Air Quality, Energy and Health
Science and Policy Summaries

Understanding the health

impacts of sand and
dust storms

Technical brief

Key messages

Sand and dust storms (SDS) result from turbulent winds that raise large quantities of particles
from the ground into the air in emission areas. Emission areas are typically semi-arid and arid
with limited vegetation cover, as bare ground is most susceptible to sediment entrainment by the
wind. During SDS, large amounts of particles of a broad range of sizes and chemical composition
are uplifted from the soil. SDS have significant impacts on the environment, climate, weather,
ecosystems and human health. They are a significant concern that warrants multisectoral action
with public health authorities. SDS are recognized as a climatic impact-driver, meaning that they
can be considered as a climate hazard in risk assessments.

SDS activity varies widely depending on geographical location, climate conditions and local
environmental factors. Major sources include large deserts in North Africa, the Middle East and
Asia. Local sources are disturbed landscapes caused by climate factors (such as drought or ice
cover reduction), agricultural practices, overgrazing and deforestation.

Larger sand particles remain relatively close to the ground in the emission area, while finer dust
particles can be lifted kilometres high into the atmosphere and potentially travel thousands of
kilometres to receptor areas. Receptor areas can be located close to or far away from SDS emission
areas. The air in receptor areas contains a mix of dust particles and non-dust particles, which are
emitted from both natural and anthropogenic sources, from both receptor and emission areas and
during transport of dust air mases. SDS can last over various time periods with particulate matter
(PM) concentrations exceeding 10 000 pug/m?* during SDS events close to the sources and exceeding
1000 pug/m? in receptor areas.

Studies on the health effects of SDS have associated short-term exposure with increased mortality, as
well as a higher incidence of respiratory and cardiovascular diseases, among other health conditions.
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However, there is a significant gap in understanding the long-term effects, as no studies have
focused on chronic exposure. Detailed measurements on the PM concentrations, chemical
composition and size distribution are needed for advancing on the assessment of the health
impacts of SDS. Standardized research protocols are needed to enhance the consistency
and robustness of future studies, particularly in the source regions of the Saharan belt and
the Middle East.

@) Overview

What are sand and dust storms?

In this document, SDS refer to weather and environment related phenomena associated with
strong winds that lift large amounts of sand and dust particles from bare, dry soils into the
atmosphere. SDS vary in duration and extent based on meteorological and environmental
factors. They can last from a few hours to several days, with localized storms covering

small areas (haboobs) and large-scale events spanning thousands of kilometres (e.g. the
Harmattan in the Sahel).

Dust sources are primarily located in arid and semi-arid regions where loose, fine sediments
are exposed to strong winds. Major sources include the Sahara Desert (largest global dust
contributor), the Middle East, Central Asia (e.g. the Aral Sea basin) and the Gobi Desert in East
Asia (1). These regions often feature dry lake beds, alluvial plains and deserts with minimal
vegetation. Overall, global dust emissions from major sources (i.e. deserts) are approximately
22-29 billion kg per year, with North African source regions contributing roughly 50% (2).
Human activities such as overgrazing, deforestation and unsustainable land use practices
exacerbate dust emissions by disturbing the soil surface and increasing the susceptibility of
these areas to wind erosion (3). Agricultural areas in Eastern Europe and drying landscapes
within the southern United States are also sources of SDS (4).

( See SPS':) Agriculture - sectoral solutions for air pollution and health

During SDS, large amounts of particles of a broad range of sizes and chemical composition
are uplifted from the soil. Sand and dust are categorized by the size of the particles involved
in SDS:

« Sand refers to coarse particles (with diameters of = 60 um).
+ Dust refers to finer particles (with diameters of <60 um), including silt and clay.

Sand and dust particles are a conglomerate of different components, including large
proportions of minerals such as quartz, clay, carbonate, feldspar and iron oxide, and variable
proportions of salts such as gypsum. The proportion of different minerals depends on the
origin of the dust (i.e. soil source).

! Science and Policy Summary
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SDS can be considered a type of dust event. This is because sand, the larger coarse
particle, is mainly found near sources in the emission areas and has a very limited lifetime
in the atmosphere. On the other hand, dust, the smaller particle, can remain suspended
in the air for extended periods in the emission area and travel long distances to receptor
areas. Therefore, SDS contribute to the presence of aerosols (or PM) of different sizes in
the air (particularly for particles between 2.5 um and 10 um).

