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Introduction: Lunar dust is powdery and very
fine. Individual grains are jagged, sharp, abrasive and
stick electrostatically to most everything. Human con-
tact with lunar dust has only occurred briefly, during
the Apollo missions. Apollo 17 LM pilot Harrison
Schmitt’s exposure resulted in symptoms he described
as “lunar hay fever” [1]. NASA’s return to the moon
under the Artemis program is scheduled for 2024. In
the 47 years since Apollo 17, returned samples of lunar
regolith and dust have been exhaustively analyzed, but
there are still important gaps in our knowledge. This
discussion will focus primarily on what we currently
do know about dust on the moon, and the deducible
potential toxic health effects of exposure. The respira-
tory system is most at-risk, but the eyes and skin will
also be affected. Obviously, prevention of exposure
should be the primary objective, but plans to minimize
and mitigate inevitable exposures must be in place.
Keeping habitats dust-free will be a major challenge.

Determinants of Lunar Dust Toxicity: Key char-
acteristics to consider are: 1) particle size; 2) particle
morphology/surface reactivity; and 3) chemical com-
position.

Particle Size. The median particle size of lunar dust
averages 70 pm, and 10%-20% of the soil is finer than
20 um [2]. Particle size is a key factor in toxicity stud-
ies because it defines transport pathways into the lung.
The total inhalable dust fraction is that portion of air-
borne material which enters the nose and mouth during
breathing, and is therefore available for deposition in
the respiratory tract. The respirable dust fraction is that
smaller-sized portion (considered to be < 5 um) which
penetrates deepest, to the gas exchange region of the
lung (the alveoli) [3].

A comprehensive study of the properties and com-
position of the very small size fraction of lunar dust
(particles < 1 pum) is missing [4]. Such a study will be
required to bridge the current gap between size frac-
tions relevant to toxicity studies and the currently
state-of-the-art work by Taylor and co-workers, that
groups all particles < 10 um as the smallest fraction
[5]-

The only published study of aerosol transport in
lunar gravity [6] showed that while lunar gravity re-
duced overall deposition, for a given deposition frac-
tion deposition occurred much more peripherally than
in 1 G. The same study also showed that the unexpect-
edly high deposition of small particles (0.5 and 1.0um)
seen in microgravity was still present in a lunar-gravity

environment. It must also be kept in mind that the
samples of lunar material that were brought back from
the moon during the Apollo era were not optimized for
studies of their dust component [7].

Morphology/Surface Reactivity. The shapes of in-
dividual lunar soil particles are highly variable, rang-
ing from spherical to extremely angular. In general, the
particles are somewhat elongated and are subangular to
angular [8]. Imaging of lunar dust particles by scan-
ning electron microscopy reveals convoluted surfaces,
with sharp edges and microcraters. Although surface
shape and surface area are key aspects in dust toxicity
research, the surface morphology of lunar dust grains
is at present still poorly characterized [9]. Size reduc-
tion may lead to an increase in surface reactivity [10].

Environmental conditions that produce reactive
sites on lunar dust are diverse, and some examples are
solar radiation fluxes, micro-meteoroid impacts, and
plasma charging at the terminator [11]. “From what we
know about lunar dust, it's fairly reactive and it has
properties that are quite similar to fresh fractured
quartz here on Earth. And fresh fractured quartz is
known to be very toxic” [12].

Because they have not been exposed to radiation
and micrometeoroid impacts for the last 46 years, and
have not been kept under vacuum, the chemical reac-
tivity of Apollo era lunar samples is not likely to mir-
ror that of lunar material in situ [13]. In 2015, McKay
et al separated the respirable dust and other size frac-
tions from an Apollo 14 bulk sample in a dry nitrogen
environment. At the end of their study they conclud-
ed: “Uncertainty remains as to how well we have simu-
lated the physical and chemical state of fresh lunar
dust, which cannot be addressed without fresh lunar
soil tested immediately after collection. Such studies
must await future lunar sample return missions or in-
situ measurements on the lunar surface” [14].

Chemical Composition. It is important to re-
member that the Apollo samples studied to date are of
near-equatorial origin, and their mineralogy and physi-
cal properties may not be representative of other areas
on the lunar surface including the South Polar region
and the floor of the South Pole — Aitken basin, where
future landing sites are proposed [15].

Taylor and colleagues suggest that the respirable
size fraction of lunar dust is likely dominated by im-
pact glass (SiO2, crystalline silica) and rich in metallic
(nanophase) iron [5]. A study by Thompson and
Christoffersen confirmed that approximately 80 % of
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submicron dust particles consists of glass [16]. This
dominance of extremely small particles, coupled with
their abundant np-Fe0 spheres, make lunar dust unique
among any dusts breathed by humans during their evo-
lution [14].

Pneumoconiosis Related to Significant Inhala-
tion of Lunar Dust: Pneumoconiosis is irritation and
inflammation of the lungs caused by inhalation of dust
or other particulate matter, generally over an extended
period. Silicosis is a specific pneumoconiosis due to
the deposition in the lungs of fine respirable dust con-
taining crystalline silicon dioxide. Silicosis presents as
a nodular pulmonary fibrosis, and the most common
form of the disorder only develops after decades of
exposure, however accelerated silicosis can develop
after several months or years of high-level silica dust
exposure. The end result is respiratory impairment
characterized by dyspnea, hypoxemia, and pulmonary
hypertension.

The respirable portion (< 5 um) of lunar dust is
primarily composed of SiO2, and it will be deposited
more peripherally, i.e., more in the alveoli, in lunar
gravity (0.166 G) than on Earth. If, as stated above,
about 80% of the very smallest (submicron) particles
consist of glass, then it follows that development of
silicosis would be a definite, and likely increased,
hazard compared to a similar exposure on Earth.

Long-term inhalation of silica dust also increases
the risk of COPD, lung cancer, autoimmune disease,
chronic kidney disease, nocardiosis, systemic sclerosis,
rheumatoid arthritis, and tuberculosis [17]. The total
silica dose one person accumulates over time is ex-
pressed as “mg/m3 years," calculated by multiplying
the average exposure each year in mg/m3 by the num-
ber of years with that exposure, or by an estimated
average for each year. As the total dose increases, so
does the likelihood of developing silicosis, lung can-
cer, or (COPD) [18].

Ocular Toxicity of Lunar Dust: During Apollo
missions, lunar dust adherent to spacesuits became
airborne when the lunar module left the lunar surface
and returned to microgravity on the return trip to Earth,
and it was reported to be irritating to the eyes [19].
Crew simply put on their helmets while the dust was
cleared by filters in the environmental control and life
support system. No injuries were reported in the avail-
able NASA records [20].

Corneal abrasions could result from larger dust par-
ticles, especially in contact lens wearers. Ready access
to goggles, as a preventive measure, and eye irrigation
when symptoms occur, will certainly be necessary.

Skin Abrasions: Because of its abrasiveness, lunar
dust in contact with the skin may cause abrasions, es-
pecially at pressure points inside a spacesuit. Hopeful-
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ly the new xXEMU will minimize this potential. To
keep the dust at bay, the xEMU doesn’t have zippers or
cables, and its main components are sealed.
Conclusion: Because of its physical and chemical
characteristics, lunar dust, in sufficient doses, repre-
sents a toxic threat to human health when we return to
the moon and establish a long-term presence. The res-
piratory system is particularly at risk. Prevention of
exposure should be our primary goal.
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