollution, have been crit-
ical for designing targeted interventions and regu-
lating industries and activities that are major emit-
ters. However similar studies, which assess the relat-
ive contributions of different sources as they relate to
noise in urban contexts have not been conducted in
the same capacity. Noise source apportionment stud-
ies are also particularly needed in LMICs to under-
stand the context specific sources of noise, whichmay
go beyond traffic related pollution, as if often studies
in European contexts. For example, a study in Accra,
Ghana which used audio recording devices and ana-
lyzed the recordings with machine learning acoustic
classification models found that while many areas of
Accra had a high prevalence of road-traffic related
sounds throughout the day and night, many differ-
ent types of sounds were also present in different
areas. Some of these sounds could be perceived as
noise, such as human-made or music sounds occur-
ring throughout the late hours of the night in resid-
ential areas [21].

While the focus in many high-income countries
is on reducing noise from traffic related sources,
in many LMICs, cultural and religious practices
contribute as sources of both air and noise pollu-
tion. Festivals, religious processions, and other pub-
lic celebrations often generate high levels of noise
(e.g. noise from the perspective of the individu-
als nearby not creating or enjoying the sound) and
release pollutants into the air [22, 23]. Managing
these events requires culturally sensitive policies that
balance pollution control with respect for local tra-
ditions. Engaging community leaders and religious
authorities can help develop solutions that are both
effective and acceptable to local populations. This
may include scheduling events during times when
pollution levels are lower or implementing noise-
reductionmeasures that do not interfere with cultural
practices.

4. Conclusion: the path forward for LMICs

Addressing both air and noise pollution is critical for
reducing the environmental health burden in LMICs.
As urban populations grow and pollution levels
rise, integrated strategies that tackle these pollut-
ants simultaneously are more effective and resource-
efficient than isolated approaches. Technological
advances in environmental monitoring, combined

with innovative urban design and policy tools,
enable LMICs to target both pollutants at once.
Integrated monitoring is especially valuable in
resource-limited settings, facilitating targeted inter-
ventions and greater public health benefits. However,
policies addressing one pollutant may inadvert-
ently worsen another; anticipating these trade-offs
is essential for designing balanced, sustainable solu-
tions. Equity must remain central to environmental
health policy, as vulnerable populations—including
low-income residents and informal workers—often
face the highest exposures and the fewest protec-
tions. Prioritizing these groups ensures that pollution
reduction benefits are distributed fairly. By adopt-
ing a holistic approach—one that accounts for co-
exposures, mitigates trade-offs, and centers equity—
LMICs can build healthier, more livable cities for all.
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[6] Engelmann N, Blanes Guàrdia N, Fons-Esteve J, Vienneau D,
Peris E and Röösli M, Environmental noise health risk
assessment: methodology for assessing health risks using
data reported under the environmental noise directive
(Eionet Report–ETC HE 2023/11, version 2), European topic
centre on human health and the environment Eionet Portal
(available at: www.eionet.europa.eu/etcs/etc-he/products/
etc-he-products/etc-he-reports/etc-he-report-2023-11-
environmental-noise-health-risk-assessment-methodology-
for-assessing-health-risks-using-data-reported-under-the-
environmental-noise-directive) (Accessed 11 March 2025)

[7] Daiber A, Lelieveld J, Steven S, Oelze M, Kröller-Schön S,
Sørensen M and Münzel T 2019 The ‘exposome’

4

https://orcid.org/0000-0002-6966-0520
https://orcid.org/0000-0002-6966-0520
https://orcid.org/0000-0002-8592-3466
https://orcid.org/0000-0002-8592-3466
https://orcid.org/0000-0001-6446-3520
https://orcid.org/0000-0001-6446-3520
https://orcid.org/0000-0001-8914-8463
https://orcid.org/0000-0001-8914-8463
https://orcid.org/0009-0003-4861-7800
https://orcid.org/0009-0003-4861-7800
https://orcid.org/0009-0007-4083-8317
https://orcid.org/0009-0007-4083-8317
https://orcid.org/0009-0000-0984-2181
https://orcid.org/0009-0000-0984-2181
https://orcid.org/0000-0001-7804-0449
https://orcid.org/0000-0001-7804-0449
https://doi.org/10.1136/bmj.k3794
https://doi.org/10.1136/bmj.k3794
https://www.healtheffects.org/publications/air-pollution/content
https://doi.org/10.1016/j.scitotenv.2022.160064
https://doi.org/10.1016/j.scitotenv.2022.160064
https://doi.org/10.1088/1748-9326/ac4a9e
https://doi.org/10.1088/1748-9326/ac4a9e
https://doi.org/10.1016/j.envpol.2022.120605
https://doi.org/10.1016/j.envpol.2022.120605
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2023-11-environmental-noise-health-risk-assessment-methodology-for-assessing-health-risks-using-data-reported-under-the-environmental-noise-directive
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2023-11-environmental-noise-health-risk-assessment-methodology-for-assessing-health-risks-using-data-reported-under-the-environmental-noise-directive
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2023-11-environmental-noise-health-risk-assessment-methodology-for-assessing-health-risks-using-data-reported-under-the-environmental-noise-directive
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2023-11-environmental-noise-health-risk-assessment-methodology-for-assessing-health-risks-using-data-reported-under-the-environmental-noise-directive
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2023-11-environmental-noise-health-risk-assessment-methodology-for-assessing-health-risks-using-data-reported-under-the-environmental-noise-directive


Environ. Res. Lett. 20 (2025) 091002 S Gani et al

concept—how environmental risk factors influence
cardiovascular health Acta Biochim. Pol. 66 269–83