Dust transport occurs when strong winds lift fine particles into the atmosphere, allowing
them to travel thousands of kilometres across continents and oceans. Once airborne, dust
interacts with atmospheric processes (see Fig. 1), influencing weather and climate.

Dust particles in the atmosphere interact with sunlight by scattering and absorbing radiation,
influencing the Earth's energy balance. Scattering occurs when dust reflects sunlight back
into space, which can cool the Earth’s surface and reduce temperatures locally. Conversely,
dust absorption traps heat in the atmosphere, contributing to warming at higher altitudes (5).
The extent of scattering or absorption depends on the size and composition of the dust
particles. For example, lighter coloured particles, mainly due to their composition, scatter
more light; while darker particles, rich in iron or carbon, absorb more radiation. Moreover,
dust affects cloud formation by serving as cloud condensation nuclei or ice nuclei, thereby
influencing precipitation patterns and atmospheric dynamics (6). In atmospheric chemistry,
dust particles act as surfaces for chemical reactions, altering the composition of trace gases
and aerosols in the atmosphere.

Dust from deserts, such as the Sahara, also travels across oceans (7). Deposited dust fertilizes
nutrient-poor regions like the Amazon rainforest and marine ecosystems. However, excessive
dust deposition can disrupt local nutrient balances, harming sensitive environments. Dust
can also damage vegetation by sandblasting leaves and altering soil chemistry (8).

Fig. 1. The impacts of sand and dust storms
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Source: inDust website (https://cost-indust.eu/index.php/media-room/resources).
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Changes in climatic variables have resulted in more extreme temperatures, prolonged
droughts, increased heat waves and evaporation, and intensified aridity in semi-dry

and dry regions (i.e. increased desertification). Additionally, anthropogenic changes

such as agricultural and forestry practices, desiccation of lakes, land use and water
management systems can influence wind erosion, all of which create favourable

conditions for dust emissions and increase the likelihood and severity of SDS (9). Moreover,
climate change is intensifying high-latitude dust activity as warming temperatures accelerate
glacial retreat, exposing fine sediments to wind erosion. These newly uncovered dust
sources, such as those in Iceland, Greenland, Alaska or Antarctica, contribute to global dust
emissions. Climate change is projected to increase desertification, and the synergistic effect
of both will reduce the productivity of dryland services (e.g. crops and livestock) and lower
ecosystem health, including losses in biodiversity (10).

The most recent Intergovernmental Panel on Climate Change reports conclude that SDS

are still ranked as a climate factor with low confidence, and there is no agreement about

the direction of future changes in dust emissions (11). However, changes in land surface
properties, like land cover, soil texture and composition, can be influenced by either humans
(i.e. land and water management policies) or by climate change. The last few years have
recorded exceptional SDS in terms of intensity and extent (12). In the Middle East, in the past
two decades, the drying up of lakes within the Sistan Plain have increased the frequency

of SDS by roughly 40% in the Islamic Republic of Iran (13). Overall, dust poses multiple
challenges for environmental management, public health and climate adaptation efforts.

What role do SDS play in polluting the air?

One of the most significant environmental effects of SDS is the deterioration of air quality

and the associated impacts on human health (14). During SDS, levels of PM with aerodynamic
diameters of <2.5um (PM, ) and 10 um (PM ) can rise significantly, although PM |
concentrations are particularly increased due to the suspension of larger particles. These
concentrations can be orders of magnitude higher than the World Health Organization (WHO)
air quality guidelines for PM, (an average of 45 ug/m? over a 24-hour period). Close to the
emission sources, PM  peaks usually exceed 1000 pg/m? (14-17) but also, receptor areas can
register high PM_ concentrations as a consequence of an SDS. An intense dust event in 2023
affected more than 4 million km? across Mongolia and China, and even reached the Republic of
Korea and Japan with PM_  concentrations exceeding 9000 pg/m?*in China (12). High PM, peaks
have also been observed in Europe and the Caribbean during African dust intrusions (18, 19).

PM composition associated with an SDS varies by source and region, influenced by the type
of soil (as mentioned above) and the transport of the air mass. SDS not only directly emit
particles into the atmosphere but can carry biological (e.g. microorganisms, pollen spores)
and chemical (e.g. polycyclic aromatic hydrocarbons, metals) pollutants (20-23).

