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During March 14�15, 2021, the majority of Northern
China was struck by the most intense and widespread

sandstorm experienced in the past decade. The peak
concentration of particulate matter with a diameter less than
10 μm (also called inhalable particles, PM10) in Beijing reached
3,600 μg/m3 (nearly 72 times higher than the WHO 24 h
mean guideline limit). This region was then repeatedly struck
by the same-level sandstorms a further four times over a two-
month period. The Inner Mongolia and North China region is
one of the five major desert regions in the world and also the
main source of sand and dust in East Asia.1 Approximately 800
million tons of sand become airborne as aerosols from this
region annually.2 However, the frequency of sandstorms in this
region had declined from 1961 to 2016,3 associated with the
implementation of a series of ecological restoration projects
including afforestation and pastureland rehabilitation by the

Chinese government. The recent resurgence of these high-
frequency sandstorms in North China has caused widespread
concern in both public and academic communities around
public health risks, causation, and future government policy.

Epidemiological studies have shown that exposure to high
concentrations of dust particles and inhalation into the human
respiratory system could shorten average life expectancy and
significantly increase the incidence of cardiovascular and
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respiratory diseases. Fine particles (size <2.5 μm, PM2.5) and
ultrafine particles (size <0.1 μm, PM0.1) can go deeper into
human body and thus pose higher health risks than PM10.
During the sandstorm periods, dramatic increases in both
emergency treatment and hospitalization rates were reported,
including hospitalized pneumonia patients, aggravation of
acute respiratory symptoms in child asthma patients, and
lung function decline in asthma patients.4

The health risks of particulate matter are closely related to
its chemical composition. It is generally recognized that
sandstorms are derived from sand and dust of natural origins,
which are present at both PM10 and PM2.5. From a health
perspective, both PM10 and PM2.5 in sandstorms are of
concern, and their chemical composition has a related toxicity
that is distinct from anthropogenically derived PM2.5 during
severe haze weather. Dust particles can also act as carriers for
other airborne substances, and the “passengers” transported by
dust particles may play a predominant role in health effects.
For example, with the ICR model mice exposed in vivo to dust
particles, it was found that the increase of pulmonary
eosinophils was mainly caused by microbial antigens adhered
to the particle surfaces, such as lipopolysaccharides.5 The
association between mortality and PM10 concentrations is,
however, still controversial.6 A plausible explanation for
different mortality observations is that chemical species on
dust particles can change during mixing of particles from
different regions or adsorption of local emissions during inter-
regional atmospheric transport processes.

The recent sandstorms also showed some distinct character-
istics from those in the past that also caused concern about
possible causes for their resurgence. Sandstorms are closely
related to climate change and land desertification. With the
ecological restoration and afforestation measures in China
being put in place, the recent sandstorms should experience
more long-range transport (e.g., from the deserts of Mongolia)
driven by the prevailing westerlies. Thus, during the inter-
regional transport processes, dust particles may be mixed with
more local anthropogenic emissions.

Overall, the resurgence of sandstorms in this region makes
the air pollution situation in China more complex than ever
before. North China continues to be a region suffering from
severe PM2.5 pollution emitted from automobile, industries,
coal burning, domestic nonpoint sources, etc. Although the
Chinese government implemented a series of strict air
pollution control policies since 2013 resulting in a decrease
in the average PM10 and PM2.5 levels in China from 108 and 90
μg/m3 in 2013 to 56 and 33 μg/m3 in 2020, the PM2.5 level
still significantly exceeds the WHO guidance value of 10 μg/
m3. The PM10 level during the sandstorm periods was even far
beyond the WHO guidance value. Ozone (O3) has also
become another air pollutant of concern in China, derived
from the photochemical reaction of nitrogen oxides (NOx) and
volatile organic compounds (VOCs). In China’s 14th Five-
Year Plan (2021�2025), the Chinese government has set new
targets for PM2.5 and ozone synergetic control (e.g., PM2.5 level
decreased by 10% in cities at or above prefecture level,
mitigation of the increasing trend of O3, and total emissions of
NOx and VOCs decreased by more than 10%). With existing
air pollution concerns, the resurgence of sandstorms raises
additional challenges for a more comprehensive air pollution
control strategy and new research needs. These include the
following:

(1) High precision chemical analysis of dust particles.
Particulate matter in sandstorms typically consists of
sand, dust, and soil particles from natural origins.
However, the mixing of solid particles with existing
complex air pollution chemistries of anthropogenic
origins may create new aerosol species on dust particles,
especially during inter-regional transport and mixture
with local emissions. High-precision chemical analysis of
dust particles is critical for source tracing (e.g., estimate
of contribution of local emissions to dust particles) and
to enable health risk assessments.

(2) New understanding on toxicity and health risks. Due to
the larger particle size, it is normally regarded that dust
particles in sandstorms have lower health risks than
anthropogenic PM2.5 in severe haze events. However, the
complex air pollution in North China implies that their
toxicity and health risks need to be reevaluated. The
acute effect of short-term dust exposure superimposed
on the chronic effects of long-term PM2.5 and ozone
exposure are not well understood. The health effects of
such multiple exposure to dust, PM2.5, and O3 need to be
further examined and unraveled.

(3) Update on global control policies. Although air quality
has improved in China in recent years and future policy
focuses on further reducing PM2.5 and O3 levels
(including their precursors), it is also essential to
include sandstorms to the air pollution control list.
China’s past policies on desert and dust control should
remain and be combined with current measures of PM2.5
and O3 control. In addition, since sandstorms are closely
linked to climate change such as global warming, El
Ninõ phenomenon, and anomalous climate and weather
events, their control also needs global cooperative
actions. China’s experiences and policies on restoration
and afforestation in dessert regions should also be
examined in other regions of the world.
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