[8] Thi Khanh H N et al 2025 Exploring the interaction between
ambient air pollution and road traffic noise on stroke
incidence in ten Nordic cohorts Environ. Int. 198 109403

[9] Clark S N, Anenberg S C and Brauer M 2024 Global burden
of disease from environmental factors Ann. Rev. Public
Health 46 233–51

[10] Sheehan A, Beddows A, Gulliver J, Green D C and Beevers S
2025 Estimating road vehicle speed from high-resolution
satellite imagery for environmental applications: a case study
of Barcelona Remote Sens. Appl. 37 101507

[11] European Environmental Agency Environmental noise in
Europe 2025 (https://doi.org/10.2800/1181642) (Accessed 2
July 2025)

[12] Sserunjogi R, Ssematimba J, Okure D, Ogenrwot D, Adong P,
Muyama L, Nsimbe N, Bbaale M and Bainomugisha E 2022
Seeing the air in detail: hyperlocal air quality dataset
collected from spatially distributed AirQo network Data
Brief 44 108512

[13] Ragettli M S, Goudreau S, Plante C, Fournier M,
Hatzopoulou M, Perron S and Smargiassi A 2016 Statistical
modeling of the spatial variability of environmental noise
levels in Montreal, Canada, using noise measurements
and land use characteristics J. Expo. Sci. Environ. Epidemiol.
26 6

[14] Clark S N et al 2025 Moving beyond the noise: geospatial
modelling of urban sound environments in a sub-Saharan
African city Sci. Rep. 15 21403

[15] Clark S N et al 2020 High-resolution spatiotemporal
measurement of air and environmental noise pollution in

Sub-Saharan African cities: pathways to Equitable Health
Cities Study protocol for Accra, Ghana BMJ Open.
10 e035798

[16] Kalisa E, Irankunda E, Rugengamanzi E and Amani M 2022
Noise levels associated with urban land use types in Kigali,
Rwanda Heliyon 8 e10653

[17] Lane HM, Morello-Frosch R, Marshall J D and Apte J S 2022
Historical redlining is associated with present-day air
pollution disparities in U.S. cities Environ. Sci. Technol. Lett.
9 345–50

[18] Rey-Gozalo G, Barrigón Morillas J M, Montes González D
and Vílchez-Gómez R 2023 Influence of green areas on
the urban sound environment Curr. Pollut. Rep.
9 746–59

[19] Ai H, Zhang X and Zhou Z 2023 The impact of greenspace
on air pollution: empirical evidence from China Ecol. Indic.
146 109881

[20] Khreis H, Sanchez K A, Foster M, Burns J,
Nieuwenhuijsen M J, Jaikumar R, Ramani T and Zietsman J
2023 Urban policy interventions to reduce traffic-related
emissions and air pollution: a systematic evidence map
Environ. Int. 172 107805

[21] Clark S N et al 2021 Space-time characterization of
community noise and sound sources in Accra, Ghana Sci.
Rep. 11 1

[22] Lin C-C 2016 A review of the impact of fireworks on
particulate matter in ambient air J. Air Waste Manage. Assoc.
66 1171–82

[23] Ogunbode T O and Oyekan F E 2023 Religious practices and
its impacts on a sustainable urban environment in Nigeria:
the way forward Sci. World J. 2023 8080235

5

https://doi.org/10.18388/abp.2019_2853
https://doi.org/10.18388/abp.2019_2853
https://doi.org/10.1016/j.envint.2025.109403
https://doi.org/10.1016/j.envint.2025.109403
https://doi.org/10.1146/annurev-publhealth-071823-105338
https://doi.org/10.1146/annurev-publhealth-071823-105338
https://doi.org/10.1016/j.rsase.2025.101507
https://doi.org/10.1016/j.rsase.2025.101507
https://doi.org/10.2800/1181642
https://doi.org/10.1016/j.dib.2022.108512
https://doi.org/10.1016/j.dib.2022.108512
https://doi.org/10.1038/jes.2015.82
https://doi.org/10.1038/jes.2015.82
https://doi.org/10.1038/s41598-025-06537-1
https://doi.org/10.1038/s41598-025-06537-1
https://doi.org/10.1136/bmjopen-2019-035798
https://doi.org/10.1136/bmjopen-2019-035798
https://doi.org/10.1016/j.heliyon.2022.e10653
https://doi.org/10.1016/j.heliyon.2022.e10653
https://doi.org/10.1021/acs.estlett.1c01012
https://doi.org/10.1021/acs.estlett.1c01012
https://doi.org/10.1007/s40726-023-00284-5
https://doi.org/10.1007/s40726-023-00284-5
https://doi.org/10.1016/j.ecolind.2023.109881
https://doi.org/10.1016/j.ecolind.2023.109881
https://doi.org/10.1016/j.envint.2023.107805
https://doi.org/10.1016/j.envint.2023.107805
https://doi.org/10.1038/s41598-021-90454-6
https://doi.org/10.1038/s41598-021-90454-6
https://doi.org/10.1080/10962247.2016.1219280
https://doi.org/10.1080/10962247.2016.1219280
https://doi.org/10.1155/2023/8080235
https://doi.org/10.1155/2023/8080235

	Calling for synergized strategies to monitor and mitigate urban air and noise pollution in low and middle-income countries
	1. The dual challenge of urban air and noise pollution in low- and middle-income countries
	2. Advancing monitoring technologies
	3. Integrated urban planning and policy approaches
	4. Conclusion: the path forward for LMICs
	References