( See SPS: ) Health effects of air pollution - evidence and implications

Dust particles also provide surfaces for chemical reactions in the atmosphere, altering the
composition of trace gases and aerosols. For instance, they can absorb pollutants like sulfur
dioxide and nitrogen oxides, which increases the reactivity/toxicity of PM (24). Additionally,
particularly close to the emission area, for example in the Middle East and North Africa,
deposited dust on the ground may be resuspended by strong winds or road traffic, leading to
SDS that also effect air quality levels (25).
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Overall, the SDS contribution to total PM differs depending on the emission (i.e. soil
components) and receptor areas (i.e. mixture with other aerosols and atmospheric
chemistry processes during dust transport). These factors are directly connected with
the physical-chemical characteristics of the PM (i.e. size and chemical composition)
and consequently affect the potential PM toxicity. Detailed measurements of the PM
concentrations, chemical composition and size distribution are needed to advance the
assessment of SDS health effects.

The different combinations of dust and non-dust PM mixtures within emission versus
receptor areas calls for the separate evaluation of the health effects of dust storms in
emission and receptor areas, with the effects of dust PM and non-dust PM being assessed
independently during dust episodes in receptor sites (26-28).

What are the health effects of SDS?

Over the past two decades, research on the health effects of SDS has grown considerably.

A scoping review of 204 epidemiological studies summarized the evidence, identified research
gaps, and classified exposure assessment methods and associated health effects (14). Most
studies focused on Asian dust, followed by Saharan and Middle Eastern dust, with only a few
studies on American and Australian deserts. These studies have linked SDS to a range of health
effects, including both mortality and morbidity outcomes. Respiratory and cardiovascular
diseases are most associated with SDS exposure, along with other health conditions such

as allergic, eye and infectious diseases. The review also identified significant variability in

SDS exposure measurement methods and methodological differences in study designs. The
existing body of evidence primarily focuses on short-term health effects, with most studies
using time-series and case-crossover designs to assess outcomes during or immediately after
a dust storm. No studies are currently available on the long-term health effects of desert dust,
such as those occurring months or years after exposure (14).

A comprehensive systematic review with meta-analysis of 71 time-series studies found a
significant 1.21% increase in the risk of all-cause mortality on dust days compared with
non-dust days (29). The risk associated with PM,  was slightly higher on dust days, while for
PM,  the risk was higher during non-dust days. The review also reported a 2.52% increase
in the risk of cardiovascular mortality, with no significant change in respiratory mortality.
Additionally, cardiovascular hospital admissions increased by 0.94%, while respiratory
admissions exhibited a more pronounced rise of 6.93% during dust days (29). Other
literature reviews have also reported associations between short-term exposure to SDS
and a variety of cardiovascular and respiratory outcomes, also lacking evidence of chronic
exposure to SDS (30-32).

Moreover, toxicological research provides support for biological plausibility of
epidemiological associations between this particulate air pollutant and SDS events including
exacerbation of asthma, hospitalization for respiratory infections and seasonal allergic
rhinitis (33). Other impacts of dust storms are an increase in road accidents, lack of access to
health centres as well as the closure of communication routes.

While there is strong evidence of exposure to SDS and a variety of morbidity and mortality
outcomes, the variability in the epidemiological approaches makes it difficult to fully

assess the level of potential harm. However, developing a standardized research protocol
is necessary to harmonize study designs, SDS exposure assessments and health outcome
measurements, to ensure more robust and comparable findings (28). In addition, the vast
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majority of the epidemiological studies focused on acute effects by evaluating whether daily
peaks in desert dust were associated with concurrent peaks in mortality and morbidity.

The current research underscores a significant gap in understanding the long-term health
effects of SDS (34). Finally, there is a specific need for more research on the effects of SDS

in the source regions of the Saharan belt and the Middle East. Improved SDS exposure
measurement technologies and increased public awareness efforts could help mitigate the
adverse health effects.

From an economic standpoint, the World Bank estimated global welfare losses from dust-
related PM_ , at approximately US$ 3.6 trillion in 2013. At the regional level, East Asia and the
Pacific suffered the greatest welfare losses of US$ 1380 billion, with Europe and Central Asia
having the second highest estimated losses of US$ 1170 billion (35, 36). In the Middle East and
North Africa, SDS cost about US$ 140 billion annually which represents over 2.5% of gross
domestic product (35, 36).

See SPS: ) The economic costs of the health effects of air pollution

Box 1. United Nations Coalition to Combat Sand and Dust Storms

The Coalition consists of 19 Members both United Nations (UN) and non-UN
agencies, with the Food and Agriculture Organization, UN Convention to
Combat Desertification, UN Economic and Social Commission for Asia and
the Pacific, UN Economic and Social Commission for Western Asia, UN
Development Programme, UN Environment Programme, WHO and the World
Meteorological Organization leading specific working groups related to
adaptation and mitigation, forecasting and early warning, health and safety,
policy and governance as well as mediation and regional collaboration.

The mandate of the Coalition is to ensure coordination and collaboration of the
UN-system response to SDS on activities, knowledge exchange, advocacy and
funding initiatives as well as capacity-building and preparedness enhancement.
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Way forward

Urgent, coordinated actions based on three main pillars are needed at multiple levels to
reduce SDS impacts on health, the environment and the economy.

Collect, share and analyse exposure and health data

+ Investin and maintain reliable ground-level monitoring networks (with
local and regional representation) for ambient PM (including chemical
composition and size distribution, i.e. PM , PM, ., PM_ ) to ensure accurate
data collection and assessment.

2.57
+ Investin measurement and models for source apportionment to identify
dust and non-dust components.

« Enhance health data collection, data sharing and analysis to identify and
close existing knowledge gaps and evaluate the effectiveness of control
measures to identify those that are most cost effective.

+ Conduct further toxicological studies to further our understanding of the
effects of SDS on health.

+ Ensure standardization of protocols of SDS-related epidemiological studies.
+ Design new epidemiological studies on the long-term health effects of SDS.

+ Advance the development of impact-based assessment (i.e. long-term
effects) and forecasting (i.e. short-term effects) products to feed into early
warning systems.

Institutional strengthening

+ Ensure multisectoral coordination with ministries of health, meteorology,
environment and other sectors that will leverage early warning systems for a
timely public health response, facilitate adaptive action within communities
and reduce anthropogenic sources of air pollution during SDS events.

+ Develop regional policies to support actions to reduce harm to public health
when air pollution alerts are issued at a national level.

+ Enhance the skills and knowledge of government agencies to design and
implement programmes that reduce or retard desertification and strengthen
resilience and response capabilities.

« Ensure arobust civil registration and vital statistics system as well as health
surveillance linked with environmental health risks including air pollution
and climate change.
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« Launch awareness campaigns tailored to specific sectors to educate officials
and the public on the risks of SDS and effective strategies to reduce exposure
and mitigate SDS occurrences.

+ Develop and/or strengthen training programmes for health care workers to
respond to SDS events, air pollution episodes and climate change impacts.

Implement science-based interventions

« Promote sustainable agricultural, water and landscape management
practices.

« Reduce local anthropogenic emissions of pollutants during SDS episodes.

+ Develop and enforce building codes and urban planning guidelines that
consider the impacts of SDS, ensuring that infrastructure can withstand dust
storms without significant damage.

+ Integrate SDS mitigation strategies with broader climate change adaptation
plans, recognizing the interconnectedness of these environmental challenges.

+ Develop regional cooperations for long-term SDS mitigation, recognizing their
transboundary nature.

Dust storm over Brisbane, Australia in September 2019.
© AdobeStock/Matt Palme
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Methodology

WHO defined the scope of the document and collaborated with its Advisory Groups
(Scientific Advisory Group on Air Pollution and Health, SAG; and the Global Air Pollution

and Health - Technical Advisory Group, GAPH-TAG) members, which cover a wide range of
expertise, to prepare the initial draft based on an overview of the health impacts of SDS,
supplemented by expert advice. Evidence for this rapid review was gathered and presented
at monthly discussions with global experts and colleagues from WHO Collaborating

Centers and the World Meteorological Organization (WMO). The sections were selected
through group consensus and the content written was developed though collective

wisdom of the group. The WHO Air Quality Guidelines, published in 2021, provided good
practice statements for sand and dust storms, which highlighted research needs that have
developed in this document. A lot of the experts involved in the WHO Air Quality Guidelines
development are part of the group, and represent all regions. The draft underwent peer
review by specialists from various research institutes and universities. Additionally, an early
version of the document was presented for peer-review at the Technical Advisory Group and
Scientific Advisory Group on Air Pollution and Health meeting. And feedback was addressed
by the main contributors. Finally, WHO staff and consultants from the WHO Air Quality,
Energy and Health Unit reviewed the report to ensure alignment with the WHO requirements
for the collections of Air Quality, Energy and Health Science and Policy Summaries. This
series synthesizes current knowledge and evidence on air quality, energy access, climate
change links and health, primarily to inform intergovernmental discussions.
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